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Preface

Throughout history and even today, the elderly has been treated differently than the 
rest of the population. In some cultures, they are looked up to and honored both for 
their knowledge and skills, while in others they are considered of little value, like in 
the old Viking culture, and are expected to “disappear” when they are considered to 
be a burden for their tribe. Today, many modern societies practice another form for 
“disappearance,” that is, the elderly are taken care of by the social welfare system in 
nursing homes and similar places, and this way, they are often separated from the rest 
of the family and are less visible to the society.

Cultural differences may also influence the way we meet critically ill elderly 
patients, and in our “modern world,” it is easy for many to argue that large resources 
to increase life span in octogenarians could be used in better ways. We have recently 
observed what happened in the early phase of the COVID-19 pandemic where some 
countries overwhelmed with too many sick patients opted the “easy” way out: to use 
age alone as a criterion for ICU admission and treatment.

It is easy to understand why; when using a pure utility approach for ICU triage, 
the elderly will always loose. As a group, their expected life span will constantly be 
shorter than less-old patients. However, expanding these considerations into daily life 
without pandemic can be perilous.

We have written and edited this book since we hope to increase the awareness of a 
group within our ICUs that deserves to be taken seriously. The old patients will 
increase more than any other ICU sub-populations across the world in the coming 
30–40 years. Without appropriate preparation now, we will end up with a constant 
“crisis” using ad hoc solution instead of doing some fundamental changes.

We sincerely believe that many critically ill old patients deserve to be given optimal 
care. There is no uniform evidence that intensive care is futile for the majority, 
although we also acknowledge that it is in many elderlies’ interest to refrain from 
intensive care.

The target audience of this book is primarily the practicing intensivist who regu-
larly sees elderly ICU patients admitted, which in fact is most of us. As with other 
patients, it is important to give timely and adequate care to the critically ill elderly 
patients, and we hope this book will give the reader new knowledge on how to pro-
vide such care. This may vary from full support, similar to most other ICU patients, 
but sometimes also to accept that offering palliative care is the best option. We believe 
that emergency physicians might be interested, since they propose old patients for an 
ICU admission. This is in fact the first triage step that is largely unknown to ICU 
physicians. Geriatricians might also be another target since they are involved in post- 
ICU care.

We wish to acknowledge our large group of authors that took on this assignment 
just prior to the pandemic and were able to write their chapters in spite of managing 
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increased number of ICU patients and difficult working schedules. Thank you! We 
are also pleased that ESICM looked to this topic for its inclusion in the series Les-
sons from the ICU, and thanks a lot for the trust.

Hans Flaatten
Bergen, Norway 

Bertrand Guidet
Paris, France  

Hélène Vallet  
Paris, France
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EE  Energy expenditure
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Care Medicine
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1
 n Learning Objectives
This introduction gives an overview of the demography of ageing in particular in a 
short (20–30-year) perspective. For this time period we already know a lot how the 
future populations will be composed, and the number of old and very old will increase 
considerably in most countries. In the developed countries this is accompanied by a 
decrease in the population below 20 years while this group will also increase in the less 
developed countries. In developed countries this will increase the burden by having a 
smaller workforce available.

In intensive care the increase in the number of patients >70 years, which soon is the 
median age of European ICU patients, will also rise absolutely but in some countries 
also more than the population increase in the same cohort.

The “normal” development in older persons is described and is accompanied by 
an increased prevalence in most chronic diseases, dementia and malnutrition with a 
decreased physical activity.

Last, the different options societies have to deal with the increase in old intensive 
care patients are shortly described.

1.1  Introduction: Demography of Ageing

In addition to global climate change, one of the major changes worldwide is the 
population ageing. This happens all over and in nearly all countries but is most visi-
ble in Europe and America.

Two important issues are worth discussing: the differences between high- and 
low- income countries and the differences within age cohorts. In low-income coun-
tries, the total population will most probably rise continuously towards 2100, mainly 
because of the growth in age groups 25–64 followed by a delayed growth in patients 
aged 65+ from 2050 and onwards. In the high-income countries, the picture is differ-
ent, with a near zero overall growth from 2025 and a continuous growth in the age 
group 65+ in the whole period. This implies that the younger cohort shrinks; hence, 
we end up with an absolute and relative increase in the old population.

1.2  Diversity Within Europe

In Europe (2018) not only the life expectancy at the age of 60 varies from 26 years 
(France) to 17 in Turkmenistan, but also the healthy life expectancy at age 60 varies, 
from 21 years (France) to 14 years (Moldova). This, together with a decreased birth 
rate, gives profound changes in the so-called age pyramid and the composition of the 
population in different age groups (. Fig. 1.1). We clearly see that the most pro-
nounced changes in Europe will happen in the coming 30 years when the number of 
inhabitants above 65 years will represent 30% of the population. The absolute num-
ber of the very old (≥80) will in this period be doubled in 2050 compared with today.

The overall effects of such profound demographic changes are probably not com-
pletely revealed and although discussed have only superficially been planned or pre-
pared for, in particular regarding health care. The consequences can be described as 

 H. Flaatten et al.
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Population pyramids, EU-27, 2019 and 2050
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       . Fig. 1.1 Population pyramid changes from 2019 to 2050 in Europe. (Published with permission for 
free use (7 https://ec. europa. eu/eurostat/web/main/about/policies/copyright))

the age-dependency ratio, which is the ratio between the children (age 0–14) + older 
(age 65 and older) over the traditional working-age groups (age 15–64). In a recent 
study of different scenarios in the EU, this index will differ according to immigration 
policy and increase in the labour force by increasing the upper limit of working age, 
meaning a higher age before retiring from work [1]. If  nothing is done, the productiv-
ity will be reduced with widespread consequences, not at least for health care. In a 
study from Norway, Gregersen published estimates for health-care expenditure in 
different age groups during two periods, and this study reveals both the high cost of 
health care to the old patients and the increase over time (. Fig. 1.2) from [2].

1.3  General Health Issues in the Very Old

Another major issue is obviously the health status in our aging populations. Seen 
from the health-care point of view, it would be fewer reasons for concern if  an 
increasing part of the elderly had “healthy” lives and hence would not be in need of 
growing health-care resources. There is a lot of information about the health status, 
and what is familiar to most of us, “everything” seems to increase with age:

 5 The prevalence of most chronic diseases [3]
 5 Increased rates of dementia [4]
 5 Reduced physical activity [5]
 5 Malnutrition [6]

The Demography of Ageing and the Very Old Critical Ill Patients
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       . Fig. 1.2 Hospital expenditure per capita measured in NOK over age [2]. (Reproduced according to 
The Creative Commons CC BY)

Predictors of further survival after 90  years old are female gender, higher socio- 
economic status, better mobility and functional status, no frailty, fewer chronic con-
dition and lower inflammation state [7–9].

The global objective for a successful aging is an increase of life without disability 
and without functional limitation. Life expectancy without disability increases since 
several years, but so is life expectancy with disability. In the UK, the projection is an 
increase of the total life expectancy at age of 65 years from 20.1 years in 2015 to 
21.8 years in 2025 and an increase of the life expectancy without incapacity from 15.4 
to 16.4  years. Unfortunately, the life expectancy with incapacity grows relatively 
more from 4.7 to 5.4 years [10]. In the oldest old population (>90 years old), women 
live longer than men (3.7 vs 3 years) but spend more time with disabilities and multi-
morbidities (2 years vs 10 months) [11]. In sum, these developments probably abso-
lutely and relatively will pose very large challenges for health care in the coming 
decades.

1.4  ICU Admission of the Very Old

A number of publications have specifically studied the very old patients admitted to 
intensive care, but not many have compared this cohort with data from the general 
population. We have already had an increase in the old population, although the 
large increase is yet to come. Still, it is of interest to find out if  the number of old/very 
old in the ICU is increasing in parallel with aging of the population. Such an increase 
has been anticipated using data of expected increase and assume that the profile of 
ICU patients will be similar in the future [12]. In a recent study from France, ICU 
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admissions in elderly with respiratory infections were compared from 2006 to 2016 
[13]. They found in patients 85–89 and ≥90 years a 3.3- to 5.8-fold increase in the use 
of ICU resources. Similarly, a large study from the UK comparing ICU admissions 
in the period from 1997 to 2016 found a proportional increase of ICU bed days in the 
age group ≥75 years also when compared with the proportionally greater increase in 
the general population for the same group [14]. On the other hand, other studies 
from the USA and Scotland have demonstrated a relative decrease in ICU admis-
sions for the elderly [15, 16], while a study from Denmark demonstrated a moderate 
increase in admission of patients ≥80 from 2005 to 2011 but with no corrections for 
demographic changes [17].

It is hence not evident how the increase in ICU admission of the elderly will look 
like in the next three decades, as this is a complex picture. As the experience shows, 
we might end up with different scenarios in different countries. In some countries we 
may have an “expected” increase proportional to the increase in the cohort of elderly; 
in some countries we may have an increase above the expected and in some below 
(. Fig. 1.3).

The bottom line is that all these scenarios will most likely increase the number of 
ICU patients, and if  compensatory measures are not taken, there will be an increased 
strain to our ICUs. In particular this will be a challenge if  we will experience a pro-
portional increase as the figure shows.

To meet this increase countries do not have many choices, and these conceptually 
fall into three groups:
 1. An overall increase in the number of ICU beds in order to cope with increased 

demand. An increase of intermediate care beds such as high dependency or step-
up beds might be an option enabling to accommodate more patients together 
with avoiding the high financial burden of ICU bed mainly driven by the cost of 
personal.

 2. A more efficient use of existing ICU beds. This may include shorter LOS made 
possible by more efficient treatment, stricter pre-ICU triage and increased use of 
time-limited ICU trials [18].

 3. Rationing critical care beds by giving them only to those with a high probability 
of survival with an acceptable quality of life.

       . Fig. 1.3 Increase in ICU admission according to three different scenarios
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1
Given the fact that the demographic changes not only increase the old population, 
but the young population will most likely decrease and hence less people will contrib-
ute to the workforce, This may hit the health sector in particular and probably render 
the first option of questionable value since there may not be enough skilled people. 
The projected need for health-care workers in Europe as elsewhere is discussed in 
several publications, and the conclusion is that this issue is extremely difficult to pre-
dict, since there are so many different factors, known and also probably also unknown. 
The effects of prophylactic measures in the population, the development of more 
effective treatments and medications and the increase of day-case surgery and mini-
invasive procedures all may have an effect on hospital admissions in the future. The 
unknown issue of immigration is also a confounding factor. Will there be immigrants 
that readily can contribute in health-care service [19]?

1.5  The Very Old in the ICU

In addition to probably be the largest sub-group in the ICU, this group gives unique 
challenges to our ICU personnel. Some of them are related to medical issues like age- 
induced changes in normal physiology and its consequences for most acute diseases 
or trauma, but also regarding communication with family, most often from the next 
generation, and ethical issues with regard to admission and conduction of intensive 
care. A large number of the very old ICU patients have limitations of life sustaining 
treatments implemented during care, and such was recently found to affect more 
than one of four very old ICU patients in Europe [20]. We may expect this to increase 
in parallel with the shortage of ICU beds, a development that will require inclusion 
of many stakeholders in order to secure a firm fundament for end-of-life care in the 
ICU.

 Conclusions
The above are considerations of large concern for us as intensive care physicians and 
nurses, but obviously there is very little we can do to influence it. One thing we can do 
with the increasing number of very old critical ill patients is to increase our knowledge 
about the specific characteristics of the critical ill elderly patients [20]. This is a task 
this book may contribute to, and with knowledge we can hopefully provide optimal 
care to these patients, be it ICU admission or not.

The book has several sections, and each may be read independent of each other. 
The chapters are all written by recognized experts in their field and often by pairs of 
intensivists and geriatricians. We strongly believe in the interaction between these two 
medical fields as a way to improve care for the critically ill elderly patients.

As a base for understanding diseases in the very old, we have to recognize the 
normal and pathological decline in body functions occurring with age. We will discuss 
this with regard to vital organ functions but also immune function and metabolism in 
7 Chaps. 3, 4, 5, 6, 7, 8, and 9.

Further we will explore the so-called geriatric syndromes, which are ill defined. Both 
multimorbidity and multi-pharmacotherapy are closely related to age and can have 
impact during critical care, as well as frailty, sarcopenia, malnutrition and functional 
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status. This part ends with a discussion of the comprehensive geriatric assessment, also 
called the gold standard to assess geriatric patients.

We will further explore the complexity of triage, both before and during ICU 
admission, and the relevance of commonly used risk score in this population.

Most common ICU procedures may also be applied in the very old, but with some 
more concern. Ventilation, both invasive and non-invasive, is frequently used, as are 
vasoactive drugs. Renal replacement therapy (RRT) has not gained universal accep-
tance in this group even as we will see acute renal failure is not uncommon in the very 
old, and RRT is used less than in younger ICU patients. This will be discussed, as well 
as the state-of-the-art sedation and analgesia and nutritional support.

It is no secret that ICU procedures are withheld or withdrawn in many elderly 
patients, an important discussion given in 7 Chap. 24.

Outcomes in terms of survival, functional status and cognition are discussed in a 
separate section that also includes the important aspect of specific rehabilitation, at 
present a large and unmet demand.

In the last section common acute diseases leading the elderly patients to the ICU 
are discussed, like acute respiratory failure, sepsis, kidney failure, trauma and postop-
erative care. A specific chapter on delirium is also included here with an update of the 
coronavirus pandemic and the very old.

We hope this book will be read and used throughout intensive care units across 
Europe and the rest of the world, and the users, the very old ICU patients, may be 
given even better care in our wards.
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2

 n Learning Objectives
 5 The 1 + 2 + 3 model explains the concept of a geriatric syndrome and helps physi-

cians to understand why older patients become frail and susceptible to diseases and 
organ failure.

 5 Tools are needed to help admission decision, level of care adaptation, and ICU 
objectives, taken account on the old patient specificities.

 5 Tight cooperation between intensivists, emergency physicians, and geriatricians is 
necessary.

2.1  Introduction

No clear cut-off  age to define an old patient has been established. According to the 
World Health Organization (WHO) 2021 definitions, an old patient is defined a per-
son aged 65 years or older. Studies evaluating older patients admitted in intensive 
care units (ICUs) use an age threshold which varied between 50 and over 90 years, 
although most papers included patients aged over 80 years. Geriatric management is 
proposed to patients aged over 75 years, although the weight of age is inferior to the 
weight of comorbidities and risk of loss of functional status.

The proportion of patients aged over 75 years is increasing, which is a great chal-
lenge for the healthcare system. In 2030, 12% of the French population will be over 
75 years and is expected to continue increasing [1]. The impact of aging on healthcare 
resources is a major issue for the coming years.

2.2  Characteristics of Very Old Patients

There is not one unique “old patient” prototype. Some 80-year-old patients have the 
same physical and cognitive functions than a 20-year-old, whereas others have earlier 
functional decline. Each individual declines at a different rate, partially due to a 
decrease in physiological reserve, but mainly due to accumulation of comorbidities. 
Evolutionary biologists define aging as “an age-dependent or age-progressive decline 
in intrinsic physiological functions, leading to an increase in age-specific mortality 
rate and a decrease in age-specific reproductive rate.” While aging seems to be a uni-
versal feature of life, there is a great variability of lifespan between human beings. 
There is a great heterogeneity in one’s physiological reserve, mainly due the diver-
gence between chronological and biological age with time. There have been attempts 
to describe and quantify biological age, but no quantitative evidence-based measures 
have yet been established for research or clinical purposes.

Homeostasis is the process through which the body maintains internal equilib-
rium. Aging is responsible for a progressive decrease in global functional and physi-
ological reserve of each organ. This leads to a decreased resilience, when the patient 
is aggressed by an acute disorder. Homeostatic regulation of each system is slowly 
deregulated with time. In addition, when the body is submitted to a stress, such as 
exercise, trauma, an infection, or surgery, the body used its physiological reserve in 
order to maintain homeostasis. Therefore, more physiologic reserves are required to 
maintain homeostasis when the patient is exposed to an acute disorder, the body thus 
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becoming less resistant. The greater the stress, the more physiological reserves are 
needed. As a result, an acute condition which could normally be easily overcome by 
a younger organ may overcome an older organ’s physiological limit and lead to acute 
injury.

The 1 + 2 + 3 model (. Fig. 2.1) summarizes the concept of decrease with age in 
physiological reserve. This model explains why older patients become frail, are sus-
ceptible to diseases and organ failure, and recover less from acute conditions. 
Bouchon defined in 1984 the concept of a geriatric syndrome using the 1 + 2 + 3 
model (. Fig.  2.1) representing three factors leading to a decline in an organ’s 
reserve: physiological organ aging (1), pathological organ aging (2), and an acute 
stress factor (3). Only factors 2 and 3 can lead to organ failure.

All organs lose their functional reserve with age, but with different speed depend-
ing on the organ. The rapidity of its decline is variable and depends on patient’s 
comorbidities, lifestyle, and hereditary background. Age-related physiological 
changes will be explained in the next chapter in detail.

When an older patient is hospitalized in an ICU, its baseline energy consumption 
is increased. Its energy reserves are thus diminished and are insufficient for other 
added stressful conditions, such as post-operative situations. The unbalance between 
energy needs and energy reserve increases with other factors: comorbidities, medica-
tion, social factors, and psychological conditions. For this reason, ICU admission 
was often refused to older patients, exclusively on the basis of their age. Aging of 
population has led to change this attitude, with an increase of ICU admissions of 
patients of 80 years or older. However, ICU admission in this population is burdened 
with high mortality, complications, and loss of functional status. Optimal triage and 
ICU care of older patient is therefore still a challenge.

2.3  ICU Admission of an Older Patient

2.3.1  Admission Criteria: What About Age?

No validated scale has been established to identify which patient should be admitted 
in an ICU. The intensivist who is considering admitting an older patient uses multi-
ple criteria: comorbidities, organ dysfunctions requiring ICU admission, invasive 
procedures that are needed, and the patient’s wish. Although the medical community 
agrees that age should not be the only criteria to be taken into consideration, a higher 

Organ
failure

Function

1

3

2

3

Years

       . Fig. 2.1 Conceptual model 
for geriatric syndromes. 
(Adapted from Bouchon [2])
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age was associated with an increased risk of refusing ICU admission. A prospective 
study, performed on 1009 patients in 25 centers, found that admission was refused to 
283 patients (28%). Refusal of admission was independently associated with older 
age (>65 years) and poor health conditions [3]. Similar results were found in a mono-
centric prospective study, with 38% of non-admissions, age over 65 years being asso-
ciated with this outcome [4]. However, these studies were not specifically performed 
on older patients. In a study prospectively describing the triage process of 180 patients 
aged >80 years, 26% were admitted in an ICU [5]. The reasons of refusal of ICU 
admission were refusal expressed by patient directives or by family and patient being 
too sick or too well. Another study found that causes of denial were an age >65 years 
and unavailability of ICU beds, using multivariate analysis [6]. Among them, 1981 
were refused ICU admission because they were considered too well or too sick. 
Hospital mortality was 8% for patients considered as being “too well”, 33% for those 
admitted in the ICU, and 68% for those considered “too sick.” A 6-month mortality 
of patients considered as being “too well” for ICU stay was similar to those which 
were admitted in an ICU (41% vs. 48%) [7].

Other factors have to be taken into account in the triage process. In a prospective 
study following 2646 patients over 80  years with an acute condition theoretically 
needing ICU admission, patients were proposed to the intensivist by the emergency 
physician in only 31% of them. Among them, 16% were finally admitted to the 
ICU.  Factors associated with the absence of proposal to the intensivist were age, 
active cancer, lack of information regarding way of living, a recent hospitalization, 
baseline functional status, and use of psychotropic drugs [8]. There is a high variabil-
ity of admission of older patients in ICUs depending on hospital and ward policies 
and habits. One study found that admission of older patients varied between 30% and 
6%, without finding any organizational reasons to explain these differences [8].

The proportion of older patients hospitalized in ICUs is increasing. Haas and 
colleagues have observed an increase in the proportion of patients aged >80 years in 
ICUs in the Netherlands, with a rise from 13.4% to 13.9% between 2005 and 2009 [9]. 
Other similar results were found in other countries: a rise from 11.7 to 13.8% between 
2005 and 2011 in Denmark [10], from 11.5% to 15.3% from 1998 to 2008 in Austria 
[11], and an annual rise of 5.6% from 2000 to 2005 in Australia and New Zealand 
[12]. The only study finding a decrease was by Docherty and colleagues [13], with a 
decrease from 10% to 8.4% from 2005 to 2009. Another cohort of patients hospital-
ized in ICUs showed that in 10 years the median age of patients admitted in ICUs 
has increased by 5 years, whereas life expectancy has increased by 2.5 years [14]. In 
this cohort, 12% of admitted patients were older than 80 years. However, an impor-
tant heterogeneity was observed from one center to another, which could be due to 
geographical specifities or to different admission policies.

2.3.2  Prognostic Tools for Older ICU Patients

Recent progress has been made on knowledge concerning factors associated with 
poor outcome such as mortality and morbidity in older patients. The weight of age 
and pre-existing diseases has reached 50% in the most recent severity of illness scor-
ing systems. However, vulnerability of patients, which could be defined as the ability 
for an aged patient to face an acute and severe condition, should also be taken into 
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account to predict outcome, in order to add the influence of physiological age rather 
than biological age. This vulnerability may be approached by the geriatric concept of 
frailty [15]. The gold standard for diagnosis of frailty is to consider it as a part of the 
comprehensive geriatric assessment (CGA), based on specific domains including 
physical, functional, cognitive, mobility, emotional, social, nutritional, and sarcope-
nia components. But this is complex and inadequate for emergency situations. For 
acute and emergency conditions, some tools have been used and validated [16–18] 
despite the best remains to be determined. Haas et al. [19] have found in a prospective 
cohort of very old patient admitted in ICU that age (5 years increase) but also frailty 
and severity of organ dysfunction are independently associated with 6-month mor-
tality. But for ICU management of elderly patients, there is still a need to develop a 
reliable bedside tool to assess frailty, which could also be integrated in a prognostic 
model to predict outcome. It is not sure whether this tool will have enough discrimi-
nating power to be used for triage of older patients. Today, only multidisciplinary 
decision-making processes which integrate multiple variables (age, functional ability, 
comorbidities, acute disease) should be done by the intensivists for triage.

2.3.3  Admission Criteria and Pre-ICU Triage

Limited availability of ICU beds requires that triage should be performed before 
ICU admission: by the emergency physician, which decides or not to propose the 
patient to the intensivist, and by the intensivist himself. The Eldicus study [20] has 
found a dose-effect relation between age and non-admission in ICU (12% of non- 
admission under 45 years old, 36% over 85 years old), whereas survival of patients 
admitted in the ICU increases with age. Even though age is a key feature to take into 
account when performing triage, it is also important to determine what the expected 
benefit of admitting the patient in the ICU is. A French study did not find any ben-
efit of admitting patients >75 years in an ICU, in comparison with those which were 
refused admission [21].

For older patients, triage process is based on the physician’s ability to estimate the 
patient’s capacity to survive, avoid severe functional decline, and maintain a correct 
quality of life. One must also take into consideration the patient’s will. It is actually 
based on acute condition, comorbidities, and functional status determination. One 
can also be helped by scales predictive of mortality, such as the Acute Physiology and 
Chronic Health Evaluation (APACHE), the Simplified Acute Physiology Score 
(SAPS), and the Mortality Probability Model (MPM), although theses scales were 
not specifically designed for older patients. Other scores assess the presence of organ 
dysfunction during the ICU stay and its severity, such as the Sequential Organ Failure 
Assessment (SOFA) and the Multiple Organ Dysfunction Score (MODS). While 
these scores are widely used for patients hospitalized in an ICU, they are not designed 
for triage before ICU admission [22]. Frailty assessment could also help the intensivist 
in the triage process, but data are still lacking for ICU admission, as it is an important 
marker of biological age and an important predictor of outcome. The concept has 
been described in 1994 by Fried [15] but has been used by ICU physicians fairly 
recently. Although frailty is associated with increased age, not all of the older popula-
tion is frail. It is defined as a clinical state of increased susceptibility to age- associated 
decline of reserve and function of a wide range of physiological systems [23].
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2.4  What Are the Objectives of ICU Care in Older Patients?

Survivors of critical diseases suffer from long-term sequelae, with an increased risk of 
mortality, cognitive impairment, and functional disability [24, 25], with a lower qual-
ity-adjusted survival [26], independently of age at admission. Older patients also suffer 
from these long-term consequences, and its impact on this population can be heavier 
than the younger patients, due to heavy sedation, prolonged ventilation, immobiliza-
tion, malnutrition, and more. An older ICU patient is at high risk of vulnerability and 
functional decline. A French cohort of patients >80 years admitted in an ICU showed 
that 63% either died or experienced functional decline [27]. A Canadian cohort study 
following up 610 older patients hospitalized at least 24 hours in an ICU reported an 
increased functional decline after 3 and 12 months, in comparison with an age- and 
gender-matched control group [28]. In this study 1-year mortality was similar between 
patients whom admission in an ICU was accepted or refused. However, Hoffman and 
colleagues [29] observed that long-term quality of life was poor in both studies but was 
similar to an age-matched population, thus suggesting a benefit of ICU admission in 
older patients. An important unachieved goal is to predict which older patient will 
have a high long-term survival rate and good quality of life after ICU discharge. In 
ICU patients of all age, factors associated with outcome are disease severity, socio-
economic status, comorbidities, frailty at admission, and limitations in life-sustaining 
therapy [30]. In older ICU patients, baseline functional status and frailty weigh more 
on outcome than disease severity [31]. In this study, age also appeared to be indepen-
dently associated with poor outcome. In a study evaluating 30-day mortality of 6205 
patients with community-acquired pneumonia [32], the overall mortality rate was 8% 
and it increased with age. In this study, in the subgroup of patients with one comorbid-
ity or none, mortality was similar between patients <65 years and those 65–79 years. 
However, in this subgroup, mortality was still higher among patients >80 years. These 
results suggest that when evaluating the risk of poor outcome, the cut-off of 80 years 
seems more appropriate than 65 years.

2.4.1  Time for Post ICU Geriatric Units?

Mortality 1 year after ICU admission varies from 40% to 70% among patients aged 
over 75 years [33]. Age is associated with 1-year mortality, independently of the reason 
of ICU admission (infection, respiratory failure, shock). Today, an older patient hos-
pitalized in an ICU is managed by the intensivist, in cooperation with the referring 
geriatrician or physician. Specific geriatric ICUs are scarce [34] and most of these 
patients have never been evaluated by a geriatrician. In the presence of multimorbidity 
and functional risk, the geriatrician will have to play a crucial and additional role. 
First, before admission in the ICU there is a collegial discussion. Second, the geriatri-
cian is involved in the level of care adaptation during ICU stay. Last, after ICU man-
agement, the geriatrician provides care for patients in dedicated acute geriatric units. 
This type of units, called geriatric post-ICU care units and requiring intermediate 
level of care, may also be used as alternative to ICU. As well, a care pathway approach 
may be the next cornerstone and challenge in management of elderly patients through 
ICU considerations. Considering care pathway from emergency department or direct 
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ICU admission, to geriatric unit and rehab units, and through geriatric post-ICU care 
unit stay will allow continuity of management, with special consideration for comor-
bidities, drug-related problems, and functional prognosis. The use of dedicated geriat-
ric units to perioperative care was associated with better outcome in old patients after 
hip fracture surgery [35, 36]. For these reasons, projects of creating geriatric post-ICU 
care units are in progress, which will manage multimorbidity, prevent and treat further 
complications, and propose early rehabilitation [37]. A tight cooperation between 
intensivists, emergency physicians, and geriatricians is necessary. The aims of this 
cooperation are to optimize patient triage using validated prognostic tools specific to 
the older population, adapt critical care in older patients using adapted hypnotic med-
ication, and improve rehabilitation immediately after ICU stay.

 Practical Implications

 5 The population is aging due to decreased mortality as well as aging of the baby-
boomer generation. Consequently, the amount of older patients admitted in ICUs 
is expected to continue increasing.

 5 Older patients have biological and functional specificities, with a decreased effec-
tiveness in the response of an acute situation. So, ICU healthcare might find their 
place for old patient than might benefit the most of their specific treatment.

 5 There is no validated score for the triage process of older patients with a critical 
disease. Most decisions are taken based on age. There is a need for tools based on 
functional status and biological age.

 5 ICU stay is burdened by increased mortality, and specific integrated geriatric care 
should be proposed, before, during, and after ICU stay.

 Conclusion
There is no one unique old patient prototype. Admission with needed tools, level of 
care, and objectives during ICU stay must be taken into account on each patient. Even 
after ICU, post-ICU care units are in development to optimize critically ill old patient 
management and improve their outcome.

Take-Home Messages
 5 The increase in demand of  intensive care and shortage of  ICU beds puts the 

intensivist in a difficult situation when making triage decisions. This is particu-
larly true when facing an older patient requiring critical care, as its life expec-
tancy is limited. Many countries are facing the problem of  determining whether 
ICU care will ameliorate long-term survival.

 5 The triage process before admitting a patient in an ICU is different between 
younger and older patients. There is no ideal prognostic tool specific to older age, 
to predict the benefit of  an ICU stay.

 5 Geriatric syndromes, such as frailty, sarcopenia, delirium, and cognitive disor-
ders, probably play a major role on outcome.

Objectives of ICU Management for Very Old Patients
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3

 n Learning Objectives
The central nervous system (CNS) is a complex entity characterised by lots of cells 
organised in networks, and has various functions. In this chapter, we will expose CNS 
normal ageing at a molecular, cellular, and functional level, in order to better under-
stand the interdependence of CNS age-related changes. It will highlight intensive care 
issues in older people from the point of view of our brain.

3.1  Introduction

There is no one but a multitude of ageing. Phenotype is the result of interactions 
between our genes (genome) and our lifelong exposures (exposome). If  our genome 
is inborn, our exposome depends on our life. The more we live, the more we are 
exposed. So the human phenotype heterogeneity is even more visible in older people 
because ageing implies longer and more various environmental exposures. The cen-
tral nervous system (CNS) exposure to environment is complex because of its brain- 
blood barrier (BBB) selectivity, the prolonged survival of neurons even more 
chronically exposed, and its high sensitivity to low-level chronic exposures [1]. This 
specificity participates in the heterogeneity of CNS ageing.

CNS functioning can be considered at different levels: molecular, histological, 
neuroanatomical, etc. focusing on one element or on networks. This multimodal and 
integrative functioning can also explain that normal CNS ageing in older people is 
not uniform. Furthermore, CNS is involved not only in cognitive functions but also 
in motility, affective processes, or stress regulations.

So normal CNS ageing encompasses a range of processes and clinical presenta-
tions. Here the question will be explored artificially to make matters clearer, in 
addressing first ageing of CNS (at cellular and neuroanatomical levels) and second 
consequences of normal ageing for CNS functions (cognitive, movement, and affec-
tive aspects) considering the underlying physiological processes.

3.2  CNS Ageing

3.2.1  General Cellular Age-Related Changes in the Brain

Senescence and some molecular processes due to ageing affect the whole brain.

3.2.1.1  β -Amyloid and Tau Protein Accumulation
CNS ageing is characterised by β-amyloid deposition and Tau aggregation in brain 
tissue.

Aβ(1–40) and Aβ(1–42/43) peptides are produced by secretases’ action on 
β-amyloid precursor protein. These Aβ proteins are enriched in β sheets, which con-
fer to them a higher tendency to self-aggregate, leading to extracellular β-amyloid 
deposits. These amyloid plaques are more frequent in oldest old and even those who 
have intact cognitive functioning [2]. Neurofibrillary tangles (NFT) are intracellular 
hyperphosphorylated Tau protein accumulation, inducing cytoskeletal structure 
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weakening [3]. NFT can be observed in normal ageing, but its number is correlated 
with cognitive decline, in particular in hippocampus, entorhinal cortex, and area 9 
[4]. Furthermore, β-amyloid aggregates potentiate NFT and participate in neural 
hypoactivity during ageing [5]. Clearance of β-amyloid aggregates and NFT is pro-
vided by microglia and astrocytes [6], and their accumulation seems to follow a con-
tinuum between normal and pathological brain ageing.

3.2.1.2  Autophagia
Cellular wastes’ recycling is also essential for cell survival. This turnover is provided 
by lysosomes into the autophagic process, which decreases in normal ageing [7]. This 
leads to aggregation of altered proteins as Lewy bodies or neurofibrillary, and 
impaired lipids as lipofuscin commonly names intracellular pigments [8]. This 
autophagy dysregulation affects neurons but also microglia and is involved in neuro-
inflammation [9].

3.2.1.3  Oxidative Stress
Oxidative stress is common in ageing [10]. In the brain, oxidative damages induce 
high mitochondrial DNA mutation accumulation [11], lipid peroxidation correlated 
with cognitive decline [12], and protein oxidation as carbonyl accumulation in hip-
pocampus associated with memory impairment [13]. Furthermore, this oxidative 
stress plays a key role in neuroinflammation and microglia activation in a bidirec-
tional process. Chronic reactive oxygen species production induces microglia activa-
tion, and prolonged inflammation induces exhaustion of antioxidant defences 
reserved in microglia [14].

3.2.1.4  Neuroinflammation
Another challenge for ageing CNS is the neuroinflammation process. Acute inflam-
matory response produces some pro-inflammatory cytokines as Il-1β, TNF-α, or Il-6 
at the peripheral level but also into the brain, leading to microglia activation. In 
young individuals, this pro-inflammatory response is modest and short, while it is 
higher and longer in older people [15]. At a steady state, we can observe pro- 
inflammatory cytokine over-expression (IL-1β and IL-6) [16], decrease of anti- 
inflammatory cytokines (e.g. IL-4 or IL-10) [17], and a microglia sensitisation in the 
ageing brain, inducing a hyper-reactivity to peripheral or central injury. While vari-
ous molecular processes (e.g. autophagy or oxidative stress) are involved in neuroin-
flammation, lot of brain cells participate in neuroinflammation. During acute or 
chronic neuroinflammation, neurons, astrocytes, or microglia are indeed acting in a 
complex interaction and balance between these three cellular types. Because brain 
cells have a long lifespan, this neuroinflammation seems to have a cumulative effect 
inducing senescence and loss of function [18].

3.2.2  Specific Cellular Type Age-Related Changes in the Brain

The human brain is composed of billions of neurons and non-neural cells [19], 
diversely impacted by ageing processes.
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3.2.2.1  Neurone
Considered for a long time as the principal component of the brain, neurons are 
affected by ageing at a cellular and network level.

Intraneuronal injection of current induces an action potential characterised by 
depolarisation followed by afterhyperpolarisation (AHP), when membrane potential 
is under the resting potential, before a new increase to resting state. The larger the 
AHP is, the longer the refractory period is. So this AHP amplitude determines the 
neuron ability to have a firing activity. In old neurons, AHP amplitude increases, in 
particular in hippocampus neurons [20], leading to a decreased neuron excitability 
and plasticity in vitro. Even if  this reduced firing is not observed in vivo, or only if  
rodents are exposed to a novel environment [21], it could reduce neuron plasticity 
when exposed to extreme stimuli. Lower synaptic plasticity is also observed in senes-
cent neurons, with higher long-term potentiation (LTP) activation thresholds due to 
longer and larger AHP [22] but also to post-synaptic receptor (e.g. NMDA) activa-
tion reduction [23].

These age-related changes can affect neuron connectivity and increase neurotox-
icity [24]. Neurogenesis decreases with age [25] and takes also part in this neuron loss. 
This slowing of neuronal production is drastic and early in hippocampus [26] and 
can be observed less or more in all neurogenesis area in adult (subventricular zone 
and olfactory epithelium) [27, 28]. This brain senescence is influenced by stress and 
glucocorticoids [29] but also by some neurotransmitters as glutamate [30] and inflam-
mation [31] in a complex balance and threshold effects. Nevertheless, exercise and 
enriched environment upregulate neurogenesis even in the aged brain [32, 33].

All of these senescent mechanisms in neurons have been studied largely in hip-
pocampus and have memory effects. This neuron loss seems to be brain region depen-
dent and localised in the cortex [34], while the subcortical atrophy is essentially due 
to axonal impairment due to neuroglia ageing.

3.2.2.2  Neuroglia
In the CNS, myelin from oligodendrocytes isolate axons for faster depolarisation 
transmission. In transmission electronic microscopy, ageing myelin shows cytoplas-
mic electron-dense pockets corresponding to proteasome accumulation [35] and is 
correlated with cognitive decline [36]. A loss of nerve fibres is observed in the ageing 
brain [37]. But the upregulation of genes implicated in oligodendrocytes activity is in 
favour of a compensation of this myelin degeneration by a remyelination process 
[38]. Nevertheless, this continuous production of myelin by oligodendrocytes is less 
efficient with thinner myelin layers, aberrant paranodal loops, and increased inter-
nodal length [39], leading to a myelin plasticity decrease [40].

Neuron microenvironment is also composed of astrocytes, in contact with syn-
apses and blood capillaries. Astrocytes are hypertrophic with age, and inclusions of 
myelin are observed in their cytoplasm, indicating a phagocytosis activity [41]. They 
also play an essential role in oxidative stress and neuroinflammation response during 
ageing, in particular though glutathione production [42] and autophagy activity [43]. 
Astrocytes are also immune cells releasing cytokines. They prevent neurodegenera-
tion thanks to neurotrophic factors release as GDNF [44], control microglia traffick-
ing, and are able to activate microglia to promote inflammatory response [45].
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3.2.2.3  Microglia
Microglia activity is modulated by astrocytes but is also able to regulate astrocyte 
activity [46]. Microglia have, as astrocyte, a phagocytosis function in the CNS 
increasing with age [47]. Microglial cells are activated by brain injury, stroke, 
trauma, neurotoxic protein, or pro-inflammatory cytokines. They have a lifelong 
evolving specific profile [48, 49], and play a key role in immune response and brain 
homeostasis. In normal adult brain of  mice, microglial disappearance does not 
affect behavioural and cognitive task [50]. Nevertheless, microglia can modulate 
glutamate transporter expression in response to excitotoxicity [51] and influence 
synaptic activity [52], while neurons produce some neurotransmitters, purines, or 
cytokines acting as activator or inhibitor of  the microglia phenotype [53, 54]. And 
disruption of  this on-off balance between microglia and neurons induces cognitive 
impairment [54, 55]. Furthermore, ageing induces a translation of  microglia from a 
“non-inflammatory” state to an activated or “primed” state, reducing neuroprotec-
tion and increasing neuroinflammation [56]. Aged brain microglia are more sensi-
tive to pro-inflammatory stimuli so that chronic neuroinflammation is maintained 
longer and higher [42].

Microglia play also a role in neurogenesis. As discussed above, neurogenesis con-
sists in the production of new neurons but also in their integration into an already 
existing neuron network without dying [57]. Astrocytes are essential to include new 
neurons in synaptic circuit [58], but microglia are also important to favour neuron 
survival by releasing growth factors [59] and regulating neuroinflammation in a com-
plex balance with not too much [60] but not too less activation [61].

3.2.2.4  Vascular Unit
The brain is principally composed of neurons, glial cells (oligodendrocytes, astro-
cytes, and microglia), and vessels. Microvascular density, plasticity, and integrity 
decrease with age, inducing lower perfusion and higher permeability [62]. Age-
related microvessel impairment is associated with β-amyloid aggregates [63], oxida-
tive stress [64], and neuroinflammation [65]. Astrocytes are essential for the 
communication between neurons and vascular cells, so that their senescence could 
also have an impact on vascular unit functioning in the ageing CNS [66]. The aged-
related adaptation loss of  vascular response to neuronal activity, called neurovascu-
lar uncoupling, is indeed correlated with cognitive decline [67]. Furthermore, the 
brain-blood barrier permeability increases with age and is associated with neuroin-
flammation [68].

Thus, various molecular and cellular age-related changes are observed in CNS 
ageing and are closely interdependent with over-activation loops.

3.2.3  Specific Anatomical Age-Related Changes in the Brain

These molecular and cellular age-related changes are ubiquitous in the brain, so that 
we can observe some global anatomical modifications during ageing as cortical atro-
phy and connectivity decrease. Nevertheless, some areas are more affected by ageing, 
due to their energy or neurogenesis dependence.
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3.2.3.1  Global Age-Related Variations
Functional MRI studies have shown a significant effect of age on the decrease of 
cortical grey matter and white matter volume [69].

The grey matter becomes thinner with age, with greater ventricular and cerebro-
spinal fluid volume [70]. This grey matter atrophy is more pronounced in the frontal 
and temporal cortex and in the striatum and thalamus [71]. The primary motor cor-
tex and somatosensory cortex seem also to be affected [70]. This grey matter impair-
ment seems to be more due to dendritic arborisation and synapse reduction than to 
neuron loss itself  [72].

The loss of white matter is observed in all brain area [73] and is later but faster 
than grey matter decline [74]. This is due to a length of nerve fibre reduction from 
10% to 45% [75], in particular in the frontal lobe [76] and corpus callosum [77], fol-
lowing an anterior to posterior gradient [78, 79]. This leads to brain disconnectivity 
[80] associated with cognitive decline [81]. This white matter impairment reflects the 
myelin impairment in older brain [79].

Some brain areas are more vulnerable to ageing, or their age-related activity 
decrease is more clinically noisy.

3.2.3.2  PFC and Dopamine System
The prefrontal cortex (PFC) and the reward circuit are the most affected brain areas 
of ageing. A structural decline is observed with the highest decrease of grey matter 
volume [82] estimated at about 5% per decade after 20 years old [83]. Striatum, which 
projects dopamine afferences on the PFC, shows also an age-related decrease of its 
grey matter volume around 3% per decade [84]. The white matter is also altered in the 
PFC and anterior corpus callosum, more than the other brain regions [85]. A func-
tional decline of PFC is also observed in older adults when they are submitted to a 
complex cognitive task. For example, during a simple working memory task, older 
adults require more PFC activation than younger adults to obtain the same perfor-
mance level [86]. But this compensatory phenomenon is no more sufficient for diffi-
cult working memory tasks [87]. Concurrently, a dopamine system decline is observed 
in older adults, with a continuous decrease of dopamine transporter (DAT) and D2 
receptor expressions in the reward circuit  – including striatum and PFC  – after 
40 years old [88–90]. Finally, this is the structural, functional, and connectivity of the 
whole fronto-striato-thalamic circuit that seems to be impaired in older people and 
could be a biomarker of cognitive decline in the future [91].

3.2.3.3  Hippocampus and Cholinergic System
The hippocampus is another brain area essential for cognition. If  its volume decreases 
significantly in Alzheimer’s disease, most of studies did not reveal a hippocampal 
volume impairment in healthy older adults [92]. Age-related changes in the 
 hippocampus seem to affect especially its functioning. Thus, hippocampus cerebro-
vascular reactivity decreases with age and is associated with cognitive complaints in 
older adults [93]. In a more comprehensive way, the cholinergic system, including 
hippocampus, is modified in the ageing brain.

Cholinergic afferences from the basal forebrain modulate cognition in the hip-
pocampus [94], and waking state and behaviour (in particular anxiety) in the thala-
mus and central tegmental area (VTA) [95]. These cholinergic neurons seem to be 

 S. Miot et al.



29 3

more sensitive to age-related energy deprivation [96], partially explaining memory 
impairment during ageing. Indeed, the cholinergic system implies also non-neuronal 
cells which express cholinergic receptors: microglia and astrocytes [97]. There is a 
bidirectional relationship between cholinergic neurons and these glial cells: loss of 
cholinergic neurons overactivates microglia and induces chronic inflammation, while 
acetylcholine release has an anti-inflammatory effect through activation of α7nAChR, 
a cholinergic receptor expressed by astrocytes and microglia [98]. So age-related 
impairment of the cholinergic pathway has a direct impact on cognition and emotion 
but also has a more global effect by over-activating neuroinflammation. The disrup-
tion of the homeostasis between the pro- and anti-inflammatory role of the choliner-
gic system and the vicious circle induced by loss of cholinergic afferences could 
explain the growing neurodegenerative disease emergence with age.

Thus, global and specific anatomical age-related changes are observed in CNS 
ageing. Functional systems are more affected, than specific regions, following an 
anterior to posterior gradient. And here again underlying molecular and cellular pro-
cesses involve neuroinflammation.

3.3  Ageing Consequences for CNS Functions

3.3.1  Cognitive Profile

Because brain structure and function vary according to brain area and individuals, 
age-related cognitive function changes are not uniform. Some cognitive functions are 
more impacted by ageing, as attention or memory, but ageing tends to affect the 
whole brain functions.

3.3.1.1  Attention
We can describe several attention subtypes.

Selective attention refers to the ability to treat effectively and fast one relevant 
information to perform a task. The subject needs to discriminate targets and distrac-
tors. This selective attention can be intentional when we are looking for a specific 
object in a complex environment (e.g. your pink sock in the laundry hamper), or 
non- intentional when our attention capture is activated by an external stimulus (e.g. 
the shout of your son in the hubbub of his birthday party). In research, selective 
attention can be assessed using visual search, in particular with letters or words. 
Rather than looking for socks, participants have to identify one letter or word among 
distractors (with close physical or conceptual similarities). Latency and error number 
are collected and are significantly higher in older people [99]. But this difference 
could be due to perception impairment or cognitive and motor slowdown, so that 
selective attention could be intact in older people.

Furthermore, older people are able to anticipate the selection of stimuli if  they 
have been informed before the task, as well as younger participants [100]. The infor-
mation accumulation between the tests can also increase performances, and this per-
ceptual priming is also preserved in healthy older people [101]. Finally, inhibition – that 
is to say the ability to exclude distractors, also called Stroop effect – is less efficient in 
older people [102]. But differences between younger and older people disappear when 
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participants’ attention is guided by environmental input [103]. So processes modulat-
ing selective attention seem to be largely preserved in older people.

Divided attention is the ability to pay attention to several information at the same 
time, for example, when you are looking for your pink socks and your green T-shirt 
in the laundry hamper. Older people can integrate several objects in their environ-
ment, even if  these objects are in movement, but they do it slower and they need to 
be focused on fewer objects than younger adults [104].

Sustained attention depends essentially on vigilance to capture rare event during 
an attention task. Almost all studies have showed a decrease of sustained attention 
in older people [105].

If  attention is more or less impaired by ageing, it is also essential for other cogni-
tive function, as memory or decision making.

3.3.1.2  Memory
There are several memories: working memory, episodic memory, semantic memory, 
implicit memory, and procedural memory. Working memory is characterised by the 
ability to store and treat some information to realise a current task, for example, 
when you have to remember to buy new pink socks during your shopping. The four 
other memories are long-term memories: declarative for episodic memory (related to 
personal experience) and semantic memory (corresponding to knowledge storage), 
non-declarative for implicit memory (non-intentional), and procedural memory (per-
ceptive, motor, and cognitive skills) which facilitates a performance. Ageing of these 
different memories is differential and heterogeneous.

Working memory is impaired in older adults [106] but the mechanism of this decline 
is controversial, probably because cognitive tasks used in previous studies are very diverse 
and assess different modulators of working memory. Attention impairment can explain 
encoding difficulties [107]. As for attention, age-related general slowing can affect work-
ing memory [108], in particular for inhibitory control decrease [109]. But external sup-
port remains able to improve working memory performances in older people [110].

Episodic memory is the frailest memory during ageing. It depends on encoding 
and storage, so it is affected as working memory. But it implies also retrieval pro-
cesses, which decline with age [111]. This episodic memory impairment plays a role in 
false recognitions [112], even more when older people are exposed to perceptual sim-
ilarities [113].

Semantic memory remains intact in ageing, even if  older people have a significant 
higher latency during tests [114].

Implicit memory and procedural memory act as priming for other cognitive or 
motor tasks. Their exploration is various so that results of studies are conflicting 
[101, 115, 116], but implicit learning, influenced by implicit memory, largely remains 
intact in older people [117].

3.3.1.3  Decision Making
At a higher level of complexity, decision making can be affected by cognitive ageing. 
This cognitive process involves attention, working memory, but also episodic mem-
ory, flexibility, and emotional aspects. Experiments in decision making show an 
aged-related decline in performances associated with heterogeneous changes in strat-
egy selection [118]. Here again modulators remain efficient in healthy older people, in 
particular attention training [119].
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All of these cognitive functions depend essentially on the most brain regions 
affected by ageing: prefrontal cortex in its structural and functional decline and hip-
pocampus in its functional decline [111]. They depend also on the age-related con-
nectivity impairment [120]. PFC white matter integrity disruption is indeed associated 
with processing speed, attention control (in particular in Stroop task), and memory 
decline in healthy older people [121, 122]. Furthermore, most of these cognitive func-
tions depend on pre-existing expertise level for a specific task, cognitive reserve [123, 
124], and physical activity [125, 126], probably at the origin of the clinical heteroge-
neity in healthy older adults.

3.3.2  Movement

Movement is another CNS function that can be damaged by ageing. Mild motor 
signs are described in healthy ageing: gait and movement coordination decrease or 
movement slowing down. Furthermore, older people show less efficient movements 
with more variability [127]. Besides peripheral processes involving peripheral ner-
vous and neuromuscular systems, ageing can also affect the central control of move-
ment.

3.3.2.1  Functional Dispersion of Motor CNS Activity
A structural impairment of the CNS motor system is observed in healthy ageing with 
the atrophy of motor cortex and striatum (7 Sect. 3.2.3). White matter reduction 
could also have consequences on movement in older people. For example, motor- 
skills learning seems to depend on new oligodendrocyte production [128], so that 
myelin plasticity reduction by ageing could reduce this motor ability.

At a functional level, older people have a higher activity in some motor brain 
areas during motor task compared to younger people. For example, when they move 
their right hand, their left motor cortex is more activated than in younger adults 
[129]. During more complex motor tasks, activation of non-motor systems is also 
observed in older people in comparison to younger people [130]. This over-activation 
and over-recruitment can be explained by two theories: the de-differentiation and the 
compensation. First, older people could have less abilities to use relevant neuronal 
networks for motor task [131]. This over-recruitment would be a kind of background 
noise of their non-specific response. Second, the connectivity between motor net-
works increases in healthy older people [132]. The recruitment of areas spanning 
motor and cognitive functions as prefrontal and sensorimotor cortex [133, 134] could 
also lead to an equal performance in older people by improving attention and inte-
grative functions [135, 136]. These phenomena could compensate for the impairment 
of peripheral and primary central motor systems, as far as homeostasis is disrupted.

3.3.2.2  Movement and Cognition
If  cholinergic system is especially involved in cognition, dopamine is essential for 
movement. Balance and fine motor decrease is associated with striatal dopamine 
system impairment in older people [137, 138]. Furthermore, emotional status can 
impact movement, by affecting motivation, such as in psychomotor slowing induced 
by depression [139]. Cognition is also closely associated with dopamine thought 
executive functions and movement.
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In fact movement is not only a question of motor control. Dual tasks implicating 
motor and cognitive activity are harder to perform for healthy older people, because 
of neural resource availability reduction, when some brain areas are already over- 
recruited for by a single task [140], in particular for prefrontal cortex [141].

Embodiment is an emergent concept, which converges movement and cognition. 
Embodiment refers to cognitive processes, emotions, body perception, and move-
ment relationships. Current evidences show that embodiment seems to be affected by 
ageing [142]. This embodiment impairment can affect movement, orientation, atten-
tion, but also empathy and social abilities. Motor impairment, processing speed, 
attention, and multisensory integration decline are some explanations of this embodi-
ment age-related impairment [143]. Mirror neurons, which are essential for embodi-
ment, show an anterior to posterior degeneration that could also affect embodiment 
[144].

Thus, the anterior to posterior gradient and dopamine system impairment in age-
ing are here central in the movement and more globally embodiment age-related 
decline.

3.3.3  Affective and Emotional Aspects

The CNS is involved in an even more complex function, among others related to 
movement and cognition thought embodiment: affective and emotional phenotype.

3.3.3.1  Late-Onset Disorders
Inter-individual heterogeneity in cognitive ageing trajectories can be explained by the 
concept of cognitive reserve. Indeed, only 50% of cognitive decline degree differences 
in older people are explained by neuropathology [145]. The other half  is probably 
associated with the cognitive reserve, resulting in the interaction between exposome 
(from environment to lifelong experiences) and genome [146]. This individual predis-
position controls brain resistance or maintenance, that is to say the ability of the 
brain to repair to an insult. It controls also brain resilience, that is to say the ability 
of the brain to adapt to an engaged pathological process. Furthermore, this cognitive 
reserve is closely related to prefrontal cortex activity [147].

In psychiatry, lots of diseases are associated with prefrontal cortex hypomyelinisa-
tion and dysfunction and neuroinflammation [148, 149]. Patients suffering from early-
onset bipolar disorders or schizophrenia are at high risk to develop neurocognitive 
disorders [150], in particular frontotemporal dementia [148], because ageing processes 
are cumulated with this frontal fragility and inflammageing. Besides, some patients 
without any psychiatric history have late-onset psychiatric disorders, with a frontal 
fragility [148]. Moreover, it is sometimes difficult to determine if these late- onset psy-
chiatric disorders are only prodromal symptoms of neurocognitive disorders [151, 
152], in particular of frontotemporal dementia. Thus, cognitive reserve and pre-exist-
ing PFC plasticity could modulate the pathological ageing in early- onset psychiatric 
disorders and the late-onset psychiatric disorder emergence: the less the older people 
have a cognitive reserve, the less they have the ability to adapt on a cognitive but also 
emotional level during ageing. One more time, anterior to posterior neurodegenera-
tion gradient and neuroinflammation seem to have a key role. When ageing progresses, 
homeostasis can be disrupted and the older people can “fall over” into the disease.
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3.3.3.2  Personality
When the frontier between normal and pathological is not easy to define, a dimen-
sional approach can be performed, what is particularly relevant in personality stud-
ies. Personality is a combination of  patterns determining emotional, interpersonal 
experience, attitude, and motivation of  a subject [153]. Personality traits can be 
defined by the five theory models, including five factors of  personality: neuroticism 
(tendency to experience negative emotions), extraversion (tendency to experience 
positive emotion and to be involved in social communication), openness to experi-
ence, agreeableness (tendency to be empathic and pleasant), and conscientiousness 
(tendency to be careful, perfectionist, far-sighted, but also more compulsive and less 
cognitive flexible) [154]. Personality traits tend to change with age, and older people 
have higher conscientiousness and agreeableness, and less extraversion [155]. 
Neuroticism seems to be more stable but is predictive for late-onset depression [156] 
and neurocognitive disorders [157]. These personality traits are associated with 
structural and functional brain patterns, involving in particular the grey and white 
matter volume and the activity of  the prefrontal cortex [158–160]. This PFC impli-
cation in extraversion and neuroticism seems to be specific of  older people [161] 
[158, 160], and it could be at least in part the modulator of  personality age-related 
changes.

3.3.3.3  Well-Being Paradox
Personality traits are also associated with well-being feeling [162]. Paradoxically, 
even if  ageing is the time of decline and bereavement, stressors have less impact on 
older people than younger people [163], thanks to more resilience and less negative 
affects in healthy older people [164, 165]. Because of a change of time perspective in 
old age, the motivation to increase positive affects and reduce negative affects is 
improved. This well-being paradox depends on coping strategies [166], on cultural 
models [167], but also on semantic autobiographical memory cognitive functions 
most preserved during healthy ageing [168]. Other cognitive functions do not influ-
ence subjective well-being, leading to its stability in older people [169]. Another 
explanation could be a survival bias, because well-being improves life expectancy 
[170] so that oldest old people expressing a high life satisfactory could have been 
selected in studies.

Thus, frontal age-related changes and neuroinflammation are key to understand 
some affective and emotional particularities in older people.

 Practical Implications

 5 CNS ageing embodies more than other system the difficulty to define a frontier 
between normal and pathology in older people. It has to be considered as a con-
tinuum, with a frailest homeostasis in older people due to brain reserve decline. 
Older brain is in a hypersensitivity state so that its vulnerability to stress is higher.

 5 Because of the cholinergic system impairment, anticholinergic drugs have to be 
carefully used.

 5 Longer time laps, higher fatigue, and cognitive over-recruitment have to be consid-
ered when caring for healthy older people.
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 5 Frontal vulnerability can produce specific disorders when brain reserve is over- 
requested, with, for example, more frequently manic, catatonic, or dysexecutive 
symptom emergence.

 5 Resilience of older people and their environment have also to be assessed in order 
to better address them after an acute event, because it could be a source of reha-
bilitation.

 Conclusion
An intensive care hospitalisation is an acute stress for patients and is a strong challenge 
for the ageing CNS. Microglia are already sub-activated in older people and are over-
reactive. Furthermore, the high rates of glucocorticoids due to chronic stress induce 
oxidative stress, which increase dramatically brain vulnerability in ageing [171]. Some 
cumulative exposures can also induce pressure on our genes’ expression and accelerate 
epigenetic ageing [172]. Thus, an over-request of older CNS could disrupt its homeo-
stasis and cause more severe and faster decline due to a kind of racing of the ageing 
processes.

Moreover, this higher vulnerability depends on interdependent processes, with 
complex interactions between neurons, glia, and vascular unit, but also an adaptability 
loss at cellular (e.g. as neuron firing decreases), network (as cholinergic, dopamine, or 
frontal systems decline), and finally functional (as cognitive or affective reserve) levels.

Finally, CNS ageing reveals the lifelong and normal to pathological continuum 
in humans. If  the frontal system is more sensitive to ageing because of its phyloge-
netically more recent status [173], it is also more sensitive to environmental exposures 
[174]. Environment can also be helpful to reduce the ageing impact on this CNS frailty, 
because it can improve lots of processes involved in ageing, as neuronal firing, neuro-
genesis, attention abilities, working memory, or well-being. It could support the main-
tenance of a sub-threshold CNS recruitment to allow older people to access resilience 
and what developmental psychologists name “gerotranscendence” [175].

Take-Home Messages
 5 A complex synergy between molecular, cellular, and functional processes is 

observed in CNS normal ageing, with a particular key role of  neuroinflammation 
and antero-posterior impairment gradient.

 5 This normal ageing has cognitive but also motor and affective consequences, in a 
multimodal and interdependence perspective.

 5 Brain reserve can be an explanation of  heterogeneity in CNS ageing but also of 
emergence of  late-onset disorders and brain vulnerability to acute and chronic 
stress.
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 n Learning Objectives
Physiological changes associated with cardiovascular ageing impact on the presen-
tation of both cardiovascular failure and other conditions warranting admission to 
intensive care. In the very elderly patient different types of shock frequently occur 
simultaneously, since it is common that cardiac involvement accompanies other organ 
failure. Cardiovascular pathophysiology has also a wide range of implications for the 
diagnosis of shock and monitoring in the circulatory unstable elderly patient.

In this chapter, we will describe the most common physiological changes of the 
ageing cardiovascular system.

Furthermore, we will give advice for clinical practice, wherever these changes may 
influence on diagnostic approach and haemodynamic monitoring in elderly patients 
presenting with circulatory compromise.

4.1  Introduction

In the process of ageing, the heart undergoes changes that might not affect older 
adults in daily life; however, in the critically ill elderly patient, age-related decline in 
organ reserves is of major impact. Ageing may lead to a functional deterioration in 
multiple organs even in the absence of a specific disease. Functional and structural 
alterations in the atria, myocardium, valves and vasculature (including coronary 
arteries) and the cardiac conduction system contribute to reduced cardiovascular 
reserve. There is a gradual transition between normal ageing and pathology. Older 
adults admitted to intensive care due to non-cardiac causes may decompensate and/
or develop cardiac disease on top of their index disease. Atypical presentation is 
common. In this chapter, we will give an overview of the most important age-related 
changes in the cardiovascular system and practical advice how to diagnose and mon-
itor shock in the elderly intensive care patient.

4.2  Physiology of Cardiovascular Ageing with Clinical Relevance 
for Intensive Care

4.2.1  Atria

The atrial chambers are highly compliant and allow for blood flow between the atrial 
and ventricular chambers at low venous blood pressures [1]. The major age-related 
change in the left atrium is an increase in diameter (volume). Age-related fibrosis in 
the atria is associated with impaired conduction and contractility [2]. The atrial 
enlargement increases the risk of atrial fibrillation. Older adults with atrial fibrilla-
tion are likely to suffer from reduced cardiac output and dyspnoea [3]. At rest the 
quantitative contribution of the atrial systole to filling of the ventricles is relatively 
low, with the left atrium contributing 10–20% to the effective stroke volume of the 
left ventricle, rising to 20–30% during physical exercise or stress [4], like high meta-
bolic demands during critical illness. Increased age is associated with reduced left 
atrium filling and emptying [2] due to decreased compliance (increased left atrial 
stiffness). The atria have also endocrine secretory function which is essential to fluid 
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homeostasis, most importantly the secretion of atrial natriuretic peptide (ANP). 
With advanced age, the level of serum ANP increases [5]. During haemodynamic 
stress, secretory ANP granules are released in response to increased atrial cell stretch. 
ANP acts as a potent hormone that inhibits renal salt and water excretion and regu-
lates smooth muscle tone in vessels and blood pressure [1].

4.2.2  Ventricles

During the physiological process of ageing, the left ventricle hypertrophies; however, 
the interventricular septum increases in thickness more than the free wall and there 
is a change in LV shape (. Fig. 4.1). The shift from an elongated ellipsoid geometry 
to a more spherical shape of the left ventricle reduces the contractile efficiency due to 
higher wall tension which translates into higher afterload [3].

4.2.3  Myocardium

Ageing has been associated with low-grade systemic inflammation “inflammaging” 
closely linked to interstitial fibrosis and cardiomyocyte stiffness [6]. Progressive loss 
of myocytes due to necrotic and apoptotic cell death decreases the absolute number 
of myocytes in ageing hearts, and the remaining cardiomyocytes undergo hypertro-
phy and myocardial fibrosis [5]. Ageing cardiomyocytes have prolonged contraction 
and relaxation times caused by changes in calcium homeostasis. The increased stiff-
ness of the myocardium leads to reduced cardiac filling during the early diastolic 
phase and to overall slower filling of the ventricle, leaving the heart more dependent 
on the atrial contribution to ventricular filling. Early diastolic filling rate decreases 
30–50% between the third and ninth decades [3]. Hence, tachycardia or atrial fibrilla-
tion may lead to reduced ventricular filling and decompensation with heart failure. 
Systolic function is less affected by normal ageing, and the heart retains a normal 
ejection fraction at rest. There is a shift from normal ageing to diastolic dysfunction. 
Diastolic ventricular failure is related to reduced ventricular filling caused by hyper-
trophied (less compliant) ventricles and by impaired ventricular relaxation. The 
pathophysiology is heterogeneous and may include age-dependent interstitial fibro-
sis, hypertension, atrial fibrillation, aortic stenosis, coronary artery disease, diabetes, 
chronic kidney disease, obesity and chronic obstructive pulmonary disease. This type 
of heart failure with preserved ejection fraction is more prevalent in older adults and 
more common in women. End-diastolic pressure increases, and the end-diastolic vol-
ume is reduced due to decreased ventricular compliance [6]. In conclusion, the ability 
of the ageing heart to increase ventricular contractile function under high demand 
situations is impaired [7].

4.2.4  Valves

During ageing, the valves become stiffer as there is decreased matrix turnover 
and regeneration. Therefore, valvular degeneration accompanied by calcifica-
tion is more common in older adults [8]. This process involves endothelial 
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dysfunction, lipid accumulation, inflammation and changes in the extracellular 
matrix resulting in irreversible calcification of  the valve leaflets. The most com-
mon valve disease in the Western aging population is mitral regurgitation and 
aortic stenosis [8, 9].

       . Fig. 4.1 Cardiovascular changes with ageing as a consequence of  the complex process of  senes-
cence, apoptosis and autophagy linked to decreases in sirtuins (SIRT 1), cell cycle regulators, mitochon-
drial dysfunction, activation of  inflammatory genes, alterations in nitric oxide production and other 
factors [14, 15]. (1) Pacemaker and conducting pathways degenerate, slowing heart rate response to 
stress and increasing the risk of  arrhythmias. (2) Valve stiffening and calcification, increasing afterload, 
turbulence and risk of  valvular incompetence; murmurs are common. (3) Myocyte hypertrophy and 
increase in fibrinous matrix reduce plasticity and ability to respond to stress. (4) Altered cardiac shape, 
e.g. septal hypertrophy, is common reducing efficiency. (5) Vascular changes affect the intima and media 
leading to increasing thickness, fibrosis and loss of  elasticity, resulting in a stiffer vascular system. 
Endothelial inflammatory tendency and changes in endothelial signalling, e.g. altered nitric oxide-medi-
ated responses, contribute to dysfunction. (6) and (7) Increased pulse wave velocity results in reflected 
waves arriving in the central arteries during systole rather than diastole, increasing systolic pressure and 
increasing afterload, while resulting in the loss of  augmented diastolic filling. Permission granted to use 
the figure from the BASIC website of  the ICU, PWH, Medical Faculty, Chinese University of  Hong 
Kong. Cardiovascular failure is the second most common reason for admission of  octogenarians to 
intensive care units in Europe [16]
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4.2.5  The Conduction System

The elastic and collagenous tissue increases with advancing age in all parts of the 
conduction system. Fat accumulates around the sinoatrial node (SA) and a marked 
decrease in the number of pacemaker cells in the SA node commonly occurs after age 
60. By the age of 75, the number of pacemaker cells is reduced to less than 10% com-
pared to the young adult. These changes predispose the older heart to sick sinus 
syndrome. With aging, the aortic and mitral annuli are subject to a variable degree of 
calcification. AV or intraventricular block may develop if  the atrioventricular (AV) 
node, AV bundle, bifurcation and proximal left and right bundle branches are 
involved in this process [3].

4.2.6  Vascular

The arterial system consists of the large elastic arteries and the small muscular 
peripheral arteries. Large arteries are rich in collagen and elastin and small muscular 
arteries are rich in vascular smooth muscle [10]. Vascular ageing is a process of endo-
thelial dysfunction, vascular remodelling, plaque formation and increased arterial 
stiffness, resulting in higher systolic arterial pressure and pulse pressure (. Fig. 4.1). 
Through its secretion of nitric oxide (vasodilator) and endothelin (vasoconstrictor), 
the endothelium is a potent regulator of arterial tone. Ageing is associated with 
reduced endothelial-dependent vasodilation. Furthermore, there is a marked increase 
in angiotensin II concentration, a potent vasopressor, in aged arterial walls [3]. 
Endothelial senescence and inflammation are mediated through oxidative stress, telo-
mere shortening and mitochondrial dysfunction [2]. Ageing increases arterial stiff-
ness also by increasing the thickness of the arterial wall as the intimal layer increases 
2–3 folds between the age of 20 and 90 years [2]. Central arterial stiffening follows 
aging even in the absence of clinical hypertension. However, in patients with hyper-
tension there is an accelerated increase in arterial stiffness [11]. Systolic blood pres-
sure (SBP) is determined by both arterial stiffness and cardiac function and increases 
with age even in normotensive cohorts. In contrast, diastolic blood pressure (DBP) 
typically rises until the sixth decade and declines in later years [11]. Thus, isolated or 
predominant SBP elevation is typically for hypertension in older adults. Thus, pulse 
pressure width is a useful clinical marker of arterial stiffness and the pulsatile load on 
the arterial tree [3]. Large arterial stiffness rather than peripheral vascular resistance 
becomes the central haemodynamic factor in both normotensive and hypertensive 
persons from age 50 onwards [11].

4.2.7  Coronary Arteries

Atherosclerotic plaque accumulation in the epicardial arteries increases with age dis-
posing for coronary artery disease. The disease can have long, stable periods; however, 
it can become unstable at any time, typically due to an acute atherotrombotic event 
caused by plaque rupture or erosion [12]. Myocardial infarction due to plaque rupture 
or erosion is classified as type 1. Myocardial infarction type 2 is a mismatch between 
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oxygen supply and demand by a pathophysiological mechanism other than acute coro-
nary atherothrombosis. Type 2 is common in older adults and associated with hyper-
tension, arrhythmia, severe anaemia, surgery, renal failure and heart failure [13].

4.3  Circulatory Failure: Types of Shock

Shock is the state of insufficient oxygen delivery to the body’s tissues due to reduced 
blood flow. To date there is no measure of tissue blood flow established in clinical 
practice.

The classical clinical signs of hypoperfusion are:
 5 Hypotension.
 5 Tachycardia.
 5 Tachypnoea.
 5 Confusion.
 5 Oliguria.
 5 Weak peripheral pulses.
 5 Cool peripheries.
 5 Impaired capillary refill.
 5 Skin mottling.

The presence of several of these clinical signs makes systemic hypoperfusion likely, 
but the absence of any of them, especially a normal blood pressure, does not exclude 
a state of shock. In many elderly patients, physiological compensatory mechanisms 
are blunted, and heart rate may not rise as expected to maintain cardiac output, 
owing to pharmacological beta-blockade and age-related changes in adrenergic 
responsiveness. Both beta-receptor density and beta-receptor sensitivity have been 
shown to gradually decrease with increasing age [17]. Likewise, cognitive reserves are 
reduced in the advanced age groups, and acute confusion warrants a high level of 
attention; the patient should be monitored closely and carefully examined for further 
signs and possible causes of reduced tissue perfusion. High lactate, when haemoglo-
bin concentration and arterial oxygen saturations are adequate, is highly suggestive 
of either regional or global tissue hypoperfusion.

In elderly critically ill patients, frequent combinations of different types of shock 
occur, as myocardial depression and/or arrhythmia often accompanies other types of 
shock; such cardiac involvement may be caused by ischaemia, hypothermia, medica-
tion discontinuation, metabolic derangement or other circulating toxic factors [18].

Complications of circulatory instability frequently occur at an earlier stage than 
in younger patients due to reduced overall physiologic reserve. In particular, atten-
tion should be paid to escalation of cognitive impairment and occurrence of delir-
ium, as well as secondary organ failure caused by regional hypoperfusion like stroke, 
myocardial ischaemia, mesenteric ischaemia, acute kidney injury and ischaemic 
hepatitis.

Circulatory failure upon admission has been shown to independently and nega-
tively affect the prognosis in elderly patients regardless of the underlying cause of 
shock [19]. In cases with premorbid conditions involving several organ systems and 
higher frailty scores, the prospects of survival in the oldest patients presenting with 
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shock are reduced to a degree that warrants a thorough consideration of the expected 
benefits of intensive care admission [16].

Type of 
shock

Heart rate (Caveat: 
beta-blockade)

JVP or 
CVP

Periph-
eries

Common causes in elderly 
ICU patients

Cardiac ↑↑
↓↓↓
or ↑↑↑ in arrhythmia- 
induced cardiac shock

↑ or 
normal

Cold Myocardial infarction (type 
II > type I)
Pre-existing heart failure
Arrhythmia
Pre-existing valvular heart 
disease
Acute valvular lesion
Septic myocardial dysfunc-
tion
Post-cardiotomy

Hypovo-
laemic

↑↑ ↓ Cold Dehydration
Haemorrhage (GI tractus, 
post-operative, trauma)

Distribu-
tive

↑↑ ↓ Warm Sepsis
Inflammatory response
Anaphylaxis

Obstructive ↑↑ ↑↑↑ Cold Pulmonary embolus
Tension pneumothorax
SVC/IVC obstruction 
(malignant masses)
Cardiac tamponade

Types of  shock, clinical features and common causes in elderly ICU patients

Practical Implications

Circulatory Monitoring: Particular Aspects in the Elderly

1. Cannulation
Arteriosclerotic disease carries increasing prevalence with increasing age affecting 
target vessels with implications for both arterial and central venous cannulation. 
Altered anatomy may cause technical difficulties, and restricted flow results in 
higher risk of complications, namely: Arterial cannulation of a narrow artery may 
cause arterial ischaemia distal to the cannulation site either due to plaque injury 
resulting in embolization or by the catheter narrowing the lumen of the vessel to 
such a degree that flow becomes critically low. Cannulation of a vein draining from 
the territory of a narrow artery may be poorly filled resulting in technical difficul-
ties, and the catheter will be more prone to catheter-related thrombosis due to low 
flow. Peripheral vascular disease is often unequally distributed and physical exami-
nation alone does usually not aid the selection of the best cannulation site. There-
fore, ultrasound assessment of all eligible puncture sites is recommended for both 
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arterial and central venous cannulations, so the approach which is technically most 
suitable and carries the least risk of complications can be chosen [20, 21]. No firm 
recommendations regarding the size of the cannula in the presence of arteriosclero-
sis can be made, but a small study (N = 30) from Turkey showed that, when can-
nulating an arteriosclerotic radial artery, a larger cannula (22G) was easier to insert 
and caused less complications than a smaller cannula (20 G) [22].

2. Invasive and Non-invasive Blood Pressure Measurement
Indications and contraindications for each form of blood pressure measurement in 
the elderly ICU patient remain the same as in the general ICU population. Non-
invasive blood pressure (NIBP) measurement in general is with a 95% CI of approx. 
15 mmHg within the normal range for systolic NIBP and approximately 10 mmHg 
for diastolic NIBP markedly less reliable than invasive arterial blood pressure 
(IABP) measurement, which remains the golden standard of blood pressure mea-
surement in intensive care [23]. With increasing age, the NIBP measurements 
become even more unreliable compared to the pressures measured in the aortic 
root, because systolic blood pressure and pulse pressure are increasingly underesti-
mated and diastolic blood pressure overestimated by NIBP measurements [24]. 
However, in severe hypotension and septic shock NIBP tends to overestimate sys-
tolic blood pressure throughout all age groups [25]. Accuracy of NIBP readings is 
also negatively affected by several patient factors as movement, arrhythmia and 
shivering which are more common among the elderly. Choice of proper cuff size is 
crucial in order to produce reliable measurements and may be challenging in the 
extremes of body weight. In hemiplegic patients the NIBP should be measured on 
the unaffected limb, as there is some evidence that changes in muscle tone may alter 
the readings on the affected limb [26]. In conclusion, both patient and procedural 
factors are frequent sources of NIBP inaccuracy in elderly ICU patients warranting 
low threshold for IABP monitoring. Still physiological changes and chronic condi-
tions in elderly ICU patients also result frequently in artefacts on IABP traces. 
Altered blood viscosity, arterial stiffness and tachyarrhythmia increase the natural 
frequency of the IABP system resulting in an underdamped arterial pressure trace 
with systolic overshoot [27]. Underdamping can be proven by a fast-flush test, but 
is hard to abolish in clinical practice. Hence, the charted systolic blood pressure 
needs to be corrected manually, while the mean and diastolic IABP readings usually 
are less affected by underdamping [28].

3. Central Venous Pressure (CVP) Measurement
CVP traces and automatically calculated CVP values may be affected by various 
conditions frequently occurring in elderly ICU patients, namely: tricuspid regurgi-
tation causing increased CVP readings by allowing retrograde transmission of right 
ventricular systolic pressure, absence of atrial contractions in atrial fibrillation 
resulting in decreased mean CVP values and asynchronous atrial contractions, e.g. 
during ventricular pacing, resulting in cannon A waves and increased mean CVP 
readings. The normal CVP trace pattern may not always be obvious and its absence 
does not necessarily equal pathology, though an altered CVP trace morphology 
may give a clue to underlying abnormalities [29] (. Fig. 4.2).
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       . Fig. 4.2 Normal CVP wave form (upper left) and altered CVP trace as expected in certain 
pathologies
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CVP is also determined by right atrial and right ventricular compliance and 
global myocardial compliance, which often are reduced in elderly ICU patients 
either due to pre-existing cardiac disease or due to fibrotic processes induced by 
physiological aging. CVP values do not correlate well with circulating blood 
volume or fluid responsiveness [30]. But in elderly patients with reduced central 
venous vascular compliance, e.g. in cases with diastolic heart failure, rapidly 
rising CVP during fluid resuscitation may indicate that further fluid administra-
tion is unlikely to improve cardiac output [31].

Traditionally, an elevated CVP was quoted as greater than 15  mmHg, 
though this will change from patient to patient and with the proportion of the 
transmitted positive end-expiratory pressure (PEEP) in ventilated patients. A 
high CVP in an elderly patient with circulatory failure should lead to examina-
tion for further evidence of severe tricuspid regurgitation or tricuspid stenosis, 
right ventricular failure, cardiac tamponade and extra-cardiac causes of 
obstructive shock [32].

Central Venous and Mixed Venous Saturation
The usefulness of measuring the mixed venous saturation and of its surro-

gate, the central venous saturation, has recently been questioned. Both have 
been used to estimate cardiac output, to assess tissue perfusion and to calculate 
shunt fractions. In the current version of Surviving Sepsis Guidelines, their use 
is no longer recommended to guide fluid resuscitation [33]. There has also been 
shown marked and unpredictable discrepancy between central and mixed 
venous saturation, and central venous saturation does not reflect myocardial 
oxygen consumption [34]. In elderly patients, special caution is warranted when 
using central venous or mixed venous saturation to guide therapy as either one 
can display normal values despite profound regional ischaemia in cases with 
abnormal distribution of blood flow, e.g. arteriosclerosis and aortic disease.

4. Assessment of Cardiac Output
It is difficult to distinguish types of shock by clinical examination alone. Car-
diac output monitoring and echocardiography have become well-established 
complementary tools for the management of patients in shock.

Pulmonary Artery Catheter
Pulmonary artery catheters (Swan-Ganz catheters, PACs) are still the gold 

standard of cardiac output monitoring to which new technology is tested against. 
They also give access to measurement of the pulmonary arterial pressure (PAP) 
and the pulmonary artery occlusion pressure (pulmonary capillary wedge pres-
sure, PAOP, PCWP), an estimate of left atrial pressure (LAP). But the clinical 
usefulness of PAC monitoring is debatable. There is a significant risk of serious 
complications (2–9%) and measurements should have impact on clinical manage-
ment to justify its placement [35]. Studies addressing the benefits of PAC goal-
directed intensive care in elderly are scarce. One large multicentre study of 1994 
ICU patients after major elective or urgent surgery aged 65 years or older (mean 
72 years) did neither show any clinical benefit nor increased mortality compared 
to standard care, but morbidity (i.e. pulmonary embolism) and catheter-related 
complications were more frequent in the PAC group [36].
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Acknowledged Indications for PAC Insertion Are [35, 37]
 5 Shock with evidence of tissue hypoperfusion not responding to conven-

tional therapy (especially cardiogenic or combination of shock forms).
 5 RV infarct – acute RV failure.
 5 Management of refractory pulmonary oedema.
 5 Cardiac output monitoring with IABP in situ.
 5 Patients with pulmonary hypertension (PHT) undergoing open heart surgery.

Parameter Normal Cardio-
genic 
shock

RV 
infarct or 
failure

Septic 
shock

Cardiac 
tamponade

Directly measured:

RAP [mmHg] 0–8 ↑↑ ↑↑↑ N Equalization 
of RAP, 
RVEDP, PA 
diastolic and 
PAOP:
12–18 mmHg

RV systolic diastolic 
(mmHg)

15–28
0–12

↑↑ EDP ↑↑↑ N or 
↓

PA systolic diastolic 
mean (mmHg)

15–28
5–15
10–22

↑↑ N or ↑ N or 
↓

PAOP (mmHg) 5–12 ↑↑ N N

CO (L/min) 4–6 ↓↓ ↓↓ ↑↑ ↓↓↓

Derived:

Stroke volume (ml/beat) 70–130 ↓↓ ↓↓ N or ↑ ↓↓↓

Cardiac index (l/min/
m2)

2.5–4.2 ↓↓ ↓↓ ↑↑ ↓↓↓

Systemic vascular 
resistance (dynes.s/cm5)

900–1500 ↑↑ N or ↑ ↓↓↓ N

Pulmonary vascular 
resistance (dynes.s/cm5)

120–250 ↑↑ N or ↑ N or ↓ N

Left ventricular stroke 
work index (g/m/beat/
m2)

45–60 ↓↓↓ ↓↓ ↓↓ ↓↓↓

Haemodynamic parameters available from a PAC – normal values in recumbent adults, and 
alterations to expect in common pathologies among elderly ICU patients

Measurement of Cardiac Output
The thermodilution method by a PAC is well validated and remains the gold 

standard to which other systems are tested against. It is based on the injection 
of an indicator substance (usually 10 ml of cold dextrose or saline) into the 
bloodstream at the proximal port of the PAC and the measurement of its dilu-
tion in the blood downstream at the distal port of the PAC in the PA. The low-
ering of the blood temperature over time is recorded as a temperature-time 
curve. The area under the curve is inversely proportional to the flow rate, and 
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hence an estimate of CO, as long as there is no intra-cardiac shunt (overestima-
tion of the CO) or tricuspid regurgitation (underestimation of the CO).

Modern PACs have an integrated heating filament that warms the blood 
flowing past it. A thermistor near the tip of the catheter measures temperature 
changes of the blood and uses the data to average CO over time, providing con-
tinuous readings.

Several non-invasive CO measurement technologies have been developed and 
they may be categorized into calibrated and non-calibrated systems [38]. Calibrated 
systems use intermittent dilutional CO data (transpulmonary thermodilution or 
lithium dilution) to calibrate the pulse waveform data. Both PiCCO® and LiDCO® 
are validated against PAC, but very elderly patients are not addressed in a majority 
of validation studies [39]. CO measurement with the PiCCO® system is achieved 
by transpulmonary thermodilution, when 20 ml of cold dextrose or saline is injected 
on a CVC port, and the temperature drop is measured at the PiCCO® catheter, an 
arterial cannula with thermistor, usually placed in the femoral artery, where also the 
IABP trace is recorded for continuous pulse contour analysis. Hence, in contrary to 
the PAC, the PiCCO® system does not impose invasive procedures exceeding stan-
dard monitoring devices and frequently an already placed central venous catheter 
can be used. CO measurements obtained by transpulmonary thermodilution are 
likely reliable also in elderly individuals, as long as the pulmonary vasculature is not 
severely altered and there is no intra-cardiac shunt or tricuspid regurgitation. 
Whether age-related physiological changes impact on the numerous derived volume 
parameters provided by PiCCO® is still unknown. Continuous cardiac output 
measurement by pulse contour analysis is inaccurate, hence limiting its usefulness 
in several conditions which occur frequently among elderly ICU patients, namely, 
aortic disease, severe arteriosclerosis, atrial and ventricular arrhythmia causing 
irregular pulse curve, under- and overdamping of the IABP trace and in cases 
where mechanical circulatory assist is provided.

Non-calibrated systems use patient data such as sex, height and weight to 
derive CO from measurement data alone. Calibrated non-invasive CO monitor-
ing systems are more reliable in patients on vasopressor/inotrope therapy than 
the non-calibrated pulse contour systems or the oesophageal Doppler systems. 
Furthermore, the non-calibrated systems rely on trending responses to fluid 
challenges that may be detrimental to very elderly critically ill patients with 
significant pre-existing impairment of cardiac function [38].

Method Device Precision Features

Pulmonary 
thermodilution

PAC +/−20% Gold standard, but invasive

Echo TTE/TOE Operator dependent Allows additional assessment 
of contractility and 
structural features

Transpulmo-
nary
Thermodilu-
tion

PiCCO™,
Vol-
umeView™

Good agreement 
with PAC

Calibrated, less invasive 
(CVC + arterial cannula)
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Method Device Precision Features

Transpulmo-
nary indicator 
dilution

LiDCO™ Good agreement 
with PAC

Calibrated, less invasive 
(PVC and arterial cannula)

Arterial 
pressure 
waveform 
derived

PiCCO™,
LiDCO 
(rapide)™ 
FloTrac/
Vigileo™ 
Finapres™, 
Nexfin™

Variable, depending 
on reliable 
waveform

Non-calibrated, continuous, 
measurement, does not work 
with irregular HR or IABP

Oesophageal 
Doppler

CardioQ™ Variable, depending 
on probe position

Non-calibrated, continuous 
measurement, minimally 
invasive, but requires some 
sedation

Methods of  measuring or estimating the cardiac output

5. Assessment of Fluid Responsiveness
Fluid responsiveness is asking the question whether a patient’s cardiac output 
will increase on fluid administration. But it is important to remember that in 
healthy individuals the heart usually still is fluid responsive; therefore, fluid 
therapy should only be given to the patient if  there is evidence of fluid respon-
siveness and organ hypoperfusion at the same time [40, 41].

Fluid challenge: The easiest way of answering this question is to give a fluid 
bolus – in patients with impaired systolic or diastolic function, smaller fluid 
boluses should be given over a longer period of time (e.g. 100 ml crystalloid 
over 15 minutes).

A subsequent 15% increase of cardiac output from baseline is usually con-
sidered proof of fluid responsiveness. Notwithstanding, in elderly patients 
already the first fluid challenge might be harmful, when hypotension is not 
attributable to hypovolaemia, and the heart already is operating on the hori-
zontal limb of the Frank-Starling curve.

Leg raise test: A proper conducted leg raise test resulting in “auto-transfu-
sion” from the patient’s lower limbs has the advantage of reversibility compared 
to the fluid challenge. To obtain reliable test results, several factors are important:

 5 The patient should be informed, if  awake, and not be in any apparent dis-
tress.

 5 The patient’s bed is moved from semirecumbent position to leg raise posi-
tion.

 5 Preferably, cardiac output should be assessed for at least 1 minute.
 5 If  no CO measure is available, a 10–15% increase in mean arterial pulse 

pressure can be regarded as a sign of fluid responsiveness.

There are also several other surrogate measures of fluid responsiveness. 
They all have specific limitations, but may give additional information to 
enhance the clinical picture.
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Measure Method/device

Static measures Pressure Jugular vein pressure (JVP) Visualization

Central venous pressure 
(CVP)

Central venous 
catheter

Pulmonary artery 
occlusion pressure 
(PAOP)

Pulmonary artery 
catheter

Volume Global end- diastolic 
volume (GEDV)

Transpulmonary 
thermodilution 
(PiCCO™,
VolumeView™)

Left ventricular 
end-diastolic volume

Echocardiography

Dynamic measures Pulse pressure variation 
(PPV)

(PiCCO™, LiDCO 
plus™, Most care™)

Stroke volume variation 
(SVV)

Arterial pulse contour 
analysis (PiCCO™, 
LiDCO
Plus™, Most care™, 
FloTrac/Vigileo™), 
volume clamp method 
(Finapres™, Nexfin™), 
assessment of superior 
vena cava (SVC) and 
inferior vena cava 
(IVC), echo Doppler

Static and dynamic measures of  fluid responsiveness

Measuring venous pressures and end-diastolic volumes of the heart cham-
bers results in static surrogate estimates of RV preload and LV preload. They all 
are poorly correlated to fluid responsiveness since the relationship of preload 
and stroke volume depends on ventricular contractility and the compliance of 
the venous system.

There are also limitations of dynamic measures in the mechanically ventilated 
patients. These methods rely on the concept that the variations in intrathoracic 
pressure imposed by the cycle of positive pressure ventilation affect venous return 
and subsequently cardiac output. These variations are exaggerated in hypovolae-
mia, indicating that the heart currently is operating on the ascending limb of the 
Frank-Starling curve. The major drawback with all respiratory cycle-related mea-
surements estimating LV preload is that they are only validated in paralyzed patients 
receiving a tidal volume of at least 8–10 ml/kg, who also must have a regular heart 
rate. In elderly ICU patients with a regular heart rate, these tests still can be per-
formed, as long as they are sedated and paralyzed, by transiently increasing the TV 
to 10 ml/kg, even though in general a more lung protective ventilator setting is 
preferred. Under these circumstances a pulse pressure or stroke volume variation of 
more than 10–15% is regarded as a reliable predictor of fluid responsiveness.
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 Conclusion
Age alone is an important prognostic factor in critically ill elderly patients due to the 
continuous decline in cardiovascular reserves. This process may be without any impli-
cations for daily life, but becomes apparent during critical illness and affects the course 
and outcome of intensive care also for non-cardiac conditions. Age-related structural 
and functional changes of the heart and the large vessels need to be taken into account 
in intensive care diagnostic approach and monitoring.

Take-Home Messages
 5 Investigate for multiple forms of  shock and multiple underlying causes in the 

elderly patient presenting with circulatory compromise.
 5 Remember high prevalence of  altered heart and vascular anatomy and function, 

when cannulating, monitoring and interpreting measured values.
 5 Consider the additional effects of  comorbidity and frailty on the prognosis of 

shock.
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 n Introduction
The kidneys are among the most vulnerable organs when it comes to critical illness 
and its consequences such as haemodynamic alterations, inflammation or mechanical 
ventilation. This applies in particular to very old critically ill, who have less reserves to 
respond to homeostatic disturbances.

According to demographic changes in nearly all Western societies, very old patients 
represent an increasing proportion of the total community and therefore become more 
present at the intensive care units (ICU). Ageing is associated with a decline in organ 
function including the kidneys and the immune system. Changes in kidney histology 
as well as kidney function, a moderate decrease in glomerular filtration (GFR) and 
the reduction of the number of nephrons throughout the life cycle may be considered 
normal. In addition, variations regarding sodium, potassium as well as water balance 
have to be taken into account when treating very old critically ill patients. In order to 
understand the full range of the complex renal situation in elderly patients, including 
various alterations and interactions with other comorbidities, it is necessary to deal 
with the pathophysiological mechanisms behind these changes and the clinical aspects 
accompanying them. Their understanding might be helpful to distinguish disease from 
normal features of renal ageing.

This chapter provides an overview of the pathophysiological as well as histological 
and morphological changes of the ageing kidney. Furthermore, functional changes 
and their diagnostic and therapeutic implications for very old critically ill patients will 
be discussed.

5.1  (Patho)Physiology of Renal Ageing

Mechanisms of renal ageing are manifold, ranging from epigenetic and molecular 
processes to immunological alterations, and often associated with comorbidities like 
diabetes and hypertension [1–3]. These transitions lead to limited glomerular regen-
eration as well as single nephron hyperfiltration (in very high age) and inflammation.

Epigenetics seems to have significant impact on cellular ageing of kidney tissue, 
which is affected by methylation and mutation of genes expressed primarily in kid-
neys. Of particular note is the Klotho gene, which is reduced in its expression through 
hypermethylation in the presence of uraemic toxins [4]. This gene affects ageing via 
various mechanisms. Additionally, Klotho influences inflammatory pathways by 
inhibiting NF-KB translocating to the nucleus, which has an anti-inflammatory 
effect. Polymorphisms in this gene are correlated with healthy ageing [5] and meth-
ylation of the Klotho promotor gene is one attribute of chronic kidney disease 
(CKD) [1].

So-called inflammageing is a continuous moderate inflammatory process, 
which is more activated in the elderly, and contributes to changes in tissue struc-
ture characterised by fibrotic changes. Uraemic inflammation shows important 
parallels, especially in kidneys, and may be an accelerating factor in CKD [6]. 
Inflammation triggered by uraemia leads to premature ageing in kidneys and 
alterations in both, the innate and the adaptive immune system [7]. Age-associated 
alterations of  the immune system result in systemic inflammation. The fact that 
30–50% of  patients with predialysis, haemodialysis and peritoneal dialysis show 
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signs of  active  inflammatory response demonstrates the importance of  this chronic 
pro-inflammatory state in the context of  renal ageing. The inflammation is both 
the cause and consequence of  (renal) ageing. A link between inflammatory mark-
ers and shortened telomere has been demonstrated. Furthermore, genome regula-
tion, concerning inflammation- associated genes, changes in very old patients, 
which correlates with reduced expression of  Sirtuin 1 and Sirtuin 3. These genes 
are connected to acute kidney insufficiency in animal models [6]. Inflammation 
affects renal ageing at multiple pathways and is connected with uraemic inflamma-
tion in the kidney.

5.2  Histological and Morphologic Aspects

Changes in cellular structures are observed in endothelial and epithelial renal cells 
and podocytes. They may be considered a consequence of autoimmunologic “inju-
ries” leading to alterations in glomerular basal membrane thickness and podocyte 
hypertrophy as well as permeability of the capillary wall. Resulting proteinuria and 
increased filtration lead to changes in tubular function and further trigger an inflam-
matory process [8].

In addition to “normal” age-related loss of functional nephrons, decline from 
990,000 in young adults to 520,000 in 70–75-year-olds (6200 nephrons per year) [9], 
pathological processes like nephrosclerosis, vasculitis or diabetic nephropathy may 
contribute to a reduction of working glomeruli in very old patients and thus a 
decreased glomerular filtration rate (GFR).

Nephrosclerosis, associated with hypertension [10], is characterised by interstitial 
fibrosis, global glomerulosclerosis, atrophic tubules and arteriosclerosis resulting in 
ischaemic injury to nephrons. Ischaemic changes like a thickened basement mem-
brane, wrinkled capillary tufts and pericapsular fibrosis are the consequence. 
Additionally, due to deposition of hyaline material in the Bowman’s space, globally 
sclerotic glomeruli (GSG) develop [8] and lead to higher prevalence of GSG in very 
old patients. Whereas the prevalence of nephrosclerosis is 2.7% in the 18–29 age 
group, it rises to 73% in the 70–77-year-olds. However, increased prevalence of neph-
rosclerosis with age seems to be independent of age-related decreasing GFR in 
elderly patients [11]. Distinction between age-associated nephrosclerosis and altera-
tions due to specific kidney diseases is difficult. Common comorbidities contributing 
to glomerular sclerosis are diabetes mellitus and hypertension, which show an 
increased prevalence in the elderly population [11, 12].

Whether decline in kidney parameters is associated with concomitant comorbidi-
ties or part of a physiological ageing progress has not been finally clarified. Several 
studies suggested no correlation of age and kidney parenchymal volume in patients 
<65 years of age followed by successive decrease [13]. Considering the cortex, medulla 
and parenchyma separately, a decline in cortical volume, an increase in medullary 
volume and stable parenchyma volume can be observed with age until the age of 50. 
All three compartments decline after the age of 50 years [14]. These changes may be 
observed with ultrasound diagnostic during acute kidney injury or CKD in very old 
patients, whereby a physiological volume reduction of 16–22 cm3 per decade has to 
be taken into account [14, 15].
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Another aspect of the ageing kidney is an increased number of cysts. The cysts 
are more common in men and often asymptomatic. However, they may indicate an 
underlying pathology and should be distinguished from malignancies and tumours 
[16] (. Fig. 5.1).

5.3  Renal Function/Functional Alterations

Similar to ageing in other organs, the ageing of kidney cells also leads to a decline in 
kidney function. An ongoing matter of discussion when it comes to the alterations of 
kidney function in the elderly is the differentiation between a physiological decline 
and disease. The kidney has many different functions. One way to determine the kid-
ney function is the measurement or estimation of the GFR.

5.3.1  Determination of GFR in the Elderly

5.3.1.1  Estimation of GFR
A direct measurement of GFR is difficult to assess especially in daily clinical routine. 
Therefore, estimation of glomerular filtration rate by different formulas is well estab-
lished and superior to creatinine levels alone. The most commonly used equations are 
the Cockcroft-Gault (CG), the Modification of Diet in Renal Disease (MDRD) and 
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI). The CG 
equation takes a back seat due to some limitation, as it relies on body weight rather 
than body surface, leading to inaccuracies in obese patients. Furthermore, the perfor-
mance of MDRD seems better in the context of very old patients [17]. Besides serum 

       . Fig. 5.1 Overview of  the process of  kidney ageing and clinical aspects. (Created with 7 BioRender. 
com)
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creatinine, it also includes sex, ethnicity and age. Another commonly used equation 
is the CKD-EPI, with advantages especially in patients with normal GFR. It is cal-
culated with serum creatinine or serum cystatin C or the combination of both. 
Cystatin C is less influenced by muscle mass and may therefore be better in the very 
old patient and some studies indicate a slightly better performance in older patients 
[18, 19].

5.3.1.2  Measurement of GFR
Another possibility to determine GFR is the creatinine clearance from 24 h urine 
collection. The collecting time may be reduced up to 2 h almost without loss in accu-
racy [20]. However, due to tubular secretion of creatinine, this method tends to over-
estimate real GFR. This problem becomes manifest when GFR is declining to values 
below 20 ml/kg/1.73 m2, when an accurate determination would be most important 
[21].

Although the MDRD and CKD-EPI equations seem to have limitations in the 
very old patient, the estimation of GFR is the best available tool for daily clinical 
practice.

Recently developed methods for real-time GFR measurements are currently 
under clinical investigation and may improve accuracy as well as time required for 
GFR  determination.

5.3.2  Changing GFR in the Elderly

The decline in GFR is part of the natural processes of ageing and confirmed by many 
studies for healthy individuals. These physiological changes with ageing are often dif-
ficult to distinguish from decline in GFR caused by various diseases and comorbidi-
ties. A remarkable difference between healthy ageing and different states of diseases 
may be seen in single nephron GFR (snGFR). While the number of nephrons 
decreases with age, snGFR remains unchanged unless alterations beyond physiolog-
ical ageing are present [9].

In this context, the definition of CKD by the KDIGO guidelines with a threshold 
of <60 ml/min 1.72 m2 has been repeatedly discussed. The cut-off  is defined as 50% 
of renal function of young and healthy individuals [22]. However, this approach may 
be insufficient for older patients and lead to overdiagnosis of CKD. According to a 
recent cohort study (2017), these criteria are met by approximately 38–62% of 
patients over the age of 70 [23].

This is especially relevant for patients with GFR of 45–59 and without albumin-
uria. Albuminuria must be considered separately, as it should not be a part of healthy 
ageing and may therefore serve as an instrument to identify patients with a decline in 
GFR beyond healthy ageing [9]. This is important, since very old critically ill suffer 
more frequently from comorbidities with negative impact on the kidney function. If  
a decline in GFR is recognized, a differentiation between a normal age-related decline 
and a decline caused by comorbidities or other underlying diseases may help to treat 
and prevent a further deterioration.
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The definitions play an important role especially for the epidemiology of 
CKD. With the current threshold, otherwise healthy individuals may meet the crite-
ria of CKD.

However, the discussion about defining CKD should not obscure the fact that the 
reduction in GFR has important implications for the clinician regarding, e.g. medi-
cation dosing and an increased risk of acute kidney injury (see below).

An important aspect of the decline in GFR by age is reduced renal reserve [24]. 
While younger patients with more functioning nephrons can more easily adapt to all 
kinds of stress on the kidney (e.g. various diseases, nephrotoxic medication or hae-
modynamic alterations), older patients with a reduced renal reserve are more vulner-
able.

The reason for the decline, whether healthy ageing or not, is initially of limited 
relevance for the treatment of the very old critically ill patient.

5.3.3  Renal Tubular Function in the Elderly

Another important task of the kidney is the maintenance of electrolyte homeostasis, 
including tubular reabsorption and secretion as well as hormonal activity. These 
transport mechanisms are changing in very old patients. While sodium reabsorption 
is increased in proximal parts of the nephron, it is lower in distal parts compared to 
younger individuals. This leads to a more unstable equilibrium and a limited response 
to varying sodium load.

Regarding potassium balance in very old patients, endocrine changes in addition 
to prescribed medications, especially angiotensin-converting-enzyme inhibitors or 
diuretics, may facilitate an imbalance in potassium homeostasis. Potassium secretion 
by tubular cells diminishes with increasing age, because of lower renin and aldoste-
rone levels. These changes result in an increased risk for hyperkalemia and are related 
to a predisposition to metabolic disturbances, especially metabolic acidosis [25].

Furthermore, the ability of the kidney to concentrate urine declines with advanced 
age [26]. This may be due to reduction of urea transporters and aquaporins and leads 
to an impaired response to different amounts of fluid intake. This is especially impor-
tant, because very old patients are susceptible to dehydration. On top of this, very 
old critically ill patients often take many medications with the potential to affect 
tubular secretion [9].

5.4  Consequences on Drug Therapy

5.4.1  Dosing

An important aspect when it comes to drug administration in very old critically ill is 
nephrotoxicity. In general, nephrotoxic medications and procedures should be 
reduced to the minimum in the elderly with reduced GFR.

Furthermore, as GFR and tubular function change with age, the dosage of drugs 
excreted through the kidneys must be adjusted. These adjustments depend on the 
GFR. However, it should be noted that the information on dose adaptions is mostly 
based on GFR in ml/min and not normalized to 1.73 m2 body surface area.
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5.4.2  Diuretic Resistance

In very old critically ill patients, treatment with diuretics is often required because of 
comorbidities such as chronic heart failure accompanied by fluid overload/oedema. 
The treatment of choice are loop diuretics (LD). These patients occasionally show a 
phenomenon called diuretic resistance, which is characterized by fluid overload 
despite diuretic use [27]. Diuretic resistance in the elderly has various causes.

Pharmacodynamic and pharmacokinetic changes affecting diuretic effectiveness 
have to be taken into consideration. In the case of oral administration, bioavailabil-
ity may range from 10% to 80% of furosemide dose applied, especially in the elderly. 
Thus, an intravenous administration should be preferred [28]. Additionally, a con-
tinuous administration results in a more constant weight reduction and increase in 
total urine output as compared to bolus administration [29] and does not exacerbate 
post-diuretic sodium retention, which is boosted by drug-free interval longer than 
four half-lives [27]. Torasemide or bumetanide show a more consistent bioavailability 
and may be considered as an alternative in diuretic resistance [28].

Chloride as essential electrolyte for salt sensing influences the potency of LD [30]. 
The link between the effectiveness of LD and hypochloremia has been shown in a 
study, in which one cohort got chloride lysine orally administrated, followed by 
improving cardio-renal parameters such as NT-proBNP and weight loss [31].

While extended renal hypoperfusion results in lower diuretic concentration in the 
kidneys, lower GFR reduces necessary sodium delivery [28, 32]. Furosemide needs 
albumin to reach the kidneys [28]. As a result, hypoproteinemia causes a reduction of 
effective furosemide levels in the kidneys [33].

There are different options to overcome diuretic resistance or at least to improve 
the LD effect. While sodium restriction in the course of very low sodium diet achieved 
consensus to be the therapy for fluid overload, it is now being questioned due to 
poorer outcomes and occasionally resulting in hyponatraemia and hypochloremia 
leading to diuretic resistance themselves. Other approaches to handle diuretic resis-
tance are using various combinations of diuretics to overcome the sodium reabsorp-
tion in distal tubules, but randomized controlled trials (RTC) to investigate effects 
and side effects are rare. Different studies investigating the addition of hypertonic 
saline infusion to furosemide showed conflicting results [34, 35].

Another aspect to consider is increased susceptibility of elderly patients to 
develop hyponatraemia after administration of thiazide diuretics or diuretics affect-
ing the distal tubule like xipamide. This may result in severe complication when used 
in combination with LD [36].

5.5  AKI – Aspects when Treating Very Old Patients

Acute kidney injury (AKI), defined by KDIGO as increased creatinine levels ≥1.5 
times within the previous 7 days or ≥0.3 mg/dL within 48 h or decreased urine vol-
ume <0.5 ml/kg for 6 h [37], varies regarding its pathophysiological causes (infections 
of kidney parenchyma, hypovolaemia, nephrotoxins as well as sepsis). This defini-
tion is considered age independent. However, lack of muscle mass may lead to con-
cealed changes in renal function, which are not represented by an increase in serum 
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creatinine. On the other hand, age is an independent risk factor for AKI. Therefore, 
very old critically ill patients with multiple comorbidities need special attention 
regarding preventive measures. Optimising the haemodynamic status (administra-
tion of fluids, vasopressor drugs and inotropics) to ensure renal perfusion is the first-
line intervention to prevent AKI. Considering the cardiovascular comorbidities in 
geriatric patients, close observation and experience are needed to prevent fluid over-
load [38].

In very old patients prescribed medications, like angiotensin-converting-enzyme 
inhibitors or angiotensin II receptor blockers (ACEI/ARB), are often accused to be 
responsible for AKI. Various observational studies showed no increased rate of AKI 
when the patients were medicated with ACEI/ARB during hospital admission [39, 
40]. In every age group the absolute rate of AKI was higher when ACEI/ARB was 
combined with LDs up to a difference of 33.4/1000 person years in the group 85 years 
and older (60.1 vs. 26.7) [40], but not when ACEI/ARB was the only prescribed 
“nephrotoxic” drug. The common practice of discontinuing ACEI/ARB during 
intercurrent illness to prevent AKI could be questioned [41]. However, discontinua-
tion can be indicated in the setting of an acute disease associated with dehydration 
and/or hypovolaemia, e.g. diarrhoea or sepsis.

Take-Home Message
 5 Nephron loss and renal downsizing are aspects of  healthy ageing.
 5 GFR declines with age, resulting in a reduced renal reserve.
 5 Because of  these changes we should be cautious about nephrotoxic drugs and the 

risk of  acute kidney injury in elderly patients.
 5 Due to comorbidities, very old patients need special attention for AKI; however, 

obligatory discontinuing of  medication should be questioned and decided in the 
context of  clinical presentation.
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 n Learning Objectives
Aging is associated with changes in the immune system. The changes are occurring in 
both the innate and adaptive immunity. These changes are collectively called immu-
nosenescence with its close corollary the inflammaging. These changes are the con-
sequences of the time-dependent continuous challenges occurring from inside and 
outside of the body. This is called immunobiography. The changes are affecting the 
phenotype and the functions of the immune cells as well as their interactions.

The role of these changes in the development of age-related diseases is also dis-
cussed with the objective to understand that the changes per se are neither detrimental 
nor beneficial but their effects are influenced by the environment. In this perspective 
they can be adaptive or maladaptive.

The role of the immune changes with aging is also discussed in the case of critically 
ill patients suffering either from COVID-19 or from sepsis. These are resulting from the 
maladaptive nature of the immune changes.

The interventions should be tailored by the underlying immune changes integrated 
in the other vital functions of the aging organism.

6.1  Introduction to the Chapter

Aging is associated with many physiological and biological changes [1]. Among these 
changes one of the most important is the modified function of the immunological 
system which is then part of the nine hallmarks of the process of aging [2, 3]. This 
complex system has many interactions with all the other systems of the organism. 
Therefore, all immune changes during the aging process may result in far-reaching 
consequences. The immune system plays a determinant role in health to maintain the 
organism free from the effect of the internal and external aggressions such as infec-
tions and cancers [4]. Concomitantly, the uncontrolled immune response may become 
chronic and induce chronic inflammatory diseases such as cardiovascular and neuro-
degenerative diseases [5]. Aging is differentially modulating the immune systems: 
changes are not unidirectional and are influenced by the lifetime of the individuals. 
This led to the concept of immune history or immunobiography as the basic shaping 
process of the immune response with aging [6]. In this chapter we will describe the 
immune changes with aging and how the immune system may either sustain health 
through aging or instead result in diseases called age-related diseases (ARD) 
(. Tables 6.1 and 6.2).

6.2  How Does the Immune System Function?

The immune system is composed of two main parts: the innate and the adaptive [7]. 
They are intimately linked as none can function without the other; however, in the 
meantime they have their own very distinct and important functions and character-
istics. It is of note that with the progresses in the aging research we are learning more 
and more on the functioning and the changes occurring through life. We were think-
ing for a long time that what we have learned many years ago as the decline/senes-
cence of the immune system with aging will be true forever. Since that time many 
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       . Table 6.1 Innate immunological changes with aging

Cells/mediators Basal state Stimulated state Sepsis/COVID-19

Neutrophils      Phosphorylation  Signaling  Signaling

 Pro-inflammatory 
cytokines

     Pro-inflammatory 
cytokines

 Pro-inflammatory 
cytokines

 Chemokines  Chemokines  Chemokines

     Free radicals  Free radicals  Free radicals
Interferon type I/III

 Functions:
   Chemotaxis
   Intracellular killing
   NET formation
   Apoptosis

 Functions:
   Chemotaxis
   Intracellular killing
   NET formation

   Apoptosis

 Functions:
   Chemotaxis
   Intracellular killing
   NET formation
   Apoptosis

Monocytes/
macrophages

 Number  Number  Number

 HLA-DR 
expression

 HLA-DR 
expression

 HLA-DR 
expression

     Pro-inflammatory 
cytokines

 Pro-inflammatory 
cytokines

 Pro-inflammatory 
cytokines

     Functions:
   Phagocytosis
   Chemotaxis
   Efferocytosis
   Ag presentation

   Free radicals

     Functions:
   Phagocytosis
   Chemotaxis
   Efferocytosis
   Ag presentation
   Free radicals

 Functions:
   Phagocytosis
   Chemotaxis
   Efferocytosis
   Ag presentation
   Free radicals

 M2 and IL-10/
TGF-β

 Exhaustion 
markers

Natural killer 
cells

     Number  Number  Number

 Mature CD56dim 
subset

     Mature CD56dim 
subset

     Mature CD56dim 
subset

 Pro-inflammatory 
mediator production

 Pro-inflammatory 
mediator production

 Pro-inflammatory 
mediator production

     Cytotoxicity      Cytotoxicity      Cytotoxicity

(continued)
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       . Table 6.1 (continued)

Cells/mediators Basal state Stimulated state Sepsis/COVID-19

 Immature 
CD56high subsets

     Immature 
CD56high subsets

 Immature 
CD56high subsets

 Activatory 
receptors

     Activatory 
receptors

     Inhibitory 
receptors

     Inhibitory 
receptors

Dendritic cells
 Number      Number      Number

 Antigen presenta-
tion

     Antigen presenta-
tion

 Antigen presenta-
tion

 Pro-inflammatory 
cytokines

     Pro-inflammatory 
cytokines

 Pro-inflammatory 
cytokines

     Apoptosis

     Anti-inflammatory 
cytokines

       . Table 6.2 Adaptive immunological changes with aging

Basal state Stimulated state Sepsis/COVID-19

Lympho-
cytes T

CD4+ T cells      Naïve CD4+ T cells  Naïve CD4+ T cells  Naïve CD4+ T cells

     Proliferation  Proliferation  Proliferation

     TCR signaling      TCR signaling      TCR signaling

     Memory CD4+ T 
cells

 Memory CD4+ T 
cells

     Memory CD4+ T 
cells

 Phosphorylation  Phosphorylation      Phosphorylation

     SASP  SASP  SASP

–
 Exhaustion 

markers

     Exhaustion markers

–      Epigenetic changes  Epigenetic changes
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       . Table 6.2 (continued)

Basal state Stimulated state Sepsis/COVID-19

– –      Apoptosis

–      Pro-inflammatory 
cytokines

     Pro-inflammatory 
cytokines

CD8+ T 
cells

     Naïve CD8+ T cells  Naïve CD8+ T cells  Naïve CD8+ T cells

     Memory CD8+ T 
cells

 TEMRA CD8+ T 
cells

 Memory CD8+ T 
cells

     Cytotoxic activity      Cytotoxic activity  Cytotoxic activity

     TCR repertoire 
diversity

     TCR repertoire 
diversity

     TCR repertoire 
diversity

 CMV-specific 
memory cells

 CMV-specific 
memory cells

 CMV-specific 
memory cells

– –
 Exhaustion markers

– –      Pro-inflammatory 
cytokines

Tregs      Numbers      Numbers  Numbers

 Expression of 
Foxp3

 Expression of 
Foxp3

     Expression of 
Foxp3

–
 Suppressive activity      Suppressive activity

B cells      Naïve B cells      Naïve B cells      Naïve B cells

 Memory B cells  Memory B cells  Memory B cells

 High-affinity 
antibodies

     High-affinity 
antibodies

 Autoantibodies
– –

–
 Antigen presenta-

tion
 Antigen presenta-

tion

–
 Apoptosis  Apoptosis

– –      Exhaustion markers

 Anti-inflammatory 
cytokines

 Anti-inflammatory 
cytokines

Immunological Changes



74

6

groups worked in elucidating the exact nature of  the changes occurring with aging 
in the immune system and it happened that some are adaptive while others are mal-
adaptive [2, 8]. The occurrence of  a new virus, i.e., the SARS-CoV-2, focused our 
attention to assess the immune response as a whole and not only in parts. Moreover, 
it also demonstrated what the immunologists working with the innate immunity 
field have known for a long time, that without the proper functioning of  the innate 
immune response there is no proper functioning of  the adaptive immune system [9, 
10]. Therefore, even if  we will review changes in the innate and adaptive immune 
response separately, we will try to always put them into relation in a complex system 
perspective.

6.2.1  Innate Immune System Changes with Aging

The innate immune system is composed of cells and soluble mediators [6, 11–13]. 
This is the most ancient system existing in all multicellular living organisms. This 
means that it is well equipped to cope with many challenges alone without the more 
sophisticated adaptive immune system. Thus, it can react with all the existing pat-
terns of the internal and external invaders without any discrimination. The cells 
composing it are mainly phagocytic and antigen-presenting cells and include neutro-
phils, monocytes, macrophages, dendritic cells (DC), and natural killer (NK) cells. 
The neutrophils live for a short time and can react mainly with bacteria and fungi. 
Monocytes are more long-lived cells reacting with, all invaders not only microbes but 
also cancer cells. They can differentiate into macrophages which are specifically tis-
sue residents. The very special dendritic cells (DC) are the most important profes-
sional antigen-presenting cells (APCs). Finally, the NK cells are reacting mainly with 
tumor cells and virus-infected cells. There are also what are called innate like lym-
phocytes (ILL) which are more innate than adaptive lymphocytes.

Whatever are their phenotypes and their specific functions (either chemotaxis or 
phagocytosis or intracellular killing of bacteria), they all react to the internal or 
external challenges through receptors [14]. The main pattern recognition receptors 
(PRRs) are the Toll-like receptors (TLRs), the RIG, and the NOD [15–19]. These 
receptors are either intracellular or extracellular. The intracellular TLRs like TLR3, 
TLR7, or TLR9 react with RNA or DNA originating either from microbes or from 
the inside of the cells such as mitochondrial mtDNA [20, 21]. This will through vari-
ous intracellular signaling pathways such as the myD88, MAPK, NF-kB, or the 
TRIFF initiate the production of various pro-inflammatory cytokines such as IL-1, 
IL-6, and TNFα [22, 23]. All these events are necessary to activate the innate immune 
response in a coordinated and efficient manner which is followed by the stimulation 
of the adaptive immune response.

With aging most of these functions, signaling events and coordinating processes 
are changed [24–29]. The most striking change is the basal activation of the innate 
immune system otherwise called a hyperactivation state [11, 26, 30]. Each cell com-
posing the innate immune system, especially the neutrophils and monocytes, is in a 
state of activation which is the consequence of the lifelong immune stimulation 
known as the immunobiography. All these lifelong stimuli are shaping the innate 
immune landscape of an individual. The most important intracellular changes 
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underlying this activation state are the epigenetic and immunometabolic changes 
maintaining this activation/readiness state [26, 31]. This activation state is now recog-
nized as the trained innate memory which sustains a better response each time when 
the system is stimulated [6, 32]. This state represents a coordinated adaptive state of 
response to frequent stimuli but may also go maladaptive when this trained innate 
immunity results in an immune paralysis. However, this global activation state is 
accompanied by changes in the signaling pathways and in the individual functions of 
the innate immune system cells [33]. The functions are differentially affected by this 
basal hyperactivation state and manifest by increasing production of free radicals 
and proteases while others do not change such as phagocytosis and others are 
decreasing like chemotaxis or killing. The corollary of this basal activation is that 
when the innate immune cells are specifically stimulated for these same functions, 
there is not much response especially in chemotaxis, superoxide production, and 
intracellular killing. Thus, there is an increased basal activation while specific activa-
tion is decreased [32].

One other biological manifestation of this basal activation is what was called the 
inflammaging [21, 34, 35]. This is one of the hallmarks of aging [3]. This is a very 
complex phenomenon, of which one aspect is the constant activation of the innate 
immune system. The other components will be discussed later. This activation is pro-
ducing sufficiently enough pro-inflammatory cytokines such as IL-6, IL-1, and 
TNFα and free radicals that can maintain a clinically silent, low-grade inflammation. 
However, from time to time this is increased by acute activation due to antigenic 
stimulation. This inflammaging per se would not cause harm but in many cases, it 
will reveal an already started pathological process which until the age-dependent 
final dysregulation was under an efficient control for not being revealed clinically [36, 
37]. The best example is the Alzheimer’s disease which is progressing during decades 
as a silent neuroinflammation which is clinically revealed by the dysregulation of the 
innate immune system with aging [38].

The very specific action of the innate immune system is to eliminate the microbial 
aggression. It is highly specialized to do so. There are several intracellular pathways 
which lead to the production of anti-microbial mediators mainly combating the viral 
infections. One of the most powerful pathways is the cGAS-STING pathway leading 
to the production of type 1 interferon (IFN type I) [24, 39]. This is one of the most 
powerful antiviral molecules [40]. Other pathways exist also such as the NF-kB and 
also the MEV pathway [40]. All that is meant to protect the organism against invad-
ers. The bacteria are destroyed after phagocytosis either by intracellular or extracel-
lular killing. These pathways become deficient with aging, resulting in the decreased 
production of IFN type 1 [41]. This was very recently revealed by the COVID-19 due 
to the SARS-CoV-2 RNA virus [42, 43]. The hyperactivation of the innate immune 
system with aging combined with the inflammaging process deviates the innate 
immune system from its primary protective role to an initiator with the adaptive 
immune system of the cytokine storm giving free way to the virus and causing what 
is called an immunopathology [20, 40–42]. However, it should be mentioned that not 
all older subjects getting the COVID-19 will be ill or die. This outcome needs a very 
specific constellation of disorganization of the whole immune system related not 
only to aging but also to the chronic diseases which are amplifying the already occur-
ring changes with aging [26].
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The neutrophils have been demonstrated to be affected by aging [44]. There is not 
much data on the phenotypic changes but much more on the decreased pathogen 
eradication functions of PMNs [30]. PMNs have decreased chemotactic, pathogen 
killing function, free radical production, and NET formation capacity upon specific 
stimulation with aging. Despite the decreased NET formation, there is an increased 
overall load as their clearance by macrophages is altered [41]. The phagocytosis 
seems to be maintained or slightly decreased [45]. It is now well-established that spe-
cific changes in the monocyte/macrophage/dendritic cells are occurring with aging. 
The classical monocytes (CD14++CD16−) are decreasing through the progression of 
aging [46]. There is a shift towards more inflammatory monocyte phenotypes which 
may also exhibit characteristics of more senescent type [25]. These are the intermedi-
ate (CD14++CD16+) and the non-classical monocyte (CD14+CD16++) subpopula-
tions. This latter subpopulation is considered more inflammatory and present 
characteristics of senescence with shortened telomere length [25]. Furthermore, the 
production of either pro- or anti-inflammatory cytokines is differentially changed 
but for most of them such as IL-1, IL-6, and TNFα, it is increased. Thus, in the 
absence of any stimulation some older adults present increased plasma levels of IL-6 
and TNFα [25]. Aging also induces the decrease of the total number of DCs, pDCs, 
and alveolar macrophages with the reduced expression of PRRs including that of 
RLRs and TLRs 3, 7, and 8 resulting in a significant decrease in IFN-α/β production 
[47]. This change will contribute to a decreased antiviral response.

In the differentiation of macrophages, there is also a shift towards the more 
inflammatory M1 phenotype, but the more complex distribution of the macrophages 
makes sometimes difficult to exactly determine their changes with aging [47]. This 
shift explains why inflammaging was originally defined as macrophage centered [34]. 
Together these phenotypic changes are leading to two contradictory functional 
changes: one is the hyperactivation and the second the corollary functional paralysis, 
leading to decreased fighting towards infections and cancer, while a higher participa-
tion of the apparition of the ARD. The most striking changes are in the chemotaxis, 
efferocytosis, and killing functions of these cells [44].

The NK cells are also participating mainly in the fight against viruses and tumor 
cells. They have the ability to kill the infected cells and also produce pro- inflammatory 
mediators [48]. There are also profound changes in the phenotypes of NK cells with 
aging; however, their overall cytotoxicity functions are not decreasing [48]. 
Nevertheless, their functional efficiency is decreased such as on the per-cell cytotoxic-
ity combined with decreased cytokine and chemokine production. There is a progres-
sive decrease in CD56bright (immature regulatory NK cells) while the number of 
CD56dim (mature IFNγ producing NK cells) is sharply increasing. It is of note that 
the overall number of NK cells is increased with aging to compensate for the relative 
loss of their lytic activity. There are also changes in the expression of the surface 
receptors as the activatory ones are decreasing such as the frequency of NKp30, 
NKp46, and those with inhibitory activity such as NKGDA [48].

The last role of the innate immune system is the antigen presentation to the adap-
tive immune system when it cannot be sufficient to eliminate alone the aggressors [49]. 
All of the cells are potentially antigen-presenting cells but the most important are the 
dendritic cells (DC). They have the capacity to process the antigens and present 
through the lymphatic tissue to the T cells (mainly to the CD4+ T cells) which by this 
action become activated (Th1) and will help to set the adaptive immune response [49]. 
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The antigen presentation is altered with aging as the immunoproteasomes (multimo-
lecular structures in the cytoplasm of DC processing the antigens) do not function 
correctly [50].

Together aging makes profound phenotypic and functional changes in the innate 
immune cells and mediators. These changes represent during aging a tentative of 
adaptation by maintaining a certain degree of readiness to fight challenges in the face 
of decreasing adaptive immune response. This readiness being useful when occurring 
in a coordinated milieu but considering the several immune pressures becomes detri-
mental, leading to immune paralysis which will concur to the apparition of various 
infections and chronic ARDs.

6.2.2  Adaptive Immune Changes with Aging

The main cells of the adaptive immune system are the T and B cells. The T cells can 
be roughly divided into CD4+ and CD8+ T cells [51]. There are numerous subpopula-
tions with various functions which are constantly discovered [51, 52]. However, the 
main functions of CD4+ T cells remain the helper functions either for the CD8+ T 
cells or the B cells. The CD4+ T cells may have a pro-inflammatory function which 
will sustain the body fight against the challenges when a specific antigen is presented 
in the frame of MHC class II molecules by the APCs. They are also providing the 
regulatory T cells (Tregs).

There are relatively many changes in the adaptive immune system. The most 
important changes concern the T cell subpopulations. Due to the lifelong antigenic 
challenge the number of naïve T cells is decreasing while the antigen experience 
memory T cells mainly in the CD8+T cell compartment is increasing [51, 52]. These 
changes are also correlated with the increase in the exhausted/senescent T cell gen-
eration represented by the decreased telomere length, the increased DNA damage, 
and the resistance to apoptosis as well as the expression of many inhibitory surface 
markers such as TIGIT3, PD1, and CTLA4 [51, 53, 54].

It is of mention that the thymic involution starting early in life contributes also to 
the decrease in the naïve T cells with the corollary that the TCR diversity is decreased, 
the negative selection of autoimmune T cell is decreased, and the Treg emigrating to 
the periphery is increased [51]. So the thymic involution contributes to the decrease 
in naïve T cells, to the increased subclinical autoimmune phenomena, and the 
increased immune suppression exerted by the increased Tregs [55]. However, the 
peripheral, homeostatic, spontaneous T cell proliferation may increase the number 
of naïve T cells, but the exact nature of their TCR is only partially known [56]. 
Nevertheless, there is still a debate whether the homeostatic proliferation of naïve T 
cells at the periphery is able to compensate for thymus loss and for the putative 
decrease of TCR diversity [51, 56]. This decrease in the naïve T cell compartment 
which is antigen inexperienced impacts the adaptive immune arm responsiveness to 
new antigens with aging by the decrease of T cell receptor (TCR) repertoire. The 
most impacted naïve T cells by aging are those of CD8+ T cells manifested by the 
decrease in their absolute number. Nevertheless, the repertoire seems to be sufficient 
to respond to a multitude of foreign peptides at least in healthy elderly.

Moreover, there are changes also in the memory T cell compartment as a result of 
the lifelong antigenic stress from the inside such as the persistent, chronic CMV 
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infections or cancers or from the outside such as other infections [57]. These memory 
cells are able to fight, but as more and more attack is occurring during lifetime, they 
become either exhausted with the expression of co-inhibitory molecules PD1, CTLA- 
4, and LAG-3 or senescent with all the characteristics of the senescence [41, 42, 58]. 
Finally, these cells become not immunologically efficacious and fill the immune space 
resulting in many immunological characteristics occurring with aging. These mem-
ory cells are predominantly CD8+ T cells [53].

There are several factors which can explain the phenotypic and functional changes 
with aging. Intrinsic to T cells even if  they may be also induced by external stimuli 
are the epigenome changes [43]. The epigenome changes are stable in CD4+ T cells, 
but in CD8+ T cells they are shifted in the chromatin accessibility patterns towards a 
more differentiated and effector state [51, 59]. Aging is related to the redistribution 
of chromatin factors such as nuclear proteins SIRT1/6/7, HDAC1, and PARP1 away 
from regular loci to sites of dsDNA break repair [43, 60]. Furthermore, some regula-
tory regions of genes involved in basic cellular functions may be considered as major 
epigenome changes explaining why preferentially the naive CD8+ T cells are lost and 
an accumulation of memory and mainly TEMRA CD8+ T cells is observed. The 
lymphocytes were used to study the biological aging through the DNA methylation 
age [61, 62]. The most impacted functions following changes in the epigenome are the 
apoptosis, the TCR, mTOR, and MAPK signaling [43, 51].

In any case for each T cell function being initiated different receptors should be 
activated. The most prominent receptor is the TCR responding to the cognate anti-
gen presentation via the MHC class II [51]. The signaling through TCR is changed 
either for the feedforward signaling or for the inhibitory signaling exerted by phos-
phatases such as DUSP6 or SHP-1 [63, 64]. Concomitantly to these signaling altera-
tions the T cells lose their CD28 co-receptor indispensable for proliferation and the 
maintenance of the adequate immunometabolic state [51]. The signaling changes are 
heavily related to the membrane composition changes, to the immune synapse forma-
tion capacity, and to the integration of the functioning of many intracellular path-
ways [65]. Ultimately, both intrinsic and extrinsic pressures shape the functioning of 
T cells with aging.

The humoral part of the adaptive immune response represented by the B lympho-
cytes is also changing with aging. The naïve B cells are decreasing, and the memory 
B cells are increasing [66]. The diversity of B cell repertoire is also influenced by 
aging; however, a major change in humans has not yet been demonstrated. There is 
also some experimental data suggesting that isotypic switch is somehow more diffi-
cult with aging [67]. This leads to less specific antibody productions [66].

6.3  Inflammaging

Inflammaging indicates a state occurring with aging where a chronic, sustained, clin-
ically silent inflammation exists due to different processes which is fueled by the sus-
tained higher levels of pro-inflammatory cytokines, such as TNFα, Il-1, IL-6, and 
matrix metalloproteinases (MMPs) [21, 34]. The increased level of IL-6 in the aging 
context seems to play a special role. It can have immunomodulatory role towards the 
innate as well as the adaptive immune response. IL-6 is able to blunt the specific 
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CD4+ Th1 response [41, 68, 69]. There are several causes to this increased inflamma-
tory state with aging [70]. The first that we have already described is the sustained 
basal activation of the innate immune system. Next is the process of immunosenes-
cence which in a vicious cycle sustains the inflammaging and vice versa [11]. Other 
important sources of pro-inflammatory mediators are the senescent cells including 
the memory CD8+ T cells with an SASP profile [71]. These senescent cells are further 
characterized by permanent cell cycle arrest, antiproliferation markers such as 
p16INK4a, and shortened telomeres. It is also worth to mention that they resist 
apoptosis, therefore filling the immune space. As a consequence of the thymus invo-
lution, more self-reactive T cells escape from the thymus and also contribute to the 
process of inflammaging [55].

Another system contributing strongly to inflammaging is the microbiome [72]. 
The healthy microbiome is helping to shape an efficient immune response. With aging 
there is a shift towards the presence of pathobiont which means that there is accumu-
lation of pathological microorganisms inducing inflammatory mediators and dis-
rupting the well-functioning immune system [73]. However, there is still an efficient 
equilibrium between the pathological and non-pathological microbiota which helps 
to maintain a healthy microbiome, such as in the case of centenarians [74].

All these processes are mediated by the signaling pathways related to surface or 
intracellular receptors sensing the external or internal PAMPs or DAMPs [21, 70]. 
One of the most important is the TLR/IL1R pathway inducing by the common acti-
vation of IRAK4 the translocation of the transcription factor NF-kB and STAT to 
the nucleus [75]. cGAS/STING pathway is the main sensor of viral invasion and 
induces the production of the interferons 1 and 3 and is also hyperactivated in aging 
[24, 41, 42]. This hyperactivation is maintained by intracellular ligand such as 
mtDNA [76, 77]. Furthermore, a central player which is also intracellularly stimu-
lated is the NLRP3, the major protein component of the inflammasome leading to 
the IL-1β production [78]. This seems to be also related to the TLR and TNFR acti-
vation converging to the NF-kB translocation which is a sort of pre-activation step 
of NLRP3. The contributing factors to maintaining this activation are the deregu-
lated Sirtuin 2 which is dependent on the NAD+ levels [79]. As with aging the NAD+ 
is decreased; this diminishes the control by Sirtuins leading to increased IL-1 and 
IL-18 production [80]. Together the epigenomic changes (mis-localization of SIRTs 
conjugated with decreased NAD+) fuel the activation of NLRP3. This lifelong 
hyperactivated state leads ultimately to loss of function and exhaustion at all levels 
of the living organism and becomes the fuel for age-related diseases when the bio-
logical age (functional decrease) is overriding the chronological age [26].

It is worth to mention that not all older subjects will age similarly, suggesting that 
not all of them will present a state of inflammaging. It mostly depends on the 
 immunobiography, the trained immunity, and the genetic and environmental back-
ground [6, 21, 70]. The biological age underlying the chronological age represented 
clinically by the frailty syndrome and biologically by many different clocks such as 
epigenetic and immune will be more prone to inflammaging than the physiologically 
aging older individuals [70]. This led also to the concept of inflammaging/antiinflam-
maging as the centenarians and semi-supercentenarians are in an increased inflam-
matory state, but its control is very efficient [81–83]. Thus, to consider inflammaging 
solely an age- dependent phenomenon is not any more correct.
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6.4  Case of COVID-19

The chapter cannot be complete without briefly mentioning the last pandemic from 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The most impor-
tant in the context of this chapter is that the disease severity and the mortality are 
increasing with age but also with comorbidities such as hypertension, obesity, diabe-
tes mellitus type 2, and cardiovascular diseases [84]. The presence of immunosenes-
cence and inflammaging contributes to the increased incidence and high mortality 
rate in older subjects [20, 24, 42]. Once the virus penetrated inside the cells via the 
ACE2 receptors, they will initiate a strong inflammatory response including IFN 
type I which could contain the viral replication and shift the answer towards an 
inflammatory state with pro-inflammatory cytokines and chemokines [85]. In the 
meantime, this will allow the adaptive immune system to orderly respond by produc-
ing antibodies, contained CD4+ Th1 cell activation and the CD8+ T cell memory 
development.

In older subjects which are environmentally and/or genetically predisposed, the 
SARS-CoV-2 will initiate a completely dysregulated, disorganized immune response 
which will culminate in what is called the “cytokine storm” underlying the severity of 
the disease and death [41]. This is the result of uncoordinated innate and adaptive 
immune response activation. SARS-CoV-2 is able to evade the early innate immune 
response resulting in higher virus load and decreased DC presentation of antigens to 
the adaptive immune arm [86]. Furthermore, a recent study demonstrated that the 
coordinated adaptive immune response, neutralizing antibody production, SARS- 
CoV- 2-specific CD4+ and CD8+ T cell response necessary for an efficient immune 
response was disrupted in older individuals [86]. This uncoordinated immune 
response reflects the decrease of naïve T cells and altered T cell functions with aging 
[24, 41, 42]. The involved cytokines, mainly produced by hyperactivated monocytes 
and macrophages, are numerous such as IL-2, IL-1, IL-6, TNFα, GCSF, MCP1, and 
IP-10 [43]. One of the main players of the cytokine storm is IL-1β produced by the 
overactivation of the NLRP3 by viral ORF3a and ORF8b which further accentuate 
the age-related epigenomic changes by SARS-CoV-2 [87]. Thus, dysregulated innate 
immunity may be the key for the SARS-CoV-2 superimposed immunopathogenesis 
[27, 86, 88].

What are the most important immune changes which will make an older subject 
more susceptible to SARS-CoV-2 severe infection? First is the decrease in naïve T 
cells concomitantly with increased memory/exhausted/senescent CD8+ T cells as a 
consequence of hyperactivation. Second is dysregulated inflammatory signaling 
 cascade leading to increased production of pro-inflammatory cytokines called as 
inflammaging. Third is the hyperactivation of the innate immune system especially 
that of monocytes occurring already at basal level being shifted towards the interme-
diate and non-classical subpopulations. Fourth is the significant decrease in the anti-
gen presentation mainly by DCs. Fifth is the impairment of the expression and the 
signaling of TLRs with aging. Sixth is the decrease of naïve B cells and the con-
comitant increase of terminally differentiated and senescent memory (CD27−) B 
cells. Seventh is the vicious cycle existing between immunosenescence and inflam-
maging in a mutually self-maintained manner. Finally, the role of comorbidities 
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based on the lifelong inflammatory processes being revealed by the decrease of the 
physiological reserves (resilience vs. frailty) should be also mentioned.

Ultimately the question should be raised why not all older subjects infected by 
SARS-CoV-2 are dying or even remain asymptomatic. The answer is difficult and 
involves many facets of the biology of aging, the relationship between aging and 
disease, and the real role of immunosenescence and inflammaging. Very shortly we 
can say that older subjects without any disease will not be impacted by COVID-19 as 
well as by other inflammatory diseases, suggesting that besides the immune changes 
occurring with aging, other factors are necessary to explain the lethality related in 
some older subjects with COVID-19. The main factor is the biological age combined 
with the chronological age, diseases, and immunobiography [26]. Thus, the number 
of diseases will represent the biological aging. In this sense the severity and the mor-
tality attributed to COVID-19 and to other diseases are the reflection of the biologi-
cal age (frailty) of the individual. Together in COVID-19 as in aging there is decreased 
viral elimination process conjugated with a robust and dysregulated inflammation.

6.5  Case of Sepsis

Sepsis is a critical illness either in young or older subjects but impacting the latter 
more [89]. It is defined as a “life threatening organ dysfunction due to a dysregulated 
host response to infection” [90]. The previously discussed case of COVID-19 shows 
many similarities with sepsis. Is there a relationship between the outcome of sepsis 
and the immune changes with aging?

The neutrophils were found to be less functional by decreased free radical produc-
tion, chemotaxis, intracellular killing, and apoptosis with concomitant increased 
NETs [69]. This mirrors and exacerbates what is already occurring in physiological 
aging in neutrophils leading to immune paralysis [32, 91, 92]. There are two sub-
classes of DCs, namely, the conventional (cDC) and plasmacytoid (pDC). A hall-
mark of septicemia is the significant decrease of circulating DCs. The consequences 
are the decreased capacity to secrete cytokines such as IL-12p70 priming the Th1 T 
cells implicated in the direct antiviral immunity and the priming of the CD8+ T cells 
[47, 69]. The decrease, especially of the pDCs, results also in the decrease of IFN type 
1 secretion and in contrast it may result in a tolerogenic situation (T cell anergy) and 
even proliferation of Tregs with increased IL-10 production [93]. These changes may 
be due to increased apoptosis, changes in epigenetic regulation, and surface PRR 
receptor expression and signaling, as we may observe also a pre-existing change in 
older subjects [91]. During sepsis, the monocytes at the beginning enhance their 
 protective action, but as it is progressing, they become more immunosuppressive by 
the decreased expression of MHC-II inhibiting their CD4+ T cell interaction while 
their capacity to produce anti-inflammatory cytokines such as IL-10 or TGF-β is 
increased [69, 94]. These changes are particularly deleterious for septic patients. 
These alterations partly mirror the changes occurring with aging which are even 
more accentuated/potentiated in case of sepsis combined with comorbidities, malnu-
trition, and stress [92]. Sepsis also influences the number and function of NK cells. 
Their number is decreasing as well as their cytotoxicity and cytokine secretion [69]. 
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The number of NKG2D receptor is also decreasing contributing to the reduced cyto-
toxicity via a blunted signaling through DAP12 and Akt pathway [95]. It is also 
worth to mention that at the early stage there is an excessive activation of NK leading 
to enhanced activation of myeloid cells by IFNγ and TNFα, followed by increased 
tissue damage and organ failure [96].

The adaptive immunity is also impacted by sepsis manifested by decreased CD4+ 
T cell number and functions, especially concerning their proliferation capacity [97]. 
The increased apoptosis, the altered intracellular signaling pathways, the increased 
co-inhibitory receptors suggesting an exhausted state, and the increased B and T cell 
attenuator (BTLA) may contribute to the phenotypic and functional changes in sep-
sis [98]. CD8+ cytotoxic lymphocytes are also impacted and present a decreased num-
ber in sepsis similarly to CD4+ T cells [99]. The alterations in CD8+ T cells are 
potentiated by the decreased functionality of CD4+ Th1 T cells. The Tregs are also 
showing changes, but in contrast to the CD4+ and CD8+ T cells their number is 
increasing as they may be more resistant to apoptosis, react to IL-33 by their expan-
sion, and finally increase the Foxp3 expression. They may play a strong immunosup-
pressive role in sepsis just as they may play a role also during aging [69].

Together with the process of aging, sepsis evolves over time from a strong inflam-
matory response to a state of immunosuppression. As the older subjects are in the 
“inflammaging” state described above, the first part of the reaction towards an over-
whelming infection characterizing the sepsis will be the exacerbation of the basal 
inflammatory aging state. However, after this stage, the immunosuppression, because 
of the incoordination of the innate and adaptive immune response either in older 
subjects or in sepsis based on similar apoptotic processes, epigenetic alterations, sig-
naling changes, and disbalanced cellular metabolism, will overwhelm the resolution 
phase and the hyperactivation will remain unopposed [91, 100].

6.6  Rethinking the Concept of Immunosenescence

During these last years, the concept of immunosenescence slowly shifted from being 
only deleterious to being an adaptive process. This adaptation may be favorable or 
unfavorable depending on genetics, environmental factors, lifestyle, and metabolism 
[6, 8, 56]. The notion of the immunobiography captures all these factors occurring 
during aging/time [6]. The changes are meant to assure the survival of the organism 
at least until the end of reproductive period but possibly further. This means that 
what is favorable in young subjects, where many new antigens are encountered (such 
as to possess many naive cells capable of recognizing and reacting to them) shifts in 
the older subjects to the advantageous possession of as many memory cells as pos-
sible to fight the already known cognate antigens. Furthermore, the activation of the 
innate immune system compensates for the decreased efficiency of the adaptive 
immune system and represents a readiness to fight challenges. Thus, all these changes 
may assure a survival to centenarians or semi- supercentenarians [81] in whom the 
advantage to have a controlled inflammatory state has been demonstrated [82, 101, 
102]. Certainly, if  this system becomes dysregulated, the adaptation becomes malad-
aptation and leads to the occurrence of the ARD [36, 103].
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Supporting this idea is the finding in the semi-supercentenarians that what was 
more closely associated with their longevity is the controlled inflammation. They 
were more inflamed than their less old controls and demonstrated more efficient anti- 
inflammatory capacity [104]. In the meantime, the adaptive immune T cell distribu-
tion showed a younger distribution. So, the compensatory mechanism plays an 
essential role in the longevity. This means also that the immune system is meant to 
last for at least 100 years which is the normality; those who die before becoming cen-
tenarian have maladaptive immunity. Thus, the immune system of centenarians is 
biologically healthier than their chronological age [105, 106].

What is fascinating in clinical practice sustaining the adaptive nature of the age- 
related immune changes is that the constantly evoked decreased vaccine efficacy is 
not anymore true as the anti-zoster Shingrix vaccine and the high-dose tetravalent or 
conjugated influenza vaccine are as efficient as in young subjects [107]. Another dem-
onstration of the vaccine efficiency in the elderly is the anti-COVID-19 mRNA vac-
cine [108, 109]. Thus, it can be supposed that there is no immunosenescence, but only 
bad vaccine.

It should be also mentioned that the older subjects in real life are doing much bet-
ter than the in vitro or even ex vivo studies may suggest. It is clear that aging is one 
of the most important risk factors for death. Furthermore, if  we consider all what are 
presently known on immunosenescence and inflammaging, all elderly subjects to 
some degree should suffer from ARDs; however, this is not the case. This signifies 
that immune changes are not sufficient or are not the cause of the claimed ARD [2].

In light of these concepts the question arises whether we need a rejuvenating anti-
aging immune treatment in elderly subjects. Certainly, we do not need it as the sole 
consequence of age. As older subjects are not aging uniformly and so do not present 
the same ARDs, there is no uniform treatment necessary. The more we will uncover 
the underlying immune changes, the more we could intervene on a personalized basis 
in optimizing each older subject immune response to avoid the deleterious effects 
resulting in ARDs [103].

 Conclusion
Aging is associated with several physiological changes including those of the immune 
system. All aspects of the immune response are affected by aging. The innate immune 
system and the adaptive immune system present a sort of hyperactivation due to the 
constant antigenic stimulation during life captured by the concepts of immunobiog-
raphy and inflammaging. Paradoxically, when specifically stimulated by cognate anti-
gens, the response of the whole immune response becomes uncoordinated and blunted 
and unable to efficiently eliminate the aggression. As our understanding using a com-
plex system biology approach is progressing, it can be conceptualized that these life-
long changes are primarily more adaptive than harmful. However, the predominance 
of these maladaptive processes leads to the appearance of the so-called age-related 
diseases. These diseases are mainly related to the inflammaging process occurring on 
long timescale during the entire life.

This conception means that not all older subjects will suffer from maladapta-
tion of the immune system as this is the case of centenarians who were able to adapt 
the changes as a longevity advantage. This also means that the interventions as the 
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vaccination may be efficient with aging when the right vaccine is administered and 
exploits our knowledge of the immune changes with aging.

Moreover, this conceptualization of the immune changes with aging is very impor-
tant for understanding how critical illnesses such as sepsis or COVID-19 may exploit 
the maladapted immune system to cause significant disease burden or even death 
among the older adults. This concept may also help us to understand how other older 
subjects may escape these diseases or at least mitigate their effects. Finally, this would 
help also the design for rational trials to modulate the aging immune system for a bet-
ter lifelong adaptation and fight against life-threatening diseases. The personalization 
of such treatment will help to optimize the immune system for extending the healths-
pan and functionspan of older subjects.

 Practical Implications

Although the knowledge of immune changes with aging is very important and will 
have more and more practical applications, there is still very little evidence about the 
clinical impact of this information in the everyday management of critically ill old 
patients.
 1. Understanding that the changes may have an adaptive nature may help to avoid 

treating useful changes which can be detrimental, e.g., the increase of pro- 
inflammatory cytokines.

 2. It is important to understand that the initial hyperinflammation is a natural process 
of defense and the older subjects are able to mount such a response.

 3. Immunoparalysis is a normal counterreaction which should be blunted also in the 
older subjects for better survival.

 4. The treatment cannot be still tailored to the individual immune changes but might 
be and should be considered when they are available.

Take-Home Messages
 5 Aging is accompanied by changes in the innate and adaptive immunity.
 5 All aspects of  the immune functions are involved.
 5 The changes may be adaptive or maladaptive.
 5 Immunosenescence and inflammaging are both sides of  the same process.
 5 Maladaptive immunity may play a crucial role in critical illnesses such as COVI- 

19 and sepsis in older subjects.
 5 The modulation of  the immune system may lead to the optimization of  the 

immune functions.
 5 No immune biomarkers still exist to tailor a personalized treatment in critical 

illnesses.

Acknowledgments This work was supported by grants from Canadian Institutes of 
Health Research (CIHR) (No. 106634), the Société des Médecins de l’Université de 
Sherbrooke, and the Research Center on Aging of the CIUSSS-CHUS, Sherbrooke, 

 T. Fulop et al.



85 6

by the Polish Ministry of Science and Higher Education statutory grant 02-0058/07/262 
to JMW, and by the Agency for Science Technology and Research (A*STAR) to AL; 
AAC is a CIHR New Investigator and member of the FRQS-supported Research 
Center on Aging and CHUS Research Center.

kConflict of Interest
The authors declare that they have no conflict of interest, except AAC, who is 
Founder and Chief Scientific Officer at Oken.

References

 1. Ghachem A, Fried LP, Legault V, Bandeen-Roche K, Presse N, Gaudreau P, Cohen AA. Evidence 
from two cohorts for the frailty syndrome as an emergent state of  parallel dysregulation in multi-
ple physiological systems. Biogerontology. 2021;22:63–79.

 2. Pawelec G, Bronikowski A, Cunnane SC, Ferrucci L, Franceschi C, Fülöp T, Gaudreau P, Glady-
shev VN, Gonos ES, Gorbunova V, Kennedy BK, Larbi A, Lemaître JF, Liu GH, Maier AB, 
Morais JA, Nóbrega OT, Moskalev A, Rikkert MO, Seluanov A, Senior AM, Ukraintseva S, 
Vanhaelen Q, Witkowski J, Cohen AA. The conundrum of  human immune system "senescence". 
Mech Ageing Dev. 2020;192:111357.

 3. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of  aging. Cell. 
2013;153:1194–217.

 4. Müller L, Di Benedetto S, Pawelec G. The immune system and its dysregulation with aging. Sub-
cell Biochem. 2019;91:21–43.

 5. Fülöp T, Dupuis G, Witkowski JM, Larbi A. The role of  immunosenescence in the development 
of  age-related diseases. Rev Investig Clin. 2016;68:84–91.

 6. Franceschi C, Salvioli S, Garagnani P, de Eguileor M, Monti D, Capri M. Immunobiography and 
the heterogeneity of  immune responses in the elderly: a focus on inflammaging and trained immu-
nity. Front Immunol. 2017;8:982.

 7. McComb S, Thiriot A, Akache B, Krishnan L, Stark F. Introduction to the immune system. Meth-
ods Mol Biol. 2019;2024:1–24.

 8. Fulop T, Larbi A, Hirokawa K, Cohen AA, Witkowski JM. Immunosenescence is both functional/
adaptive and dysfunctional/maladaptive. Semin Immunopathol. 2020;42:521–36.

 9. Wu Z, Mc Googan JM. Characteristics of  and important lessons from the coronavirus disease 
2019 (COVID-19) outbreak in China: summary of  a report of  72 314 cases from the Chinese Cen-
ter for Disease Control and Prevention. JAMA. 2020;323:1239–42.

 10. Paces J, Strizova Z, Smrz D, Cerny J.  COVID-19 and the immune system. Physiol Res. 
2020;69:379–88.

 11. Fulop T, Larbi A, Dupuis G, Le Page A, Frost EH, Cohen AA, Witkowski JM, Franceschi 
C. Immunosenescence and inflamm-aging as two sides of  the same coin: friends or foes? Front 
Immunol. 2018;8:1960.

 12. Medzhitov R, Janeway CA Jr. Innate immunity: impact on the adaptive immune response. Curr 
Opin Immunol. 1997;9:4–9.

 13. Kennedy MA. A brief  review of  the basics of  immunology: the innate and adaptive response. Vet 
Clin North Am Small Anim Pract. 2010;40:369–79.

 14. Kaufmann SHE, Dorhoi A. Molecular determinants in phagocyte-bacteria interactions. Immu-
nity. 2016;44:476–91.

 15. Vidya MK, Kumar VG, Sejian V, Bagath M, Krishnan G, Bhatta R. Toll-like receptors: signifi-
cance, ligands, signaling pathways, and functions in mammals. Int Rev Immunol. 2018;37:20–36.

 16. Kufer TA, Nigro G, Sansonetti PJ.  Multifaceted functions of  NOD-like receptor proteins in 
myeloid cells at the intersection of  innate and adaptive immunity. Microbiol Spectr. 2016;4(4)

 17. Barik S. What really rigs up RIG-I? J Innate Immun. 2016;8:429–36.

Immunological Changes



86

6

 18. Xu W, Wong G, Hwang YY, Larbi A.  The untwining of  immunosenescence and aging. Semin 
Immunopathol. 2020;42:559–72.

 19. De la Fuente M. Where could research on immunosenescence lead? Int J Mol Sci. 2019;20:5906.
 20. Bajaj V, Gadi N, Spihlman AP, Wu SC, Choi CH, Moulton VR. Aging, immunity, and COVID-19: 

how age influences the host immune response to coronavirus infections? Front Physiol. 
2021;11:571416.

 21. Franceschi C, Garagnani P, Vitale G, Capri M, Salvioli S. Inflammaging and “garb-aging”. Trends 
Endocrinol Metab. 2017;28:199–212.

 22. Fulop T, Le Page A, Fortin C, Witkowski JM, Dupuis G, Larbi A. Cellular signaling in the aging 
immune system. Curr Opin Immunol. 2014;29:105–11.

 23. Fitzgerald KA, Kagan JC. Toll-like receptors and the control of immunity. Cell. 2020;180:1044–66.
 24. Moskalev A, Stambler I, Caruso C.  Innate and adaptive immunity in aging and longevity: the 

Foundation of  Resilience. Aging Dis. 2020;11:1363–73.
 25. De Maeyer RPH, Chambers ES. The impact of  ageing on monocytes and macrophages. Immunol 

Lett. 2021;230:1–10.
 26. Blagosklonny MV.  From causes of  aging to death from COVID-19. Aging (Albany NY). 

2020;12:10004–21.
 27. Zheng Y, Liu X, Le W, Xie L, Li H, Wen W, Wang S, Ma S, Huang Z, Ye J, Shi W, Ye Y, Liu Z, 

Song M, Zhang W, Han JJ, Belmonte JCI, Xiao C, Qu J, Wang H, Liu GH, Su W. A human circu-
lating immune cell landscape in aging and COVID-19. Protein Cell. 2020;11:740–70.

 28. Golubev AG. COVID-19: a challenge to physiology of  aging. Front Physiol. 2020;11:584248.
 29. Channappanavar R, Perlman S.  Age-related susceptibility to coronavirus infections: role of 

impaired and dysregulated host immunity. J Clin Invest. 2020;130:6204–13.
 30. Bandaranayake T, Shaw AC. Host resistance and immune aging. Clin Geriatr Med. 2016;32:415–32.
 31. Omarjee L, Perrot F, Meilhac O, Mahe G, Bousquet G, Janin A. Immunometabolism at the cor-

nerstone of  inflammaging, immunosenescence, and autoimmunity in COVID-19. Aging (Albany 
NY). 2020;12:26263–78.

 32. Fulop T, Dupuis G, Baehl S, Le Page A, Bourgade K, Frost E, Witkowski JM, Pawelec G, Larbi 
A, Cunnane S.  From inflamm-aging to immune-paralysis: a slippery slope during aging for 
immune-adaptation. Biogerontology. 2016;1:147–57; Netea MG, Domínguez- Andrés J, Barreiro 
LB, Chavakis T, Divangahi M, Fuchs E, Joosten LAB, van der Meer JWM, Mhlanga MM, Mul-
der WJM, Riksen NP, Schlitzer A, Schultze JL, Stabell Benn C, Sun JC, Xavier RJ, Latz E. Defin-
ing trained immunity and its role in health and disease. Nat Rev Immunol. 2020;20:375–88.

 33. Fulop T, Larbi A, Douziech N, Fortin C, Guérard KP, Lesur O, Khalil A, Dupuis G. Signal trans-
duction and functional changes in neutrophils with aging. Aging Cell. 2004;3:217–26.

 34. Franceschi C, Bonafè M, Valensin S, Olivieri F, De Luca M, Ottaviani E, De Benedictis 
G.  Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci. 
2000;908:244–54.

 35. Monti D, Ostan R, Borelli V, Castellani G, Franceschi C. Inflammaging and human longevity in 
the omics era. Mech Ageing Dev. 2017;165(Pt B):129–38.

 36. Fulop T, Witkowski JM, Olivieri F, Larbi A. The integration of  inflammaging in age-related dis-
eases. Semin Immunol. 2018;40:17–35.

 37. Barbé-Tuana F, Funchal G, Schmitz CRR, Maurmann RM, Bauer ME. The interplay between 
immunosenescence and age-related diseases. Semin Immunopathol. 2020;42:545–57.

 38. Le Page A, Dupuis G, Frost EH, Larbi A, Pawelec G, Witkowski JM, Fulop T.  Role of  the 
peripheral innate immune system in the development of  Alzheimer’s disease. Exp Gerontol. 
2018;107:59–66.

 39. Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, Levantovsky R, Malle L, Moreira A, 
Park MD, Pia L, Risson E, Saffern M, Salomé B, Esai Selvan M, Spindler MP, Tan J, van der 
Heide V, Gregory JK, Alexandropoulos K, Bhardwaj N, Brown BD, Greenbaum B, Gümüş ZH, 
Homann D, Horowitz A, Kamphorst AO, Curotto de Lafaille MA, Mehandru S, Merad M, Sam-
stein RM, Sinai Immunology Review Project. Immunology of  COVID-19: current state of  the 
science. Immunity. 2020;52:910–41.

 40. Nikolich-Zugich J, Knox KS, Rios CT, Natt B, Bhattacharya D, Fain MJ.  SARS- CoV- 2 and 
COVID-19 in older adults: what we may expect regarding pathogenesis, immune responses, and 
outcomes. Geroscience. 2020;42:505–14.

 T. Fulop et al.



87 6

 41. Hazeldine J, Lord JM.  Immunesenescence: a predisposing risk factor for the development of 
COVID-19? Front Immunol. 2020;11:573662.

 42. Cunha LL, Perazzio SF, Azzi J, Cravedi P, Riella LV. Remodeling of  the immune response with 
aging: immunosenescence and its potential impact on COVID-19 immune response. Front Immu-
nol. 2020;11:1748.

 43. Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 disproportionately affect older 
people? Aging (Albany NY). 2020;12:9959–81.

 44. Solana R, Tarazona R, Gayoso I, Lesur O, Dupuis G, Fulop T. Innate immunosenescence: effect 
of  aging on cells and receptors of  the innate immune system in humans. Semin Immunol. 
2012;24:331–41.

 45. Fülöp T, Fóris G, Leövey A. Age-related changes in cAMP and cGMP levels during phagocytosis 
in human polymorphonuclear leukocytes. Mech Ageing Dev. 1984;27:233–7.

 46. Metcalf  TU, Wilkinson PA, Cameron MJ, Ghneim K, Chiang C, Wertheimer AM, Hiscott JB, 
Nikolich-Zugich J, Haddad EK. Human monocyte subsets are transcriptionally and function-
ally altered in aging in response to pattern recognition receptor agonists. J Immunol. 
2017;199:1405–17.

 47. Poulin LF, Lasseaux C, Chamaillard M. Understanding the cellular origin of  the mononuclear 
phagocyte system sheds light on the myeloid postulate of  immune paralysis in sepsis. Front Immu-
nol. 2018;9:823.

 48. Tarazona R, Campos C, Pera A, Sanchez-Correa B, Solana R. Flow cytometry analysis of  NK cell 
phenotype and function in aging. Methods Mol Biol. 2015;1343:9–18.

 49. Agrawal A, Agrawal S, Gupta S. Role of  dendritic cells in inflammation and loss of  tolerance in 
the elderly. Front Immunol. 2017;8:896.

 50. Johnston-Carey HK, Pomatto LC, Davies KJ. The immunoproteasome in oxidative stress, aging, 
and disease. Crit Rev Biochem Mol Biol. 2015;51:268–81.

 51. Zhang H, Weyand CM, Goronzy JJ. Hallmarks of  the aging T-cell system. FEBS J. 2021;
 52. Pawelec G. Does the human immune system ever really become "senescent"? F1000Res. 2017;6. 

pii: F1000 Faculty Rev-1323.
 53. Effros RB, Dagarag M, Spaulding C, Man J. The role of  CD8+ T-cell replicative senescence in 

human aging. Immunol Rev. 2005;205:147–57.
 54. Wherry EJ, Kurachi M. Molecular and cellular insights into T cell exhaustion. Nat Rev Immunol. 

2015;15:486–99.
 55. Thomas R, Wang W, Su DM. Contributions of  age-related thymic involution to immunosenes-

cence and inflammaging. Immun Ageing. 2020;17:2.
 56. Goronzy JJ, Weyand CM. Successful and maladaptive T cell aging. Immunity. 2017;46:364–78.
 57. Pawelec G. Immunosenenescence: role of  cytomegalovirus. Exp Gerontol. 2014;54:1–5.
 58. Minato N, Hattori M, Hamazaki Y.  Physiology and pathology of  T-cell aging. Int Immunol. 

2020;32:223–31.
 59. Moskowitz DM, Zhang DW, Hu B, Le Saux S, Yanes RE, Ye Z, Buenrostro JD, Weyand CM, 

Greenleaf  WJ, Goronzy JJ.  Epigenomics of  human CD8 T cell differentiation and aging. Sci 
Immunol. 2017;2:eaag0192.

 60. Kugel S, Mostoslavsky R. Chromatin and beyond: the multitasking roles for SIRT6. Trends Bio-
chem Sci. 2014;39:72–81.

 61. Horvath S, Pirazzini C, Bacalini MG, Gentilini D, Di Blasio AM, Delledonne M, Mari D, Arosio 
B, Monti D, Passarino G, De Rango F, D’Aquila P, Giuliani C, Marasco E,  Collino S, Descombes 
P, Garagnani P, Franceschi C. Decreased epigenetic age of  PBMCs from Italian semi-supercente-
narians and their offspring. Aging (Albany NY). 2015;7:1159–70.

 62. Goel N, Karir P, Garg VK. Role of  DNA methylation in human age prediction. Mech Ageing Dev. 
2017;166:33–41.

 63. Li G, Yu M, Lee WW, Tsang M, Krishnan E, Weyand CM, Goronzy JJ. Decline in miR-181a 
expression with age impairs T cell receptor sensitivity by increasing DUSP6 activity. Nat Med. 
2012;18:1518–24.

 64. Le Page A, Fortin C, Garneau H, Allard N, Tsvetkova K, Tan CT, Larbi A, Dupuis G, Fülöp 
T.  Downregulation of  inhibitory SRC homology 2 domain-containing phosphatase-1 (SHP-1) 
leads to recovery of  T cell responses in elderly. Cell Commun Signal. 2014;12:2.

Immunological Changes



88

6

 65. Larbi A, Dupuis G, Khalil A, Douziech N, Fortin C, Fülöp T Jr. Differential role of  lipid rafts 
in the functions of  CD4+ and CD8+ human T lymphocytes with aging. Cell Signal. 
2006;18:1017–30.

 66. Frasca D. Senescent B cells in aging and age-related diseases: their role in the regulation of  anti-
body responses. Exp Gerontol. 2018;107:55–8.

 67. Hagen M, Derudder E. Inflammation and the alteration of  B-cell physiology in aging. Gerontol-
ogy. 2020;66:105–13.

 68. Bektas A, Zhang Y, Wood WH 3rd, Becker KG, Madara K, Ferrucci L, Sen R. Age-associated 
alterations in inducible gene transcription in human CD4+ T lymphocytes. Aging (Albany NY). 
2013;5:18–36.

 69. He W, Xiao K, Fang M, Xie L. Immune cell number, phenotype, and function in the elderly with 
sepsis. Aging Dis. 2021;12:277–96.

 70. Fülöp T, Larbi A, Witkowski JM. Human inflammaging. Gerontology. 2019;65:495–504.
 71. Callender LA, Carroll EC, Beal RWJ, Chambers ES, Nourshargh S, Akbar AN, Henson 

SM. Human CD8 + EMRA T cells display a senescence-associated secretory phenotype regulated 
by p38 MAPK. Aging Cell. 2018;17:e12675.

 72. Santoro A, Zhao J, Wu L, Carru C, Biagi E, Franceschi C.  Microbiomes other than the gut: 
inflammaging and age-related diseases. Semin Immunopathol. 2020;42:589–605.

 73. Biagi E, Candela M, Fairweather-Tait S, Franceschi C, Brigidi P. Aging of  the human metaorgan-
ism: the microbial counterpart. Age (Dordr). 2012;34:247–67.

 74. Biagi E, Franceschi C, Rampelli S, Severgnini M, Ostan R, Turroni S, Consolandi C, Quercia S, 
Scurti M, Monti D, Capri M, Brigidi P, Candela M. Gut microbiota and extreme longevity. Curr 
Biol. 2016;26:1480–5.

 75. Lin SC, Lo YC, Wu H. Helical assembly in the MyD88-IRAK4-IRAK2 complex in TLR/IL-1R 
signalling. Nature. 2010;465:885–90.

 76. Vizioli MG, Liu T, Miller KN, Robertson NA, Gilroy K, Lagnado AB, Perez- Garcia A, Kiourtis 
C, Dasgupta N, Lei X, Kruger PJ, Nixon C, Clark W, Jurk D, Bird TG, Passos JF, Berger SL, Dou 
Z, Adams PD.  Mitochondria-to-nucleus retrograde signaling drives formation of  cytoplasmic 
chromatin and inflammation in senescence. Genes Dev. 2020;34:428–45.

 77. Lan YY, Heather JM, Eisenhaure T, Garris CS, Lieb D, Raychowdhury R, Hacohen N. Extranu-
clear DNA accumulates in aged cells and contributes to senescence and inflammation. Aging Cell. 
2019;18:e12901.

 78. Kelley N, Jeltema D, Duan Y, He Y. The NLRP3 inflammasome: an overview of  mechanisms of 
activation and regulation. Int J Mol Sci. 2019;20:3328.

 79. He M, Chiang HH, Luo H, Zheng Z, Qiao Q, Wang L, Tan M, Ohkubo R, Mu WC, Zhao S, Wu 
H, Chen D.  An acetylation switch of  the NLRP3 inflammasome regulates aging-associated 
chronic inflammation and insulin resistance. Cell Metab. 2020;31:580–591.e5.

 80. Massudi H, Grant R, Braidy N, Guest J, Farnsworth B, Guillemin GJ. Age- associated changes in 
oxidative stress and NAD+ metabolism in human tissue. PLoS One. 2012;7:e42357.

 81. Arai Y, Martin-Ruiz CM, Takayama M, Abe Y, Takebayashi T, Koyasu S, Suematsu M, Hirose N, 
von Zglinicki T. Inflammation, but not telomere length, predicts successful ageing at extreme old 
age: a longitudinal study of  semi-supercentenarians. EBioMedicine. 2015;2:1549–58.

 82. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, Panourgia MP, Invidia L, Celani 
L, Scurti M, Cevenini E, Castellani GC, Salvioli S. Inflammaging and  anti- inflammaging: a sys-
temic perspective on aging and longevity emerged from studies in humans. Mech Ageing Dev. 
2007;128(1):92–105.

 83. Morrisette-Thomas V, Cohen AA, Fülöp T, Riesco É, Legault V, Li Q, Milot E, Dusseault-
Bélanger F, Ferrucci L.  Inflamm-aging does not simply reflect increases in pro- inflammatory 
markers. Mech Ageing Dev. 2014;139:49–57.

 84. Chen Y, Klein SL, Garibaldi BT, Li H, Wu C, Osevala NM, Li T, Margolick JB, Pawelec G, Leng 
SX.  Aging in COVID-19: vulnerability, immunity and intervention. Ageing Res Rev. 
2021;65:101205.

 85. Vetter P, Eberhardt CS, Meyer B, Martinez Murillo PA, Torriani G, Pigny F, Lemeille S, Cordey 
S, Laubscher F, Vu DL, Calame A, Schibler M, Jacquerioz F, Blanchard- Rohner G, Siegrist CA, 
Kaiser L, Didierlaurent AM, Eckerle I.  Daily viral kinetics and innate and adaptive immune 
response assessment in COVID-19: a case series. mSphere. 2020;5:e00827- 20.

 T. Fulop et al.



89 6

 86. Rydyznski Moderbacher C, Ramirez SI, Dan JM, Grifoni A, Hastie KM, Weiskopf  D, Belanger 
S, Abbott RK, Kim C, Choi J, Kato Y, Crotty EG, Kim C, Rawlings SA, Mateus J, Tse LPV, Fra-
zier A, Baric R, Peters B, Greenbaum J, Ollmann Saphire E, Smith DM, Sette A, Crotty S. Anti-
gen-specific adaptive immunity to SARS-CoV-2 in acute COVID-19 and ssociations with age and 
disease severity. Cell. 2020;183:996–1012.e19.

 87. Shi CS, Nabar NR, Huang NN, Kehrl JH.  SARS-coronavirus open reading frame- 8b triggers 
intracellular stress pathways and activates NLRP3 inflammasomes. Cell Death Discov. 2019;5:101.

 88. Pence BD. Severe COVID-19 and aging: are monocytes the key? Geroscience. 2020;42:1051–61.
 89. Rowe TA, McKoy JM. Sepsis in older adults. Infect Dis Clin N Am. 2017;31:731–42.
 90. Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, Rubenfeld G, Kahn 

JM, Shankar-Hari M, Singer M, Deutschman CS, Escobar GJ, Angus DC. Assessment of  clinical 
criteria for sepsis: for the third international consensus definitions for sepsis and septic shock 
(Sepsis-3). JAMA. 2016;315:762–74.

 91. Martín S, Pérez A, Aldecoa C. Sepsis and immunosenescence in the elderly patient: a review. Front 
Med (Lausanne). 2017;4:20.

 92. Monneret G, Gossez M, Venet F. Sepsis and immunosenescence: closely associated in a vicious 
circle. Aging Clin Exp Res. 2021;33:729–32.

 93. Faivre V, Lukaszewicz AC, Alves A, Charron D, Payen D, Haziot A. Human monocytes differen-
tiate into dendritic cells subsets that induce anergic and regulatory T cells in sepsis. PLoS One. 
2012;7:e47209.

 94. Cazalis MA, Friggeri A, Cavé L, Demaret J, Barbalat V, Cerrato E, Lepape A, Pachot A, Mon-
neret G, Venet F. Decreased HLA-DR antigen-associated invariant chain (CD74) mRNA expres-
sion predicts mortality after septic shock. Crit Care. 2013;17:R287.

 95. Kjaergaard AG, Nielsen JS, Tønnesen E, Krog J. Expression of  NK cell and monocyte receptors 
in critically ill patients–potential biomarkers of  sepsis. Scand J Immunol. 2015;81:249–58.

 96. Guo Y, Patil NK, Luan L, Bohannon JK, Sherwood ER. The biology of  natural killer cells during 
sepsis. Immunology. 2018;153:190–202.

 97. Aziz M, Yang WL, Matsuo S, Sharma A, Zhou M, Wang P. Upregulation of  GRAIL is associated 
with impaired CD4 T cell proliferation in sepsis. J Immunol. 2014;192:2305–14.

 98. Boomer JS, Shuherk-Shaffer J, Hotchkiss RS, Green JM. A prospective analysis of  lymphocyte 
phenotype and function over the course of  acute sepsis. Crit Care. 2012;16:R112.

 99. Condotta SA, Khan SH, Rai D, Griffith TS, Badovinac VP. Polymicrobial sepsis increases suscep-
tibility to chronic viral infection and exacerbates CD8+ T cell exhaustion. J Immunol. 
2015;195:116–25.

 100. Delano MJ, Ward PA. The immune system’s role in sepsis progression, resolution, and long-term 
outcome. Immunol Rev. 2016;274:330–53.

 101. Alberro A, Osorio-Querejeta I, Sepúlveda L, Fernández-Eulate G, Mateo-Abad M, Muñoz-Culla 
M, Carregal-Romero S, Matheu A, Vergara I, López de Munain A, Sáenz- Cuesta M, Otaegui D. T 
cells and immune functions of  plasma extracellular vesicles are differentially modulated from 
adults to centenarians. Aging (Albany NY). 2019;11:10723–41.

 102. Franceschi C, Ostan R, Santoro A. Nutrition and inflammation: are centenarians similar to indi-
viduals on calorie-restricted diets? Annu Rev Nutr. 2018;38:329–56.

 103. Fulop T, Larbi A, Khalil A, Cohen AA, Witkowski JM. Are we ill because we age? Front Physiol. 
2019;10:1508.

 104. Sansoni P, Vescovini R, Fagnoni F, Biasini C, Zanni F, Zanlari L, Telera A, Lucchini G, Passeri G, 
Monti D, Franceschi C, Passeri M.  The immune system in extreme longevity. Exp Gerontol. 
2008;43:61–5.

 105. Minciullo PL, Catalano A, Mandraffino G, Casciaro M, Crucitti A, Maltese G, Morabito N, 
Lasco A, Gangemi S, Basile G.  Inflammaging and anti-inflammaging: the role of  cytokines in 
extreme longevity. Arch Immunol Ther Exp. 2016;64:111–26.

 106. Franceschi C, Garagnani P, Morsiani C, Conte M, Santoro A, Grignolio A, Monti D, Capri M, 
Salvioli S. The continuum of  aging and age-related diseases: common mechanisms but different 
rates. Front Med (Lausanne). 2018;5:61.

 107. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, Hwang SJ, Levin MJ, McEl-
haney JE, Poder A, Puig-Barberà J, Vesikari T, Watanabe D, Weckx L, Zahaf  T, Heineman TC, 
ZOE-50 Study Group. Efficacy of  an adjuvanted herpes zoster subunit vaccine in older adults. N 
Engl J Med. 2015;372:2087–96.

Immunological Changes



90

6

 108. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, Perez JL, Pérez Marc G, 
Moreira ED, Zerbini C, Bailey R, Swanson KA, Roychoudhury S, Koury K, Li P, Kalina WV, 
Cooper D, Frenck RW Jr, Hammitt LL, Türeci Ö, Nell H, Schaefer A, Ünal S, Tresnan DB, 
Mather S, Dormitzer PR, Şahin U, Jansen KU, Gruber WC, C4591001 Clinical Trial Group. 
Safety and efficacy of  the BNT162b2 mRNA covid-19 vaccine. N Engl J Med. 2020;383:2603–15.

 109. Walsh EE, Frenck RW Jr, Falsey AR, Kitchin N, Absalon J, Gurtman A, Lockhart S, Neuzil K, 
Mulligan MJ, Bailey R, Swanson KA, Li P, Koury K, Kalina W, Cooper D, Fontes- Garfias C, Shi 
PY, Türeci Ö, Tompkins KR, Lyke KE, Raabe V, Dormitzer PR, Jansen KU, Şahin U, Gruber 
WC. Safety and immunogenicity of  two RNA-based covid-19 vaccine candidates. N Engl J Med. 
2020;383:2439–50.

 T. Fulop et al.



© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
H. Flaatten et al. (eds.), The Very Old Critically Ill Patients, Lessons from the ICU,  
https://doi.org/10.1007/978-3-030-94133-8_7

91

Drug Metabolism
Saskia Rietjens and Dylan de Lange

Contents

7.1  Introduction – 92

7.2  Adverse Drug Reactions – 92

7.3  Frailty – 93

7.4  Changes in Pharmacokinetics in the Elderly – 93

7.5  Absorption After Oral Drug Administration – 94

7.6  Absorption After Non-oral Drug Administration – 94

7.7  Bioavailability – 95

7.8  Distribution – 96
7.8.1  Body Composition – 96
7.8.2  Protein Binding – 96

7.9  Metabolism – 97
7.9.1  The Impact of Genetic Polymorphisms on Drug Metabolism 

in the Elderly – 98

7.10  Excretion – 99

7.11  Knowledge Gap: Under-Representation of Older 
Patients in Clinical Trials – 102

 References – 103

7

https://doi.org/10.1007/978-3-030-94133-8_7
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94133-8_7&domain=pdf


92

7

 n Learning Objectives
With advancing age, various anatomical and physiological changes in several organ 
systems take place, which may influence drug pharmacokinetics and pharmacody-
namics. Elderly patients might have alterations in various pharmacokinetic processes 
in such a way that drugs need to be dosed differently. Understanding the physiological 
changes of  organ systems that occur with ageing, and consequently the changes in 
pharmacokinetics and pharmacodynamics, will improve drug therapy in the elderly. 
Prescribing medication for older people is challenging, as the elderly are more prone 
to develop adverse drug reactions (ADRs). Important causes of  ADRs in elderly 
patients are multimorbidity and polypharmacy resulting in increased risk for drug-
drug interactions.

In this chapter we will discuss the alterations in pharmacokinetic processes in 
elderly patients and the increased potential for ADRs in this population. Changes in 
pharmacodynamics, including changes in the number, affinity and responsiveness of 
drug receptors, and changes in physiological reserve and in response to injury also 
affect the risk of drug toxicity in elderly patients. However, in this chapter we will focus 
on age- related pharmacokinetic changes.

7.1  Introduction

Due to increasing life expectancy both the proportion and absolute number of older 
people are increasing dramatically worldwide. At the global level in 2019, approxi-
mately 9% of people are aged 65 or older. The proportion of persons ≥65 years old 
in the world is expected to reach ~16% in 2050 and could reach ~23% by 2100 [1] (see 
also 7 Chap. 1 for a more elaborate discussion on the epidemiology of ageing). With 
increasing age, various anatomical and physiological changes take place, which may 
impact drug pharmacokinetics and pharmacodynamics [2]. Elderly patients might 
have alterations in several pharmacokinetic processes (i.e. absorption, distribution, 
metabolism and excretion (ADME)). Moreover, the higher prevalence of multimor-
bidity and polypharmacy in the elderly population results in an increased risk for 
drug-drug interactions [3].

7.2  Adverse Drug Reactions

Older adults are more prone to develop adverse drug reactions (ADRs) since they 
exhibit numerous risk factors, like multimorbidity which is often associated with 
polypharmacy (see also 7 Chaps. 8 and 9 on Multimorbidity and Multipharmacy 
on the Older Adult) [3]. The prevalence of  multimorbidity in the elderly popula-
tion varies between 55% and 98%, with increasing prevalence in very old persons 
[4]. In a cross-sectional study of  1.75 million people registered in primary care in 
Scotland, the prevalence of  multimorbidity was ~82% in people ≥85 years old [5]. 
Common conditions in these patients (≥ 75 years old) were hypertension (62%), 
coronary heart disease (31%), chronic kidney disease (19%), depression (17%) and 
diabetes (17%) [6].
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Polypharmacy has been consistently identified as a risk factor for ADRs. The risk 
of ADRs increases from 13% in a person taking two medicines to 38% when taking 
five and 82% when taking seven or more [7]. In an Irish retrospective cohort study of 
community-dwelling people over 70  years old, almost 80% reported at least one 
ADR during the previous 6 months [8]. A meta-analysis demonstrated that approxi-
mately 9% of all hospitalisations of older patients are directly related to ADRs [9]. 
Non-steroidal anti-inflammatory drugs (NSAIDs) were most frequently related to 
hospital admissions, followed by other common medications used in patients of 
older age, such as β-blockers, antibiotics, oral anticoagulants, digoxin, ACE inhibi-
tors, anticancer drugs, calcium-channel blockers, opioids and oral antidiabetics [9]. 
In most of the cases, ADRs are probably preventable, for example, by adequate dos-
ing considering the renal function (e.g. in the case of digoxin) or by identification of 
particular groups at risk of bleeding (e.g. in the case of NSAIDs or oral anticoagu-
lants) [9]. Unfortunately, ADRs do not only account for morbidity but are also 
related to deaths in elderly patients [10, 11]. Wu et al. showed that age was an inde-
pendent risk factor for severe ADRs, defined as requiring hospitalisation or resulting 
in death. The odds of experiencing severe ADRs increased by 3% per 1-year increase 
in age. Furthermore, severe ADRs occurred more frequently in patients who had 
many coexisting conditions [11].

7.3  Frailty

Older age is frequently accompanied by frailty, which increases in prevalence with 
advancing age. Frailty is defined as “a clinically recognizable state of increased vul-
nerability resulting from ageing-associated decline in reserve and function across 
multiple physiologic systems such that the ability to cope with everyday or acute 
stressors is compromised” (see also 7 Chap. 11). A systematic review showed that 
approximately one in ten independently living adults aged 65 and older is frail [12]. 
In a prospective multicentre study in Europe, frailty (defined as a clinical frailty scale 
(CFS) ≥5) was found to be present in 43% of very old critically ill patients admitted 
to the ICU (≥80  years old) [13]. Polypharmacy is associated with frailty [14, 15]. 
Patients concomitantly using five of more drugs (polypharmacy) or ten or more 
drugs (hyperpolypharmacy) had a 1.5- and two-fold higher risk, respectively, for 
developing frailty within 3 years [15].

7.4  Changes in Pharmacokinetics in the Elderly

Many anatomical and physiological changes that occur with ageing potentially 
impact the pharmacokinetics and pharmacodynamics of drugs [2, 16]. Older people, 
and especially frail patients, have a marked decline in skeletal muscle mass (sarcope-
nia; see also 7 Chap. 10) [17, 18], which may be accompanied by increased adiposity 
[19], resulting in an increase in volume of distribution of lipid-soluble drugs. Other 
important pharmacokinetic changes include a reduction in renal and hepatic clear-
ance [20]. When frailty and physical decline progress, this will have implications for 
pharmacokinetics and drug dosing [21].
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7.5  Absorption After Oral Drug Administration

It has been proposed that advancing age results in a decline in gastric acid secretion. 
However, data are conflicting as it was shown that in the absence of gastric mucosal 
atrophy, there was no relationship between ageing and reduced acid secretion [22, 
23]. Drugs that require an acidic environment for absorption, such as ketoconazole 
and iron, may have a reduced extent of absorption in elderly patients with hypochlor-
hydria secondary to gastric pathology and in those taking medications that increase 
gastric pH, such as proton pump inhibitors and H2 antagonists, potentially leading 
to subtherapeutical plasma levels [16, 24, 25].

Healthy ageing seems associated with modest slowing of gastric emptying, but 
emptying generally remains within the normal range for young subjects [26, 27]. 
However, several diseases that increase in prevalence with advancing age, such as 
Parkinson’s disease and diabetes, frequently have an impact on gut function, includ-
ing gastric emptying [27].

Beyond the stomach, the small intestine retains much of its normal motility [28, 
29]. Passive intestinal transport of most substrates is not affected by ageing [30–32]. 
The permeability of drugs appears unchanged in older adults when medication is 
absorbed by passive diffusion (e.g. penicillins, diazepam, metronidazole) [33]. 
However, in laboratory animals (old-age rats), there is increased permeability of the 
intestines to higher molecular mass compounds [34]. This may indicate that the intes-
tinal protective barrier function to some harmful substances is less efficient in old 
animals. Furthermore, the active transport of glucose [32], calcium [35] and vitamin 
B12 [36] is impaired in the small intestines of aged rats.

A transporter that has recently received attention is P-glycoprotein (P-gp), an 
efflux transporter that is found in the luminal surface of the intestine in addition to 
other places in the body including the blood-brain barrier, kidneys and lymphocytes. 
P-gp actively transports drugs and xenobiotics back into the gut lumen, decreasing 
absorption [37]. A large number of drugs appear to be P-gp substrates including 
antibiotics, anticancer drugs and calcium-channel blockers. Studies on the impact of 
advancing age on P-gp activity and expression have provided conflicting results. 
Some studies have demonstrated an increase in P-gp activity and/or expression with 
age, whereas others showed a significant reduction or minor effects, also depending 
on the type of tissue studied [38].

The colonic transit time of radio-nuclear labelled material appears to be slower in 
elderly patients [39, 40]. This might result in slower gastrointestinal absorption of 
drugs, in such a way that the maximal plasma concentration is achieved later (longer 
Tmax) and is lower (lower Cmax). In general, for most drugs, the absorption is unchanged 
in older patients and the area under the concentration-time curve (AUC, bioavail-
ability) is not much affected [16].

7.6  Absorption After Non-oral Drug Administration

While medication is most commonly administered via the oral route, administra-
tion via alternative routes such as the skin or lungs is also possible for specific 
drugs. The advantages of  transdermal drug administration compared to oral 
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administration include bypassing of  the gastrointestinal route and hepatic first-
pass metabolism (see also paragraph on bioavailability), improved patient compli-
ance and less fluctuation in plasma drug concentrations, minimising the risk of 
adverse effects [41, 42]. Changes in skin barrier function in the elderly may impact 
the percutaneous absorption. With increasing age, the skin undergoes many struc-
tural and functional changes. For example, aged skin shows a thinner epidermis 
and is often dry [43]. Moreover, increased age may be associated with decreased 
cutaneous perfusion [43]. However, in general no clinically relevant changes in 
absorption of  transdermal drugs have been demonstrated between young and old 
individuals [41], although more research on age-related changes in skin barrier 
function in the very old patient is required. Additional studies may elucidate if  
different transdermal dosing regimens should be applied for elderly patients to 
ensure effective treatment, while minimising the risk of  adverse effects. This is 
especially important for medication with a narrow therapeutic window, such as 
fentanyl [44].

The ageing process also alters the intrinsic structure of the lung as well as the sup-
portive extrapulmonary structures, i.e. chest wall, spine and respiratory muscles. 
These changes lead to unfavourable mechanisms associated with decreased expira-
tory flows, increased air trapping and decreased gas exchange [45]. Age-related reduc-
tions in chest wall compliance, total alveolar surface area and ventilation-perfusion 
matching may decrease the absorption of drugs via inhalation [46]. Furthermore, 
decrements in cognition and fine manual dexterity can lead to suboptimal inhaler 
technique. For example, inhaled bronchodilators for the treatment of asthma and 
chronic obstructive pulmonary disease (COPD) need to reach the small- and medium- 
sized airways in sufficient quantities to be effective [46].

7.7  Bioavailability

The bioavailability of  a drug is the fraction of  an administered dose that reaches 
the systemic circulation. Oral bioavailability of  some drugs is reduced due to 
first-pass metabolism which mainly occurs in the liver but also in the gut. Ageing 
may be associated with a reduction in first-pass metabolism, most likely due to 
reduced liver blood flow and liver volume (as discussed further below, see para-
graph metabolism). Oral bioavailability and plasma levels of  certain drugs with 
extensive first-pass metabolism are substantially higher in elderly individuals 
compared to younger subjects. Typical examples include beta-blockers, such as 
labetalol, and the calcium- channel blocker verapamil [47]. As a consequence, 
drugs with an extensive first-pass metabolism, and especially those with a narrow 
therapeutic window, should be initiated at a low dose. On the other hand, first-
pass activation of  several prodrugs (e.g. codeine [48], simvastatin [49], and the 
angiotensin-converting enzyme (ACE) inhibitors enalapril [50] and perindopril 
[51]) might be slowed or reduced with advancing age, but the clinical significance 
of  this is unclear. Higher doses of  prodrugs may be required in an elderly patient 
to achieve the same AUC for the active drug (metabolite) compared a younger 
patient [16].
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7.8  Distribution

7.8.1  Body Composition

Significant changes in body composition occur with advancing age. There is a pro-
gressive reduction in total body water and lean body mass, resulting in a relative 
increase in body fat [52, 53]. This means that water-soluble drugs tend to have a 
smaller volume of  distribution resulting in higher serum levels in older people. 
Typical examples of  medication that need a lower loading dose in elderly people are 
gentamicin, digoxin, theophylline and cimetidine [20, 54–57]. The smaller volume 
of  distribution most likely also explains the higher peak ethanol levels found in the 
blood after ethanol administration in the old compared with younger subjects [58]. 
Lipid-soluble drugs, in contrast, generally have a higher volume of  distribution in 
elderly patients and subsequently a prolonged half-life (t1/2) (e.g. diazepam) [55, 59]. 
Consequently, after cessation of  treatment, adverse effects may continue for a lon-
ger period of  time [55]. The reduction in volume of  distribution of  water-soluble 
compounds should result in a decreased t1/2 but often renal clearance is diminished 
as well [20]. The net effect on t1/2 of  these alterations is often small but basically 
unpredictable.

Another reason for a change in the volume of distribution might be a difference 
of permeability of body compartments. This is illustrated by a study in healthy vol-
unteers that showed that the volume of distribution of verapamil (a substrate of 
P-gp) in the brain increases in old age, consistent with dysfunction of the blood-brain 
barrier [60]. This could also indicate that the ageing brain could be at higher risk for 
increased brain penetration of drugs that are actively pumped out of the brain by 
P-gp, such as digoxin, loperamide and cyclosporin A [61].

7.8.2  Protein Binding

The main factor determining drug effect is the free (unbound) concentration of the 
drug. Drugs that bind to plasma proteins have a smaller apparent volume of distribu-
tion and a lower free fraction. The two main drug-binding proteins in the plasma are 
albumin and alpha-1-acid glycoprotein. Acidic compounds (e.g. diazepam, phenytoin, 
warfarin, acetylsalicylic acid) mainly bind to albumin, whereas basic drugs (e.g. lido-
caine, propranolol) bind to alpha-1-acid glycoprotein [56, 62]. Blood albumin concen-
trations decrease with age and are approximately 10% reduced in older people [63, 64]. 
Albumin is commonly reduced in malnutrition, cachexia or acute illness [20, 56]. 
Especially in critically ill patients rapid reductions in serum albumin may lead to toxic-
ity because serum concentrations of unbound (free) drug may increase. Phenytoin and 
warfarin are examples of drugs with a higher risk of toxic effects when the serum albu-
min level decreases. In contrast, alpha-1-glycoprotein concentrations can be increased 
in older people, although this is usually attributed to acute illness or chronic inflamma-
tory diseases, rather than age per se [20, 53, 65]. While alpha-1- glycoprotein represents 
a relatively small portion (~1–3%) of the total plasma proteins, compared to albumin 
(~60%), it can play a prominent role in drug binding and pharmacokinetics [65].  
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The clinical implication of a rise in alpha- 1- glycoprotein depends on the degree of 
binding of a drug to the protein and may cause a reduction in the unbound fraction of 
certain drugs (such as propranolol) [66, 67].

7.9  Metabolism

Hepatic drug clearance depends on portal and arterial hepatic blood flow and elimi-
nation by metabolism and/or secretion into the bile. Hepatic clearance of highly 
extracted substrates is determined mostly by hepatic blood flow and is known as 
“flow-limited metabolism”. Liver blood flow declines linearly with age, beginning in 
the third decade of life, showing a reduction of approximately 20–40% in 80–90-year- 
old individuals [47]. There is a consistent effect of age on the clearance of flow- 
limited drugs (such as morphine, propranolol, verapamil and amitriptyline), most of 
which are reduced by about 30% to 40%, correlating well with the age-related reduc-
tion in blood flow [16, 68, 69]. On the other hand, hepatic clearance of poorly 
extracted chemicals is described as “capacity-limited metabolism” because the intrin-
sic clearance (metabolising capacity) is the rate-limiting step. In elderly patients there 
is a decrease in liver mass of approximately 20–30% [70]. Compared to “flow-limited” 
drugs, there is a less consistent reduction in metabolism of “capacity-limited” drugs, 
such as theophylline, diazepam and phenytoin [69].

The metabolic system transforms lipophilic, water-insoluble drugs into more 
polar and water-soluble metabolites, which are more easily excreted from the body. 
Although almost every organ like the intestinal wall, skin, lung and kidney has some 
ability to metabolise drugs, the liver represents the principal organ of drug metabo-
lism [71]. Xenobiotic metabolism has been traditionally classified into two phases. 
Phase I reactions involve oxidation, reduction or hydrolysis of the parent drug. The 
most important enzyme system of phase I metabolism is cytochrome P-450 (CYP450), 
a superfamily of isoezymes that catalyse the oxidation of many drugs. Phase II reac-
tions involve conjugation with an endogenous substance (e.g. sulphate, glucuronic 
acid, glutathione) to increase its water solubility.

Whether increasing age results in decreased metabolisation capacity of enzymes 
is controversial [62, 72]. Although few studies have shown decreased CYP450 con-
tent in liver biopsies of elderly individuals [73, 74] (specifically CYP2E1 and CYP3A 
[73]), most studies show that enzymatic capacity of various CYP450 isoenzymes 
seems to be quite well preserved in advanced age, at least in the fit elderly [53, 70]. The 
content and activities of various CYP450 enzymes in liver biopsy samples did not 
decline with age (in the range of 10–85 years) [75–78]. In frailty, phase I metabolism 
seems to be somewhat impaired, but data are conflicting [79]. For example, frailty 
was associated with higher inflammatory markers and lower plasma esterase activity 
[80]. However, frail older people did not have reduced CYP3A and P-glycoprotein 
metabolism [81]. Inflammation has the potential to down-regulate the expression of 
CYP450 [82]. This is especially relevant for critically ill patients, as inflammatory 
responses can result in a reduction of the clearance of some drugs (e.g. drugs with a 
narrow therapeutic window).

Phase II pathways, such as glucuronidation or sulphation, seem to be quite normal 
in the elderly [53, 76]. For example, human in vitro glucuronidation and sulphation of 
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paracetamol are not impaired significantly with normal ageing [83]. Furthermore, no 
difference was found in the clearance of temazepam (metabolised predominantly by 
glucuronidation) between healthy young and old individuals [84, 85]. However, phase 
II metabolism may be impaired in frail older people [79]. For example, the clearance 
of metoclopramide via sulphation is reduced in frail older people [86]. Moreover, the 
glucuronidation of paracetamol was significantly more reduced in frail older indi-
viduals compared to their healthy counterparts [87]. A reduction in phase II gluc-
uronidation of paracetamol will lead to a greater metabolism via the alternative 
(phase I CYP-mediated) pathway. This leads to production of a toxic metabolite, 
which is usually neutralised via conjugation with glutathione. However, as frailty is 
associated with malnutrition, glutathione stores may be depleted. Therefore, the frail 
have a greater risk of paracetamol-induced liver toxicity [53, 88].

In conclusion, there is much debate whether an individual’s drug-metabolising 
capacity declines with advancing age. Currently, there is only minimal evidence that 
drug metabolism itself  is less efficient in healthy elderly patients than in younger 
patients. However, frailty more than age per se contributes to impairments in drug 
metabolism. In addition, various diseases, especially liver dysfunction, will reduce 
the metabolic rate for many drugs in the elderly. In addition, polypharmacy in elderly 
patients is a significant risk factor for ADRs through drug-drug interactions. As the 
hepatic function of elderly patients varies greatly from person to person, dose adjust-
ments should be individualised and the efficacy and safety of administered drugs 
should be monitored carefully.

7.9.1  The Impact of Genetic Polymorphisms on Drug Metabolism 
in the Elderly

Important genetic polymorphisms exist for CYP450 enzymes, accounting for a sub-
stantial interindividual variability in drug metabolism, with potential severe clinical 
consequences including therapeutic failure or ADRs [89]. Commonly implicated 
drugs include NSAIDs metabolised by CYP2C9, proton pump inhibitors metabo-
lised by CYP2C19 and beta-blockers and several antipsychotics and antidepressants 
metabolised by CYP2D6 [90]. Pharmacogenetic testing of genes coding for drug- 
metabolising enzymes could optimise medication prescribing. Older patients may 
especially benefit from pharmacogenetic testing as they are at increased risk for 
ADRs due to polypharmacy, e.g. by inhibition or induction of CYP450. Indeed, 
pharmacogenetic testing of polypharmacy patients aged 50 years and older consider-
ably reduced the number of re-hospitalisations and ED visits [91].

Ducker et  al. studied the combined effects of age and metabolic genotype on 
pharmacokinetics. In drugs with pharmacokinetics significantly modulated by 
genetic polymorphisms, old age caused on average a moderate 1.5-fold increase in 
systemic exposure, but in a few drugs, systemic exposure in the elderly was twofold or 
more, including zolpidem, clomipramine, paroxetine and fluvoxamine [92].

Especially in critically ill patients, many factors contribute to the wide variability 
in drug response. In addition to genetic variation, impaired organ function, co- 
morbidities, polypharmacy and drug interactions should be considered when admin-
istering drugs [93]. Many of these factors are more prominent in elderly patients than 
in their younger counterparts. Limited data is available on the impact of genetic 
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polymorphisms on ADR risk in the (old) critically ill patient. Future studies may 
determine the relative contribution of genetics to drug response in critically ill 
patients, potentially decreasing ADRs by improvements in drug selection or dosage 
modification [93].

7.10  Excretion

Excretion is the process of removing a drug and its metabolites from the body, e.g. via 
the lungs, urine, faeces and sweat. The kidneys are the main organs of excretion. This 
involves glomerular filtration, tubular secretion and tubular reabsorption (see also 
7 Chap. 5 on 5.3 Renal Function/Functional Alterations). At the glomerulus, unbound 
drugs are passively filtered through the glomerular membrane. The glomerular filtra-
tion rate (GFR) is the total volume of glomerular filtrate produced per unit time by all 
nephrons and is approximately 120 ml/min in a young and healthy adult. In normal 
ageing, the GFR is reduced by roughly 15–40% [69]. It has been estimated that after the 
age of 30 there is a mean decrease in GFR of approximately 8 ml/min/decade [94, 95]. 
The decrease in renal weight, reduced renal blood flow, decreased number of function-
ing glomeruli and reduced permeability were thought to be the cause of the reduced 
GFR in the elderly [95]. However, the age-related decrease in GFR varies substantially 
from person to person [96]. Moreover, many age-related diseases (e.g. hypertension, 
heart failure and diabetes) as well as chronic exposure to nephrotoxic drugs (e.g. non-
steroidal anti-inflammatory drugs (NSAIDs)) can directly influence GFR and may 
confound the actual effect of ageing on renal function [53, 97].

Drugs may also enter the renal tubules through active secretion. The unfiltered 
fraction of plasma and the particles too large to enter the glomerular filtrate (includ-
ing drugs bound to proteins) pass through the efferent arterioles to the vessels sup-
plying the renal tubules. The majority of tubular secretion occurs in the proximal 
tubule and depends on active transport by specific saturable transporters, such as 
P-gp. These transporters can be blocked by other drugs. For example, serum concen-
trations of digoxin, a drug that relies both on passive glomerular filtration and active 
tubular secretion, increased in a stepwise fashion with an increasing number of co- 
administered P-gp inhibitors [98]. The number of tubules, tubular length and tubular 
volume decrease with age [99]. The reduction in tubular secretion in old age is poten-
tially greater than the decrease in GFR [16].

Drugs that have been filtered at the glomerulus or secreted in the proximal tubule 
may be passively reabsorbed from the tubular fluid in the proximal and distal tubules. 
Only non-ionised drugs are reabsorbed. Proximal tubule functions are generally pre-
served in healthy ageing, with near-normal production of erythropoietin and normal 
sodium reabsorption in the proximal tubules [16]. However, in old age, the clearance of 
some ions (like lithium) is reduced [100] and the overall tubular function is decreased, 
which results in an impairment to concentrate or dilute urine maximally [95, 99].

The clinical importance of decreased renal excretion is dependent on the poten-
tial toxicity of the drug. Toxicity may develop slowly because concentrations of 
chronically used drugs increase for 5 to 6 half-lives, until a steady state is achieved. 
For example, certain benzodiazepines or their active metabolites have a prolonged t1/2 
in older patients and, therefore, signs of toxicity may not appear until days or weeks 
after therapy is started. Moreover, drugs with a narrow therapeutic window, such as 
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digoxin [101], lithium [102], gentamicin [103] and dabigatran [104], might cause seri-
ous adverse effects if  they accumulate only slightly more than intended. Maintenance 
doses of drugs that are renally excreted must be adjusted for the individual patient’s 
renal function. When possible, therapeutic drug monitoring (TDM) should be 
engaged to guide dosing (in combination with assessment of drug response) to pre-
vent toxicity. Unfortunately, GFR is particularly difficult to assess in elderly patients. 
Usually we assume that the serum creatinine concentration is a good approximation 
of creatinine clearance. However, in older people, endogenous creatinine production 
is reduced as a result of muscle wasting, which leads to a lower serum creatinine con-
centration and hence an overestimation of the GFR [69]. This is definitely exacer-
bated in critical illness. Muscle wasting is excessive in the first days of critical illness 
[105]. Another problem with using GFR to guide dosing is that not all drugs are 
handled by the kidney in exactly the same way as creatinine is. For example, reduced 
renal function might also mean reduced reabsorption of medication (e.g. flucon-
azole) in the distal tubules of the nephron.

Fliser et  al. have questioned the importance of age-related reduction in renal 
functioning in affecting pharmacokinetics. Although clearance of drugs with differ-
ent mechanisms of renal excretion (such as atenolol and hydrochlorothiazide) was 
slightly reduced in the healthy elderly, pharmacokinetics (i.e. AUC and Cmax) were 
similar to younger subjects [106]. However, a pharmacokinetic study of gentamicin, 
as a marker of renal drug clearance by glomerular filtration, showed that frail patients 
had an approximately 12% lower gentamicin clearance than non-frail patients [107].

ADME Possible changes in older adults Clinical significance Example 
drugs

Absorp-
tion

Reduced gastric acid  
production a

In case of increased gastric pH: 
Potential reduced absorption of 
drugs that require an acidic 
environment for absorption

Ketocon-
azole, iron

Transit time: b

Stomach: Modest decrease in 
gastric emptying
Small intestines: Mostly 
unchanged motility
Colon: Colonic transit time 
might be slower

Unlikely to have clinical 
significance

–

Reduced active intestinal 
transportc

Reduced absorption of certain 
nutrients

Glucose, 
calcium,
Vitamin B12

Decreased or increased 
P- glycoprotein activity

Unclear –

Reduced first-pass metabolism 
(due to reduced liver blood flow 
and liver volume)

Increased oral bioavailability of 
drugs with extensive first-pass 
metabolism
First-pass activation of 
pro-drugs might be reduced

Labetalol, 
verapamil

Codeine, 
simvastatin, 
enalapril, 
perindopril
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ADME Possible changes in older adults Clinical significance Example 
drugs

Distribu-
tion

Body composition:
Reduction in total body water
Reduction in muscle mass
Relative increase in body fat

Water-soluble drugs tend to 
have a smaller volume of 
distribution (resulting in 
increased plasma concentra-
tions)
Lipid-soluble drugs generally 
have a higher volume of 
distribution (prolonged 
half-life)

Digoxin, 
gentamicin, 
cimetidine

Diazepam

Plasma protein binding:
Reduction in plasma albumin 
(commonly reduced in 
malnutrition or acute illness)
Increased α1-acid glycoprotein 
(usually due to acute illness or 
chronic inflammatory diseases)

A reduction in plasma albumin 
leads to increased unbound 
(free) concentration of specific 
acidic drugs
A rise in α1-acid glycoprotein 
may cause a reduction in the 
unbound (free) concentration 
of specific basic drugs

Phenytoin, 
warfarin

Propranolol

Decreased P-glycoprotein 
activity in blood-brain barrier

Potential increase in brain 
penetration of drugs that are 
actively pumped out of the 
brain by P-glycoprotein

Digoxin, lop-
eramide, 
cyclosporine 
A

Metabo-
lism

Reduced hepatic blood flow Reduced hepatic clearance of 
“flow-limited” drugs

Morphine, 
propranolol, 
verapamil, 
amitriptyline

Reduced hepatic mass Less consistent reduction in 
hepatic clearance of “capacity- 
limited” drugs

Diazepam, 
phenytoin

Metabolising capacity:
Phase I: Both reduced and 
unaltered CYP450 content/
activity are reported
Phase II: In general no change 
with normal ageing. May be 
impaired in frail older people

Reduced CYP450 activity 
results in reduction in 
metabolism of drugs that 
undergo phase I metabolism
In frail older people, impaired 
phase II reactions (e.g. 
glucuronidation, sulphation) 
have been reported

Paracetamol, 
metoclo-
pramide

Elimina-
tion

Reduced renal blood flow
Reduced renal mass
Decreased GFR
Reduced tubular function

Decreased drug removal. 
Accumulation of drug in 
plasma

Digoxin, 
lithium, 
gentamicin, 
dabigatran

CYP450: cytochrome P-450; GFR: glomerular filtration rate
aHypochlorhydria due to gastric mucosal atrophy is more common in the elderly. Reduced gastric 
acid production (increased gastric pH) may also be caused by medication use, e.g. proton pump 
inhibitors and H2 antagonists
bTransit time may also be reduced by certain comorbidities (e.g. diabetes, Parkinson’s disease) 
and certain drugs (e.g. anticholinergics and opioids)
cPassive intestinal transport of  most substrates is not affected by ageing
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7.11  Knowledge Gap: Under-Representation of Older Patients 
in Clinical Trials

As discussed previously, the elderly have a significant higher disease burden than 
younger individuals. Despite the higher incidence of  diseases in the elderly, geri-
atric patients are often excluded from clinical trials. Under-representation of 
older patients in clinical trials may occur for several reasons. For example, older 
patients are excluded, in addition to the advanced age per se, due to comorbidi-
ties, polypharmacy, cognitive impairment and frailty [108]. Ageing is a heteroge-
neous process which could introduce higher variability in response to treatment, 
which makes it more difficult to achieve statistically significant clinical trial end 
points. Currently, there are limited data available on the use of  many drugs in the 
elderly population, and doses prescribed in older patients are often reduced, gen-
erally for safety reasons. Evidence of  the efficacy and safety of  a drug should 
result from clinical trials conducted in a representative patient population. 
Therefore, a sufficient number of  elderly patients should be included in clinical 
trials. When elderly patients are excluded, the efficacy and safety concerns unique 
to this population will not be detected making it difficult to establish the risks 
versus the benefits of  a specific treatment [108]. To improve our knowledge on the 
impact of  ageing on pharmacokinetics and pharmacodynamics, future geriatric 
studies should provide a more detailed characterisation of  the included subjects, 
in order to differentiate the fit from the frail elderly. Dividing the elderly in differ-
ent age groups (such as 65–75, 76–85 and > 85 years) might help to elucidate the 
various ageing processes.

 Conclusions
Older patients and particularly old critically ill patients handle their medications 
differently than their younger counterparts. Clinicians are often unaware of  the 
anatomical and physiological changes that occur with ageing and the impact of 
these alterations on pharmacokinetics in the elderly. It is difficult to establish what 
changes are purely caused by ageing. For example, comorbidities such as liver and 
kidney disease, affecting drug metabolism and elimination, are more common in 
elderly patients. Moreover, the increased prevalence of  polypharmacy and there-
fore increased risk for ADRs make it also difficult to determine the actual effect 
of  ageing on pharmacokinetics. When possible, TDM, metabolic geno- or phe-
notyping and appropriate measurements of  renal clearance should be performed 
to prevent either sub- or supra- therapeutic plasma concentrations. Old (critically 
ill) patients are often excluded from clinical trials, making it difficult to assess the 
benefits and risks of  a specific drug used in the elderly population This basically 
means that we are blindfoldedly treating our geriatric patients. Future research 
should focus on these issues if  we want to prevent ADRs in this growing propor-
tion of  ICU patients.
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Take-Home Messages
 5 With advancing age, several anatomical and physiological changes can occur that 

potentially affect pharmacokinetics (i.e. absorption, distribution, metabolism 
and excretion (ADME)).

 5 Interindividual variability in drug disposition is particularly prominent in the 
elderly population due to comorbidities and polypharmacy.

 5 Drug dosing in the elderly should be adjusted to alterations in pharmacokinetics, 
but changes in pharmacodynamics should also be considered.

 5 Older adults should be treated according to clinical response. Dose adjustments 
should be individualised and the efficacy and safety of  administered drugs should 
be monitored carefully.

 5 Although the elderly use a disproportionate share of  prescription drugs, few of 
these drugs are adequately tested in older adults. Therefore, there is an urgent 
need to generate more clinical data for the growing elderly population.
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 n Learning Objectives
 5 To understand the concept and operational definitions of multimorbidity.
 5 To understand the consequences of multimorbidity on survival, functional status 

and quality of life.
 5 To understand that multimorbidity assessment is one element of the comprehen-

sive geriatric assessment and is necessary for clinical decision making and manage-
ment in ICU.

8.1  Introduction

Multimorbidity, defined by the co-occurrence of multiple chronic diseases, increases 
with age and represents several challenges for care, in health systems designed with a 
‘single-disease approach’. Especially, multimorbidity is one of the geriatric conditions 
which needs to be assessed and managed in intensive care units (ICU). The assessment 
of chronic medical conditions is a one of the steps helping to decide an ICU admission 
and the intensity of ICU treatments and will also be helpful to manage the patient once 
admitted in the ICU. Apart from the treatment of the acute event resulting in ICU 
admission, management of chronic underlying diseases is crucial to avoid a cascade of 
exacerbations. Old patients with multimorbidity admitted to the ICU are more prone, 
in addition to the acute illness, to develop other subsequent organ failures and finally 
have an increased related mortality. In the first part of the present chapter, we summa-
rize current knowledge on multimorbidity in older persons: definitions, epidemiology, 
consequences and models of care. The second part of this chapter is dedicated to pro-
vide tools to assess multimorbidity at the bedside of the patient at triage and to antici-
pate and prevent future failures of chronic health conditions during the ICU stay.

8.2  Multimorbidity in the Older Population: What Do We Know?

8.2.1  History and Conceptual Definition

The term ‘multimorbidity’ was introduced in Germany in 1976 [1] as an addition to 
the concept of ‘comorbidity’ introduced in 1970 [2, 3]. The latter one prevailed until 
the concept of multimorbidity gained an international attraction through research in 
1990 [4, 5]. Comorbidity refers to additional diseases beyond an index condition, 
with an influence on the prognosis of the index disease. This implies care focused on 
a main condition. Conversely, multimorbidity refers to multiple diseases co- occurring 
in the same patient [6]. This new term implies a shift of interest towards a holistic 
view of medical problems, which are considered according to their impact in a given 
patient. Instead of being focused on an index disease, care is oriented towards out-
comes that matter to the patient [3, 7]. This comprehensive, functional (versus disease 
centred) view seems particularly useful for long-term care and family medicine. 
Indeed, clinical care and research are still too much focused on a single disease para-
digm, inappropriate for older patients with complex multimorbidity [5].

Based on a systematic review of literature, Le Reste et al. [5] proposed an integra-
tive definition: Multimorbidity is defined as ‘any combination of chronic disease 
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with at least one other disease (acute or chronic) or biopsychosocial factor (associ-
ated or not) or somatic risk factor. Any biopsychosocial factor, any somatic risk fac-
tor, the social network, the burden of diseases, the health care consumption, and the 
patient’s coping strategies may function as modifiers of the effects of multimorbidity 
on health. Multimorbidity may modify the health outcomes and lead to an increased 
disability or a decreased quality of life or frailty.’

There is an epidemiological overlap between multimorbidity and frailty, which is 
conceptualized as a reduction in physiological reserve in multiple systems, increasing 
vulnerability to stressors [8]. Frailty and multimorbidity can thus be conceptually 
viewed as diverse expressions of the same phenomenon: age-related loss of resilience 
and inability to cope with external stressors. The main difference is that metrics of 
frailty should aim at identifying a preclinical condition of vulnerability to stressors, 
whereas metrics of multimorbidity provide a measure of the clinical expression of 
such vulnerability [9]. In the NHATS study, it has been shown that both multimor-
bidity patterns and frailty phenotype are independently associated with mortality, 
suggesting that assessing both frailty and multimorbidity and their interplay could 
improve risk prediction and facilitate individualized care of older people [10].

8.2.2  Operational Definitions

Several operational definitions of multimorbidity have been proposed so far [3], with 
three main different approaches:

 5 Number: commonly ≥2 or 3 co-occurrent diseases in the same patient. This defi-
nition is easy to use in epidemiological studies, but includes patients with diseases 
controlled by lifestyle or drugs with few symptoms, as well as patients with severe 
functional loss consequently to diseases.

 5 Number and severity: this approach is useful to identify patients at high risk of 
poor health outcome in clinical studies. One of the most popular examples is the 
Charlson Comorbidity Index [7, 11] developed in a sample of patients hospital-
ized in a medical centre and predictive of 1-year mortality. A specific version of 
the Cumulative Illness Rating Scale was validated for Geriatrics [12].

 5 Number and functional implications: this approach considers diseases/symptoms as 
well as physical/cognitive functional implication of diseases. It is thus suitable to 
identify patients with complex health problems, who need multi-professional care. 
This is considered the most relevant approach for clinical care of older patients.

Despite a lack of a standardized operational approach, it is admitted that indices of 
multimorbidity should include highly prevalent conditions and strong risk factors 
for disability [9], and that disease severity, duration and interaction between acute 
and chronic conditions are more important than diseases count [3].

8.2.3  Epidemiology

Multimorbidity is clearly associated with older age. According to a meta-analy-
sis of  41 studies [3] defining multimorbidity as ≥2 co-occurrent diseases, the 
prevalence of  multimorbidity was estimated between 20% and 30% (all ages) but 
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rose to 55–98% in older persons (60+ to 80+ years old). In the same work, risk 
factors for multimorbidity incidence (four studies, all ages) were older age, 
female sex, number of  previous diseases, lower education and thinner social 
 network.

One could ask whether the accumulation of  multiple chronic diseases in some 
individuals is random or not. In a landmark study using data from general practice, 
Van Den Akker et  al. [13] found that statistical clustering was stronger than 
expected: compared to pure chance, more people had no disease and more people 
had ≥4 diseases. These findings opened a research field about clustering of  chronic 
diseases.

Nevertheless, studies of patterns of associative multimorbidity found inconsis-
tent results, notably because of a lack of standardization of multimorbidity mea-
surements [9]. But could this kind of research have clinical implications, beyond 
describing common pathophysiological pathways among diseases from the same pat-
tern? One hypothesis would be that the rate of accumulation of multiple diseases in 
the same individual would serve as a proxy measure of the speed of ageing, indicat-
ing loss of resilience and homeostasis [9]. Therefore, we need longitudinal analyses of 
chronic disease incidence in order to better understand their dynamic and prognosis. 
Such a 12-year longitudinal study in older persons described changes over time from 
one multimorbidity cluster to another and differences in mortality rate between clus-
ters [14].

Studies showing statistical clustering of chronic diseases also raise the question of 
the causes of multimorbidity. Co-occurrence of chronic diseases in an individual 
may theoretically be due to random chance, common risk factors and/or biological 
mechanisms, or iatrogenic cascades. To date, very little is known about genetic, life-
style, biological or environmental contributors to multimorbidity. Over the last 
decade, a research field called Geroscience gained attraction. This field is built on the 
following hypothesis: the accumulation of diseases and functional loss during ageing 
is driven by common biological mechanisms [15]. Several hallmarks or pillars of 
biological ageing were described [15, 16], including (but not limited to) cell senes-
cence, chronic low-grade inflammation, stem cell exhaustion and metabolic dysfunc-
tion. This research could lead to biomarker and therapeutic intervention discoveries 
but has not yet been translated in clinical practice.

8.2.4  Consequences and Prognosis

According to two meta-analyses [3, 9], multimorbidity predicts functional decline/
disability and is associated with low quality of  life (especially its physical compo-
nent) and healthcare utilization (including number of  drugs, hospitalization, phy-
sician referrals and costs). Unexpectedly, the association with mortality is more 
controversial, but an increase in multimorbidity indexes over time could be a bet-
ter predictor of  death than a transversal measure [17]. Interestingly, in older com-
munity-dwelling adults, the association of  multimorbidity with death may be 
mediated by disability [18]. In a clinical perspective, this underlines the importance 
of  assessing functional consequences of  chronic diseases in daily life and imple-
menting personalized healthcare plan to reduce disability and other adverse 
 outcomes.
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8.2.5  Models and Quality of Care

Actual medicine, inherited from the twentieth century, is designed to treat single dis-
eases. Multimorbid, frail older patients (i.e. most patients hospitalized in ‘superspe-
cialized’ departments) find this medicine confusing, impersonal and challenging [19]. 
Their complex medical problems are managed with many specialist referrals, often 
inefficient and ineffective. In many cases, ‘the patient fails by not fitting the service’. 
We thus need a ‘XXIth century care model that count past one’ [20], shifting to the 
era of multimorbidity medicine. To this aim, we need to promote a holistic patient- 
centred approach with continuous collaboration across specialties, including both 
medical care and social services.

Several challenges should be emphasized. We lack specific guidelines because mul-
timorbid older patients are mostly excluded from randomized controlled trials. Most 
trials focus on survival or specific disease measures or events and do not include func-
tion, symptom relief, quality of life or other outcomes important to older persons [21].

Clinicians struggle for applying single disease-specific guidelines in patients with 
multimorbidity [22]. It is often unclear which condition(s) contributes to an individ-
ual’s function, symptoms, quality of life or survival, and consequently, which condi-
tions should be the main treatment targets. Following disease-specific clinical 
guidelines in multimorbid older patients may lead to adverse interaction between 
drugs and diseases [23]. In the same line, following several disease-specific guidelines 
concomitantly may lead to deleterious treatment burden, with uncertain benefit [24]. 
Healthcare in which each clinician focuses only on his/her own domain and condition- 
specific outcomes leads to fragmentation, conflicting recommendations, treatment 
burden and care that is not always focused on what matters most to patients [21]. 
More than 40% of older adults acknowledge some degree of treatment burden that 
represents an underappreciated yet modifiable source of nonadherence [25, 26].

In this challenging context, which principles should guide clinical decision mak-
ing? In 2019, an American Geriatrics Society working group proposed the following 
principles [21]:

 5 Elicit and incorporate patient (and family/caregiver) preferences into medical 
decision making.

 5 Recognize the limitations of the evidence base and interpret and apply the medi-
cal literature specifically for this population.

 5 Frame clinical management decisions within the context of harms, burdens, ben-
efits and prognosis (e.g. remaining life expectancy, functional status and quality 
of life).

 5 Consider treatment complexity and feasibility when making clinical management 
decisions.

 5 Use strategies for choosing therapies that optimize benefit, minimize harm and 
enhance quality of life.

From these principles, the following recommended actions were inferred:
 1. Identify and communicate patients’ health priorities and health trajectory (i.e. 

prognosis, likely patterns of change in function, health status and quality of life, 
over a defined period).

 2. Decide: stop, start or continue care based on health priorities and trajectory and 
potential benefit vs harm/burden. For example, stop medications deemed inap-
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propriate in older adults, avoid medication cascades and discontinue treatment no 
longer indicated or needed. Consider health trajectory and time to benefit for 
preventive interventions. Explain cessation of screening and prevention as a shift 
in priorities, using positive messaging.

 3. Align decisions and care among patients, caregivers and clinicians with patients’ 
health priorities and trajectory. Such approach lessens the likelihood of conflict-
ing recommendations and treatment burden if  all clinicians focus on the same 
priorities. For example, affirm shared understanding of patients’ health priorities. 
Link decisions to something meaningful for the patient. Accept patients’ deci-
sions. Acknowledge absence of one ‘right answer’. Use collaborative negotiation 
to arrive at shared recommendations.

8.3  Multimorbidity and Critical Care

8.3.1  Multimorbidity and Decision of ICU Admission

Multimorbidity per se but also its consequences on functional independence and 
frailty should be considered when deciding or not an ICU admission. Because older 
patients and patients with multimorbidity are excluded from clinical trials, no recom-
mendation have been established in decision making and management of older adults 
with multimorbidity eligible to an admission to ICU. As described above (see ‘Models 
and Quality of Care’ section), some guiding principles have been established by panel 
experts to improve the management of older patients with multimorbidity [21] but 
not specifically those with theoretical indication to an ICU transfer.

Multimorbidity is associated with an increased mortality in ICU whatever the 
diagnosis at admission (acute myocardial infarction [27], sepsis [28], emergency gen-
eral surgery [29], etc.). Prediction of mortality in ICU is based on acute physiology 
scores like the Simplified Acute Physiology Score (SAPS) [30] or the Acute Physiology 
and Chronic Health Evaluation (APACHE) [31]. Most recent versions of these scores 
incorporate a limited number of health chronic conditions like cancer, chemotherapy- 
induced immunosuppression or chronic heart failure. Because studies establishing 
such scores included a small proportion of very old patients, some frequent comor-
bidities are lacking like neurocognitive disorders or diabetes. Hence, these scores are 
less efficient to evaluate the illness severity with increasing age [32].

In a systematic review of the literature selecting 129 studies, different factors 
associated with in-hospital mortality were reported in older population admitted to 
ICU. Apart from well-known factors at admission like diagnosis and severity score, 
comorbidities, functional status and frailty were also reported as risk factors for 
mortality. Noteworthy, these items were occasionally reported and this review of the 
literature underlined a great heterogeneity of the data collected. For instance, comor-
bidities were reported as a selection of chronic diseases and the performance of a 
standardized comorbidity score was most of the time lacking [33].

As stated above, multimorbidity and frailty are both indirect markers of decreased 
organ reserve capacities and have some overlap. Studies reporting prevalence of 
frailty and multimorbidity in participants older than 80 years found that frailty was 
present in multimorbid people in 27% of cases, whereas multimorbidity concerned 

 C. Roubaud-Baudron and F. Guerville



117 8

63% of the frail individuals [34], signifying that they can both be complementary 
criteria to describe an old patient. As a prognostic factor, frailty assessment predicted 
more accurately COVID-19 survival compared to multimorbidity or age [35].

The impact of multimorbidity on survival may be an addition of the impacts of 
separate chronic health conditions, but possibly specific combination of comorbidities 
may have a synergic effect on survival. Although most of the studies reported the 
impact of a sum of comorbidities considering the weight of the comorbidity or its 
severity (for instance using Charlson Comorbidity Index [11] or the Cumulative 
 Illness Rating Scale (CIRS-G [12], some authors tried to study the impact of combi-
nations of comorbidities (clusters) and identify high-risk patient groups with an 
increased risk of organ failure, sepsis and mortality [14, 28]. While this latter reported 
several different clusters associated to specific trajectories (for instance the cluster of 
patients combining severe hepatic disease and drug abuse was composed of younger 
patients who were more prone to develop sepsis liver disease), more studies are needed 
to precisely define these specific clusters in order to define their needs and to personal-
ize care. Interestingly, several studies reported that change in comorbidities over time 
(multimorbidity trajectories) was more predictive on mortality than multimorbidity 
at a given moment, including long-term history disease before ICU admission [17].

In real life, at the bedside of the patients, assessing an older patient with multi-
morbidity may be very complex and challenging; multimorbidity assessment includes 
the number of chronic diseases, their severity, their interactions, their impact on 
functional status, the adverse effects of multimorbidity-induced polypharmacy and 
finally their prognosis (see 7 Box 8.1). In fact, one trap would be to overestimate or 
underestimate the severity of a chronic condition.

For instance, a history of  major neurocognitive disorder does not mean that the 
illness is severe; the term major means that the cognitive impairment interferes with 
independence in everyday activities including elaborate activities like paying bills or 
managing medication. In that case, it is important to evaluate the impact of  the 
disease in daily living. Example of  traps would be to refuse an ICU admission 
because of  a false label of  ‘severely cognitive impaired’ for a patient with a low 
impact of  her/his cognitive impairment on daily living, but to accept admission of 
another patient, ignoring that she/he is bedridden all day and needs help for all the 
daily activities. 7 Box 8.1 is a toolbox that may help to evaluate promptly the sever-
ity of  a disease.

Box 8.1 Tools to Evaluate the Severity of Chronic Health Conditions at Bedside 
of the Patient

 5 Healthcare utilization: how many episodes of  exacerbation (how many episodes 
of  acute heart failure? delirium? aspiration pneumonia in the last 6  months? 
Number of  hospitalizations in the last 6 months? How many hospital-free days in 
the last 3 months?)?

 5 Usual markers (although not perfect) evaluating the severity/control of  a chronic 
disease like left ventricular ejection fraction for chronic heart failure, level of 
glycosylated haemoglobin in the case of  type 2 diabetes mellitus, Mini-Mental 
Status score in the case of  neurocognitive disorders and glomerular filtration rate 
for chronic renal disease.
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8.3.2  Management of Multimorbidity in the ICU

Multimorbidity is one of the factors increasing the complexity of the management 
of older adults in the ICU. Patients with multimorbidity admitted to the ICU are at 
higher risk of multiorgan dysfunction and death.

With ageing, organ functions decline over time without reaching the threshold of 
insufficiency (. Fig.  8.1, line 1); the decline is increased with the occurrence of a 
chronic disease (line 2, note that the slope of the line is steeper) and may reach the 
insufficiency threshold after several years of chronic disease progression. The area 
under line 1 or line 2 also decreases over time and represents the organ capacity or 
reserve. When an acute disease occurs, the organ function collapses and failure appears. 

       . Fig. 8.1 1 + 3 or how to try to be efficient in geriatrics (Professor Jean Pierre Bouchon). This figure 
explains the concept of organ capacity (shaded area) decreasing with ageing (line 1) and decreasing faster 
with the occurrence of a chronic medical condition (line 2). The occurrence of an acute organ failure 
requires an investigation of the cause (line 3). Note that the acute exacerbation is reversible and transient

 5 Impact on functional independence may be assessed by activities of  daily living 
(ADL) and instrumental-ADL score or by asking questions about intervention 
of  caregiver. Be careful, a nurse can intervene for basic ADL like toileting but 
also for IADL (like medication).

 5 The number of medications may be a good indicator of  multimorbidity and 
severity (but is not always appropriate to patient’s actual needs).
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. Figure 8.1 illustrates the organ function across life and helps physician to under-
stand how an acute event, even minor, may jeopardize a medical stability in an older 
patient. For instance, an acute anaemia from a gut ulcer may induce congestive heart 
failure, especially if the patient has a chronic heart disease. In the case of multimorbid-
ity, it is important to understand that an acute medical event may induce several other 
medical events (by exacerbating several chronic diseases), a phenomenon also named 
‘geriatric cascade’. For instance, a fever and fatigue induced by an infection result in 
dehydration with an acute renal failure, responsible for an increased plasmatic level of 
drugs (antibiotics) leading to the occurrence of delirium and falls [36]. One challenge 
in the ICU is to prevent organ decompensations and adverse drugs events.

8.3.2.1  Avoiding a Cascade of Organ Failures
Multimorbidity is one of  the geriatric conditions which may be destabilized in the 
ICU.  As illustrated in . Fig.  8.1, an acute medical event may induce chronic 
disease(s) exacerbation(s). Causative factors may be i. the acute illness leading to 
ICU admission (a sepsis may induce a delirium or an acute heart failure), ii. the 
treatment of  the acute disease (antibiotics prescribed for a sepsis may be responsi-
ble for an acute renal failure and/or delirium) and iii. The ICU environment by 
itself: noise, sleep deprivation, sensory deprivation, new medications and invasive 
procedures.

8.3.2.2  Avoiding Adverse Drug Events
Multimorbidity is associated with polypharmacy and older patients admitted to hos-
pital take around seven drugs daily. The first most important step to avoid adverse 
drug events is to determine which drugs the patient is actually taking (current medi-
cation list). One patient may have several medication orders from different physicians 
(general practitioner, cardiologist, dermatologist, ophthalmologist, etc.). To estab-
lish a comprehensive list of current medication, asking several sources is necessary: 
patient, caregivers, nurses, general practitioner, pharmacist, etc. This first effective 
step is time consuming but may save time in the long run and be very helpful for 
diagnosis (one in five patients older than 75 is addressed to the emergency depart-
ment for an adverse drug event [37]). Such a comprehensive assessment of actual 
drug list may also avoid medication errors (omission, dose error, wrong time, etc.) at 
each transition step of care trajectory (admission, transfer and discharge) [38]. 
Moreover, older patients are more prone to develop adverse events compared to 
youngers. For each acute medical event or exacerbation, questioning about the impli-
cation of medication should become a habit. Tools are available to help appropriate 
prescription in older population (see dedicated chapter).

Limiting medication during an acute medical event is sometimes necessary, for 
instance, stopping psychotropic drugs in case of altered level of consciousness, 
switching oral antidiabetics to insulin, stopping diuretics in case of dehydration or 
anti-thrombotics in case of haemorrhage or in case of risk of overdosage to due 
unstable kidney function. Some drugs may also be evaluated as temporarily futile 
like a cholinesterase inhibitor, vitamins or statins. On the contrary, some drug with-
drawal must be deleterious and should be frequently re-evaluated (benzodiazepines, 
antithrombotic treatments, diuretics, etc.). Traps and tips of the management of mul-
timorbidity in older patients are presented in . Fig. 8.2.
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 Conclusions and Perspectives
Multimorbidity is frequent in older patients, and because this population is under-
represented in clinical trials, mortality risk prediction is less efficient with ageing. 
Assessment of multimorbidity is based on the number and the severity (healthcare uti-
lization, number of medication and impact on daily independence) of distinct chronic 
medical conditions so far, but the analysis of their combinations and trajectories will 
probably be more useful in the future to predict their impact on survival.

Intensivists are experts in managing complex acute medical illnesses. Incorporating 
some geriatric principles about multimorbidity in their daily practice would improve 
management of older patients in the ICU. Such an approach is based on screening and 
preventing adverse drug events, evaluating organ reserves/capacities and anticipating/
detecting possible chronic disease exacerbations, thereby avoiding geriatric cascades.

Take-Home Messages/Practical Implications
 5 Contrarily to ‘comorbidity’, which implies care focused on a main condition, 

‘multimorbidity’ refers to multiple diseases co-occurring in the same patient. 
This implies a shift of  interest towards a holistic view of  medical problems.

 5 There are multiple scales to assess multimorbidity. The most relevant approach is 
to consider a number of  diseases as well as their functional implications.

 5 We lack evidence-based guidelines to take care of  older multimorbid patients, 
and the crude addition of  single disease-specific guidelines in the same patient 
leads to inappropriate care.

       . Fig. 8.2 Practical implications. Proposition of  frequent traps encountered in geriatrics regarding 
multimorbidity and tips to avoid a geriatric cascade. AKI: acute kidney injury. BS: blood sugar
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 5 Patients’ health priorities should be recognized and should guide clinical deci-
sions.

 5 Multimorbidity is associated with an increased risk of  mortality in ICU.
 5 Multimorbidity assessment (number of  chronic health conditions, their severity 

and impact on daily living) is helpful to determine whether an older patient is 
eligible to an admission to ICU.

 5 Once admitted to ICU, management of  multimorbidity is based on screening and 
preventing adverse drug events, evaluating organ reserves/capacities and antici-
pating possible chronic disease exacerbations, thereby avoiding geriatric cas-
cades.
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 n Learning Objectives
 5 To understand the main concepts of polypharmacy, hyperpolypharmacy, PIM, 

and prescribing cascade.
 5 To know the epidemiology of drug therapy.
 5 To understand the impact of pharmacokinetics and pharmacodynamics in the 

older adult and their consequences.
 5 To define different consequences of polypharmacy.
 5 To know the risk factors involved in polypharmacy.
 5 To know the drugs with anticholinergic effects: the importance of anticholinergic 

burden.
 5 To understand the relationship between polypharmacy and other geriatric syn-

dromes: frailty and cognitive impairment.
 5 To understand that medications in older patients should be individually adapted 

according to therapeutic goals.
 5 To describe practical approaches to prescribe medications to older patients.

9.1  Introduction

The use of medications in the elderly is a complex issue influenced by many health- 
and non-health-related factors. Drug therapy is one of the most important tools 
available for preserving and improving health. However, polypharmacy and the inap-
propriate use of medications can imply adverse effects and situations of vulnerability 
that trigger many negative health outcomes: reduced adherence, increased risk of 
hospitalization, nursing home admissions, adverse drug events (ADEs), emergency 
department (ED) visits, poor quality of life, and mortality.

Polypharmacy is also a geriatric syndrome that is closely related to falls, delirium, 
cognitive impairment, malnutrition, and frailty, among others.

In this chapter, we will analyze the concept of polypharmacy, hyperpolyphar-
macy, and potentially inappropriate medications (PIMs) as well as their impact on 
the older adult, and the practical implications that those factors may play in the 
management of appropriate drug prescription (and deprescription).

9.1.1  Concepts

9.1.1.1  Polypharmacy
There is not a universal consensus about the definition of polypharmacy, although 
the use of five or more medications is the most common threshold [1]. 
Hyperpolypharmacy is often considered the use of ten or more medications. An 
increased number of medications have been associated with a higher cost, an increase 
in drug-drug and drug-disease interactions, poorer medication adherence, or pre-
scription cascades [2, 3]. Therefore, polypharmacy goes beyond the high number of 
drugs used in quantitative terms but is related to taking more drugs than clinically 
appropriate in qualitative terms. Although polypharmacy could be appropriate and 
necessary in some cases, it is very unlikely to happen if  the treatment is comprehen-
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sively reviewed and monitored. For this reason, there is an additional concept to 
polypharmacy: the potentially inappropriate medications (PIMs).

9.1.1.2  PIM
It is the use of medicines that introduce a significant risk of an adverse drug-related 
event where there is evidence for an equally or more effective but lower-risk alterna-
tive therapy available for treating the same condition. It also includes the use of 
medicines at a higher frequency and for longer than clinically indicated, the use of 
multiple medicines that have recognized drug-drug interactions and drug-disease 
interactions, and the under-use of beneficial medicines that are clinically indicated 
but not prescribed for ageist or irrational reasons [4].

Consequently, PIMs may offer an opportunity to improve care through depre-
scription or, if  required, may be replaced by a safer alternative.

9.1.1.3  Prescribing Cascade
The prescribing cascade concept was first proposed by Rochon and Gurwitz in 1997 
[5] and it is the prescription of new drugs to treat an adverse drug reaction associated 
with another medicine. For example, the drug-induced parkinsonism: 
antidopaminergic- related adverse effects associated with antipsychotic agents have 
long been recognized, including the development of extrapyramidal signs and symp-
toms. This drug-related symptom may be potentially misdiagnosed as a new medical 
condition (i.e., Parkinson’s disease) and treated with a new drug (dopamine agonist) 
producing another medical condition (. Table 9.1).

9.2  Epidemiology of Drug Therapy

Polypharmacy is directly associated with aging, and as a result of the aging popula-
tion, the prevalence of polypharmacy is increasing all over the world. Some popula-
tion studies performed in patients over 65 years in primary care estimated that the 

       . Table 9.1 Examples of  prescribing cascades

Initial drug therapy New medical 
condition

New drug treatment

Antipsychotic or metoclopramide Parkinsonism Anti-Parkinson therapy

Cholinesterase inhibitor Urinary inconti-
nence

Anticholinergic bladder 
therapy

Tricyclic antidepressant Delirium Antipsychotic

Nonsteroidal anti-inflammatory drug 
(NSAID)

Gout Antigout therapy

Nonsteroidal anti-inflammatory drug 
(NSAID)

Hypertension Antihypertensive therapy

Multipharmacy on the Older Adult
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prevalence of polypharmacy reached 44% in Sweden [6], 39% in the United States [7], 
and 41.2% in Switzerland [8]. A recent study carried out across Europe estimates a 
prevalence of polypharmacy between 26.3 and 39.9%, being the highest prevalence 
of medication use among women [9]. A recent cross-sectional analysis of 100% US 
Medicare claims data showed that the patient-level mean concurrent medication rate 
was 5.6 in people older than 65 years old [10]. Polypharmacy is most often chronic, 
although a substantial number of older adults experience short, recurring episodes 
of polypharmacy and are thus exposed to its potential harms in a transient rather 
than persistent pattern. A longitudinal cohort study using register data of all 711,432 
older adults living in Sweden with 5 or more prescription drugs assessed the chronic-
ity of polypharmacy and identified factors associated with chronic polypharmacy 
[11]. Overall, 82% were continuously exposed to polypharmacy for 6 months or lon-
ger and 74% for 12 months or longer. The proportion of individuals who remained 
exposed until the end of the study was 55%. Factors associated with chronic poly-
pharmacy included higher age, female sex, living in an institution, chronic multimor-
bidity, and multidose prescriptions.

The prevalence of  PIMs in older adults ranges between 20% and 60%, depending 
on the healthcare setting (e.g., community vs. hospital or nursing homes) or criteria 
used to define inappropriate prescribing (American Geriatrics Society Beers Criteria 
vs. STOPP/START criteria). According to Gallagher, the prevalence of PIM across 
European hospitals was 51.3% using STOPP criteria, varying from 34.7% in Prague 
to 77.3% in Geneva, and 30.4% using Beer’s criteria, varying from 22.7% in Prague 
to 43.3% in Geneva. Using START criteria, the overall potentially inappropriate pre-
scribing omissions (PPOs) prevalence rate was 59.4%, ranging from 51.3% in Cork to 
72.7% in Perugia [12]. According to the World Health Organization (OMS), more 
than 50% of the medicines that are prescribed, dispensed, or sold are PIMs, and half  
of the patients do not take them properly. It seems clear that polypharmacy can be a 
particularly relevant problem in people with certain characteristics, and therefore in 
specific settings such as nursing homes or some areas of hospitalization, due to the 
high prevalence of polypharmacy and associated factors in these settings and the 
complexity and vulnerability of this type of patients.

The prevalence of polypharmacy in long-term care settings (LTCS) is very high. 
A systematic review of 44 studies assessing medication use in long-term care facilities 
reported a 38.1–91.2% prevalence of polypharmacy, where polypharmacy was 
defined as ≥5 medications. When defined as ≥9 medications, the prevalence ranged 
from 12.8–74.4% and 10.6–65.0% when considered as ≥10 medications [13]. Residents 
often have multiple comorbidities with resulting complex medication regimens; mul-
timorbidity often leads to the use of multiple inappropriate or unnecessary medica-
tions and it’s a strong risk factor of iatrogenia. Associations with polypharmacy were 
reported for comorbidity, recent hospital discharge, and the number of prescribers. 
Older age, cognitive impairment, disability, and length of stay in the LTCS were 
inversely associated with polypharmacy as well [13]. The older adults living in nurs-
ing homes have many peculiarities in relation to the use of medicines. Some studies 
have suggested that polypharmacy rates in nursing homes are the highest in older 
populations, as well as the use of potentially inappropriate medications. This is likely 
due to the profile of older adults admitted to nursing homes: very old age, multimor-
bidity, and high prevalence of cognitive impairment and advanced disability [14]. 
However, a recent study has shown that although the prevalence of polypharmacy is 
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higher in nursing homes than in the community, when adjusting for confounders, liv-
ing in nursing homes is associated with a lower risk of the prevalence and incidence 
of polypharmacy [6]. It’s very important at this point to keep in mind the big hetero-
geneity in the type of LTCS. Due to the particularities in this population, the same 
rules cannot be applied as those to the rest of the elderly population. Health and 
polypharmacy determinants in older nursing home residents emerge from those 
 usually accounted for in the general population. In another recent study done in 
nursing homes in Spain, frail participants generally took fewer medications than 
non-frail participants [15], in contrast with other settings. This may be related to the 
short life expectancy of this population. In nursing homes, advanced disability, severe 
cognitive impairment, and frailty may be perceived as the end-of-life features, which 
may influence decision-making regarding medications.

More than half  of hospitalized older patients present PIMs [16]. The most com-
monly prescribed PIMs at discharge included benzodiazepines and proton pump 
inhibitors. For example, the administration of benzodiazepines for sleep during hos-
pitalization is, unfortunately, standard practice in many institutions, as is the admin-
istration of proton pump inhibitors within intensive care units for gastroprotection 
or the use of antipsychotics for delirium or sleep. However, these medications may be 
inadvertently continued once patients leave the hospital.

On the other hand, herbal medicines are frequently used by older adults, and 
physicians often do not inquire about their use. More than one-third of the US adult 
population is estimated to take herbal medicine or supplement such as ginseng, 
ginkgo biloba extract, and glucosamine that may interact with prescribed drug ther-
apies leading to adverse events [17].

The damaging effects of PIMs, by excess, default, or misuse, cause an economic 
loss of 7.2 billion dollars per year in community-dwelling older adults in the United 
States [18].

9.3  Pharmacokinetics and Pharmacodynamics

When prescribing medications to older adults, it is very important to consider phar-
macokinetics and pharmacodynamics changes that occur with normal aging.

Pharmacokinetics relates to the way that the body handles a drug and involves the 
drug absorption, distribution across the body compartments, metabolism in the liver, 
and elimination by the kidneys.

There are few changes in the drug absorption with aging; however, changes in 
drug distribution, metabolism, and excretion can impact the clearance of medication 
from the body in older adults [19].

Age-related changes in body composition can affect the volume of distribution of 
a drug. Older people have less body mass and greater fat stores than younger people. 
An example is a therapy with benzodiazepines (BZDs). BZDs are lipid-soluble and 
their use in the older adults can cause ADEs because they have an increased volume 
of distribution and consequently prolonged clearance rates.

Older people have a reduced oxidative metabolism by cytochrome P450 (CYP) 
enzymes in the liver, and renal function often declines with aging as well. Therefore, 
it is very important to take special care prescribing drug dosing for older patients, 
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particularly in the case of highly lipid-soluble drugs, medications metabolized via 
reactions catalyzed by CYP enzymes, and drugs excreted by the kidneys.

On the other hand, pharmacodynamics relates to the effect that a drug has on the 
body. Aging is associated with a greater sensitivity to a number of drug therapies. For 
example, older people are more sensitive to the effects of benzodiazepines, opioids, 
and warfarin, regardless of whether pharmacokinetic changes might exist.

9.4  Consequences of Polypharmacy

 (a) Consequences on therapeutic adherence:
The lack of adherence to treatment increases with the complexity of the ther-

apeutic regimen and with the number of drugs to be consumed. Thus, in patients 
with chronic diseases such as diabetes or congestive heart failure, non-compliance 
was 15% when taking only one medication, 25% when taking 2–3 drugs, and 35% 
when taking four or more medicines [20]. As a result, the patient no longer bene-
fits from the drugs, which can trigger decompensations or lack of achievement of 
the proposed therapeutic objectives.

 (b) Consequences on ADEs:
The incidence of ADEs increases exponentially with the number of drugs con-

sumed. Most ADEs are due to unnecessary or even contraindicated drugs and 
drug interactions. It has been reported that up to 35% of outpatients and 40% of 
hospitalized elderly experience an ADE.  Furthermore, approximately 10% of 
emergency room visits may be attributed to an ADE. In a population-based study, 
outpatients taking five or more medications had an 88% increased risk of experi-
encing an ADE compared to those who were taking fewer medications [21].

 (c) Consequences of drug interactions:
A higher number of medications are associated with a higher probability of 

producing drug interactions with each other. It has also been found that a factor 
associated with drug interactions is the fact that there are several prescribing phy-
sicians. Interactions that lead to a reduction in the effectiveness of the medication 
may be overlooked more often than those that result in a synergistic effect, 
because other reasons may be found to explain the ineffectiveness (e.g., therapeu-
tic failure, disease resistance to medication, etc.). These hasty and erroneous con-
clusions can lead to an increase in dose or the introduction of a new drug, putting 
the patient at greater risk of a drug interaction.

 (d) Consequences on the risk of hospitalization, morbidity, and mortality:
It is estimated that between 10% and 20% of the hospital admissions in older 

people would be related to adverse drug effects, polypharmacy being one of the 
associated factors [22].

PIM use by community-dwelling patients has been associated with a 10% to 
30% increased risk of hospitalization, as well as increased risk of ADEs, ED vis-
its, and poor quality of life [23–25].

Different studies have shown an association between polypharmacy and mor-
tality, using both discrete and categorical definitions, and a dose-response rela-
tionship was observed across escalating thresholds for defining polypharmacy 
[26].
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 (e) Consequences on the economy:
The geriatric patients, for several reasons, are the main group involved, with 

17% of the population being responsible for 70% of pharmaceutical expenditure 
[27]. The economic consequences of polypharmacy are manifold. The increase in 
adverse effects, interactions, duplication, etc. leads to an increase in the use of 
health resources. The magnitude of hospital admissions due to drug incidents is 
very high and about half  of them are preventable. It is estimated that mismanaged 
polypharmacy contributed to 4% of the world’s total avoidable costs due to sub-
optimal  medicine use. A total of US$ 18 billion, 0.3% of the global total health 
expenditure, could be avoided by appropriate polypharmacy management [28].

9.5  Risk Factors Involved in Polypharmacy

 5 Factors related to patients:

The development of chronic diseases is one of the factors mainly involved in poly-
pharmacy. The diseases most closely associated with polypharmacy are cardiovascu-
lar diseases, diabetes, high blood pressure, and digestive symptoms.

Aging, the number of medications, female sex, and poor perception of health are 
also risk factors involved in polypharmacy [29].

 5 Social factors:

Polypharmacy and the use of potentially inappropriate medicines have been linked to 
various social factors, such as living alone, having a low educational, and socioeco-
nomic level and living in rural areas. These findings illustrate the need to influence the 
comprehensive approach of patients with polypharmacy, and especially the older 
adults, on social factors with resources that go beyond aspects of the healthcare system.

 5 Factors related to the health system:

One of the factors identified is the fact that usually there are several physicians and 
pharmacists involved in the drug prescription and dispensing of the same patient, 
which favors the lack of coordination. Therefore, poor control and review of the 
medication result in duplication and interaction between drugs. Health systems are 
socially linked to prescription: 75% of medical consultations end with a prescription. 
On the other hand, many older adults self-medicate, which can cause important con-
sequences. At a physician level, less experience time since medical school graduation 
and bigger practice size have been associated with higher rates of polypharmacy [10]. 
The application of clinical practice guidelines focused on a particular pathology, 
without considering multimorbidity, and the application of therapeutic objectives set 
for the general population is also a frequent cause of polypharmacy in this popula-
tion. Older adults are often under-represented both in clinical practice guidelines and 
in the studies on which these guidelines are based.

Overtreatment, which occurs in all types of populations and healthcare settings, 
especially affects older people and is another cause of polypharmacy. Some of the 
reasons are defensive medicine, therapeutic inertia, abuse of preventive medicine, 
and the medicalization of life (. Fig. 9.1).
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PHYSICAL FACTORS:
Multimorbidity, chronicity, disability, aging  

POLYPHARMACY

SOCIAL FACTORS:
Loneliness, social isolation, 

low availability of 
socioeconomic resources

PSYCHOLOGICAL 
FACTORS:

Depression, anxiety

FACTORS DIRECTLY LINKED TO 
THE HEALTH SYSTEM:

Drug-based, di�culty in accessing to 
non-pharmacological therapies

       . Fig. 9.1 Risk factors involved in polypharmacy

9.6  Drugs with Anticholinergic Effects (DACEs) 
and Anticholinergic Burden

Older people are commonly exposed to drugs that have anticholinergic properties. 
DACEs are commonly prescribed for the management of different conditions such 
as depression, psychosis, Parkinson’s disease, muscle spasms, allergy, excessive gas-
tric acid, nausea and vomiting, intestinal motility disorders, overactive bladder, and 
chronic obstructive pulmonary disease. Older adults have a relatively high  probability 
of being exposed to DACEs due to their high medical comorbidity and the number 
of prescribed medications.

It has been found that the use of drugs with anticholinergic properties is more 
frequent in frail patients and that the risk of developing frailty increases proportion-
ally with anticholinergic load [30–32].

The wide distribution of muscarinic acetylcholine receptor subtypes (M1–M5) in 
the central nervous system (CNS) and in the rest of the body leads to a great variety 
of peripheral and CNS adverse effects with DACEs. Peripheral effects include consti-
pation, dry mouth, dry eyes, tachycardia, and urinary retention. CNS effects include 
agitation, confusion, delirium, falls, hallucinations, and cognitive dysfunction.

The neurotransmitter acetylcholine (Ach) is critical for communication between 
neurons and muscle at the neuromuscular junction for modulating posture and 
movement, direct neurotransmission in autonomic ganglia, and pathways in the 
brain that are involved in memory and cognitive function. In the nucleus basalis, 
identified basal forebrain cholinergic neurons innervate the cerebral cortex, amygda-
loid complex, or hippocampus and are necessary for learning and memory forma-
tion. It has been observed that the use of an anticholinergic drug administered to 
healthy volunteers resulted in impairment of memory function, similar to that seen 
in Alzheimer’s disease.

Recent evidence has also demonstrated that DACEs may impair cognitive perfor-
mance as well as physical function in older adults. For instance, normal age-related 
decline in memory could increase with DACEs. In addition, comorbid conditions in 
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older adults, like Parkinson’s disease and type 2 diabetes, can also predispose to a 
decline in cognition and amplify the effects of DACEs on cognitive function.

The cumulative exposure to multiple medicines with anticholinergic properties is 
known as anticholinergic burden. A systematic review and meta-analysis done by 
Ruxton et al. found that higher anticholinergic burden in older people is associated 
with greater risk of morbidity and mortality, longer hospital length of stay (LOS), 
institutionalization, and functional and cognitive decline [33].

Cognitive impairment, falls, and a decline in the ability to ambulate are associated 
with a reduction in performing daily activities, high care needs, social isolation, 
increased hospitalizations, long-term institutionalization, and death in older adults.

Traditional methods for assessing exposure to DACEs were previously based on 
a dichotomous yes/no approach or the total number of DACEs taken by the patient. 
However, other characteristics such as the daily dose, binding affinity to the musca-
rinic receptor(s), the permeability of the blood-brain barrier, and serum and tissue 
concentrations all influence the risk of anticholinergic effects. These characteristics, 
and the identification of an increasing number of DACEs, have led to the develop-
ment of several DACE scoring systems. Currently, there are nine tools to measure 
anticholinergic burden. The most used scales are the Anticholinergic Risk Scale 
(ARS), the Anticholinergic Cognitive Burden (ACB) Scale, the Anticholinergic Drug 
Scale (ADS), and the anticholinergic component of the drug burden index (DBIAC). 
These scales may provide a more useful way to examine the association between the 
overall exposure to DACEs and adverse outcomes than looking at individual medica-
tions or classes of medications separately.

Salahudeen et al. found that there were substantial differences in the estimation 
of anticholinergic burden exposure between the scales so there is not one standard-
ized scale to measure anticholinergic burden [34]. However, this situation provides an 
opportunity for updating and refining such instruments.

9.7  Polypharmacy and Geriatric Syndromes: Frailty 
and Cognitive Impairment

Frailty is a geriatric syndrome characterized by age-related decreases in physiologic 
reserves, resulting in vulnerability to health declines following even minor stressor 
events [35]. It is often associated with multiple chronic medical conditions and poly-
pharmacy and is linked with multiple adverse outcomes including functional decline, 
hospitalization, nursing home admission, and death.

While frailty and polypharmacy often coexist and have been studied extensively 
and individually, little is known about their relationship which is likely complex and 
bidirectional. Systematic reviews have demonstrated a significant association between 
an increased number of medications and frailty [36, 37]. It can be hypothesized that 
drug therapies are being prescribed to manage the chronic medical conditions that 
accompany frailty and that drug therapies are the stress events that trigger a series of 
declines that eventually meet the criteria for frailty. The risk of developing frailty was 
40% greater among individuals with polypharmacy compared to individuals without 
polypharmacy; however, 75% of those with polypharmacy were prefrail or frail.
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Potentially inappropriate medications have also shown a relationship with frailty. 
A significant correlation between the frailty index and the number of STOPP criteria 
was found in a study with older hospital inpatients [38]. Patients above a frailty index 
score threshold were more likely to experience a STOPP criterion and to develop an 
ADR. A longitudinal study including community-dwelling older adults showed that 
patients with frailty had increased odds of both taking a PIM and getting PIM pre-
scriptions in the future, according to Beers Criteria [39]. Frail patients could also be 
more exposed to underprescribing, according to the START criteria [40]. On the 
other hand, it has been suggested that the presence of PIMs increases the risk of 
becoming frail in a 3-year follow-up period [41].

Although estimates of frailty prevalence vary substantially by the definition cho-
sen, it is clear that frailty is common among older adults, with approximately 15% 
and 45% of US community-dwelling older adults meeting the definitions of frail and 
prefrail, respectively [42]. As such, developing strategies to delay or prevent the onset 
of frailty have the potential to improve health outcomes for older adults internation-
ally. Proposed interventions to reduce the burden of frailty on individuals and soci-
ety include exercise, nutrition, and pharmacologic interventions. This is very 
important because polypharmacy is a potentially modifiable risk factor for mortality 
among older adults. Reducing polypharmacy has been suggested as a recommended 
measure for both the prevention and management of frailty.

It seems clear that frailty is an important issue that must be taken into account for 
decision-making in drug prescribing to older patients, and that polypharmacy should 
be assessed with special caution in frail older adults. Incorporating frailty assessment 
into primary care is increasingly encouraged to identify individuals at greater risk of 
mortality, hospitalization, and susceptibility to adverse health outcomes.

Polypharmacy is also common among older adults with dementia. Around 70% 
of people with dementia live with comorbidity and are prescribed multiple 
 medications, and 64% are prescribed at least one PIM [43]. These patients may be 
exposed to central nervous system-acting medications, including antipsychotics, 
antidepressants, benzodiazepines (BZDs), and medications with anticholinergic 
effects in order to treat comorbidities and manage behavioral and psychological 
symptoms. However, these medications are associated with adverse cardiovascular 
side effects, hypotension, falls, delirium, detrimental effects on cognition, and mor-
tality. People with dementia may be more susceptible to adverse effects of central 
nervous system-acting medications due to age-related and disease-related pharmaco-
kinetic and pharmacodynamic changes, including alterations in the blood-brain bar-
rier permeability associated with Alzheimer’s disease.

9.8  Medications and Therapeutic Goals

The development of some diseases leads to an advanced and chronic status with 
limited life expectancy and a need for palliative care, including patients with advanced 
oncological or hematological disease, patients with advanced organic disease, and 
patients with advanced dementia. For all these patients and situations, therapeutic 
objectives must be in line with their life goals. For chronic patients with good baseline 
health and a long life expectancy, the use of preventive strategies is important. For 
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complex chronic patients, where life expectancy is more limited, preserving function-
ality may be a priority objective. Meanwhile, for patients with advanced disease in a 
situation of limited life prognosis, symptomatic management should be a priority. A 
differentiation between preventive, etiological, or symptomatic objectives can help in 
the decision-making.

Holmes et al. proposed a model for appropriate prescribing for patients late in life 
[44]. The model finds four steps in the medication decision-making: remaining life 
expectancy, time until benefit, goals of care, and treatment targets. This model is 
visually represented in a pyramid, showing the appropriate medications at any level. 
At the top are represented patients with limited life expectancy, whose drugs should 
have a short time until benefit, goals of care are palliative, and treatment targets 
should be focused on symptom management. Moving toward the bottom, the 
patient’s life expectancy is longer, time until benefit may be longer, goals of care are 
more aggressive, and treatment targets also include preventive strategies. The bottom 
of the pyramid therefore contains all medications that are otherwise appropriate 
according to evidence-based existing criteria for patients 65 years and older.

In the last period of life, polypharmacy is accentuated, and it also has specific 
features. A recent study carried out in Sweden with more than half  a million people 
over 65 years analyzed the drug consumption during the last year of life of the par-
ticipants [45].

The results showed that drug consumption increased progressively until death 
and that people who had taken at least 10 drugs increased from 30.3 to 47.2% during 
this period. Furthermore, they pointed out that this high pharmacological load in 
the last month of life was not only attributable to symptomatic treatments but also 
to medicines with a clear long-term preventive objective. As an example, in that last 
month of life, more than 50% of the participants consumed antithrombotics, more 
than 40% beta-blockers, more than 20% ACE inhibitors, and more than 15% statins. 
These data suggest the use of treatments with little potential benefit, or even 
 inappropriate treatments (considering the clinical and functional situation of the 
patient, their life expectancy, and therapeutic goals). In these circumstances, the bal-
ance between harm and the real benefit is certainly unstable and often unpredictable.

9.9  Management of Polypharmacy in the Elderly

Selecting the right medication and the right dose for an older patient is difficult 
because so little evidence is available to guide choices. Decision-making often has to 
be drawn on information obtained from clinical trials of patients that are very differ-
ent from those that we see in our clinical practice. Therefore, the findings of clinical 
trials for conditions commonly affecting older people cannot directly be extrapolated 
to that age group, as older patients, particularly frail patients and those with multiple 
chronic illnesses, have often been excluded from participation in such studies. This 
poses the challenge to the adoption of clinical practice guidelines developed to 
improve the quality of healthcare for many chronic conditions.

Appropriateness of prescribing can be assessed by process or outcome measures 
that are explicit (criterion-based) or implicit (judgment-based) [46]. Explicit methods 
are usually developed from expert opinions through literature reviews and consensus 
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techniques. Evidence-based information about drug treatments in older people is fre-
quently absent, so expert opinion is often needed in geriatric medicine. These mea-
sures are usually drug- or disease-oriented, need little or no clinical judgment to be 
applied, and can be applied on large prescribing databases when valid clinical details 
are registered.

However, explicit criteria don’t take into account individual factors like comor-
bidities, life expectancy, or patients’ preferences. Moreover, consensus approaches 
have little evidence of validity and reliability.

The American Geriatrics Society (AGS) Beers Criteria for Potentially 
Inappropriate Medication (PIM) Use in Older Adults [47] and STOPP (Screening 
Tool of Older Persons’ Prescriptions) and START (Screening Tool to Alert to Right 
Treatment) [48] are the most widely used explicit list of PIM for assessing medication 
appropriateness.

Beers Criteria have been developed by the American Geriatrics Society (AGS) to 
assist clinicians with identifying and avoiding potentially inappropriate medications 
for older adults. These criteria were last updated in 2019 and are intended for use in 
adults 65 years and older in all ambulatory, acute, and institutionalized settings of 
care, except for the hospice and palliative care settings. Consumers, researchers, 
pharmacy benefit managers, regulators, and policymakers also widely use them. The 
intention of the AGS Beers Criteria is to improve medication selection, educate clini-
cians and patients, reduce adverse drug events, and serve as a tool for evaluating the 
quality of care, cost, and patterns of drug use of older adults.

The STOPP and START are the European criteria that facilitate medication 
review in multimorbid older people in most clinical settings. They were last updated 
in 2015. These criteria are designed to detect common and/or important potentially 
inappropriate medications (PIMs – STOPP criteria) and potential prescribing omis-
sions (PPOs – START criteria). Several clinical trials show that the use of STOPP/
START criteria significantly improves medication appropriateness, reduces medica-
tion cost, reduces falls, and diminishes ADEs.

Explicit tools have also been developed for more specific older population groups. 
The STOPP-Frail, developed in 2017, comprises 27 criteria relating to medications 
that are potentially inappropriate in frail older patients with limited life expectancy 
and may assist physicians in deprescribing medications in these patients [49]. It has 
been recently updated to make the tool more practical, patient-centered, and com-
plete [50].

In implicit approaches, a clinician uses information from the patient and drug 
published evidence to make judgments about appropriateness. The focus is usually 
on the patient rather than on drugs or diseases. So it is more sensitive and can account 
for patients’ preferences. However, this model is time-consuming, depends on the 
user’s knowledge and attitudes, and can have low reliability [46]. The Medication 
Appropriateness Index (MAI) is one of the most widespread implicit tools [51]. It is 
a measure of prescribing appropriateness that assesses ten elements of prescribing: 
indication, effectiveness, dose, correct directions, practical directions, drug-drug 
interactions, drug-disease interactions, duplication, duration, and cost. Clinical judg-
ment is needed, but the index has operational definitions and explicit instructions to 
standardize the rating process. The ratings generate a weighted score that can be used 
as a summary measure of prescribing appropriateness.
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MEDICATION APPROPRIATENESS INDEX
1. Is there an indication for the drug?
2. Is the medication e�ective for the condition?
3. Is the dosage correct?
4. Are the directions correct?
5. Are the directions practical?
6. Are there clinically signi�cant drug-drug interactions?
7. Are there clinically signi�cant drug-disease/condition interactions?
8. Is there unnecessary duplication with other drug(s)?
9. Is the duration of therapy acceptable?
10. Is this drug the least expensive alternative compared with others of equal utility?

       . Fig. 9.2 Medication Appropriateness Index (MAI)

There is no ideal measure, but the strengths and weaknesses of both approaches 
should be considered (. Fig. 9.2).

Prescribing medicines taking into account all the particularities of geriatric 
patients is a complex task, but the consequences of polypharmacy and the frequency 
of inappropriate medication make it increasingly necessary to accompany it with 
deprescription.

Deprescribing can be referred to as a process of withdrawing inappropriate medi-
cations, supervised by a healthcare professional with the goal of managing polyphar-
macy and improving patient outcomes [52].

While there is growing evidence to support the deprescribing process, withdraw-
ing medications is often found to be difficult by health professionals. An algorithm 
to guide the deprescribing process to reduce inappropriate polypharmacy in clinical 
practice has been proposed by the Australian Deprescribing Network, which 
includes five steps [53]: (1) ascertain all drugs the patient is currently taking and the 
reasons for each one, (2) consider the overall risk of  drug-induced harm in individ-
ual patients in determining the required intensity of  deprescribing intervention, (3) 
assess each drug in regard to its current or future benefit potential compared with 
current or future harm or burden potential, (4) prioritize drugs for discontinuation 
that have the lowest benefit-harm ratio and lowest likelihood of adverse withdrawal 
reactions or disease rebound syndromes, and (5) implement a discontinuation regi-
men and monitor patients closely for improvement in outcomes or onset of  adverse 
effects. The Canadian Deprescribing Network is focusing efforts on developing 
deprescribing guidelines for specific medications (7 https://www. deprescribingnetw
ork. ca/).

Many different interventions for deprescribing have been proposed. A structured, 
multidisciplinary approach including medication reconciliation, medication review 
conducted by a pharmacist, or use of assessment tools to detect medications known 
to increase the risk of adverse events may improve medication appropriateness. 
Moreover, an integrated approach taking into account patient perspectives may 
result in more successful deprescribing interventions. The importance of shared 
decision- making and patient preferences in guiding the deprescribing process has 
been highlighted, although implementation in the clinical practice may be challeng-
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ing [54]. Computerized decision support tools consistently reduced the number of 
potentially inappropriate prescriptions started and the mean number of potentially 
inappropriate prescriptions per patient, and also increased potentially inappropriate 
prescription discontinuation and drug appropriateness [55] (7 http://www. 
medbase. fi/en/professionals/renbase; 7 http://www. medbase. fi/en/professionals/
inxbase; 7 https://www. ema. europa. eu/ema; 7 http://www. medbase. fi/en/profes-
sionals/riskbase; 7 https://deprescribing. org/). More randomized controlled trials 
assessing the impact of computerized decision support tools are needed to evaluate 
the use of medication targets defined by explicit criteria, adverse drug reactions, 
quality of life measurements, patient satisfaction, or professional satisfaction with a 
reasonable follow-up, which could clarify the clinical usefulness of these tools.

The outcomes of deprescribing are inconsistent and vary by setting and on the 
intervention being evaluated. Evidence on interventions to address polypharmacy 
summarized in six systematic reviews, mostly focused on older adults, shows that, 
despite the low quality of evidence in the underlying primary studies, they improved 
medication appropriateness [56]. However, there was no consistent evidence of any 
impact on downstream patient-centered outcomes such as healthcare utilization, 
morbidity, or mortality. A more recent meta-analysis shows that medication depre-
scribing interventions may provide reductions in mortality and the use of potentially 
inappropriate medications in community-dwelling older adults [57].

There is emerging evidence regarding deprescribing strategies targeting specific 
populations and medication classes in older adults. For example, a systematic review 
assessing outcomes of deprescribing interventions in older patients with life-limiting 
illness and limited life expectancy found that these interventions can improve medi-
cation appropriateness and have the potential for enhancement of several clinical 
outcomes and cost savings, but the evidence needs to be better established [58]. A 
Cochrane systematic review concluded that there is no evidence of an effect of dis-
continuing compared with continuing antihypertensives used for hypertension or pri-
mary prevention of cardiovascular disease in older adults on all-cause mortality and 
myocardial infarction. Limitations such as small studies and low event rates prevent 
from having firm conclusions about the effect of deprescribing antihypertensives on 
these outcomes [52].

Different barriers and facilitators of deprescribing have been found [59]. Cultural 
and organizational barriers include a culture of diagnosing and prescribing, evidence- 
based guidance focused on single diseases, a lack of evidence-based guidelines for the 
care of older people with multimorbidities, and a lack of shared communication, 
decision-making systems, tools, and resources. Interpersonal and individual-level 
barriers include professional etiquette, fragmented care, prescribers’ and patients’ 
uncertainties, and gaps in tailored support. Facilitators include prudent prescribing, 
greater availability and acceptability of nonpharmacological alternatives, resources, 
improved communication, collaboration, knowledge, and understanding, patient- 
centered care, and shared decision-making.

Hospitalization is an especially key event for the elderly and is associated with 
higher morbidity and mortality and cognitive and functional impairment. The incor-
poration of new prescribers and the increase in the number of drugs during 
 hospitalization contribute to the risk of iatrogenesis and the complexity of adminis-
tering drugs. In contrast, hospitalization enables strict follow- up, access to different 

 L. V. Lucía et al.

http://www.medbase.fi/en/professionals/renbase
http://www.medbase.fi/en/professionals/renbase
http://www.medbase.fi/en/professionals/inxbase
http://www.medbase.fi/en/professionals/inxbase
https://www.ema.europa.eu/ema
http://www.medbase.fi/en/professionals/riskbase
http://www.medbase.fi/en/professionals/riskbase
https://deprescribing.org/


137 9

specialists, and specific resources, so it could be an appropriate setting for the depre-
scribing process. It has been found that the therapeutic appropriateness of elderly 
hospitalized patients can be improved by interventions with various approaches 
(medication reviews, computerized decision support tools, and detection of explicit 
criteria of the inappropriate prescription), implemented by various healthcare pro-
fessionals (clinical pharmacists, geriatricians, multidisciplinary teams, etc.). The best 
results in improving important health outcomes, such as readmissions or emergency 
room visits, have been shown in multifaceted multidisciplinary interventions [60, 61].

Medicine optimization strategies in geriatric populations should be multidimen-
sional and interdisciplinary to meet the needs of older adults with chronic diseases 
and complexity. The medication history, the clinical interview by the pharmacist, and 
a comprehensive geriatric assessment (CGA) have been proven as the building blocks 
of deprescribing strategies in hospitalized older adults.

Attention must be paid to the problems of medication reconciliation derived 
from the transitions of care, like hospital admission and discharge, or nursing home 
admission, and the presence of different prescribers. Medication reconciliation is the 
process of obtaining and documenting a complete and accurate list of current patient 
medications and comparing this list with medication orders at each point of care 
transition to identify and rectify any discrepancies before patient harm occurs, and 
should be implemented in transitions of care, especially in patients with polyphar-
macy [62]. Patients and responsible physicians, nurses, and pharmacists should be 
involved in the medication reconciliation process. This reconciliation is done in order 
to avoid medication errors such as omissions, duplications, dosing errors, or drug 
interactions. Changes in medication like different doses, discontinued therapies, 
additional therapies, etc. are common during transitions between hospital and nurs-
ing homes and home and are a frequent source of medication errors and confusion. 
ADEs attributed to medication changes occurred in 20% of patients on transfer from 
hospital to a nursing home, happening most commonly for patients on readmission 
to the nursing home. Due to the very low-quality evidence, it is not clear if  medica-
tion reconciliation alone may have a measurable impact on medication discrepancies 
or clinical outcomes [63].

9.9.1  Practical Approach to Prescribing Medications to Older 
Adults

Older people often receive care from multiple providers, and they may fill prescrip-
tions at several pharmacies. That’s why patients should be instructed to bring in all 
current medications (both prescription and nonprescription medications) to each 
visit, for thorough medication reconciliation and to check for potential drug-drug 
interactions. In order to do a proper review, the physician should ask the patient to 
bring to the visit all the bottles of pills that they are using. For example, many patients 
do not consider vitamins, ophthalmic preparations, or herbal medicines to be drug 
therapies, but they may have ADEs or drug interactions as a result.

It is important to promote communication and integration between the different 
professionals (hospital and primary care) who care for the patient. Creating an 
appropriate relationship between the healthcare professional and the patient facili-
tates the development of a therapeutic plan. Periodic evaluation of the drug regimen 
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that a patient is taking is an essential component of the medical care of older adults 
in order to do changes. These changes may include discontinuation of a therapy pre-
scribed for an indication that no longer exists, the substitution of a required therapy 
with a potentially safer agent, reduction in dosage of a drug that the patient still 
needs to take, or an increase in dose or even addition of a new medication.

Physicians are often reluctant to stop medications, especially if  they did not initi-
ate the treatment and the patient seems to be tolerating the therapy. However, drugs 
with limited or no therapeutic benefit can expose the patient to the risks for an 
adverse event, so that stopping potentially unnecessary therapy is a must.

The value of an individual drug therapy needs to be considered in the context of 
and individual’s life course. Consideration also needs to be given to the lag time to 
benefit as well as the recipient’s expected life expectancy when determining if  a drug 
is beneficial.

Physicians should limit prescribing a new drug therapy to situations in which 
benefits clearly outweigh risks and always after safer alternatives have been attempted. 
In this regard, nonpharmacological approaches have to be considered. An illustrative 
example is the use of nonpharmacological approaches to managing behavioral 
symptoms such as wandering and agitation in older adults with dementia. These 
symptoms frequently result in prescriptions for psychotropic medications such as 
antipsychotic drugs, but these drugs are on average only modestly effective and can 
provoke serious adverse effects. Nonpharmacological strategies could be recom-
mended as first-line treatments also with the implementation of exercise and nutri-
tion programs to manage cardiovascular risk factors, diabetes, hypertension, etc. 
Some interventions consist of encouraging caregivers to describe to the clinician the 
presenting behavior in detail, then the provider investigates possible underlying 
causes of the behavior problem like medication side effects, pain, sleeplessness, etc. 
and works with the caregiver to treat them (changing medications, controlling the 
pain, treating insomnia, music therapy, exercising, giving the patients busy tasks to 
do, etc.). After nonpharmacological measures have been tried, consideration may be 
given to the use of pharmacologic interventions, taking into account potential risks 
associated with them. For example, selective serotonin reuptake inhibitors (SSRIs) 
can reduce anxiety and agitation but may increase the risk of falls, gait disorders, and 
hyponatremia.

Many ADEs are dose-related, so it is important to reduce the dose as much as 
possible. A classic example is the association between the use of long elimination 
half-life hypnotic-anxiolytics, antipsychotics, and tricyclic antidepressants and the 
development of hip fracture as a result of increasing falls. Another example involves 
the intensity of diabetes treatment. A very tight glycemic control has little evidence 
of benefit but it has been consistently found that it produces higher rates of hypogly-
cemia which leads to increased risk of falls, cognitive impairment, and confusion.

Clinicians should also beware of the “prescribing cascade” in order to avoid an 
additional medication therapy instead of prompting a medication review and discon-
tinuation of the offending drug.

The interventions to be implemented must be individualized taking into account 
the specific circumstances and characteristics of each patient. It is important to bal-
ance guidelines for chronic disease management with the individual patient’s goals of 
care, as well as risk factors for adverse drug events such as cognitive impairment, 
frailty, and renal impairment.
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 Clinical Protocol

Medication reconciliation systems and processes have successfully reduced medication 
errors in many healthcare organizations. The practical steps to optimize drug regi-
mens for older patients are:
 1. Review current drug therapy: develop a list of current medications.
 2. Discontinue unnecessary therapy.
 3. Consider ADEs as a potential cause for any new symptom.
 4. Consider nonpharmacologic approaches.
 5. Substitute with safer alternatives.
 6. Reduce the dose.

 Conclusions
Polypharmacy is a potentially modifiable risk factor for mortality and other adverse 
outcomes among older adults as hospitalization, disability, nursing home admissions, 
ADEs, ED visits, and poor quality of life.

There is a need to implement medication optimization strategies in very old and 
complex patients in order to avoid polypharmacy and its consequences. Reducing 
polypharmacy and improving therapeutic appropriateness could therefore help mini-
mize the problem.

Enhancing the inclusion of frail older people in drug trials would help in decision- 
making because data could be extrapolated to standard clinical practice. Moreover, 
further research is required to explore the role of a reduction in polypharmacy in the 
development, reversion, or delay of frailty and the possible benefits of screening frailty 
in older people to lead interventions on excessive polypharmacy.

We must also advance in the optimization of medications in elderly people living in 
nursing homes through specific strategies, given the particularities of this population.

Take-Home Messages
 5 Prescribing for older adults is an important challenge because they take more 

medications than younger people and their particular conditions (frailty, cogni-
tive impairment, falls, malnutrition, etc.) present an increased risk of  drug inter-
actions and ADEs.

 5 Many complex factors are likely to be involved in making the best prescribing 
decisions for an individual patient, and it is essential that the risks are balanced 
against the benefits of  each medication. Important stress exists between avoiding 
inappropriate medications and the underuse of  potentially beneficial drugs.

 5 Prescribing cascades are common and important to consider in older adults with 
multiple chronic diseases who are likely to be prescribed multiple drug therapies.

 5 Anticholinergic drugs lead to many ADEs. We can do an estimation of  anticho-
linergic burden exposure, using scales.

 5 The relationship between polypharmacy and frailty is complex and bidirectional. 
Reducing polypharmacy has been suggested for both prevention and manage-
ment of  frailty.
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 5 People with dementia may be more susceptible to polypharmacy. Polypharmacy 
should be assessed with special caution in older adults with cognitive impair-
ment.

 5 AGS Beers Criteria, STOPP/START criteria, and STOPP-Frail criteria have 
been developed by experts internationally to assess the quality of  medication use 
in older adults that can be applied in clinical practice.

 5 Practical steps can be taken to optimize prescribing for older adults that include 
reviewing current drug therapies, discontinuing potentially unnecessary drug 
therapies when no longer indicated, reducing the dose, and considering nonphar-
macologic treatment approaches.

 5 Hospitalization can provide an opportunity to review and optimize a patient’s 
medication regimen in order to reduce ED visits and readmissions by preventing 
drug interactions and adverse effects. Engaging providers and teams or expert 
consultation can facilitate medication rationalization and deprescribing for an 
individual old patient. A multidisciplinary team can improve the care of  elderly 
patients.
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 n Learning Objectives
Sarcopenia is a highly prevalent condition in older patients across clinical settings. 
Even if  its role is traditionally overshadowed, muscle health is central for the global 
homeostasis of the individual, especially in critically ill patients. After the reading of 
this chapter, the reader should be able to:

 5 Define and classify sarcopenia, including the novel concept of acute sarcopenia.
 5 Differentiate and see the overlappings of sarcopenia with related constructs like 

cachexia and frailty.
 5 Identify the available clinical tools for the screening and assessment of muscle 

mass, strength, and function.
 5 Familiarize with the strategies and recommendations for the management of sarco-

penia.

 Practical Implications

Sarcopenia is multifactorial in its etiology and heterogeneous in its diagnosis. Despite 
its heterogeneity, the clinician must be familiar with the condition and ready to detect 
it. In fact, sarcopenia has a significant impact in prognostic terms across clinical set-
tings. As detailed in the chapter:

 5 Sarcopenia is associated with adverse outcomes both at the individual (i.e., reduced 
quality of life, increased risk of disability and mortality) and healthcare system 
(i.e., prolonged hospitalization, institutionalization, and increased healthcare 
costs) level.

 5 Multiple tools are available for clinicians to assess muscle health during the routine 
practice.

 5 Tailored interventions to increase muscle strength and function should follow the 
identification of sarcopenia to promote healthy aging.

10.1  Introduction

The skeletal muscle mass and strength tend to decrease after the age of 40. To define 
the pathological reduction and promote the necessary clinical visibility of it, the term 
sarcopenia was coined. Sarcopenia is today considered one of the major geriatric 
syndromes. Its origin is multifactorial, including unhealthy lifestyle and diseases. It is 
strongly related to the concept of frailty.

A growing body of the literature today differentiates sarcopenia from cachexia, a 
highly prevalent condition in patients with wasting diseases (e.g., cancer, chronic respi-
ratory failure). Both sarcopenia and cachexia are predictive of adverse outcomes [1]. 
In particular, cachexia is associated with increased chemotherapy toxicity, postopera-
tive complications, and mortality [2]; it occurs independently of the cancer stage [3].

Interestingly, it has been recently proposed to consider a novel form of muscle 
decline, known as acute sarcopenia. It refers to that kind of sarcopenia occurring as 
a consequence of acute illnesses since the very first days of immobility due to the 
acuteness. It represents a risk factor for the development of chronic sarcopenia and 
implies similar negative effects over the long term.

 L. Orlandini et al.



147 10

10.2  Sarcopenia

In 1988, Dr. Irwin Rosenberg noted that “no decline with age is as dramatic as or 
potentially more significant than the decline in lean body mass.” To describe the phe-
nomenon, he coined the term “sarcopenia,” from the two Greek words “sarx” (for 
flesh) and “penia” (for loss) [4]. Rosenberg intended to draw the attention of the sci-
entific community to the process of muscle decline that accompanies aging as a criti-
cal factor in the development of many disabling (and potentially reversible) conditions 
of older persons.

Over the subsequent years, researchers have been trying to provide an operational 
definition of sarcopenia suitable for the translation of the theoretical construct of 
sarcopenia in the clinical setting. In the initial works, sarcopenia was primarily 
defined on the basis of the low muscle mass alone. Consistently with what was previ-
ously done in the field of osteoporosis, Baumgartner and colleagues [5] defined sar-
copenia as an appendicular skeletal muscle mass lower than two standard deviations 
below the mean observed in a reference group of young individuals.

Further evidence, however, exposed the limits of a definition of sarcopenia solely 
determined by the quantification of muscle mass. Low muscle mass alone, in fact, is 
not or only partially associated with adverse outcomes such as mortality and disabil-
ity [6, 7]. On the contrary, muscle strength and physical performance (i.e., the overt 
expressions of the muscle quality) represent strong predictors of negative health- 
related events [8, 9], thus better serving for providing the needed clinical relevance to 
the construct of sarcopenia. In other words, a bidimensional sarcopenia considering 
both the muscle quality (expressed by muscle strength/performance) and quantity 
(i.e., muscle mass) was felt to better mirror the health status of the individual. Such 
evolution of the sarcopenia condition was supported in several consensus articles 
published by different panels of international experts in the field [10–13]. Among 
these, the document produced by the European Working Group on Sarcopenia in 
Older People (EWGSOP) [10] received a particularly large diffusion. According to 
this model, sarcopenia was defined by (1) the presence of low appendicular lean mass 
(assessed by dual-energy X-ray absorptiometry [DXA]) combined with (2) muscle 
weakness (measured with a handheld dynamometer and expressed by poor handgrip 
strength) and/or impaired mobility (measured as slow gait speed).

The major weakness of the EWSGOP algorithm was indicated in being the result 
of consensus/arbitrary decision and not sufficiently data driven. Furthermore, many 
argued about the similar weight given to the two dimensions in the definition of sar-
copenia.

To overcome these limitations, the Foundation for the National Institutes of 
Health-Sarcopenia Project (FNIH) [11] published in 2014 a series of articles on the 
topic. The FNIH investigators conducted ad hoc statistical analyses on multiple 
cohorts to obtain clear thresholds for the key sarcopenia components. Moreover, the 
choice of the instruments that could best capture each sarcopenia dimension was not 
based on the experts’ consensus, but left to the statistical models. As a result, sex- 
specific cut-points for both muscle weakness and low appendicular mass were gener-
ated for the variables that were best predicting muscle-related adverse outcomes.

The recognition of a specific ICD-10 code for sarcopenia in 2016 has represented 
another significant step towards the recognition of sarcopenia as a clinically relevant 
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condition [12]. In fact, it has legitimated its presence in the clinical field, raised aware-
ness about the importance of physical function in older persons, and opened the 
venue to more research targeting the muscle decline.

More recently, the EWGSOP document was updated (i.e., EWGSOP2) [13], given 
the large body of new evidence produced in the last years. In the EWGSOP2 defini-
tion, a new algorithm is proposed. Screening tools (as the SARC-F) are proposed to 
initiate the process. Sarcopenia is now considered as probable as soon as muscle 
weakness (assessed through handgrip strength or poor results at the chair stand test) 
is detected. The diagnosis is then confirmed by the presence of low muscle quantity 
(measured via a DXA scan). Poor physical performance is finally used to measure the 
severity of the sarcopenia condition (using the gait speed, short physical performance 
battery [SPPB], Timed Up-and-Go test [TUG], and/or the 400-meter walk test). The 
rationale behind the evolution of the algorithm is that assessing muscle strength is 
more feasible and clinically relevant than assessing the muscle quantity. This may 
raise awareness among clinicians and better answer to the unmet clinical need raised 
by patients.

Important innovations on the sarcopenia classification can also be found in the 
EWGSOP2 document. Sarcopenia is here classified as “primary,” or age-related, and 
“secondary,” when single or multiple causes other than or in addition to aging can be 
identified. Systemic diseases (i.e., cancer or organ failure), physical inactivity, and 
inadequate energy intake (i.e., anorexia, malabsorption, limited ability to eat, limited 
access to healthy foods) are possible causal factors for secondary sarcopenia. More 
importantly, sarcopenia is more clearly framed as a muscle disease (rather than a 
syndrome as before) that can acutely and/or progressively occur. Sarcopenia is acute 
when it relates to an acute illness or injury, and its duration is inferior to 6 months. 
On the other hand, it is chronic when it is associated with chronic or progressive 
conditions and lasts more than 6 months.

Differences in definitions and cut-points of sarcopenia are exemplified in 
. Table 10.1.

10.3  Assessment of Muscle Mass, Strength, and Performance

A wide variety of tests and tools are available for the assessment of sarcopenia. 
However, first of all, the patient’s characteristics (i.e., mobility, clinical conditions), 
the access and availability of healthcare resources (i.e., community versus hospital 
setting), and the purpose of the testing (i.e., screening versus diagnosis) should guide 
the clinician in the selection of the best instruments to use in the diagnostic process 
[14, 15].

 z Screening Tests
The SARC-F questionnaire is a five-item test that asks the patient about perceived 
limitation in strength, walking ability, rising from a chair, stair climbing, and recent 
experience with falls [16]. It is a validated, inexpensive, and convenient method for 
identifying patients at risk for sarcopenia in clinical practice. However, given its mod-
erate sensitivity and high specificity for low muscle strength, it is particularly suitable 
for detecting the most severe cases of sarcopenia [17].
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       . Table 10.1 Proposed operational definitions and cut-points for sarcopenia. Modified from 
Beaudart and colleagues (Archives of Public Health 2014)

Criteria Muscle mass Muscle function
Muscle strength Physical performance

Baumgartner et al. ASM/height2 >2 SD 
below young healthy 
mean

No No

European working group 
on Sarcopenia in older 
people (EWGSOP)

ALM/height2

   Men ≤7.23 kg/m2

   Women ≤5.67 kg/m2

Yes/noa

Grip strength
   Men <30 kg
   Women <20 kg

Yes/noa

Gait speed <0.8 m/s

Foundation of NIH 
Sarcopenia project (FNIH)

ALMBMI

   Men <0.789
   Women <0.512

Grip strength
   Men <30 kg
   Women <20 kg

Gait speed <0.8 m/s

European working group 
on Sarcopenia in older 
people (EWGSOP2)

ASM
   Men <20 kg
   Women <15 kgOr
ALM/height [2]
   Men ≤7 kg/m2

   Women ≤5.5 kg/m2

Grip strength
   Men <27 kg
   Women 

<16 kgOr
Chair stand test 
>15 sec

Yes/nob

Gait speed ≤0.8 m/s
Or
SPPB ≤8
Or
TUG ≥20 sec
Or
400 m walk test 
≥6 minutes/
non-completion

ASM  appendicular skeletal muscle mass; ASM/height2 ratio of  appendicular skeletal muscle 
mass over height squared; ALM/height2 ratio between appendicular lean mass and squared 
height; ALMBMI ratio between appendicular lean mass and body mass index; SPPB short physical 
performance battery; TUG Timed Up-and-Go test; SD standard deviation
aThe authors suggest using muscle strength and/or muscle performance to confirm sarcopenia
bThe authors suggest the use of  physical performance to assess the degree of  severity of  sarcope-
nia

Members of the European Society for Clinical and Economic Aspects of 
Osteoporosis and Osteoarthritis (ESCEO) working group recently recommended the 
application of the so-called “red flag” method [15]. “Red flags” are clinical presenta-
tions that can be easily and quickly assessed during a standard medical consultation 
that are closely associated with the high likelihood of sarcopenia. The proposed 
signs/symptoms/conditions stem from the assessment of physical function (i.e., gen-
eral weakness, loss of muscle mass and/or strength, fatigue, weight loss, falls), nutri-
tion status, and lifestyle. The presence of one or more “red flags” should immediately 
alert the clinician about the risk of sarcopenia and prompt to further evaluation.

 z Muscle Quantity
The DXA is a well-established and safe technique that provides reproducible muscle 
mass measurements (in particular, total body lean tissue mass and appendicular skel-
etal muscle mass) [18]. It is acknowledged that the accuracy of DXA results varies 
across age groups, and some conditions may alter its findings. Moreover, some body 
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composition parameters of growing interest in the field (i.e., intramuscular fat) are 
not measurable with DXA. However, bearing these limitations in mind, given its con-
venience and availability in clinical settings, the DXA remains, to date, the favored 
method for assessing muscle mass in sarcopenia [13].

Despite potentially representing the gold standard for muscle mass measurement 
[15], the cost, lack of portability, need of qualified personnel, and the absence of 
specific defining cut-points limit the use of magnetic resonance imaging (MRI) and 
computerized tomography (CT) to the research setting in sarcopenia.

The bioelectrical impedance analysis (BIA) provides an indirect measurement of 
muscle mass. For its affordability and portability, the BIA measurements may be 
easier to access than DXA. However, among the limitation of the procedure, it is 
important to consider that validated, population-specific reference cut-points for the 
raw measurement are lacking [19, 20].

Although operational definitions of sarcopenia generally agree on the use of 
DXA or BIA, many heterogeneous methodologies have been proposed or under 
study to assess body composition and skeletal muscle. Among these, the ultrasound 
is probably the one with the broadest diffusion. Ultrasound has shown good reliabil-
ity in estimating muscle mass in older subjects compared to DXA, MRI, and CT 
scan [21]. The technique has the clear advantage of assessing muscle quantity (i.e., 
pennate muscle thickness and cross-sectional area) and muscle quality (i.e., echo-
genicity). Initially used in the research setting, the wide ultrasound availability and 
bed-side utilization have raised the interest in its potential for detecting sarcopenia in 
routine clinical practice [22].

Finally, the urinary excretion of creatine provides a direct measure of the organ-
ism’s muscle mass.

The administration per os of deuterium-marked creatine and its subsequent 
assessment in a urine sample are today attracting a growing interest.

For a more detailed description of the pros and cons associated with available 
methodologies for muscle quantity determinations, refer to . Table 10.2.

 z Muscle Strength
Being simple, inexpensive, and highly predictive of poor outcomes [23], the handgrip 
strength is frequently used for measuring muscle strength in clinical settings [15, 24]. 
The standardized assessment of the handgrip strength via a calibrated dynamometer 
is guaranteed by specific protocols demonstrating the correct way for measuring it 
[25] and the availability of population-specific thresholds of risk [26]. In the 
EWGSOP2 document [13], the chair stand test is indicated as an alternative measure 
of strength. The test, providing a proxy of lower extremity muscle strength, is 
designed to time how long is needed for a patient to rise five times from a seated posi-
tion as quickly as possible [8, 27].

 z Physical Performance
In terms of reliability and ability to predict adverse outcomes [26, 28], gait speed is 
perhaps the most recommended instrument to measure the individual’s physical per-
formance. Gait speed can be measured alone or as part of a test battery, in particular 
the short physical performance battery (SPPB). Despite being highly predictive of 
negative outcomes [29], the time needed to assess the SPPB (approximately 10 min-
utes) makes it less suitable for clinical practice and of more interest for the research 
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       . Table 10.2 Characteristics of  the most frequently used methods for the assessment of 
skeletal muscle

Method Strengths Limitations

MRI High resolution
Assessment of muscle quality
Quantification of lean and fat mass

Expensive equipment and need of 
qualified personnel
Time-consuming
Space requirements
Cross-sectional results specific of a 
body district

CT Assessment of muscle quality quantifica-
tion of lean and fat mass

Expensive equipment and need of 
qualified personnel
Time-consuming
Exposure to radiations
Space requirements
Cross-sectional results specific of 
a body district

DXA Quantification of lean and fat mass
Commonly available and frequently used 
in the clinical setting
Relatively inexpensive exam
No special training
Whole-body and specific body district 
quantification of body composition 
components

No muscle quality assessment
Space requirements
Low-dose radiations
No difference between water and 
bone-free lean tissue
Expensive equipment

BIA Relatively cheap and portable device
Inexpensive exam

No muscle quality assessment
Low accuracy

Anthropometry Easy and inexpensive to assess Minimal accuracy

Ultrasound Unexpensive
Qualitative assessment of (specific) 
muscle structure

Relatively high costs for the 
equipment and need of qualified 
personnel
Evaluation of a specific body 
district
Operator-dependent
Limited evidence coming from 
this technique

Creatine 
dilution method

Accurate estimate of whole-body muscle 
mass

Use limited to the research setting
Limited number of studies 
adopting the technique
No possibility of exploring specific 
body districts
Need of a lab (with qualified 
personnel) and time-consuming

MRI  magnetic resonance imaging; CT  computerized tomography; DXA  dual-energy X-ray 
absorptiometry; BIA bioelectrical impedance analysis
Modified from Pahor and colleagues (The Journal of Nutrition, Health and Ageing, 2009) [81]

Sarcopenia: An Overview



152

10

setting. In the EWGSOP2 document [13], the Timed Up-and-Go test (TUG) and the 
400-meter walk test are also listed as valid alternatives for capturing the physical 
performance. In the TUG [30], the individual is asked to rise from a chair, walk for 3 
meters along a track, turn, walk back, and sit down again. Instead, the 400-meter 
walk test represents a valid indicator for defining mobility disability. The 400-meter 
distance is considered as a surrogate of the distance a person should be able to cover 
in daily life for remaining mobility independent. For this test, the person is asked to 
complete 20 laps of a 20-meter long track at the usual pace.

10.4  The Etiology of Sarcopenia

Sarcopenia and cachexia (i.e., a wasting disorder that causes extreme weight loss and 
muscle wasting and can include loss of body fat; see also below) have a multifactorial 
etiology that only apparently overlaps. Lifestyle, diseases, malnutrition, and age- related 
biological conditions (e.g., inflamm-aging, mitochondrial changes, reduction of neuro-
muscular junctions and muscular regenerative potential, endocrinal disorders, vascu-
lar dysfunction) are crucial for the onset and development of sarcopenia [31]. Instead, 
the major determinant of cachexia is represented by the late stage of a serious/terminal 
disease (e.g., cancer, chronic obstructive pulmonary disease, congestive heart failure) 
and related conditions (e.g., chemotherapy toxicity, postoperative complications). 
Both sarcopenia and cachexia are predictive of negative health- related outcomes.

Sarcopenia is associated with falls, disability, institutionalization, and mortality 
[32]. After the age of 35–40 years, the muscle mass declines at a rate of 1–2% per year 
and strength of 1.5%, increasing to 3% per year after the age of 60 [33]. Alongside 
the loss of muscle mass and strength, fat increases 0.45 kg per year after the age of 
30 [34], potentially masking the loss of lean mass in the extreme condition of sarco-
penic obesity [32]. Regarding lifestyle factors, sedentary behavior and malnutrition 
are undoubtedly among the most influential determinants of sarcopenia [35]. Thus, 
physical activity and healthy nutrition assume a crucial role in preventing and treat-
ing muscle loss. The endocrine role in sarcopenia etiology results in decreased ana-
bolic hormones (i.e., testosterone, estrogen, growth hormone, and insulin-like growth 
factor-1) [36], modifications in the renin-angiotensin system [37], and vitamin D defi-
ciency [38]. Inflamm-aging acts on sarcopenia through (1) mediators such as interleu-
kin (IL) 6 and tumor-necrosis factor α (TNF-α), (2) mitochondrial dysfunction, and 
(3) oxidative stress [39]. At a biological level, an imbalance between anabolic and 
catabolic processes leads to protein and loss of myocytes, then to loss of muscle mass 
(predominantly in the type II fibers), and finally to muscle function [40].

10.5  Prevalence and Outcomes of Sarcopenia

Despite the heterogeneity of available operational definitions and cut-points, sarco-
penia consistently remains a highly prevalent and detrimental condition in older sub-
jects [41]. Its prevalence tends to vary across clinical settings, with the lowest 
prevalence reported in the community (about 10%) [42, 43] and the highest in nursing 
homes (about 40%) [42, 44].
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SARCOPENIA
- Skeletal muscle loss
- Poor muscle quality

FRAILTY
- De�cits accumulation
- Fatigue
- Sedentary behaviour
- Weight loss
- Cognitive impairment
- Social isolation

PHYSICAL 
FUNCTION 

IMPAIRMENT
- Weak muscle strength
- Slow gait speed
- Poor balance

       . Fig. 10.1 The relationship among sarcopenia, physical function impairment, and frailty. Published 
by Cesari and colleagues (Front Aging Neuroscience 2014) in an open-access article, distributed under 
the terms of  the Creative Commons Attribution License (CC BY)

Sarcopenia has a significant impact on the person and the public health. 
Sarcopenia increases the risk of fracture by direct (i.e., negative interaction between 
muscle and bone) [45, 46] and indirect (i.e., increased risk of falling) [47] effects. As 
mentioned, it predicts functional decline and physical disability [48], as well as short- 
and long-term mortality in both hospitalized [49] and nursing home patients [50]. 
Persons with sarcopenia have shown a reduced quality of life [51]. Furthermore, sar-
copenia represents a relevant burden for the healthcare systems as it increases the risk 
of prolonged hospitalization [52], institutionalization [53], and increased healthcare 
costs [54, 55].

Under this perspective, sarcopenia does not seem to fit into the classical age- 
related, standalone disease profile. Taking into account the fact that (1) it has a mul-
tifactorial etiology and is associated with multiple risk factors, (2) it is closely 
associated with aging, and (3) its presence induces poor health outcomes, sarcopenia 
has long been included as one of the major geriatric syndromes [56]. Sarcopenia is 
also associated with other geriatric syndromes, particularly frailty (a multidimen-
sional medical condition characterized by reduced homeostatic reserves and increased 
vulnerability to stressors) [57]. It has been discussed that sarcopenia and frailty may 
overlap, sharing that physical impairment represents the first step of the disabling 
cascade (. Fig. 10.1) [58]. As soon as sarcopenia is considered as a geriatric syn-
drome, the clinical approach for its management requires a comprehensive assess-
ment aimed to personalize care, as documented in the literature for every 
multidimensional geriatric condition [59].

10.6  The Management of Sarcopenia

Since sarcopenia has gained an ICD-10-CM code and officially recognized as a 
nosological condition, specific recommendations for its clinical management have 
been proposed by a task force of  the Society on Sarcopenia, Cachexia and Wasting 
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Disorders. It has been solicited that physicians screen for sarcopenia using vali-
dated tools, as the SARC-F questionnaire. Subsequently, the diagnosis should be 
confirmed, measuring both the muscle strength (e.g., handgrip, chair stand test) 
and muscle mass (via DXA, CT scan, ultrasound). Once the diagnosis has been 
confirmed, interventions should be aimed at increasing muscle mass and, in par-
ticular, function. An important role is played by resistance training [60]. Moreover, 
diet should be adapted (eventually with the use of  nutritional supplements) for 
increasing the dietary protein intake above the standard recommended dietary 
allowances (for 0.9 g/kg/day to 1–1.5 g/kg/day and up to 2 g/kg/day in the presence 
of  catabolic conditions) [61, 62]. The β-hydroxy β-methylbutyrate (HMB) has 
shown to be beneficial in increasing muscle mass and function in frail patients with 
sarcopenia [63]. Positive effects have also been documented for vitamin D supple-
mentation in deficient persons [64]. Testosterone is not currently recommended in 
the absence of  hypogonadism as no strong evidence supports its safe use in sarco-
penic persons although it surely has an anabolic action on the muscle [65]. 
Similarly, anti-myostatin inhibitors and molecules acting on the growth hormone 
axis might be promising but still lack sufficient evidence supporting their clinical 
use [66, 67]. Anti-cytokine/myokine treatments include antibody agents against 
pro-inflammatory factors (e.g., anti-TNF-α, anti-IL-1, anti- IL- 6) that limit the 
loss of  skeletal muscle mass. For example, positive findings have been reported for 
the anti-TNF agent infliximab in treating sarcopenia in patients with Crohn’s dis-
ease [68]. Agents against IL-6 (influencing energy homeostasis and muscle sub-
strate utilization) have demonstrated benefits in some specific forms of  cachexia 
(e.g., siltuximab reduced anorexia and cachexia in ovarian, prostate, and lung can-
cer patients) [69].

10.7  Cachexia

Cachexia, derived from the Greek terms kakos (i.e., bad) and hexis (i.e., condition), 
is a complex multifactorial syndrome characterized by severe body weight loss 
(greater than 5% of body weight in 12 months or less) due to an underlying severe 
illness [70]. Cancer, chronic heart failure, chronic renal failure, and chronic obstruc-
tive pulmonary disease are the most frequent underlying conditions responsible for 
specific phenotypes of cachexia. Cases of cachexia secondary to rheumatoid arthritis 
and HIV are also observed.

Weight loss secondary to loss of muscle mass (associated or not with loss of fat 
mass) represents the primary clinical and diagnostic criterion of cachexia. Five sec-
ondary criteria have been indicated, three of which need to be present to confirm the 
diagnosis (. Table 10.3). The secondary criteria refer to decreased muscle mass (i.e., 
fatigue, low fat-free mass index, decreased muscle strength) and inflammation (i.e., 
anorexia and biochemical abnormalities) and were defined according to the main 
pathophysiological mechanisms involved. In 2010, the European Society for Clinical 
Nutrition and Metabolism (ESPEN) [71] completed the existing definition by includ-
ing different stages of cachexia (. Table 10.4) to facilitate an earlier identification 
(and hopefully treatment) of the condition.
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       . Table 10.3 Proposed definitions of  cachexia in adults proposed by Evans and colleagues 
(Clinical Nutrition, 2008)

Main criterion Essential for diagnosis

Weight loss At least 5% reduction of weight occurred within 12 months in the presence 
of underlying illness, or BMI <20 kg/m2 if  weight loss cannot be docu-
mented

Secondary 
criteria

At least three criteria present for diagnosis

Decreased muscle 
strength

Poor handgrip strength

Fatigue Physical and/or mental weariness resulting from exertion. Inability to 
continue exercise at the same intensity with consequent deterioration of 
performance

Anorexia Limited food intake (i.e., total caloric intake less than 20 kcal/kg of body 
weight/day; less than 70% of usual food intake) or poor appetite

Low fat-free 
mass index

Lean tissue depletion (i.e., low mid-upper arm muscle circumference, low 
appendicular skeletal muscle index)

Abnormal 
biochemistry

Increased inflammatory status (CRP >5.0 mg/L; IL-6 > 4.0 pg/mL)

BMI body mass index; CRP C-reactive protein; IL-6: interleukin 6

       . Table 10.4 Proposed staging of  cachexia in adults

ESPEN-SIG 
(2010)

Precachexia All the following criteria have to be present:
Unintentional weight loss ≤5% of the usual body weight 
during the last 6 months
Underlying chronic disease
Chronic or recurrent systemic inflammatory responsea

Anorexia or anorexia-related symptoms

Evans et al. 
2008

Mild cachexia Unintentional weight > 5% of usual body weight loss 
within the previous 12 months

Moderate 
cachexia

Unintentional weight loss >10% of usual body weight 
within the previous 12 months

Severe cachexia Unintentional weight loss >15% of usual body weight 
within the previous 12 months

aCancer, chronic heart failure, chronic respiratory disease, liver failure, chronic kidney disease, 
rheumatoid arthritis, and HIV
Modified by Muscaritoli et al. (Clinical Nutrition, 2010)
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10.8  The Etiology of Cachexia

Muscle mass loss is the most relevant feature of  cachexia, irrespective of  the caus-
ative disease. It is mainly secondary to the accelerated proteolysis of  skeletal mus-
cle cells [72]. Different proteolytic mechanisms are involved in the accelerated 
muscle wasting process, the ubiquitin-dependent pathway being the most impor-
tant.

Systemic inflammation is the driving force behind the muscle protein breakdown 
in cachexia [73]. Systemic inflammation is caused by the imbalance between pro- and 
anti-inflammatory cytokines, produced by the acute disease, immunological abnor-
malities, and the growing adipose tissue [74].

Anorexia contributes to cachexia by causing reduced food intake and favoring 
weight loss. It is defined as the reduction (or loss) in the desire to eat [75]. The 
cachexia-related anorexia is different from the anorexia nervosa, because it is 
defined by the presence of  a primary catabolic condition. Its genesis is complex and 
multifactorial; the underlying hypothesized mechanism resides in the inappropriate 
response of  the hypothalamic axis to the appetite and satiety stimuli, although 
other factors (i.e., depression, pain, dysphagia) may play a role in its etiology as 
well [76].

Malnutrition (i.e., a state of nutrition in which a deficiency, imbalance, or excess 
of nutrients causes measurable adverse effects on body form and function and pro-
duces negative clinical outcomes) is also another major component of cachexia [77]. 
However, it is noteworthy that not all malnourished patients have cachexia, but all 
cachectic patients are malnourished.

10.9  The Overlap Between Cachexia and Sarcopenia

Comparing cachexia and sarcopenia, it becomes clear how close the two constructs 
are. Both conditions share a similar biological substratum in which several factors 
interplay (i.e., age, comorbidity, metabolic abnormalities). Moreover, as one condi-
tion may lead to the other and vice versa, sarcopenia and cachexia could be consid-
ered as part of the same continuum of muscle decline, which leads to negative health 
outcomes. However, in clinical practice, it may be challenging or even impossible to 
assess and disentangle the specific contribution of each of the two in the loss of the 
individual’s muscle mass and function.

Differences between the two conditions can be mentioned (. Table  10.5). 
Although muscle mass loss is featured in both conditions, the process is usually rapid 
and acute in cachexia, whereas it is more gradual and progressive in sarcopenia. 
Although low- grade inflammation has been identified as a contributor for the devel-
opment of sarcopenia, inflammation is more prominent in cachexia, for which it 
represents a core feature.

The partial overlap between cachexia and sarcopenia has important implications 
in terms of therapeutic strategies. Ongoing research is exploring pharmacological 
and non-pharmacological options that aim at reducing muscle loss in both by acting 
as the shared biological mechanisms.
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157 10

       . Table 10.5 Comparison between sarcopenia and cachexia, modified from Argilès and 
colleagues (Current Opinion in Pharmacology 2015)

Sarcopenia Cachexia

Weight loss Might be present Might be present

Muscle mass Decreased Decreased

Fat mass Increased Decreased

Underlying catabolic disease Yes/no Yes

Inflammation (systemic) + +++

Anorexia + ++

Resting energy expenditure Decreased Increased

Muscle protein degradation +++ +

Impaired muscle protein synthesis Yes Yes/no

Insulin resistance Yes Yes

10.10  Management of Cachexia

Just like sarcopenia, the ultimate goal of treating cachexia remains the attenuation of 
losing muscle mass and function. Given the complex pathogenesis for both condi-
tions, the approach must always consider different factors, including age, comorbidi-
ties, medications, inflammatory status, metabolism, nutritional status, and lifestyle.

Several therapies designed for sarcopenia have shown some potential also in 
cachexia, given the common biological background. For example, anamorelin can 
increase body weight and lean body mass while reducing some cachexia symptoms; 
unfortunately, no effect has been demonstrated on muscle strength [78]. Enobosarm 
has a similar impact on body composition in both sarcopenia and cachexia, but 
(again) no effect on muscle function [79–81]. Biological agents against inflammation 
targeting MABp1 have shown benefits in preventing muscle loss due to cancer, but no 
gain in function has emerged [82]. Recent research focuses on the potential role of 
anti- microRNAs (miRs) agents to counteract muscle loss [83, 84].

The absence of benefits on muscular function of biological treatments in cachexia 
can be explained by the fact that chronic diseases and systemic inflammation alter the 
direct relationship between muscle mass and muscle strength [79]. Thus, the potential 
benefits of the biological treatments can be fully achieved only if  nutritional and 
metabolic interventions and physical exercise act against muscle wasting in a multi-
modal approach. Moreover, the severity of the underlying catabolic condition (the 
primary cause of cachexia) cannot be neglected.

10.11  Acute Sarcopenia

Inactivity and periods of bed rest secondary to acute illnesses and hospitalization 
have a dramatic impact on muscle mass and function. A study demonstrated a sig-
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nificant decrease in muscle protein synthesis (−0.027% per hour), muscle mass 
(−1.5 kg in whole-body lean mass), and strength (−19 Newton-meters per second) in 
a cohort of healthy older patients after 10 days of bedrest [85]. The effect of bedrest 
on muscle mass is particularly accentuated in older people compared to their younger 
counterparts [86]. The inactivity-induced loss of muscle mass is more rapid during 
the initial phases of immobility and predominantly affects the lower body muscula-
ture [86, 87]. Unlike cachexia, prolonged bedrest induces muscle mass loss through 
the inhibition of protein synthesis [88].

Endocrine deregulation and systemic inflammatory play a role in acute illnesses 
and lead to a rapid decline in muscle mass and function. Sepsis, for example, is asso-
ciated with endocrine alterations, rise in inflammatory cytokines, and a decrease in 
muscle function [89]. Surgery, trauma, and burns have a similar effect on the muscles 
[90].

In a recent review, Welsh and colleagues [91] state that the combined effect of 
inactivity, systemic inflammation, and endocrine alterations witnessed during signifi-
cant events (i.e., acute illnesses, surgery, trauma, burns) may precipitate the develop-
ment of secondary sarcopenia [92]. This condition, defined acute sarcopenia, is 
defined as “a change in muscle mass and function within 28 days of a significant 
stressor event sufficient to meet criteria for sarcopenia using previously defined 
 cut- off  points.” During the recovery process, the individual may or may not return to 
his/her pre-illness level of muscle function and mass. In other words, acute sarcope-
nia can lead to the “usual” chronic sarcopenia.

Further research is needed to establish the risk factors and the long-term out-
comes associated with acute sarcopenia. Interventional studies that target acute sar-
copenia are needed. The prevention and treatment of acute sarcopenia are likely to 
be beneficial for the individual patients (reducing the risk of developing chronic sar-
copenia) and the health system (limiting the length of hospital stay and rehabilita-
tion costs).

 Conclusions
Sarcopenia has evolved in its meaning since its origin more than 20 years ago, encom-
passing not only the condition of reduction in muscular appendicular mass, but also 
the loss of muscular function. Multiple instruments have been developed and validated 
over the past years for screening and diagnosing sarcopenia. Decisional algorithms 
have been proposed. Sarcopenia is now dissected in different forms (primary vs. sec-
ondary; disease vs. syndrome; acute vs. chronic), implicitly demonstrating the interest 
in this condition because it has impacts on the person and public health systems. The 
growing body of literature focused on cachexia further shows how the skeletal muscle 
quantity and quality become more relevant in the clinical and research field.

Aging and frailty are connected with all these forms of muscle loss that seem to 
share common pathways in their physiopathology, potentially favoring the develop-
ment of therapeutic solutions. It is crucial for clinicians to familiarize with these new 
conditions and adapt their routines to accommodate the assessment of the patient’s 
muscle health. This is feasible in every setting, given the broad spectrum of instru-
ments that are today available. Overlooking the individual’s muscle quality and quan-
tity should be considered malpractice.
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Take-Home Messages
 5 Sarcopenia is a multifactorial condition highly prevalent in older subjects, char-

acterized by a decline in muscle mass and quality.
 5 Cachexia, defined by severe body weight loss due to an underlying severe illness, 

only partially overlaps with sarcopenia.
 5 An acute form of  sarcopenia exists and has important clinical implications in 

critically ill old patients.
 5 Tailored interventions that increase muscle strength and function can limit the 

negative outcomes that this condition has on the individual and on the healthcare 
system.

 5 Screening and assessment of  sarcopenia should become part of  routine clinical 
practice.
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 n Learning Objectives
Having read this chapter, you will be able to:

 5 Define frailty and explain its pathophysiology.
 5 Understand the two reference standard models of frailty: the phenotype model and 

cumulative deficit model.
 5 Appreciate the limitations of these two models for clinical practice and have an 

understanding of alternative simple instruments for assessing frailty in critically 
unwell older people.

 5 Understand the implications of our ageing population and the epidemiology of 
frailty in critical care units.

 5 Appreciate the clinical utility of frailty in critical care, including its role in triage 
decisions, predicting prognosis and identifying people for therapeutic interventions, 
as well as its potential future role as a therapeutic target.

11.1  Introduction

Population ageing worldwide is accelerating rapidly, with major implications for the 
planning and delivery of healthcare services. The ageing global demographic has 
been accompanied by a notable increase in the proportion of older people admitted 
to critical care facilities [1]. However, chronological age is not a universal predictor of 
inferior outcomes, and the concept of frailty more accurately identifies older people 
at increased risk of adverse outcomes, compared to people of the same chronological 
age. Frailty encapsulates the variable vulnerability to stressor events observed in older 
age, helping to explain why some older individuals are more resilient and are able to 
withstand stressors, whilst others only need a minor insult, such as a simple infection 
to trigger a sudden, disproportionate change in their health [2].

Globally, the prevalence of frailty in older adults is estimated to range from 7 to 
26% [3], and this population with frailty is at increased risks of falls, disability and 
death. Older people with frailty are recognised as core users of health and social care 
services internationally, accounting for a considerable proportion of healthcare 
expenditure [4]. Over the past 20 years, there has been a considerable expansion in 
research to improve our understanding of the pathophysiology of frailty and its 
implications for healthcare services, which have historically mainly been designed to 
meet the needs of younger people with single long-term conditions. In this chapter, 
we discuss the definition, pathophysiology and epidemiology of frailty as well as pres-
ent instruments to assess frailty in critically unwell older adults alongside an overall 
focus on the clinical importance of recognising frailty in critical care.

11.2  Frailty Definition and Pathophysiology

Frailty is a condition characterised by loss of biological reserves, failure of physiolog-
ical mechanisms and increased vulnerability to a range of adverse outcomes. It devel-
ops as the result of accelerated ageing-associated decline across multiple physiological 
systems. This cumulative physiological decline diminishes homeostatic reserve, until 
stressor events trigger disproportionate and dramatic changes in health status [5]. For 
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example, a new medication, a ‘minor’ surgical procedure or an infection can translate 
into marked deteriorations in function and a transition from being independent to 
dependent, mobile to immobile and lucid to delirious (. Fig. 11.1) [6]. The sudden, 
disproportionate change in health observed in frailty is typically followed by a pro-
longed period of recovery, frequently requiring an extended hospital stay, including a 
period of rehabilitation.

The brain, endocrine system, immune system and skeletal muscle are the physio-
logical systems which have been most extensively investigated in frailty, [6] and cumu-
lative decline in these systems has particular importance in the context of critical 
illness. In general, the cumulative decline across multiple systems in frailty identifies 
an individual whose homeostatic mechanisms are on the verge of a tipping point 
from which it may be impossible to recover, with an additional stressor of a critical 
illness leading to complete homeostatic failure and death. Considering specific organ 
systems, the gradual loss of skeletal muscle strength and function (sarcopenia) that is 
commonly observed in frailty can be particularly problematic with the addition of an 
acute severe illness, such as sepsis, or major surgical procedure. This is because the 
breakdown of muscle protein to produce amino acids for energy and antigenic pep-
tides for the immune response to an inflammatory stimulus can further diminish 
already depleted skeletal muscle. When this is combined with additional muscle atro-
phy through immobility in hospital, the result can potentially be a major loss of 
independence that might not be recoverable, even with a prolonged period of reha-
bilitation. Furthermore, the changes to the brain that are observed with frailty can 
increase the risk of delirium, which is commonly encountered in the critical care set-
ting, and an extremely unpleasant and upsetting experience for patients, families and 
staff.

Although the brain, endocrine system, immune system and skeletal muscle have 
been best studied, it is recognised that cumulative decline across other key systems 
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       . Fig. 11.1 Schematic epresentation of  the typical clinical presentation of  frailty [6]
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including the cardiovascular, respiratory and renal systems contributes to the overall 
development of frailty. Indeed, research has indicated that it is the total amount of 
decline across multiple organ systems that drives the development of frailty, as 
opposed to impairment in one particular system alone [7].

11.3  Frailty Models

Although the concept of frailty has been established in geriatric medicine for consid-
erable time, it is only more recently that frailty models have been developed. The 
phenotype model and the cumulative deficit model are the two international models 
of frailty that are best established as reference standards. Both are extensively vali-
dated and, although conceptually different, have overlap in identification of frailty.

The phenotype model identifies frailty on the basis of the presence of three or 
more of the following physical characteristics: unintentional weight loss, self-reported 
exhaustion, low energy expenditure, low grip strength and slow walking speed 
(. Table 11.1). Participants are classified as frail (three or more characteristics), pre-
frail (one or two characteristics) or robust (no characteristics present). Although 
widely recognised as a reference standard, the main limitations of the phenotype 
model have been that the time required for assessment of the five characteristics 
means that it more suited as a research tool, rather than for routine clinical practice. 
An additional limitation is that the components can potentially conflate acute illness 
with frailty.

The cumulative deficit model identifies frailty on the basis of the accumulation of 
a range of health deficits (clinical signs, symptoms, diseases, disabilities, impair-
ments), on the simple principle that the more small things an individual has wrong 
with them, the more likely they are to have frailty. The model is flexible in terms of 
the number and type of deficit variables that are required – a minimum number of 30 
deficit variables is required for a valid model [9]. The deficit variables can be com-
bined to calculate a frailty index (FI) score as the total number present in an indi-
vidual as an equally weighted proportion of the total possible. A higher frailty index 
score is typically associated with worse outcomes [10]. With a theoretical range of 

       . Table 11.1 The five phenotype model indicators of  frailty and their associated measures [8]

Frailty indicator Measure

Unintentional 
weight loss

Self-reported weight loss of more than 10 pounds or recorded weight loss 
of ≥5% per annum

Self-reported 
exhaustion

Self-reported exhaustion on CES-D score (3–4 days per week or most of 
the time)

Low energy 
expenditure

Energy expenditure <383 kcal/week (males) or <270 kcal/week (females)

Slow gait speed Standardised cut-off  times to walk 15 feet, stratified for sex and height

Weak grip strength Grip strength, stratified by sex and BMI
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between 0 and 1, a value of 0.70 represents a level of frailty beyond which further 
deficit accumulation is not sustainable [10]. Similar to the phenotype model, a key 
historical limitation of the cumulative deficit model is that it has been mainly suited 
to the research setting, although more recent research has extended the model to 
critical care.

11.4  Instruments for Assessing Frailty in Critically  
Unwell Older People

The limitations of the original phenotype and cumulative deficit models for routine 
assessment of critically unwell older people have led to interest in instruments that 
are feasible to complete in the time-pressured environment of an acute hospital but 
retain good reliability. Although there is a very extensive range of instruments for 
identifying frailty in community settings, many of these include performance-based 
items, such as measures of mobility (e.g. gait speed, timed-up-and-go test), which can 
conflate frailty with acute illness. Furthermore, frailty assessment in critically ill older 
people presents additional challenges, including the frequent presence of acute delir-
ium, underlying dementia or reduced level of consciousness that can accompany 
critical illness. Useful instruments also need to take into account both the possibility 
of proxy completion and the challenges presented when there is no proxy available in 
the setting of an acute hospitalisation.

A 2018 systematic review of the feasibility and reliability of frailty assessment 
instruments in critically unwell older people identified six studies that assessed differ-
ent frailty instruments in the critical care setting [11].

11.4.1  Modified Phenotype Model

A modified frailty phenotype model has been used in research studies investigating 
frailty in critical care. One version operationalised the five phenotype model domains 
for use in critical care, and a second version extended the modified domains to include 
cognitive impairment and sensory impairment (. Table 11.2) [11].

In studies that have used the modified phenotype model, limitations in terms of 
difficulties completing some components, even with adaptations for critical care, were 
reported. Although the modified frailty phenotype has been used by both research 
and clinical staff, the time required for completion has not been reported, which 
means that resource required for routine implementation is currently uncertain.

11.4.2  Cumulative Deficit Model

A 43-item proxy-reported questionnaire based on the cumulative deficit model of 
frailty has been developed and tested in 610 critical care patients (. Table 11.3) [13]. 
The questionnaire is completed using variables drawn from the health record, sup-
plemented by proxy completion of variables collected from family members, based 
on the condition of the patient 2 weeks prior to hospital admission. Each deficit 

Geriatric Syndromes: Frailty



170

11

variable is coded as 0 (absent), 1 (present) or 0.5 (where intermediate values are pos-
sible).

The frailty index was a better predictor of adverse outcomes after critical care 
admission than age, illness severity or comorbidity. Higher baseline physical function 
and lower frailty index scores were robust predictors of survival and long-term phys-
ical function. In the validation study, the questionnaire was completed by trained 
researchers, and feasibility of use in routine clinical care requires further evaluation. 
A 52-item frailty index has also been operationalised for critical care, and validated 
in a sample of 155 patients, demonstrating good prediction of survival [14].

11.4.3  Clinical Frailty Scale

The Clinical Frailty Scale (CFS) is a method of summarising the overall level of fit-
ness or frailty of an older individual after a clinical evaluation. The original CFS was 
a seven-item pictorial scale, ranging from level 1 (very fit) to level 7 (severely frail). 
More recently, a nine-item version has been developed, including two additional cat-
egories – very severe frailty (level 8) and terminally ill (level 9) (. Fig. 11.2). The CFS 
has been used by a broad range of clinical and research staff, with high rates of 
completion in studies that evaluated reliability in critical care, reflecting its relative 
simplicity and ease of use. Furthermore, good inter-rater reliability has been reported 
for the CFS when used by different clinical staff, providing further support for its use 
[15]. It is gaining popularity in critical care as a frailty assessment instrument that is 
aligned with implementation in time-pressured clinical environments. One limitation 
of the CFS is that it mainly assesses function of an individual, so it may not account 
for the cumulative decline across multiple physiological systems that is characteristic 
of frailty. Despite this, the CFS correlates well with the research standard cumulative 

       . Table 11.2 Assessment of  frailty according to modified frailty phenotype model [12]

Frailty 
domain

Measure

Shrinking Reported weight loss and BMI <24 or ≥5% weight loss

Weakness Unable to rise from a chair without using arms

Slowness Falls or need for assistance with mobility inside or outside the home in the past 
year

Low physical 
activity

Unable to climb flight of stairs or undertake moderate activity, e.g. pushing a 
vacuum cleaner or bowling

Exhaustion Feeling that everything the patient does is an effort and/or the feeling that he 
could not get going, in past 4 weeks; number of times he/she had a lot of energy 
in past 4 weeks

Cognitive 
impairment

Memory impairment screen, or modified version of the short-form informant 
questionnaire on cognitive decline in the elderly

Sensory 
impairment

Problems in daily life because of poor vision or impaired hearing in last year
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       . Table 11.3 43 items included in a cumulative deficit frailty index developed for use in 
critical care, including items completed using information from the health record and proxy 
completion

# Items contributed to the FI

1 Overall health of the patient?

2 Do you think the patient was depressed?

3 Do you think the patient worried a lot or got anxious?

4 Do you think the patient felt exhausted or tired all the time?

5 Did the patient have sleep problems?

6 Did the patient have problems with memory or thinking?

7 Did the patient have any problems speaking to make him−/herself  understood?

8 Did the patient have difficulty hearing?

9 Did the patient have problems with eyesight (even when wearing glasses)?

10 Did the patient have problems with balance?

11 Did the patient complain of feeling dizzy or lightheaded?

12 Did the patient need assistance of a person or aid to prevent falling?

13 Did the patient hold on to furniture to keep from failing?

14 Was the patient able to walk alone?

15 Was the patient able to get out of a bed or chair alone?

16 Did the patient have problems with bowel control?

17 Did the patient have problems with bladder control?

18 Did the patient experience any unplanned weight loss in the last 6 months?

19 What was the patient’s food intake in the week prior to ICU admission?

20 Was the patient able to carry out some day-to-day tasks?

21 Feed himself/herself ?

22 Take a bath or shower?

23 Dress himself/herself ?

24 Drive?

25 Look after his/her own medications?

26 Do day-to-day shopping?

27 Do day-to-day household cleaning?

28 Cook well enough to maintain his/her nutrition?

29 Look after his/her own banking and financial affairs?

30 Overall health of the patient?

31 Myocardial infarct

(continued)
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       . Table 11.3 (continued)

# Items contributed to the FI

32 Congestive heart failure

33 Peripheral vascular disease

34 Cerebrovascular disease +/− hemiplegia

35 Dementia

36 Chronic pulmonary disease

37 Connective tissue disease

38 Ulcer disease

39 Any liver disease

40 Diabetes

41 Moderate or several renal diseases

42 Diabetes with end organ damage

43 Any tumour

       . Fig. 11.2 Nine-item CFS
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deficit model, which includes variables that span the range of systems that are typi-
cally impaired in frailty.

11.4.4  Identifying Frailty Using Routine Electronic Health 
Record Data

The use of routine electronic health record data to identify frailty in critically unwell 
older people is an attractive option but has a range of considerations. In the UK, an 
electronic frailty index (eFI) has been developed using routinely available primary 
care electronic health record data, and implemented nationally, but is not currently 
available in secondary care health record systems [16] and requires validation in a 
critical care context. A Hospital Frailty Risk Score (HFRS) has also been developed 
and validated using International Classification of Diseases version 10 (ICD- 10) 
coding, [17] but has not yet been validated in critical care or been widely imple-
mented. A modified frailty index (mFI), constructed using 11 and 19 items, has been 
developed and tested using critical care registry data from 129,680 patients in Brazil, 
with higher scores demonstrating good prediction of in-hospital mortality and lower 
likelihood of returning home [18]. However, the index included fewer items than the 
recommended minimum of 30 variables required for a valid frailty index, and only 1 
item assessing physical function was included in the shorter version, meaning that 
the index mainly includes comorbidities, rather than aligning with the wider multidi-
mensional construct of frailty [19]. The use of routine electronic health record data 
to identify frailty in critically unwell older adults is an attractive area of ongoing 
work.

11.5  Epidemiology of Frailty

A notable consequence of the increased global life expectancy observed across the 
twentieth century is the demographic shift towards an ageing population, which has 
been most marked in higher-income countries [20]. By 2070, it is predicted that 18.9% 
of the global population will be older than 65 years and 28.7% in high-income coun-
tries [20].

Globally the prevalence of frailty amongst community-dwelling older adults 
(≥50) ranges from 7 to 26%, depending on the definition used and population exam-
ined [21]. Prevalence is associated with social and economic factors and has consis-
tently been demonstrated to be greater in women independent of age [8, 21]. Frailty 
is a dynamic process whereby people transition between different frailty states over 
time. The most common trajectory is for individuals to progress to a worse frailty 
state, although frailty has been observed to improve to some degree in almost a quar-
ter of people. However, transitioning from established frailty to a non-frail state is 
typically very rare [22]. Older people typically comprise up to two-thirds of the acute 
inpatient population, and estimates indicate that around half of these patients have 
frailty [23].
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11.5.1  Epidemiology of Frailty in Critical Care Units

One of the consequences of population ageing is that older critically ill patients are a 
rapidly expanding group in critical care units. A growing older population with frailty 
at risk of sudden, dramatic changes in health with acute illness has major implica-
tions for the design and operational delivery of critical care, and robust information 
on epidemiology of frailty in critical care is required for planning services. A land-
mark 2017 systematic review of the prevalence of frailty in critical care facilities and 
its impact on outcomes of critically ill patients identified 10 studies, with a total of 
3050 patients [22]. These ten studies along with additional key studies that were con-
ducted following this review are summarised in . Table  11.4. The frailty rates in 
patients admitted to critical care units differ considerably between studies, with rates 
ranging between 12 and 60%. This likely represents different eligibility criteria and 
frailty scores used across studies, alongside differences in service model delivery in 
different countries globally. A large, transnational study spanning 21 European coun-
tries investigating the impact of frailty in 5021 intensive care unit patients used a 
standardised assessment of frailty – the Clinical Frailty Scale – and reported notable 
differences in frailty prevalence [24]. Rates of frailty in older intensive care unit 
patients were lowest in Western Europe (35.1%) compared to Eastern Europe (55.3%), 
with intermediate rates in Central Europe (48.9%), Northern Europe (48.4%) and 
Southern Europe (38.6%). As the frailty assessment measure was standardised across 
settings, these differences most likely reflect how service models have been established 
in these geographical regions, with a greater emphasis on triage of critically unwell 
older patients prior to transfer to intensive care units in Western and Southern 
Europe.

11.6  Clinical Utility of Frailty in Critical Care

Interest in identifying frailty in critical care has grown in recent years, particularly in 
view of triage decisions potentially required in the COVID-19 pandemic [41]. The 
most common scale used clinically is the Clinical Frailty Scale, aligned with the evi-
dence for its feasibility and reliability in critical care settings as it is considered easy 
to estimate with minimal training and even without the involvement of a patient’s 
family [11]. A major concern with the use of frailty scores on ICU is that patients may 
be far from their baseline and this could cloud judgement. Although the CFS appears 
to have a high inter-rater reliability, a 2019 study reported a difference of one cate-
gory or more in 47% of cases [15].

11.6.1  Prognosis

There are many scoring systems which predict outcomes in critical care, but in the 
main these are only recommended for use in aggregate and not for individuals [42]. 
Frailty as measured by CFS and frailty index predicts mortality independent of age 
and acute scoring systems such as APACHE II and SOFA [24, 36]. In the Muscedere 
et al. meta-analysis, [43] frailty was a predictor of hospital (risk ratio (RR), 1.71; 95% 
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       . Table 11.4 Major studies exploring frailty prevalence in the critically ill

Reference Year Country Cohort 
size (N)

Age 
criteria 
(years)

Preva-
lence 
(%)

Frailty criteria

Bagshaw 
[25]

2014 Canada 421 ≥50 33 9-point CFS (≥5 
points)

Brummell 
[26]

2020 USA 567 ≥18 24 7-point CFS 
(≥5 points)

Brummel 
[27]

2017 USA 1040 ≥18 30 7-point CFS 
(≥3 points)

Darvall [28] 2019 New 
Zealand, 
Australia

15,613 ≥80 40 8-point CFS 
(≥5 points)

Ferrante 
[29]

2016 USA 391 ≥70 55 FP (≥3 points)

Fisher [30] 2015 Australia 205 ≥18 28 9-point CFS 
(≥5 points)

Flaatten [24] 2017 21 European 
countries

5021 ≥80 43 9-point CFS 
(≥5 points)

Geense [31] 2020 The 
Netherlands

1300 ≥18 12 9-point CFS 
(≥5 points)

Hessey [32] 2020 Canada 11,816 ≥18 29 9-point CFS 
(≥5 points)

Heyland 
[13, 33]

2015 Canada 610 ≥80 32 (CFS)
59 (FI)

7-point CFS 
(≥5 points)
43-item FI 
(>0.2)

Hope [34, 
35]

2015 USA 84 ≥18 35 (CFS)
27 
(FAT- 
ICU)

9-point CFS 
(≥5 points)
FAT-ICU (>3 
points)

Hope [12] 2017 USA 95 ≥18 36 9-point CFS 
(≥5 points)

Kizilarsla-
noglu [36]

2017 Turkey 122 >60 21 55-item FI 
(>0.4)

Le Maguet 
[3]

2014 France 196 >65 41 (FP)
24 (CFS)

FP (≥3 points)
9-point CFS 
(≥5 points)

Lopez [37] 2019 Spain 132 ≥65 35 FRAIL scale 
(≥3 points)

Montgom-
ery [38]

2019 Canada 15,238 ≥18 28 9-point CFS 
(≥5 points)

(continued)
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confidence interval (CI), 1.43 to 2.05) and long-term (RR, 1.53; 95% CI, 1.40 to 1.68) 
mortality independent of age, illness severity and comorbidity. Additionally, frail 
patients were less likely to be discharged home (RR 0.59; 95% CI 0.49 to 0.71) and 
reported a reduced quality of life at 1 year.

Even as a strong prognostic factor, it is not clear that frailty can be used on its own 
to identify futility in critical care decision making. Survival is possible even for 
patients considered ‘very severely frail’, [24] and acceptable outcomes will vary by 
patient, so frailty must for now remain as one factor in a comprehensive assessment 
and discussion which incorporates patient wishes and acute illness severity [44].

11.6.2  Identifying People for Therapeutic Interventions

Admission to critical care is itself  a therapeutic intervention, and many scoring sys-
tems are validated on patients already admitted to critical care, making it problematic 
to use them to guide admission [42]. It has therefore not historically been recom-
mended that any scoring system be used to guide critical care admission, [45] though 
during the COVID-19 pandemic, UK guidance from the National Institute for Health 
and Care Excellence (NICE) suggested critical care treatment may be inappropriate 
for patients with a CFS score of 5 or more [41, 44]. The use of prognostic indicators 
in general to guide decisions to intervene with admission to critical care or an escala-
tion of treatment, when failing to intervene, may result in death, risks becoming a 
self-fulfilling prophecy even when based on reliable evidence [46].

Recognising that it is not usually possible to accurately determine which patients 
may respond best to the initiation of critical care treatment, there is interest in ‘ICU 
trials’ where a patient is admitted to critical care but treatment is withdrawn early if  
they are not responsive in the first 24–48 hours [47, 48]. However, whilst medical and 
bioethical literature frequently combines withdrawal and withholding of life- sustaining 

       . Table 11.4 (continued)

Reference Year Country Cohort 
size (N)

Age 
criteria 
(years)

Preva-
lence 
(%)

Frailty criteria

Mueller [39] 2016 USA 102 >18 38 50-item FI
FI (>0.25)

Takaoka
 [40]

2020 Canada 66 ≥18 26 9-point CFS 
(≥5 points)

Zampieri 
[18]

2018 Brazil 129,680 ≥18 19 11-point 
modified FI 
(≥3 points)

Zeng [14] 2015 China 155 >65 60 52-item FI 
(>0.22)

CFS, clinical frailty scale; FI, frailty index; FP, frailty phenotype; FAT-ICU, frailty assessment 
tool for intensive care unit

 R. Walford et al.



177 11

treatment by invoking the ‘Equivalence Thesis’, it appears that most doctors feel on 
safer ground withholding rather than withdrawing treatment [49]. This may risk 
patients missing out on treatments who may have benefitted, or subjecting patients to 
the indignity and discomfort of futile treatment, and work to reduce the disparity 
between ethical theory and medical practice could produce real patient benefit.

Despite these ethical concerns, it is clear that both treatment withdrawal and treat-
ment withholding are used in critical care when limiting life-sustaining treatments 
(LSTs) [47]. As might be expected, frailty, age and acute organ failure all predict LST 
limitation in older adults in critical care. However, this varies across Europe, where 
LST limitation appears to be more common in countries where there are greater levels 
of religious atheism, or higher GDP per capita, and highest in Northern Europe.

11.6.3  The Future: Frailty as a Therapeutic Target?

As we improve our understanding of frailty as a syndrome distinct from ageing, there 
is interest in identifying treatments which can target underlying elements [50].

Box 11.1

Inflam-
mation

Inflammatory cytokines may perpetuate frailty, but no therapy has yet proven helpful; 
monoclonal antibodies can reduce inflammation but may worsen infection. Statin 
therapy has been studied without outcome improvement. Omega-3 fatty acid 
supplementation shows some promising signs but needs further study in this popula-
tion

Myopa-
thy

Early mobilisation may improve later function, but interventions on the ward or later 
after ICU have not been shown to be beneficial. Electrical stimulation and in-bed 
cycling in ICU also seem to have limited effect on critical illness myopathy. Medica-
tions targeting muscle atrophy are of interest, but not yet in human trials

Neuro-
endo-
crine

Frailty and prolonged ICU stay can be associated with hormone suppression, and this 
may potentiate muscle loss, weakness and fatigue. Therapeutics targeting the 
somatotrophic and gonadal axes have not been tested. Targeting the adrenal axis is 
more problematic because of cortisol’s role as an immunosuppressant along with 
evidence it may increase mortality, but vitamin D supplementation may affect cortisol 
regulation, and trials are ongoing, though so far without improvement being 
demonstrated

 Conclusion
Frailty is a common condition in older age that has clinical utility in guiding complex 
clinical decisions in the context of critical care admission and life-sustaining treatment 
decisions. A range of frailty instruments are available for use in critical care, with the 
CFS being one example of a tool that is simple to use, with evidence for predictive valid-
ity, feasibility and reliability that is gaining adoption in routine practice. Although use-
ful as a prognostic factor, decisions about admission to critical care and life- sustaining 
treatments should not ordinarily be made on the basis of frailty alone, but as part of 
a holistic assessment of the patient and the context of the critical illness, as part of 
shared decision making in full partnership with patients and their families.
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Take-Home Messages
 5 Frailty is a condition characterised by loss of  biological reserve, failure of  homeo-

static mechanisms and resultant increased vulnerability to stressors.
 5 Across Europe, the prevalence of  frailty in critical care is lower in Western and 

Southern Europe. This likely reflects the differences in service models and empha-
sis on triage.

 5 The two most extensively validated models of  frailty are the phenotype model 
(based on five physical characteristics) and the cumulative deficit model (based on 
the accumulation of  a range of  health deficits spanning clinical signs, symptoms, 
diseases, disabilities and impairments).

 5 Alternative simple instruments have been developed which are more feasible to 
complete in the time-pressured acute hospital environment and have fewer 
performance- based measures which may be confounded by acute illness. The 
Clinical Frailty Scale (CFS), a nine-item pictorial scale, has gained popularity 
given it is relatively simple to use and has shown good inter-rater reliability.

 5 Frailty is a strong prognostic factor regarding hospital and long-term mortality, 
severity of  illness and morbidity after critical care admission. Frailty serves as a 
valuable component to the comprehensive assessment required for critical care 
decision making.
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 n Learning Objectives
 5 Understand the concept of malnutrition and metabolic disturbances at the origin 

of a particular nutritional risk in the elderly.
 5 Discuss the interest and the limits of the nutritional assessment methods concern-

ing the elderly in critical care.
 5 Know the impact of malnutrition on morbidity and mortality in ICU.
 5 Discover the particularities of nutritional support for the elderly in intensive care.

12.1  Introduction

Malnutrition is one of the most common geriatric syndromes, and patients in the 
intensive care unit (ICU) are particularly exposed to a degradation of their nutri-
tional status.

Non-detection of malnutrition deprives the clinician of a central prognostic fac-
tor, which compromises the relevance of certain treatments.

Insufficient nutritional support exposes the occurrence of complications that will 
prolong the length of stay and reduce the functional recovery capacities and survival.

In the elderly, nutritional support is one of the cornerstones of maintaining and 
optimizing functional status and quality of life during and after critical care.

In this chapter, we will present the definition and risk factors of malnutrition in 
the elderly, the different nutritional assessment methods, the impact of malnutrition 
on prognosis, and finally the major aspects of nutritional support.

12.2  Definition and Risk Factors of Malnutrition in the Elderly

Malnutrition consists of a combination of reduced food intake or assimilation and 
varying degrees of acute or chronic inflammation, leading to altered body composi-
tion and diminished biological function [1].

Altered body composition manifests as a decrease in any marker of muscle mass 
(fat-free mass, muscle mass index, or body cell mass). Malnutrition is associated with 
adverse functional and clinical outcomes.

The prevalence of malnutrition in elderly ICU patients on admission is high but 
varies from 20 to 60% depending on the assessment methods used [2, 3] similar to the 
prevalence observed in other hospital wards [4, 5].

In an effort of consensus between the major global clinical nutrition societies, the 
GLIM (Global Leadership Initiative on Malnutrition) recently proposed diagnostic 
criteria based on the combination of a phenotypic criterion and an etiological crite-
rion [1] (. Fig. 12.1).

Patients in critical care therefore naturally meet the etiological criterion. However, 
the phenotypic criterion must be sought. We will see below the physiological and 
pathophysiological modifications that may favour the occurrence of this phenotypic 
criterion.

Aging is associated with a reduction in the ability to respond to acute stress. 
Nutritional reserves are one of the major factors limiting the body’s adaptation to an 
acute illness.
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A least 1
PHENOTYPIC CRITERIA

A least 1 
ETIOLOGIC CRITERIA

Weight 
loss

Low body 
mass index 

Reduced 
muscle mass

>5% within past 6 
months

Or >10% beyond
6 months

<22 kg/m²
<20 kg/m² if

Asia

By validated
techniques (DXA, 
BIA, CT scan, MRI

or anthropometry)

Reduced food intake or assimila�on Inflamma�on

50% of energy requirement >1 week, 
Or any reduc�on for >2 weeks, 
Or any chronic gastro-intes�nal 

condi�on that adversely impacts
food assimila�on or absorp�on

Acute 
disease/injury

Or chronic 
disease-
related

       . Fig. 12.1 Phenotypic and etiological criteria for the diagnosis of  malnutrition for patients over 
70 years, according to the 2018 GLIM consensus. (DXA dual-energy X-ray absorptiometry, BIA bio-
electrical impedance analysis, CT computerized tomography, MRI magnetic resonance imaging)

The nutritional aspect of aging is characterized by a progressive modification of 
body composition linked to alterations in the control of homeostasis and metabolic 
adaptations (Traité de nutrition Clinique SFNCM 2016 7 Chap. 33).

At the macroscopic scale, fat mass increases steadily between 20 and 70 years, 
going from 18–25 to 35–40% in women and from 13–18% to 30–35% in men [6]. This 
increase mainly concerns perivisceral and intermuscular adipose tissue and this is at 
the expense of lean mass. Thus, muscle mass decreases by 3 to 8% per decade from 
age 30 and with a faster decline beyond age 60 [7], without significant change in the 
overall mass of other organs. The functional loss is even more marked than the loss 
of muscle mass and reflects a decrease in the number of type II fibres (with rapid 
contraction and glycolytic metabolism), a reduction in the number of active motor 
units, or myosteatosis [8–10].

Aging is accompanied by an alteration of  the mechanisms regulating food 
intake [11].

Moreover, the frequency of chronic organ pathologies, chronic pain, depression, 
and cognitive disorders contribute to a decrease in appetite and premature satiation 
[12, 13]. These elements contribute to a chronic deficit in the protein-energy balance 
in the elderly, in particular in the case of multiple pathologies.

There are many changes at the metabolic and cellular levels. A tendency towards 
metabolic acidosis, especially after the age of 50, contributes to the loss of muscle 
and bone mass [14]. Insulin resistance promoted by the decrease in physical activity 
and low-grade inflammation is accompanied by a decrease in the muscular capacities 
to oxidize fatty acids and to use glucose [15].

These changes were associated with fat accumulation in muscle and liver tissue, 
and mitochondrial dysfunction [16]. Post-prandial protein anabolism is reduced, 
while there is a lack of catabolism inhibition, contributing to a gradual reduction in 
muscle mass [17]. This loss of response to anabolic stimuli has several origins such as 
insulin resistance [18], low-grade inflammation [19], increased splanchnic extraction 
[20], or vitamin D deficiency [21].

This anabolic resistance justifies a higher daily protein intake requirements for 
older healthy subjects, i.e. 1 to 1.2 g of protein/kg/d versus 0.8 g/kg/d in the adult 
population [22, 23]. Interestingly, physical activity, in particular resistance training, 
can improve muscle anabolic effect of protein intake, even in elderly subjects [24–26].

Any acute illness is accompanied by hypermetabolism and increased protein 
catabolism (in particular in inflammatory events) [27, 28] and a decrease in anabolic 
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signals such as food intake and physical activity. In this context, hospitalizations in 
critical care rapidly alter nutritional status with depletion of both body fat and skel-
etal muscle proteins [27]. In elderly patients, this loss occurs on a pre-existing deple-
tion of muscle mass [22], which predisposes them to ICU-acquired muscle weakness 
[29]. In a cohort of postoperative ICU patients (mean age 60.1 ± 17.4), the 65 patients 
with at least 2 CT scans experienced an average decrease in psoas muscle cross- 
sectional area (−9 mm2 [−16, −4], or about 1% per day) and density (in Hounsfield 
units (−1.0 HU [−10.2, 7.0] (2.3%) overall, or about 0.3% per day)) [30]. Muscle mass 
loss assessed by ultrasound occurs early in ICU patients (age 55+/−17 years), and the 
extent of the loss is typically between 14% and 21% within the first week of admit-
tance [31]. In addition to the loss of muscle mass, forced immobilization in the event 
of acute illness as in ICU is accompanied by further alterations in muscle metabolism 
and quality such as a decrease in the ability of muscles to oxidize lipids with a shift 
in muscle fuel utilization from lipids towards glucose, causing accumulation of lipids 
in the muscle [32, 33]. These metabolic effects of short-term physical are less revers-
ible on resumption of habitual physical activity in older adults than in younger peo-
ple [34].

12.3  Nutritional Assessment in ICU and Prognosis

Malnutrition in critically ill patients is associated with increased risk for infections 
and extended lengths of stay and may lead to poor quality of life, disability, and 
morbidities long after ICU discharge [35, 36]. An early assessment of nutritional 
status, although essential to refine the patient’s prognosis and identify patients who 
will benefit most from an intensive nutrition strategy, is not always based on consen-
sual criteria or threshold value. Until a specific tool has been validated, the European 
Society for Clinical Nutrition and Metabolism recommends the use of anamnesis 
(weight loss or recent decrease in physical performance), physical examination, and 
general assessment of body composition and muscle mass and strength [35]. In addi-
tion, since screening and diagnostic tools have often not been specifically evaluated 
in the elderly population, these recommendations apply regardless of age [37].

Weight loss and reduced energy intake are major criteria for identifying malnutri-
tion in hospitalized patients [38]. However, these criteria aren’t always assessable in 
the event of critical care (vigilance or cognitive disorders, rapid change in hydration 
status, etc.). In the same way, anthropometric measurements are often unreliable due 
to inter-operator variability and especially in critical care due to the presence of 
oedema [39].

Among conventional methods for nutritional assessment, BMI seems the most 
accessible. A J-shaped association between body mass index (BMI) and all-cause 
mortality has been identified in populations [40]. In the healthy older population, 
BMI range from 25 to 30 is associated with the best prognosis in terms of disability- 
free years and life expectancy [41–43]. In nutritionDay, a worldwide inpatient survey, 
BMI range of 25–29.9 or ≥30 was associated with lower risks of in-hospital mortal-
ity, compared to normal (18.5–24.9) or low (<18.5) BMI, even among 75+ [44]. Both 
severe obesity (BMI >35) and underweight (BMI <20) have been reported as inde-
pendent risk factors for postoperative complications in cardiac surgical ICU patients 
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(median age, 70 y) [45]. In a Japanese nationwide database of ICU patients (median 
age, 70; IQR, 60–78), Sasabuchi et al. found an inverse J-shaped association between 
BMI and in-hospital mortality. The lowest mortality was observed in subjects with a 
BMI of approximately 24 kg/m2 in the non-ventilated group and of 23 kg/m2 in the 
mechanically ventilated group [46].

However, BMI is a very rough estimate of nutritional status and only imperfectly 
reflects body composition. Thus, the use of imaging techniques is developing in par-
ticular to assess lean mass. The use of computed tomography (CT) scan, frequently 
performed in ICU, is a promising method to improve nutritional assessment although 
not yet available in current practice. In particular, skeletal muscle and adipose tissue 
cross-sectional area (quantified by single-slice CT scans at the third lumbar vertebra) 
are strongly correlated to whole-body muscle and adipose tissue mass [47, 48]. A 
CT-measured skeletal muscle cross-sectional area at L3, divided by height in meters 
squared (defining muscle index), was measured in a cohort of 149 injured elderly 
ICU patients (median age 79 y) [49]. Among the 71% of patients with low muscle 
index (less than 38.9 cm2/m2 for females and less than 55.4 cm2/m2 for males [48]), 
9% were underweight, 44% normal weight, and 47% overweight/obese (based on 
BMI). In multivariate analysis, low muscle index was associated with increased mor-
tality and decreased ventilator-free and ICU-free days. Neither BMI, serum albu-
min, nor total adipose tissue on admission was indicative of survival or ventilator-free 
or ICU-free days [49]. In addition to quantity, muscle quality, assessed on CT scans 
by analysing skeletal muscle density (SMD) or the amount of intermuscular adipose 
tissue (IMAT), may be an important prognostic factor. In a retrospective study 
including 491 mechanically ventilated critically ill adult patients (mean age 
58 ± 18 years), low SMD but not IMAT was independently associated with higher 
6-month mortality [50].

Muscular ultrasonography allows visualization and classification of both muscle 
quantity (cross-sectional area, muscle layer thickness) and quality (echo intensity by 
grayscale and pennation angle) [51]. Although this technique offers a non-invasive 
and easily repeatable method during hospitalization, it still suffers from problems of 
standardization of measurements and a lack of consensus standards according to 
age [52, 53].

Bioelectrical impedance analysis (BIA) can be used to assess body composition 
(fat mass or fat-free mass), but these measures are often unsuitable in ICU unstable 
patients with fluid compartment shifts [54]. Most of the studies in ICU focus on the 
use of a more reliable BIA parameter, phase angle, as a good marker of nutritional 
status and prognosis of critically ill patients [55–57]. As ultrasonography, BIA is not 
yet used in common practice.

Many malnutrition screening tools based on clinical diagnosis, biological results, 
physical examination, anthropometric measurements, food/nutrient intake, and 
functional assessment were created during the last 30  years and aim to identify 
patients who would most benefit from nutritional support. Some tools, such as 
Nutritional Risk Screening 2002 or Mini Nutritional Assessment, are commonly 
used in the elderly population (in- or outpatients) but are often unsuitable for patients 
in the ICU. Other such tests have been used in ICU. Thus, moderate or severe mal-
nourishment according to the subjective global assessment (SGA ranking B or C) is 
associated with higher intra-hospital mortality [58] even after 65 years [59]. In a pro-
spective cohort of 76 surgical patients admitted to ICU (mean age, 60.36 ± 16.24 years), 
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malnourished patients according to SGA (ranking B or C) had lower body mass 
index, mid-arm circumference, calf  circumference, and serum albumin but higher 
hospital mortality compared to well-nourished patients (SGA A) [2]. Some studies 
do not find a link between these tests and the prognosis. In another cohort, the SGA 
at ICU admission (73.1 +/− 5.4 years) isn’t associated with serum albumin value, 
length of stay, or mortality [60]. In a prospective cohort of 109 ICU patients (mean 
age, 76.5 ± 9.6 y) in India, 1-year mortality was associated with APACHE II score 
(P  <  0.001; OR, 1.2; 95% CI, 1.1–1.3), severe risk of malnutrition (Malnutrition 
Universal Screening Tool score ≥2) (P = 0.006; OR, 0.08; 95% CI, 0.01–0.48), and 
delirium (P = 0.03; OR, 0.32; 95% CI, 0.11–0.9) [61].

Heyland et al. have developed the Nutrition Risk in the Critically Ill (NUTRIC) 
score as the first nutritional risk assessment tool for ICU patients. It is based on age, 
Acute Physiology and Chronic Health Evaluation (APACHE) II score, Sequential 
Organ Failure Assessment (SOFA) score, number of comorbidities, days from hospi-
tal admission to ICU admission, and serum interleukin 6 (IL-6) level [62]. In a recent 
review, NUTRIC score successfully predicts length of stay and mortality in ICU [63]. 
A modified NUTRIC score, composed of all variables except for IL-6 level, has 
showed similar performance to predict 28-day mortality (AUC, 0.757; 95% CI, 
0.713–0.801) to the initial NUTRIC score [64]. In a retrospective cohort of 136 criti-
cally ill COVID-19 patients (median age, 69 y; IQR, 57–77), NUTRIC score pre-
dicted complications in the ICU such as acute respiratory distress syndrome (ARDS), 
shock, acute myocardial injury, secondary infection, and death in the ICU after 
28 days of hospitalization [65]. However, there is no consensus on the best tool to 
identify malnutrition in ICU and the rates of malnutrition are very variable accord-
ing to the tests [66]. None of these studies have compared the performance of these 
tools according to age groups.

Vitamin D insufficiency is the most common nutritional deficiency concerning 
40% to 60% in the healthy general adult population and is also common in ICU 
patients (60–95% of deficiency or insufficiency) at any age (40–75 y) [67]. Vitamin 
D-deficient patients at ICU admission exhibit higher severity scores such as 
APACHE II or SOFA [68–70]; more complications such as acute respiratory insuf-
ficiency, acute liver failure, or infections [71]; and longer length of  stay [72]. In 
another prospective study, vitamin D insufficiency (cut-off, 11 ng/ml) at ICU admis-
sion is associated with mortality at 28 days and with acute kidney injury [73]. Serum 
25(OH)D levels below 20 ng/ml at ICU admission are associated with 28-day mor-
tality in septic patients [69]. In a retrospective cohort of  655 surgical and nonsurgi-
cal critically ill patients (median age, 65 y; IQR, 23), adjusted hospital mortality is 
multiplied by 2 in case of  low 25(OH)D status (overall less than 20 ng/ml with sea-
sonal variations) [70]. Beyond its well-known role in bone metabolism, vitamin D 
deficiency in the general population has been associated with a decrease in muscular 
performance, increased all- cause and cardiovascular mortality, and cardiovascular 
events [74, 75]. Besides, vitamin D appears to be actively involved in the immune 
system, both innate and adaptive [76]. More than just a marker of  overall health or 
acute disease severity, vitamin D deficiency (various cut-off  between 11 and 25 ng/
ml) could be a factor of  complication especially infectious and length of  stay [67]. 
Under these conditions, the fragile elderly population is particularly exposed to a 
deterioration of its prognostic. However, there is still a lack of  interventional studies 
to validate this hypothesis.
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Albumin and transthyretin (TTR also known as prealbumin) levels are widely 
used in clinical practice to assess, respectively, nutritional status and recent nutri-
tional intake for hospital patients and outpatients [77]. However, the use of  albu-
min level has evolved in recent years from a nutritional marker to an overall 
prognostic marker [35]. In particular, its level is inversely proportional to the inten-
sity of  inflammation, the presence of  proteinuria, or liver failure. Albumin level on 
admission to ICU (for sepsis or surgery) is an independent risk factor for mortality 
[78, 79] or intensive respiratory or vasopressor support [80], with variable thresh-
olds between 24 and 30 g/L [79–81]. Low TTR levels at ICU admission are also 
independently associated with higher in-hospital mortality, more infectious com-
plications, longer total hospital length of  stay (LOS), and ICU LOS [82]. Thanks 
to their prognostic performance, albumin and prealbumin levels remain the most 
widely used  “nutritional” biological markers [83]. However, calorie and/or protein 
delivery in the ICU is not associated with changes in serum albumin [84]. TTR and 
retinol-binding protein (RBP), as rapid turnover proteins, have an interest in mon-
itoring nutritional therapy lasting more than a week and are correlated with energy 
intake and nitrogen balance in ICU [85, 86]. Higher TTR levels over time were 
independently associated with lower in-hospital mortality, fewer infectious compli-
cations, shorter total hospital and ICU LOS, and fewer ventilator days [82]. 
Nevertheless, the normal values of  the TTR decrease after 50 years in connection 
with the evolution of  the lean mass [87]. Moreover, these studies included only a 
few elderly subjects. Efficient and accessible biomarkers of  the nutritional risk or 
the efficacy of  a nutritional intervention in elderly ICU patients still have to be 
identified [88].

As ICUs take care of populations with increasing age and BMI, the coexistence 
of obesity and malnutrition tends to be more frequent [89]. Determining nutritional 
status is even more difficult in the obese population (BMI ≥30), leading to missed or 
delayed detection of malnutrition and therefore to inadequate care.

12.4  Nutritional Intervention in Critically Ill Older Adults

Nutritional support is one of the cornerstones of maintaining and optimizing func-
tional status and quality of life in critically ill older adults.

Oral diet and oral nutrition supplements remain the first-line intervention for the 
non-ventilated patient when permitted by the clinical condition and level of vigilance 
[35]. However, energy intake is likely to be suboptimal in elderly ICU patients [90], 
due to decreased appetite, alterations in taste and smell, gastrointestinal symptoms, 
weakness, delirium, or abulia [91, 92]. Dietary monitoring is essential to assess inad-
equate oral intakes and decide without delay when to implement artificial nutrition. 
Particular attention should be paid to screening for swallowing disorders that are 
particularly present in the elderly population during an acute phase, and texture-
adapted food must then be proposed.

If  oral intake is not possible or insufficient, ESPEN guideline on clinical nutrition 
in ICU recommends a nutritional support within 48 hours for enteral nutrition (EN) 
or within 3–7 days for parenteral nutrition (PN) in case enteral nutrition is not pos-
sible [35]. The use of EN over PN in elderly patients with an intact gastrointestinal 
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tract is recommended in particular to reduce complications particularly frequent in 
the elderly such as infection, or thrombosis [23]. In a meta-analysis comparing enteral 
vs. parenteral feeding strategy in ICU, enteral was not associated with significantly 
reduced overall mortality but reduces rates of ICU-induced infection and length of 
stay [93].

While a calorie target of 70 to 100% of REE is usually recommended with a 
gradual increase during the acute phase (first week), the optimal amount of calories 
and timing is also controversial. Indirect calorimetry is the recommended tool to 
assess REE but remains rarely available in practice. Calculation by the respirators of 
REE from the measurement of the carbon dioxide production (VCO2) or oxygen 
consumption (VO2) seems to be a reliable method for ventilated patients. Some equa-
tions have been determined to estimate REE with basic clinical information such as 
weight, height, and age. The Harris and Benedict equation, which has been validated 
on a cohort of healthy elderly subjects aged 70 to 98 years, is the most widely used in 
practice [94, 95]. However, these predictions are difficult to extrapolate to heteroge-
neous hospitalized elderly population and are often inaccurate in ICU [96–98]. In the 
absence of indirect calorimetry or VCO2 measurements, simple weight-based equa-
tions (such as 20–25 kcal/kg/d during the acute phase and 30–35 kcal/kg/d thereafter) 
can also be used to prevent under- or overfeeding [35, 99].

Recent observations suggest that the risk for hyperglycaemia and overfeeding 
warrants a reduced caloric load of 15 kcal/kg/d for hypercatabolic patients during 
their first week in ICU [100]. In a retrospective cohort of 1171 ICU patients (median 
age 60 years), Zusman et al. [101] found that a calorie intake equivalent to 70% of the 
REE is associated with the lowest mortality, length of stay, and ventilation in ICU 
patients. Normocaloric enteral nutrition (100% of REE, 19.7 ± 5.7 kcal/k) was asso-
ciated with less frequent nosocomial infection compared to hypocaloric (50% of 
REE 11.3 ± 3.1 kcal/kg) nutrition (11.1% vs. 26.1%, respectively) without effect on 
ICU mortality in a cohort of 100 ICU patients (mean age 65.8 ± 11.6 years) [102]. In 
a meta-analysis including 2517 patients (mean age 53 ± 5 years), there was no differ-
ence in the risk of acquired infections, hospital mortality, ICU length of stay, or 
ventilator-free days between patients receiving intentional hypocaloric as compared 
to normocaloric feeding [103]. However, no studies have been specifically conducted 
in an elderly population. Thus, hypocaloric diet, aiming to achieve 70–80% of REE 
during the acute phase, with progression to isocaloric when appropriate/feasible has 
been recently proposed for the older critically ill adult to avoid complications of 
overfeeding [104].

Most of the studies highlighting the deleterious effects of high-calorie intake 
(above 100–110% of REE) implicate a possible refeeding syndrome. Refeeding syn-
drome is a potentially fatal condition, characterized by hydroelectrolyte disturbances 
(hypophosphatemia, hypokalaemia, etc.), fluid retention, and metabolic and clinical 
complications (dysglycemia, dyspnoea, etc.). Elderly malnourished patients are par-
ticularly at risk of this syndrome caused by rapid initiation of refeeding after a period 
of undernutrition [70]. This is explained by the decrease of physiological reserves 
with aging, by the frequency of certain comorbidities (diabetes, cancer) and of cer-
tain treatments (diuretics, antacids), and by the severity of the acute illness. In a 
prospective cohort of 109 Malaysian ICU patients (mean age 51  ±  16 y), the 44 
(42.6%) patients that experienced refeeding hypophosphataemia had similar age, 
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higher SOFA score, and lower serum albumin [71]. Prevention is based on daily clin-
ical and biological monitoring, initially limited caloric intake (10 kcal/kg/j), the cor-
rection of hydroelectrolytic imbalance, and a polysupplementation in vitamins and 
trace elements.

Protein intake seems to be a crucial prognostic factor, especially in the acute 
phase. Recommendations for adult dietary protein intake are based on nitrogen bal-
ance, i.e. the difference between nitrogen intake (food or artificial nutrition) and loss 
(urinary urea nitrogen excretion plus a constant of 4 g/day) [22, 105]. Thus, a nega-
tive nitrogen balance reflects a loss of total body protein and a catabolic state. Healthy 
elderly people tend to need higher protein intakes to balance their nitrogen balance 
[106]. Even under nutritional support, the majority of critically ill patients are 
affected by a negative nitrogen balance with an average loss of 11 g/d [107]. The pro-
tein deficit during the first 7 days impacts muscle quality with a decrease in muscle 
density on CT scan [30] and is associated with longer ICU stay and fewer  ventilator- free 
days [108].

Moreover, most of the studies suggest that high protein intake (1.2–2  g/kg/d) 
could improve nitrogen balance and prognosis in critically ill patients [109, 110]. In a 
prospective cohort of 113 ICU patients (mean age 59 ± 17.2 y), a higher mean pro-
tein intake (1.5 g/kg/d vs. 1.1 g/kg/d or 0.8/kg/d) was associated with a lower nitrogen 
imbalance (−2.6 g/day vs. – 4.6 g/day vs. – 6.6 g/day) and a lower ICU mortality (16% 
vs. 24% vs. 27%) [110]. However, the provision of energy was not related to survival. 
In a cohort of 54 ICU older patients (>65 y), Dickerson et al. found that protein 
intakes of 1.5 to 2.5/kg/d are necessary to significantly improve nitrogen balance, 
with a considerable variability in nitrogen balance response to incremental increases 
in protein intake [105]. In the Critically III International Nutrition Surveys, a large 
cohort on 4040 ICU patients (mean age 60 ± 17 y) achieving ≥80% of prescribed 
protein intake was associated with reduced 60-day mortality and time to discharge 
alive, but ≥80% of prescribed energy intake has no significant impact on these fac-
tors [111].

These elements are at the origin of recent recommendations of ESPEN proposing 
1.3 g protein/kg/d during critical illness [35], while the American Society for Parenteral 
and Enteral Nutrition (ASPEN) and the Society of Critical Care Medicine nutrition 
guidelines recommend 1.2–2.0 g protein/kg/d [99].

Some articles also underline the important gap between prescription and effec-
tive protein-energy intake, which represents 60 to 70% of the prescribed dose [111]. 
This difference may be even more marked in the elderly population due to physiolog-
ically slowed gastric emptying. In order to decrease gastric feeding intolerance, intra-
venous erythromycin (preferable to metoclopramide) may be used transitorily as 
prokinetic therapy while monitoring the risk of QT prolongation and cardiac 
arrhythmias.

Classical enteral isocaloric (1 kcal/kg/d) and normoprotidic (15% of total energy 
intake related to proteins) formula are not suitable to achieve reduced energy but 
high protein goals and could lead to insufficient protein intake [112]. New commer-
cial formulas have therefore been developed over the past 5 years to maximize protein 
intake while limiting excessive caloric intake [113].

Physical activity is recommended to improve the beneficial effects of nutritional 
therapy [35].
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Early exercise training (passive or active cycling) in ICU survivors enhanced 
recovery of functional exercise capacity, and muscle force at hospital discharge [114]. 
In a cohort of 200 surgical ICU patients (mean age 65  years), early mobilization 
shortened patient length of stay in the ICU and improved patients’ functional mobil-
ity at hospital discharge [115]. However, a physical rehabilitation programme started 
in ICU fails to prove a benefit on quality of life at 12 months [116]. A Cochrane 
review, analysing early intervention (mobilization or active exercise) commenced in 
the ICU, concluded on poor evidence of benefit on physical function or performance, 
muscle strength, or health-related quality of life [117].

Micronutrient intakes (vitamins and trace elements) at least equal to the daily 
requirements are recommended in critical care [35, 118]. This is the case with at least 
1500 kcal of enteral nutrition administered per day, but this requires a specific con-
tribution in case of parenteral nutrition. Furthermore, deficiencies in certain micro-
nutrients (iron, copper, selenium, vitamins D, B1, B6, and C) are common in cases of 
malnutrition and may be further aggravated by the increased needs during acute ill-
ness or by refeeding. Questioning for risk factors (alcoholism, previous bariatric 
 surgery, restrictive diet, etc.) and targeted biological dosages must determine which 
vitamins or trace elements will require specific supplementation beyond the recom-
mended daily allowance. As in general elderly population, ICU patients with mea-
sured low plasma levels (25-hydroxy-vitamin D  <12.5  ng/ml, or 50  nmol/l) could 
benefit from supplementation. Randomized supplementation trials in ICU have 
shown mortality reduction when compared to placebo even with a 6-month follow-
 up [119, 120]. No particular side effects have been observed with doses between 
200,000 and 540,000 units administered by the enteral, intramuscular, or intravenous 
routes. ESPEN recommends a high dose of vitamin D3 (500,000 UI) as a single dose 
within a week after admission [35].

As in other areas, caregivers can be auxiliary to nutritional care in addition to 
healthcare professionals. Family-centred intervention based on nutrition education 
sessions and nutrition diary may also improve nutrition in the recovery phase after a 
critical illness [121] (see 7 Chap. 7) (. Fig. 12.2).

� Disturbance of metabolism and 
homeostasis

� Decrease in muscle mass and 
func�onal reserves

� Mul�ple comorbidi�es
� High risk of refeeding syndrome
� Frequent nutri�onal deficiencies 

and pre-exis�ng malnutri�on
� Low spontaneous oral intake in 

case of illness
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       . Fig. 12.2 Main characteristics of  the elderly population and principles of  nutritional support 
according to the ICU phase. (*Indicative values that need to be modulated according to the level of 
hypercatabolism and previous nutritional status)
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 Conclusion
Malnutrition is common in critically ill patients, especially in the elderly population 

which cumulates many risk factors.
Severe illness and intensive care constitute major metabolic challenges for elderly 

organisms and contribute to degrading their nutritional status.
Malnutrition is accompanied by more frequent hospital complications, an increase 

in the length of stay, a prolonged impairment of functional capacities, and a decrease 
in survival.

Usual methods of investigating nutritional status have serious limitations in critical 
care.

Nutritional interventions based on a standard protein-energy intake have evolved 
to adapt to very heterogeneous needs, particularly in elderly subjects.

Associated therapies such as physical activity and correction of vitamin D defi-
ciency have significant synergistic effects.

The need for new studies is important to better take into account the specificities of 
the elderly population which is increasingly represented in ICU.

Take-Home Messages
 5 Malnutrition is accompanied by a deterioration of  survival but also functional 

prognosis, in particular in the elderly population.
 5 An early nutritional assessment (by any available means) is mandatory for defin-

ing an individualized scope of  care.
 5 High protein but normocaloric nutrition, resistance training, and vitamin defi-

ciency supplementation are the main elements of  nutritional care.
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 n Learning Objectives
 1. To understand the changes in functional status associated with normal ageing, and 

risk factors of change in functional status.
 2. To compare instruments used to measure functional status in older people, and 

their specific application in the ICU setting.
 3. To evaluate the literature relating to functional status and its impact on ICU triage 

and outcomes for older adults admitted to intensive care.

13.1 Introduction

Functional status is an important component of clinical assessment when consider-
ing older adults for ICU admission, and their ability to survive and recover from an 
episode of critical illness. In those who survive, many older adults will experience a 
decline in physical function. Functional status is intrinsically linked to other features 
associated with ageing, including frailty, disability and comorbidity. For this reason, 
intensive care clinicians will benefit from an understanding of functional status in the 
context of normal ageing, and how an individual’s pre-illness function impacts on 
ICU outcomes.

In this chapter, we will evaluate the interaction between chronological ageing and 
changes in functional status, as well as risk factors for decline in functional status in 
the older general population. We will then critically evaluate current instruments 
used to measure functional status in older people, with a particular focus on assess-
ment in the critical care unit. We conclude the chapter with an analysis of the evi-
dence base relating to premorbid functional status and its relationship with outcomes 
for critically ill older people.

13.2  Normal Ageing and Predictors for Change in Functional 
Status

13.2.1   Changes in Functional Status in Normal Ageing

The World Health Organization (WHO) places the maintenance of functional ability 
at the core of healthy ageing and wellbeing [1]. Sufficient functional ability is 
described as the capability of people ‘to be and do what they have reason to value’. 
[2] This person-centred definition has replaced previous benchmarking against 
expectations for the age of an individual [3]. Evaluating ‘normal’ ageing is therefore 
more nuanced, although some common changes in functional status are observable 
across populations. The degree to which these processes are influenced or even con-
founded by factors independent of ageing, most notably comorbidity and socioeco-
nomic deprivation, is still a matter of debate. Until midlife, disability is most 
commonly related to the profound effect of trauma or a single disease process [4]. 
However, across older populations, such simple causal links are usually missing; mul-
tifactorial disability is often seen without a simple disease focus. The interplay 
between normal ageing and the compounded effect of multiple simultaneous chronic 
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diseases (multimorbidity) is particularly complicated. This is important given the 
dramatic increase in the age-specific prevalence of chronic degenerative diseases in 
older populations across high-income countries [5], although the rate of this growth 
may be falling [6].

Longitudinal observational cohort studies with decades of follow-up have pro-
vided much of the evidence around normal ageing. These have revealed the influence 
of early and midlife factors on an individual’s trajectory of functional change and 
have attempted to separate age-related declines from other causes. There is now con-
sensus around a hierarchical loss of function with age. For example, in the Newcastle 
85+ UK cohort, ‘cutting toenails’ was identified as the most difficult measured func-
tion in older age and the earliest where independence is lost. In contrast, ‘self-feeding’ 
was observed to be the simplest and therefore last function compromised [7]. The 
American Longitudinal Study of Aging (LSOA) noted independent walking at the 
top of the hierarchy as an early functional loss but also reported loss of self-feeding 
as the most advanced stage of decline [8]. In younger participants (60–64 years old), 
difficulty walking up a flight of stairs may be an earlier marker of functional decline 
[9]. Variation in the functional activities included within these hierarchical scales 
does not necessarily imply disagreement; direct comparison between cohorts is diffi-
cult because of the different tools used to measure function [10]. This methodologi-
cal challenge is likely to explain some of the variation in reported estimates for 
population prevalence of any disability, such as between 6% and 35% across broadly 
similar European nations [11].

Some aspects of functional decline may differ between women and men. Tasks 
related to strength appear more difficult at an earlier age for women, while older men 
may be quicker to report difficulty walking [7]. Some of these findings may reflect sex 
differences in traditional societal roles, such as housework and shopping. However, loss 
of muscle strength and impaired lower limb balance appear common precipitants of 
early functional decline in older age, across multiple longitudinal studies [4, 7, 9, 12]. 
Muscle strength is easily measurable in a clinical setting using a handgrip dynamome-
ter and may be considered a pre-frailty marker [13]. Age-related loss of muscle strength 
must be distinguished from sarcopenia, a condition in which both muscle strength and 
muscle mass and/or function are diminished. Sarcopenia is a clear risk factor for func-
tional decline and death but is not an inevitable state of older age [14, 15].

The rate of decline in function varies between individuals, but longitudinal obser-
vational data from Europe has suggested it is possible to assign one of the three com-
mon trajectories over 10 years of follow-up in people aged 60–70 years old: rapid, 
intermediate or low/no decline in function [16]. However, as individuals approach the 
end of life, patterns of functional loss become much less predictable. In the 
Precipitating Events Project (PEP), progression of disability was recorded on a 
monthly basis for participants in their final year of life. Over this much shorter 
period, five distinct trajectories of functional decline were noted. These groups had 
similar numbers but limited common predictors: persistent severe, steadily progres-
sive, early accelerated, late catastrophic and no disability [17]. In the absence of a 
single common pathway of normal ageing, it is more straightforward to classify 
changes in functional status in terms of observable domains like muscle strength, 
balance and manual dexterity. Task-based approaches within disability models, such 
as those measuring activities of daily living, often fail to account for the heterogene-
ity of older adults, particularly towards the end of life.
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13.2.2   Risk Factors and Predictors of Change in Functional Status

Studies that have helped to define the concept of normal ageing through observation 
of older adults over time have also accumulated evidence for associations with change 
in functional status. The evidence level for many of these factors varies widely. In this 
section, the most commonly reported features observed across multiple studies are 
discussed. These may be broadly divided into groups (see . Fig. 13.1).

Some of these predictors are non-modifiable, such as socio-demographic risk fac-
tors like increasing age. Numerous studies have reported females to be at greater risk 
than males for functional decline [18–20]. This relationship is only partly explained 
by longer life expectancy in women. Other risk factors are arguably modifiable at a 
societal level. On average more rapid declines in functional status are observed in 
individuals with lower formal educational attainment, lower household income and 
other forms of socioeconomic deprivation [21].

Frailty is a commonly used term to describe vulnerability to dependency or death 
when faced with an acute stressor [22]. However, even without such a stressor event, 
frail individuals experience a decline in functional status at a faster rate than non- 
frail counterparts. Conceptually, frailty is seen as a process independent of age, but 
ultimately the term can be used to describe the variation in ageing patterns between 
individuals [23]. The physical frailty phenotype was first described in 2001 as com-
prising five traits: slowness, weakness, weight loss, exhaustion and low physical activ-

Frailty state
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Lifestyle

Slowing gait
speed
Weight loss
Reduced muscle
strength

Age
Female sex

Cancer
Diabetes
Visual impairment
Stroke
Hypertension
Heart disease Fewer years in

formal education
Lower income
Deprivation

Dementia
Low mood and
depression

Low physical
activity
Smoking
Obesity

Predictors of
Functional

Decline

       . Fig. 13.1 Summary of  major predictors of  functional decline
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ity [13]. For an individual to be considered frail, they must display at least three of 
these features, with cut-off  thresholds broadly based on the lowest 20% from popula-
tion normal values. In the original description from the Cardiovascular Health Study 
of over 5000 community-dwelling older adults, frailty by this definition was associ-
ated with a doubling of the risk of functional decline over 3 years, compared to non- 
frail individuals. This was after adjustment for important potential confounders such 
as age, sex, medical comorbidity and baseline functional status. Frailty, multimorbid-
ity and disability are closely linked states but affect individuals in different ways [24]. 
Overall however, frailty appears to be a strong and independent predictor of future 
disability.

In a systematic review assessing the impact of individual frailty traits, slowness 
and low physical activity were shown to be the most important predictors for future 
functional decline, but all except self-reported exhaustion appear important [25]. 
This shows the potential importance of a ‘pre-frail’ state with single frailty markers 
as early indicators of the risk of developing dependency. It is easy to imagine how a 
‘frailty cycle’ can develop, such as an individual with declining muscle strength 
(weakness) leading to slower gait speed (slowness) and reduced participation (low 
physical activity). This can become a vicious cycle that results in a full frailty state 
and ultimately disability [13].

Executive cognitive function is critical to successful completion of activities of 
daily living. It is unsurprising that disorders of cognitive function are powerful pre-
dictors of functional decline. Of the dementias, there is some evidence that the 
Alzheimer’s subtype, particularly when features of behavioural disturbance are pres-
ent, is a particularly significant risk factor [26, 27]. Functioning eyesight is another 
foundational component for independence in older age; longitudinal data suggests a 
threefold increase in unadjusted risk of dependence with activities of daily living in 
those with impaired vision compared to those without [28]. Mood disorders are an 
important differential diagnosis for dementia states, but depression by itself  has been 
reported as a risk for declining functional status in older adults [29, 30]. In consider-
ation of broader chronic health conditions, the number of self-reported comorbidi-
ties has also been associated with poorer function. Specific conditions merit 
particular attention, such as stroke, diabetes, hypertension and chronic lung and isch-
aemic heart disease, but the additive effect of multimorbidity is also important [19, 
31]. Extremes of both low and high body weight, which may be strongly related to 
advanced progression of these other health conditions, are also risk factors for func-
tional decline [21, 30].

Individual lifestyle choices are potentially attractive targets for healthcare inter-
ventions, but it is worth acknowledging the powerful role of social determinants that 
arguably require wider societal-level change [32]. Active smoking is one such risk 
factor for functional decline, although this association is less clear amongst those 
who have stopped smoking [18, 19]. A sedentary lifestyle contributes to the risk of 
disability, but as noted previously, such low physical activity may represent the devel-
opment of a wider frailty state. While there is some evidence that married couples 
gain protection against functional decline, observational studies are inconsistent on 
the effect of single living, isolation or poorer social networks, with generally weak 
associations with functional status [20, 21].
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13.2.3   Successful Ageing

There is increased research and policy focus on compression of functional decline, 
attempting to shift individuals onto a trajectory that shortens their years lived with 
disability and promotes functional independence for as long as possible [10]. Based 
on our understanding of the predictors of functional decline, successful ageing can-
not simply be considered as a process of old age. This is an issue for the whole life 
course, with some non-modifiable risks embedded from birth, influenced by health 
behaviours and activity in early and middle age. These concepts have been crystal-
lised in the concept of intrinsic capacity – the composite of all physical and mental 
capacities of an individual. This may be seen as a reserve against future disability 
[33]. If  age-related declines in function were constant, individuals who have accrued 
the greatest intrinsic capacity in midlife are likely to be protected for longer against 
disability in later life.

Successful ageing is about more than just the absence of disease and disability. 
Varied definitions have included engagement with active family life, development of 
new skills in a ‘third age’ of  learning and preservation of cognitive and physical func-
tion. This makes direct comparisons between studies challenging, although common 
themes do emerge [34]. As may be expected from the predictors of functional decline, 
sustained physical activity is by far the most powerful and consistently reported pre-
dictor of successful ageing. In 1 meta-analysis of  9 longitudinal studies including 
over 17,000 participants, medium to high physical activity such as daily recreational 
walking was associated with a 49% reduction in the risk of new impairment in activ-
ities of  daily living over 10  years of follow-up [35]. A similar risk reduction was 
noted for progression of existing disability. Other cohorts have focused on a wider 
concept of successful ageing, such as the English Longitudinal Study of Ageing. In 
over 3000 participants, a dose-dependent relationship was observed between the 
amount of physical activity undertaken and the probability of surviving free of 
major chronic disease, depression or physical or cognitive impairment over 8 years 
of follow-up [36]. Research in this important area has largely been conducted in 
richer Western countries, and there remains limited evidence from low- and middle-
income nations [37].

It is important to not completely exclude the importance of  disease management 
to successful ageing. Careful control of  multimorbid conditions is essential to pro-
vide the foundations for successful ageing and to enable participation in protective 
physical activities [38]. Cognitive decline and dementia lack effective medical treat-
ments and these conditions are powerful risk factors for functional decline. Targeted 
cognitive training in older adults without dementia has been shown to reduce 
decline in instrumental activities of  daily living in one randomised trial, [39] 
although there is arguably a much stronger evidence base for the protective effects 
of  physical activity on the development of  future cognitive decline [40]. Ultimately 
physical activity is likely to be the single most effective intervention to promote suc-
cessful ageing.
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13.3  Measurement of Functional Status

The measurement of functional status is not standardised across practice with a 
plethora of measures used to capture functional status in older populations [41–43]. 
This variation reflects the complexity of functional status as a concept [44]. For 
example, an ability to walk and sit to stand may not automatically result in the ability 
to use a toilet, and environmental differences such as different toilet heights or avail-
ability of rails can affect the ability to independently use a toilet. This complexity is 
mirrored in the measurement of functional status as a concept, and different 
approaches to measuring functional status exist.

The World Health Organization International Classification of Functioning, 
Disability and Health [45] (WHO-ICF) is a conceptual framework identifying the 
components of health and the complex interactions between them required to func-
tion. The WHO-ICF framework comprises three distinct domains of body functions 
and structure (e.g. strength), activities (execution of a task or action undertaken by 
an individual) and participation (involvement in a life situation) with consideration 
of environmental and personal contextual factors considered across all domains. The 
WHO-ICF domains of activity and participation fit most closely with functional 
status with further sub-division of the domains into Learning and Applying 
Knowledge; General Tasks and Demands; Communication; Mobility; Self-Care; 
Domestic Life; Interpersonal Interactions and Relationships; Major Life Areas; and 
Community and Social and Civic Life. The WHO-ICF framework illuminates the 
complex interactions between domains and is a useful framework to consider when 
measuring functional status, for example, What aspects of functional status are an 
instrument assessing? It may be that one measure is not sufficient to reflect functional 
status and that a battery of measures needs to be considered. The following section 
will consider some of the instruments used to measure functional status in the older 
person.

13.3.1   Instruments Used to Measure Functional Status 
in the Older Person

There are a range of instruments in existence that measure functional status in the 
older person with most reflecting the mobility and self-care domains of the WHO- 
ICF. Measures range from simple self-rating, for example, independent versus not in 
a single functional activity, to ordinal scales containing multiple functional activities. 
. Table 13.1 provides a summary of validated measurement instruments commonly 
used to reflect functional status in older populations. This list is not exhaustive but 
includes outcome measures frequently reported in the literature and used in clinical 
practice.

13.3.1.1   Mobility
Some instruments measure mobility to reflect functional status and range from 
reflecting one construct to the evaluation of multiple functional activities. The 
Functional Reach [46] assesses dynamic postural control through a forward lean. 
This is a simple and quick test of balance requiring little equipment but only assesses 
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       . Table 13.1 Summary of  validated measurement instruments of  functional status in older 
populations

Measurement instrument WHO-ICF activity and participation subcategories

Functional reach Mobility/body functions and structures

180-degree turn Mobility/body functions and structures

The five times sit-to-stand Mobility

Timed up and go Mobility

6 minute walk test Mobility

Tinetti Mobility

Elderly mobility scale Mobility

Katz activities of daily living Self-care

Lawton activities of daily living Self-care

Barthel index Self-care

FIM Self-care

in one direction and may be limited by reduced flexibility and strength and fear. The 
180-degree turn [47] assesses dynamic postural stability by assessing an individual as 
they independently step through 180 degrees with the number of steps taken counted. 
While both these measures conceptually assess a component of normal movement 
required for mobility, it could be argued the underlying construct being measured is 
balance and should therefore be categorised as body functions and structures on the 
WHO-ICF.  In isolation, these instruments are limited in their ability to measure 
functional status.

Other mobility measures use duration of time needed to achieve a functional goal 
to assess functional activities. The Five Times Sit-to-Stand Test (FTSST) was first 
reported as a simple measure of lower extremity muscle strength, assessed by the 
time required to sit to stand ten consecutive times [48] with variations over the years 
resulting in the commonly used timed FTSST [49]. The FTSST was evaluated in 
older intensive care patients [50] and found to be both safe and reliable but limited to 
high-functioning older adults. Timed walking tests include the 10-metre walk test, 
which measures gait velocity over 10 metres using any aid and at the individuals pre-
ferred speed [51], and the 6-Minute Walk Test, which measures the distance walked 
in 6 minutes as a submaximal test of aerobic capacity and endurance [52]. These 
timed measures only assess one functional activity and can have a floor effect as indi-
viduals need to be independent in the functional activity before measurement can be 
carried out.

Further measures combine more than one functional activity within a measure-
ment instrument. The Timed Up and Go records the time taken to stand up from a 
chair, walk 3 m, turn around, walk back and sit back down [53]. The Performance- 
Oriented Mobility Assessment (POMA) was described by Tinetti [54] and includes 
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nine balance and eight gait activities each allocated scores of 0 to 2. Amended ver-
sions of the POMA are available including the Problem-Oriented Assessment of 
Mobility and the Tinetti Scales of Gait or Balance each reflecting slight variations in 
the aspect of functional status being measured. The Elderly Mobility Scale assesses 
seven activities including transfers, standing, gait and the functional reach [55] all 
graded on an ordinal scale with a total maximum score of 20. Scores under 10 gener-
ally mean an individual is dependent in functional activities and 10–13 borderline for 
safety and independence in functional activities, and scores over 14 indicate an indi-
vidual would be safe and independent. It could be argued the measures containing 
multiple mobility activities provide a more comprehensive measurement of func-
tional status although they are still only focused on mobility activities and do not 
consider self-care activities.

13.3.1.2   Self-Care
Activities undertaken as part of normal daily living are termed activities of daily liv-
ing (ADL) including bathing, dressing, eating, using the toilet, transferring and con-
tinence. Instrumental activities of daily living (IADL) are more complex activities 
such as using the telephone, shopping, preparing food, housekeeping, doing laundry, 
using transport and managing medicines and finance. ADL and IADL would be 
categorised under self-care in the WHO-ICF framework.

Measurement of individual ADL can be undertaken by broad categorisation of 
an activity, for example, independent, needing some assistance, mostly dependent 
and completely dependent. This approach could lead to bias and be open to interpre-
tation if  the categories are not well-defined. However, this bias can be overcome with 
the use of a validated scale. The Katz Index of Independence in Activities of Daily 
Living (Katz ADL) was designed to measure the function of older adults with 
chronic conditions and assesses six ADL. Each ADL is rated as 0 (dependence) or 1 
(independence) with clear definitions for each category [56, 57]. The Lawton 
Instrumental Activities of Daily Living Scale [58] evaluates eight IADL that rely on 
both physical and cognitive function. Despite the development of both the Katz and 
Lawton measures taking place decades ago, they are still frequently used to measure 
ADL in older populations [59]. Other measures of ADL available, although not spe-
cifically developed for an elderly population, are the Barthel Index, a measure of 10 
ADL [60], and the Functional Independence Measure which has 18 separate 
 components, some of which reflect the construct of self-care [61].

13.3.2   Instruments Used to Measure Functional Status in the ICU 
Setting

In the ICU the functional status of an individual can be impacted by both critical 
illness and ICU-acquired weakness [62]. Several measurement tools have been 
designed to capture functional status in the ICU. These instruments have not been 
exclusively designed to assess the older person, but the content of many of the mea-
sures reflects the instruments used to assess functional status in older persons.

The Physical Function in Intensive Care Test (PFIT) was originally designed as a 
five-component score [63] and subsequently validated as an ordinal scale (PFIT-s) 
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with four components measuring upper and lower limb strength and the functional 
activities of standing up from a chair and marching on the spot [64]. The Functional 
Status Score for the Intensive Care Unit (FSS-ICU) uses the 0 (total assistance) to 7 
(complete independence) scoring from the Functional Independence Measure (FIM). 
However, the FSS-ICU only adopts the walking component from the FIM and added 
four further activities (rolling, supine to sit, sit to stand and sitting edge of bed) and 
uses the FIM scoring system to assess each activity resulting in a total score ranging 
from 0 to 35 [65]. The PFIT-s and FSS-ICU only contain four or five categories, 
while other measures have included a wider range of functional activities. The 
Manchester Mobility Score [66] is an ordinal scale containing seven functional activ-
ities ranging from bed interventions to moving/walking with a score of 0 to 7 used to 
describe the level of mobility. The Critical Care Functional Rehabilitation Outcome 
Measure [67] evaluates nine functional activities from a straight leg raise to walking 
a minimum of ten steps using the same scoring system of 0 to 7 used by the FIM and 
FSS-ICU. The Chelsea Critical Care Physical Assessment Tool [68] measures seven 
functional activities as well as grip strength, respiratory function and cough. All 
activities are measured on an ordinal level of 0 to 5 resulting in an overall score of 
between 0 and 50. The Perme score [69] contains 15 scored items to reflect mobility 
status ranging from the ability to follow commands to the distance walked in 2 min-
utes, while the de Morton Mobility Index [70] also contains 15 hierarchical activities 
from bridging to jumping scored as 0 or 1 and for some activities 2 providing an 
overall score. The ICU Mobility Scale (IMS) [71] was developed in response to the 
variability of instruments available to measure functional status in the ICU which 
can make comparison of datasets challenging. The IMS was developed by an inter-
national team and includes 10 mobility milestones with an 11-point ordinal scale 
ranging from 0 (able to do nothing) to walking independently without a gait aid with 
each of the 11 classifications scored 0 or 1 using well-defined criteria.

It is evident there is a range of instruments available to measure functional status 
in the ICU setting but with differing numbers of activities and scoring approaches. 
Core outcome sets (COS) are an agreed standardised set of outcome measures that 
would be reported as a minimum in clinical trials [72] and are helpful to identify an 
agreed common measure. A COS to evaluate physical rehabilitation in critical care is 
currently being identified and will be helpful to guide choice of functional status 
measures in the future [73].

13.4  Functional Status and Its Impact on ICU Triage 
and Outcomes

An individual’s pre-illness functional status influences their likely outcome after ICU 
admission. For this reason, an evaluation of functional status has a role when weigh-
ing the benefits and burdens of treatment in ICU at the time of admission. Clinicians 
can draw on a growing literature that quantifies the relationship between functional 
status and both mortality and physical function outcomes. Pre-illness functional sta-
tus, at its simplest, can be measured at a single time point pre-admission through 
patient or family recall. However, studies have progressed to explore the impact of a 
change in function during a defined period before admission on outcomes. Similarly, 
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physical function as an outcome can be measured at a single time point after ICU 
discharge or can incorporate a change in function from baseline to the time point of 
measurement of post-ICU outcomes. The range of instruments used to define pre- 
illness physical function, or more often the ability to perform activities of daily liv-
ing, varies. This section reviews the literature relating to how pre-illness functional 
status impacts on ICU outcomes for older patients, as well as on admission triage.

13.4.1   Functional Status and Outcomes

13.4.1.1   Mortality Outcomes
Mortality is the primary outcome used in risk prediction models that are frequently 
used to benchmark care in ICUs globally. However, commonly used models, such as 
APACHE II, do not include a measure of pre-admission functional status. The 
ICNARC model, derived from the Case Mix Programme database comprising 
admissions to ICUs in England, Wales and Northern Ireland, was updated in 2015 
to evaluate whether inclusion of additional variables would improve model perfor-
mance [74]. One of these variables was a measure of pre-admission functional status. 
This variable contained three levels relating to the assistance required with activities 
of  daily living: none, some and total. Despite the model demonstrating excellent 
discrimination in predicting in-hospital mortality in ICU patients, addition of this 
variable to the model improved model performance as was independently associated 
with mortality (some assistance with daily activities vs none, OR 1.61; total assis-
tance vs no assistance, OR 2.43). In a single-centre study undertaken in the USA, a 
similar three-category variable measuring pre-admission performance of activities 
of  daily living was independently associated with hospital mortality, even with inclu-
sion of APACHE IV predicted mortality in multivariable models [75]. These studies 
demonstrate that functional status is an independent predictor of mortality and 
improves model performance, even when added to high performing risk prediction 
models.

13.4.1.2   Physical Function Outcomes
Studies often do not include a clearly validated measure of physical function at base-
line. However, simplified objective measures such as ‘living independently at home’ 
are often recorded. Such measures, which combine impairments, and restrictions in 
function, activities and participation, with environmental and personal factors, are 
often used due to ease of collection and fewer issues with patient or proxy recall. One 
such study which identified risk factors for physical impairment 6 months after acute 
lung injury reported both an objectively assessed measure of physical function, the 
6-Minute Walk Test, and a self-reported measure of physical function, SF-36 Physical 
Function [76]. Those living independently at home before their critical illness had 
significantly higher 6-Minute Walk Test and SF-36 Physical Function scores as a 
proportion of predicted. These associations remained significant in multivariable 
models. Importantly, multivariable models adjusted for comorbidity using an index 
of conditions specifically validated for physical function outcomes, the Functional 
Comorbidity Index, [77] in addition to the more commonly used Charlson 
Comorbidity Index [78]. The Functional Comorbidity Index was developed and val-
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idated using the SF-36 Physical Function score as the outcome, rather than using 
mortality, which is by far the most commonly used outcome in development and 
validation of comorbidity indices.

In contrast, Heyland and colleagues used a validated measure of pre-illness func-
tional status in a cohort study of patients aged 80 years and older admitted to ICU 
study [79]. The study aimed to identify characteristics associated with return to base-
line physical function. Importantly, the researchers included measures of comorbid-
ity, frailty and baseline physical function in the multivariable predictor model. 
Baseline physical function was defined using the physical functioning domain of the 
36-Item Short Form Survey. This is a validated 36-item instrument which is a self-
reported survey of general health status, ranging between 0 and 100, in which a 
higher score represents better function. The baseline physical function (PF) score in 
the 610 participants in the cohort was 40, indicating significant impairment. The 
study identified that a higher baseline PF score was associated with a higher likeli-
hood of 12-month survival and a better physical function at 12-month follow-up in 
survivors. However, the primary outcome of the study, a return to baseline physical 
function, was defined as being alive at 12 months and reporting a PF score within 10 
points of baseline score and a minimum PF score of 10 to avoid floor effects. This 
outcome combined mortality with functional status in a binary format. In multivari-
able models using this outcome as the dependent variable, good pre-admission phys-
ical function (defined as a higher baseline PF score) was associated with lower 
likelihood of being alive and returning to baseline function. The authors explained 
this somewhat counterintuitive finding as being due to their chosen outcome: return-
ing to within 10 points of baseline PF score was more difficult to achieve for patients 
who started with a higher baseline score than those who started with a lower baseline 
score. This is evident in stratified unadjusted analyses of outcomes stratified by base-
line PF <40 compared with ≥40 (. Fig. 13.2).

This study by Heyland and colleagues is important as it extends outcome mea-
surement so that we can better distinguish between pre-existing functional impair-
ment and new impairment after ICU admission, which can be causally attributed to 
critical illness. However, once a non-mortality outcome is chosen in a study, the anal-
ysis needs to explicitly state how to handle those who die during follow-up [80]. The 
disadvantage of combining non-recovery and death is that this effectively equates 
these two outcomes as having equal value. While some may argue that patients may 
place more value on being alive rather than functional impairment, this is not what 
was reported in a community-based survey [81].

A further study conducted in 754 people aged 70  years or older investigated 
 pre- ICU admission factors associated with functional recovery within 6 months of 
ICU admission [82]. Functional recovery was defined as the return to a total disabil-
ity count less than or equal to pre-ICU admission disability count. Physical function 
was measured by the Short Physical Performance Battery, which is an objective 
assessment of physical function, in contrast to the self-reported SF-36 PF score used 
in the study by Heyland and colleagues. In univariable analyses, low physical capac-
ity (SPPB score 0–3) pre-ICU admission was associated with a lower likelihood of 
functional recovery relative to high physical function (SPPB score 8–12) (HR 0.46, 
95% CI 0.28–0.77, p = 0.003).
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       . Fig. 13.2 Combined outcome of  mortality and change of  physical function from baseline at differ-
ent time points during follow-up. (From Heyland et al. [79])
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13.4.2   Changes in Pre-illness Functional Status as a Predictor 
of Outcomes

Measuring functional status at a single time point before critical illness is relatively 
easy to ascertain, although assessors need to consider the duration of  the pre-illness 
period and ascertain status before this (often 2 weeks to 2 months before critical 
illness). However, a change in physical function before admission may also highlight 
poor outcomes. In a two-centre study conducted in the UK, pre-ICU admission 
change in function was simply defined as patient- or family-reported worsening in 
functional status in the preceding year, analysed as a binary variable [83]. Those 
with a decline in pre-admission functional status experienced higher 1-year mortal-
ity than those with stable pre-admission function (59.4% vs 33.0%). However, there 
were systematic differences in baseline characteristics between the two groups which 
may have accounted for this differential mortality. For example, those with a func-
tional deterioration were older and had more organ dysfunction on admission, and 
more comorbidities, and higher frailty. As no multivariable analysis was under-
taken, it is unclear if  a worsening in functional status is independently associated 
with mortality.

A more sophisticated approach is to use repeated measures of functional status in 
longitudinal data which allows trajectories of functional status over time to be iden-
tified. Ferrante and colleagues used such a study design [84]. They used the number 
of activities of daily living that a person needed help with as a measure of functional 
trajectories before ICU. These activities comprised 13 basic, instrumental and mobil-
ity activities. Using a robust study design of repeated measures in a longitudinal 
cohort, three distinct pre-ICU functional trajectories were identified during the 
12 months before ICU admission. Those with minimal disabilities had a mean of 0.6 
(SD 1.0) disabilities at the start of the period, those with mild to moderate had 3.1 
(SD 2.2), and those with severe disability had 8.4 (3.2) (out of a total of 13 activities). 
Increasing pre-ICU disability was associated with increasing 30-day mortality (12%, 
26% and 34% for increasing levels of disability) and 1-year mortality (18.6%, 44.5% 
and 67.5% respectively), although this did not reach significance for 30-day mortality 
in multivariable models adjusting for potential confounders. One of the most illumi-
nating features of this study was the description of patients transitioning between 
disability groups before and after ICU admission. For those with minimal pre-ICU 
disability, 51% had a more severe level of disability or had died within 30 days of 
admission. For those with mild/moderate disability, 66% transitioned to severe 
 disability or death. After 6 months post-admission, there was little improvement in 
functional trajectories in any of the three groups.

13.4.3   Functional Status and ICU Triage

While much of the focus in the literature relates to outcomes after ICU admission, 
there is a smaller, albeit important, literature on ICU triage in the older adult. 
Functional status plays an important role in this process. The ICE-CUB group 
reported factors associated with non-referral to the ICU of patients aged 80 or older 
by emergency physicians [85]. In multivariable analysis, worse functional status, mea-
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sured by the Katz Index of Activities of Daily Living, was independently associated 
with non- referral. For each additional activity of daily living which a patient was able 
to undertake independently, there was a 7% reduction in odds of non-referral (OR 
0.93; 95% CI 0.88, 0.99; p = 0.02). The importance of the influence of pre-admission 
functional status on decision-making was emphasised in a randomised controlled 
trial of systematic ICU triage in people aged 75 and older, for which entry criteria 
included preserved functional status, determined by an Index of Independence in 
Activities of Daily Living of at least 4 [86].

Pre-illness functional status has a demonstrable impact on both ICU triage and 
patient outcomes. A greater understanding of the evidence base will allow clinicians 
to have informed conversations with patients and families to ensure that the conse-
quences of ICU admission are aligned with a patient’s priorities and treatment pref-
erences. It also highlights the necessity for comprehensive rehabilitation services for 
older patients who survive ICU to maximise their chance of recovery.

 Practical Implications

 5 When evaluating functional status, it is necessary to consider the range of instru-
ments available, such as measurements relying on self-report which are relatively 
easy to administer, and those that require clinical supervision, such as the 6-Minute 
Walk Test. For research purposes, investigators should only use instruments that 
are validated in ICU populations and await publication of the agreed core outcome 
set for functional status.

 5 There are substantial societal and public health gains to be made from the growing 
literature relating to healthy ageing. Public health interventions which promote 
preservation of activity levels in older people, careful management of long-term 
health conditions and lifestyle interventions earlier in adulthood can realise sub-
stantial societal benefit by compressing morbidity to a shorter period at the end of 
life.

 5 At the time of assessment for ICU admission, clinicians should take an accurate 
history relating to functional status and activities of daily living. If  a patient is 
incapacitated, this history should be clarified with a family member. Those with 
poor pre-existing functional status, or those who are on a declining functional tra-
jectory, are likely to have worse outcomes. Following a careful exploration of treat-
ment preferences, clinicians should use this information to weigh the benefits and 
burdens of critical care therapies to arrive at a person-centred decision.

 5 In the context of rehabilitation within and after ICU, a careful assessment of 
 functional status is required to track progress and establish realistic goals for 
patients.

 Conclusion
Pre-illness functional status is an important consideration in ICU triage and has a 
demonstrable impact on patient outcomes. There are a range of validated tools which 
can be used to objectively assess functional status, both before ICU admission, and to 
track recovery. This will become increasingly important given the dramatic increase 
in the age-specific prevalence of chronic degenerative diseases in older populations. 
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A greater understanding of the evidence base presented in this chapter will allow cli-
nicians to have informed conversations with patients and families to ensure that the 
consequences of ICU admission are aligned with a patient’s treatment preferences. 
Furthermore, the importance placed by older people on functional independence high-
lights the necessity for comprehensive rehabilitation services for older patients who 
survive ICU to maximise their chance of recovery.

Take-Home Messages
 5 Risk factors for a decline in functional status in older adults include non- 

modifiable characteristics, such as age, sex and socioeconomic status, and poten-
tially modifiable factors, such as low physical activity, smoking and obesity. 
Interventions which can promote preservation of  functional status include care-
ful control of  multimorbid conditions, lifestyle interventions and promoting 
physical activity earlier in the life course.

 5 There are a range of  validated tools which can be used to objectively assess func-
tional status, both before ICU admission, and to track recovery.

 5 Pre-illness functional status is a key factor influencing decision-making relating 
to ICU admission. Poor functional status before ICU admission is associated 
with higher mortality and worse functional outcomes. Studies confirm that even 
simple measures of  pre-illness functional status improve performance of  sophis-
ticated ICU risk prediction models for mortality used in benchmarking of  care 
quality.
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 n Learning Objectives
 5 To know the definition of Comprehensive Geriatric Assessment (CGA)
 5 To know the core elements of CGA
 5 To know the impact of CGA on old patients’ prognosis
 5 To understand the limits of CGA
 5 To understand the importance of CGA for management of old patients in emer-

gency context and intensive care

14.1  Introduction

Definition of “old patient” is not consensual. Aging is a complex phenom including 
physiological modification due to genetic, epigenetic, and environmental factors. 
These modifications impact all organs and systems with large intra- and interindi-
vidual variations. Aging is also associated with an increased risk of comorbidities 
and functional disabilities that can impact prognosis of old patients.

For these reasons, the evaluation of this population is multimodal and complex. 
It needs to include:

 5 Medical aspect
 5 Functional aspect
 5 Social aspect
 5 Economic aspect

Furthermore, because of the great heterogeneity of the old population, this evalua-
tion needs to be personalized, focused to the individual.

14.1.1  History of Comprehensive Geriatric Assessment (CGA)

The first notion of CGA takes place in the UK in the 1930s with three pioneer geri-
atricians who develop a multidimensional approach of old patients reviewing all 
their capacities and problems which can lead to functional health benefits [1, 2]. 
Geriatrics emerges as a specialty in the UK in 1948 and CGA becomes the “key-
stone” of this medical specialty [2]. Several years later, in 1988, experts from the 
National Institutes of Health Consensus Development Conference Statement con-
clude that CGA is effective when coupled with ongoing implementation of the result-
ing care plan [3].

In this chapter, we define CGA and explain its impact on older population prog-
nosis. As we will see, this evaluation is time-consumed and difficult to be applied to 
emergency situation. We will propose an adaptation of this CGA before and during 
ICU stay of older patients.

14.2  What Is Comprehensive Geriatric Assessment (CGA)?

Definition of CGA has evolved with years. The concept is to (1) identify patients 
with higher risk of poor outcomes, (2) propose the most adequate treatment plan, 
and (3) allocate all available resources of the multidisciplinary team [4]. A recent 

 H. Vallet et al.



221 14

umbrella review concludes that the most frequently used definition of CGA is “A 
multimodal, multidisciplinary process which identifies medical, social, functional 
needs, and the development of an integrated/coordinated care plan to meet those 
needs” [5].

The core dimensions of CGA are as follows [6, 7]:
 5 Medical dimension: comorbidities, polypharmacy, cognition, depression, geriat-

ric syndrome (fall risk, delirium, urinary incontinence, dentition, visual, hearing 
impairments), frailty, nutrition

 5 Functional dimension: mobility, gait speed, activity of daily living, instrumental 
activity of daily living

 5 Social dimension: caregivers, social network, support needs, financial resources, 
environmental adequacy and safety

Several actors are systematically or if  needed implicated in CGA such as [6]:
 5 Geriatricians
 5 Nurses
 5 Physiotherapists
 5 Social workers
 5 Pharmacists
 5 Dentists
 5 Occupational therapists
 5 Nutritionists
 5 Psychiatrists/psychologists
 5 Audiologists
 5 Podiatrists
 5 Opticians

CGA is applied in different kind of healthcare setting. In a meta-analysis, Stuck 
et al. describe for the first time several kinds of situations where CGA should be used 
in and out of hospital [8].

Inpatient CGA is divided into [8]:
 5 GEMU (Geriatric Evaluation and Management Unit): “a ward that admits frail 

older in-patients for a process of multidisciplinary assessment, review and ther-
apy” [9]. It could be an acute geriatric center or a rehabilitation center.

 5 IGCS (Inpatient geriatrics Consultation Service): “a multidisciplinary team 
which assesses, discusses and recommends a plan of treatment for frail older in- 
patients” (mobile teams) [9].

Outpatient CGA is divided into [8]:
 5 HAS (home assessment service): “in-home CGA for community-dwelling elderly 

persons”
 5 HHAS (hospital home assessment service): “in-home CGA for patients recently 

discharged from hospital”
 5 OAS (outpatient assessment service): “CGA provided in an outpatient setting”

More recently, CGA is applied in specific condition such as oncogeriatrics [10] or 
ortho-geriatrics [11].

Comprehensive Geriatric Assessment (CGA)
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14.3  Scores and CGA

Many scores are used to evaluate each dimension of CGA. All these scores are vali-
dated in geriatric population. Some of them are described in previous specific chap-
ter of the book. . Table 14.1 presents the main scores used by CGA, but the list is 
non-exhaustive.

It is important to clarify that the CGA is not a list of scores, but a multidimen-
sional evaluation that requires a real geriatric expertise acquired by practitioner over 
time. Scores are mainly useful for research and as screening tools to identify older 
patient requiring a real geriatric assessment.

14.4  Impact of CGA on Patient’s Prognosis

Multiple studies have been interested about the effectiveness of CGA to improve 
prognosis of old patients. Results of these studies are contrasted for many reasons: 
first because of the complexity of CGA due to its multimodal aspects, second, 
because of the multiple possibilities of endpoint chosen for evaluation (short- and 
long-term mortality, loss of functional autonomy, new institutionalization, quality 
of life, etc.), and, third, because of great variety of healthcare setting and specific 
condition that could be evaluated. Because of these, we present in this part only the 
result of meta-analysis.
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14.4.1  Mortality

In 1993, a meta-analysis of 28 studies including 10,000 patients and controls con-
cludes that CGA reduces mortality by 35% at 6 months for GEMU (OR 0.65; 95% 
CI 0.46–0.91) and by 14% at 36 months for HAS (OR 0.86; 95% CI 0.75–0.99) [8]. 
More recently, another meta-analysis of 17 trials including 4700 patients has evalu-
ated the effects of inpatient rehabilitation specifically designed for geriatric patients. 
Mortality at discharge was reduced by 28% (OR 0.72; 95% CI 0.55–0.95), and long-
term mortality (3–12 months) was reduced by 13% (OR 0.87; 95% CI 0.77–0.97) [28]. 
A meta-analysis evaluating the effectiveness of inpatient geriatric consultation team 
intervention concludes to a significant reduction of 6- and 8-month mortality (OR 
0.66 and 95% CI 0.52–0.85 and OR 0.51 and 95% CI 0.31–0.85, respectively) [29]. On 
the other hand, a Cochrane meta-analysis published in 2011 concludes that CGA is 
associated with less mortality or deterioration (OR 0.76; 95% CI 0.64–0.90), but this 
effect is observed only for CGA ward and not for mobile team [30].

       . Table 14.1 Example of  scores

Dimensions Scores

Comorbidities Cumulative Illness Rating Scale (CIRS) [12]
Charlson scale [13]

Cognition Mini- Mental State Examination (MMSE) [14], Montreal Cognitive 
Assessment (MoCA) [15]

Depression Geriatric Depression Scale (GDS) [16]

Delirium Confusion Assessment Method (CAM) [17]

Mobility/sarcopenia/
risk of fall

Short Physical Performance Battery (SPPB) [18]
Timed Up and Go Test [19]
Handgrip [20]

Frailty Frailty Index [21]
Clinical Frailty Scale (CFS) [22]

Nutrition Mini Nutritional Assessment (MNA) [23]

Functional status Activity of Daily Living (ADL) [24]
Instrumental Activity of Daily Living (IADL) [25]

Quality of life SF-36, SF-12 Health Survey [26]

Caregiver’s burden Zarit Burden Interview (ZBI) [27]

Comprehensive Geriatric Assessment (CGA)
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14.4.2  Functional Autonomy

The majority of  meta-analysis about the impact of  CGA on prognosis concludes 
to a significant effect on functional status. In hospital, Van Craen et al. found that 
admission to a GEMU has favorable effect with less decline in functional auton-
omy (RR 0.87, 95% CI 0.77–0.99) [7]. Admission in acute geriatric ward is also 
associated with a reduction of  functional decline (RR 0.87; 95% CI 0.78–0.97) [31]. 
This positive effect is reinforced by Baztán et al. showing that compared with older 
people admitted to conventional care units, those admitted to acute geriatric units 
had a lower risk of  functional decline at discharge (OR 0.82; 95% CI 0.68–0.99) 
[32]. For outpatient, preventive home visits have an impact to prevent functional 
decline only if  the program includes a clinical examination (OR 0.64, 95% CI 0.48–
0.87) [33].

14.4.3  Institutionalization

Several meta-analyses have evaluated the impact of CGA to prevent institutionaliza-
tion. Hospitalization in geriatric acute care compared to conventional care unit 
reduces the risk to be discharged to a nursing home (RR = 0.82, 95% CI 0.68–0.99) 
[31] and give more chance to live at home after discharge (OR 1.30, 95% CI 1.11–
1.52) [32]. Hospitalization in GEMU is also associated with lower rate of institution-
alization 1 year after discharge (RR 0.78, 95% CI 0.66–0.92) [7]. Furthermore, CGA 
is associated with lower rate of institutionalization for CGA ward (OR 0.73, 95% CI 
0.64–0.84) but not for CGA team (OR 1.16, 95% CI CI 0.83–1.63) [30].

14.5  Limits of CGA

The main limits of  CGA are that it is time-consuming and it requires many actors. 
Because of  dementia or delirium, many patients are non-informative or partially 
informative. To collect information about comorbidities and treatment, geriatri-
cians need to often ask caregivers, attending physician, patient’s usual pharmacist, 
or computerized medical records. Clinical examination and specific tests necessary 
to evaluate cognition, nutrition, frailty, mobility, and sarcopenia take often more 
time than in younger because of  physical and mental limitations of  geriatrics 
patients. Furthermore, the social and environmental evaluation sometimes look 
like a really “police investigation” and require a very long investigation by social 
workers.

14.6  CGA and ICU

In the context of ICU, there is no study evaluating the interest of CGA. However, 
due to the increase of old patients’ admission in ICU, it seems to be necessary at dif-
ferent point of the patient trajectory.

 H. Vallet et al.
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14.6.1  At ICU Admission

ICU represents a great acute stress for old patient, because of the severity of the 
disease but also because of physical aggression represented by intubation, catheter-
ization, or dialysis and because of environmental factors (light, noise). All old 
patients are not able to survive in good condition (without disability) to this stress. 
It’s necessary to identify the most robust of them and for that to use 
CGA. Unfortunately, geriatricians are rarely associated to the decision of old patient 
admission in ICU. The first reason is probably there is no “culture” of collaboration 
between intensivist and geriatricians. The second (and not the least) is more prag-
matic: decision of admission should be quick because of the severity of the patient, 
could occur 24/7 and geriatricians are not always available.

In this context, a detailed CGA is not possible, but it seems more and more 
important to adapt CGA to emergency context. Basic tools can be used to evaluate 
old patients’ frailty like Clinical Frailty Scale (CFS). This pragmatic scale is associ-
ated with 1-month mortality in ICU (HR per point 1.1, 95% CI 1.05–1.15, p < 0.001) 
[34] and is repeatable whatever the assessor (ICU practitioner, nurse, dedicated study 
person) and the method of evaluation (information obtained from the patient, the 
family, or hospital records) with a weighted kappa for all measures of 0.86 and 95% 
CI 0.84–0.87 [35]. Nevertheless, this scale is probably insufficient even in emergency 
context and should be completed with an evaluation of comorbidities and polyphar-
macy.

14.6.2  During ICU Stay

A more complete CGA is probably feasible during ICU stay but requires a geriatri-
cian. The role of the geriatrician could be to evaluate old patients in above dimen-
sions but also their caregivers. Geriatrician could be helpful in ICU for delirium 
management, polypharmacy management, swallowing disorder management, or 
early rehabilitation, for example. It seems to be important that geriatricians integrate 
multidisciplinary team about withholding and withdrawing of life-sustaining ther-
apy. In the past 15 years, specific geriatric emergency models have been developed as 
specific department [36] or multidisciplinary geriatric teams with encouraging results: 
decrease of ICU admission [37], functional decline [38], hospital admission rate [39, 
40], and hospital readmission rate [40]. The top 10 of high-priority research ques-
tions for a European Research Agenda for Geriatric Emergency Medicine was 
recently published, highlighting the importance of this emergent specialty [41].

14.6.3  After ICU Discharge

After ICU discharge, management of geriatric patients is challenging. Indeed, many 
medical complications can occur in the few days post-ICU like infections, acute car-
diac failure, or delirium. Furthermore, patients suffer often of swallowing disorder 
and critical illness neuromyopathy requiring early and specific rehabilitation. 
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Consideration around the clinical trajectory of old patients after ICU is necessary 
and CGA should take an important place. Specific geriatric post-ICU ward is lacking 
but could be very attractive to improve prognosis of these patients in the same model 
than ortho-geriatrics ward. Many publications highlight the effectiveness of ortho- 
geriatric unit to improve survival and functional autonomy post-hip fracture com-
pared to standard of care in orthopedic unit. In a French cohort, survival of old 
patients 6 months after a hospitalization in ortho-geriatric unit for hip fracture was 
significantly higher than after a hospitalization in orthopedic unit (83.7% vs 74.6%; 
p = 0.002), and rehospitalizations were significantly reduced (26% vs 36%; p < 0.001) 
[42]. More recently, a prospective randomized study concluded that comprehensive 
geriatric care in a dedicated geriatric ward was associated with a greater mobility, 
functional autonomy, and quality of life 4 and 12 months after hip fracture com-
pared to orthopedic care. Furthermore, comprehensive geriatric care had an 88% 
probability of being both less costly and more effective than orthopedic care [11]. 
Based on the ortho-geriatric model, dedicated geriatric post-ICU units should be 
developed as a clinical trajectory allowing an evaluation of the specific need of these 
patients and offering them a personalized, adapted program of care after ICU dis-
charge.

 Conclusion
Comprehensive geriatric assessment is the core of geriatric’s care and is based on 
multidimensional and multi-professional care. Effectiveness of CGA has been proven 
particularly within dedicated geriatric wards. In emergency context, CGA could be 
adapted to be pragmatic and achievable by non-geriatricians. In ICU and especially 
after ICU discharge, CGA could improve prognosis of old patient and should be fur-
ther developed in the future.

Take-Home Messages
 5 Comprehensive geriatric assessment is the core of  geriatric’s care.
 5 Comprehensive geriatric assessment is based on multidimensional and multi- 

professional care.
 5 Effectiveness of  CGA has been proven in terms of  improving survival, functional 

autonomy, and reduction of  institutionalization.
 5 In emergency context, CGA could be adapted to be pragmatic and achievable by 

non-geriatricians.
 5 In ICU and especially after ICU discharge, CGA could improve prognosis of  old 

patient and should be further developed in the future.
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 n Learning Objectives
ICU resources are not unlimited, and in many circumstances frontline clinicians may 
be called upon to prioritize among patients who are referred for ICU care. When 
resources, manifested as ICU bed availability, are insufficient to offer ICU admission 
for all, some patients must be refused. There are concerns regarding this process of 
triage in the very elderly. On the one hand, some are concerned that the very elderly 
will be preferentially refused as a result of age discrimination, whereas others are con-
cerned that the very elderly may receive inappropriately aggressive ICU care resulting 
in unnecessary suffering and pain, as well as consuming resources better redirected to 
the young.
This chapter will categorize the underlying reasons why very elderly patients may be 
refused ICU admission but focus on the process of triage in resource-restricted set-
tings. A modified utilitarian approach will be used for justification of triage across all 
age groups, including the very elderly. Suggested methods of prioritization that avoid 
the need to directly and substantially consider chronological age will be described. A 
decision-making framework, coupled with a prioritization tool, is presented to inform 
the process of frontline triage.

15.1  Introduction

Intensive care is an expensive resource and, as a result, the availability of intensive 
care unit (ICU) beds is not unlimited [1]. The rapidly growing proportion of old 
patients in most countries is predicted to cause the unavailability of ICU resources 
worldwide [2]. In many countries, demand for beds outstrips supply, and processes to 
prioritize patients for access to the available resource have been developed. The term 
used to describe such prioritization is triage, and several national and international 
professional bodies and expert consensus groups have produced triage statements 
that justify currently agreed overarching principles of triage and sometimes propose 
methods of prioritization that offer practical advice for administrators and frontline 
healthcare workers [3–5]. The recent COVID-19 pandemic, by generating a substan-
tial and often sustained need for more ICU resources, has brought the issue triage 
into immediate focus, even in those countries previously more generously supplied 
with ICU resources [6–8].

This chapter will focus on the triage of acute admissions in resource-limited set-
tings. This implies the need for a rationing process as defined by the American Society 
of Critical Care Medicine task force on values, ethics and rationing in critical care 
“the allocation of potentially beneficial healthcare services to some individuals in the 
face of limited availability that necessarily involves the withholding of those services 
from other individuals” [4]. Resource-limited settings are those in which ICU bed 
availability is such that not all patients who may benefit from ICU admission can be 
admitted – thus prioritizing admissions is necessary. This may be a continuous situa-
tion in some countries where ICU is chronically under-resourced [3, 9–11], or may 
occur temporarily when systems are stressed, such as in many North American and 
European countries during the COVID pandemic [6–8, 12–14].

It is acknowledged that in many high-income countries with plentiful resources, 
and under normal circumstances, there may be few or no limitations regarding the 
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ability to admit an individual patient. Much of the currently published ICU litera-
ture researching the admission and outcome characteristics of the very old is reported 
from such countries and in conditions where routine, daily rationing decisions are 
unusual. Regarding admission priority, the research questions set by these research-
ers have been focused on identifying which very old patients will benefit most from 
ICU admission and what meaningful short-, medium- and long-term outcomes for 
the very old may be expected in this patient group [15–17]. This information is impor-
tant and informative, allows meaningful “goal of care” discussions with patients/
surrogates pre-ICU admission, advises the decision to admit or not, as well as poten-
tially determines intensity and duration of intensive care provided. However, in this 
setting decision-making is focused on the needs and wishes of the individual patient 
and involves shared decision-making with the patient taking into account the bene-
fits and burdens of ICU care. This contrasts with the meaning of triage, which spe-
cifically addresses the need for prioritization in the face of limited resources. It is 
triage in the face of limited resources, particularly in the context of an ageing popula-
tion, that is the focus of this chapter.

15.2  Principles of Triage

When ICU resources, in this case available ICU beds, are insufficient to allow all 
requests for ICU admission, some patients must be refused admission. A minority of 
requests for ICU care may be refused because ICU admission would not result in 
additional benefit to the patient in comparison with alternatives such as continued 
general ward care, or alternative higher levels of care such as specialized care units, 
or high dependency units. These patients may be relatively well and not require ICU 
care to enhance survival, or other outcome benefits (the “too well” to benefit), or are 
so severely ill that ICU care would also not reasonably provide additional survival, or 
other outcome benefits (the “too sick” to benefit). Such “non-beneficial” or “futile” 
care can be reasonably refused [18, 19]. It should be highlighted, however, that these 
patients would be refused ICU admission, even in the presence of abundant resources, 
as there is no justification for the consumption of the additional costs associated with 
“non-beneficial” ICU care. However, what really concerns us is when we are faced 
with the need to refuse those patients who may reasonably be expected to derive some 
additional benefit from ICU admission and subsequent care. These patients are those 
correctly referred for ICU admission because they do have a realistic chance of ben-
efit, even if  this benefit may be relatively small. For these appropriately referred 
patients, a refusal to admit the patient results in likely harm [20–23]. Pre-ICU admis-
sion triage addresses the complex and difficult process of choosing among individual 
patients that would all likely benefit from admission; in other words, who will receive 
access to ICU care and who will not? This chapter will address the difficult process 
of triage, highlight some of the key and challenging issues specific to the very old and 
propose a guidance framework that may assist frontline ICU clinicians to fairly pri-
oritize those very old patients referred to them for ICU admission.

A brief  justification, using a principled approach and ethical reasoning, that 
underlies the purpose of triage follows. Doctors in general approach patient care 
with certain values uppermost in their minds. Such values include the desire to 
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 preserve human life, to protect or improve health and to use available resources effec-
tively and efficiently while respecting personal dignity, maintaining the therapeutic 
relationship and protecting the least well-off  [24]. However, when resources are lim-
ited, some generally accepted healthcare values such as autonomy, and fidelity to the 
individual patient, that are normally so much part of the doctor-patient relationship 
have to be have to be compromised [25]. The balancing of these values and establish-
ing a hierarchy of necessity and/or importance, as to which values can be retained 
and which forgone or compromised, is essential. In the context of triage, some of the 
key arguments follow.

To begin with, ICU admission triage should only occur when ICU beds are insuf-
ficient to allow all referred patients who may benefit to be admitted (even if  that 
benefit is small). Therefore all reasonable efforts to increase the resource (ICU bed 
availability) should have been exhausted, and some documentation of these efforts 
should be available [7, 10].

Given that all appropriately referred patients cannot be admitted, the triage (pri-
oritization) must be achieved in a fair way and meet the requirements of the principle 
of justice [26]. It would, of course, be fair to all to admit on the basis of lottery, as 
each individual would have the same chance of admission. Simply choosing patients 
on the basis of “first come, first served” does represent a form of natural lottery. 
However, if  this were done, some patients with very poor chance of benefiting from 
ICU care would still be admitted, while some patients with a very high chance of 
benefit would be refused, simply on the basis of the time point that they were referred 
for admission. Thus the efficient use of ICU would be compromised. To avoid this 
loss of utility of this expensive and limited resource, a pragmatically better use of 
ICU beds could be achieved by preferentially admitting those patients most likely to 
benefit from the available ICU resources. The utilitarian ethical approach justifies 
actions that will provide the greatest benefit to the greatest number of individuals in 
a society [27, 28]. Using a modified utilitarian approach, preferentially admitting 
those patients more likely to benefit, should result in a greater overall benefit to soci-
ety from available resources. Clearly, the required consumption of ICU resources can 
be similarly considered, to provide a combined maximized cost-benefit assessment, 
thus optimizing the benefit derived from available ICU beds. Recent international 
consensus guidance documents addressing triage in the context of limited resources 
in the intensive care setting have favoured the approach of maximizing efficiency, 
utilizing the modified utilitarian justification for prioritizing admissions to intensive 
care [3, 4, 29, 30]. While this utilitarian justification underpins the approach to triage 
that follows, it should be acknowledged that it is not universally accepted and has 
been criticized by some [28, 31].

Finally, apart from the utilitarian consideration that all triage decisions should be 
made on medical health grounds only, no consideration for priority should be depen-
dent on patient race, gender, age, religion, socio-economic importance, social stand-
ing or personal beliefs [10].

It remains important that proposed triage policies should respect the relationship 
between healthcare workers, patients and the wider public, and therefore it follows 
that they are justified and defensible when published and remain so over time. Policy 
implementation therefore requires transparency, accountability and mechanisms for 
review and appeal by affected stakeholders [32].
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Because resources are, in the main, provided by society, and utilized by society’s 
individual members, and the process of triage is complex, both in terms of moral 
justification and bedside implementation, triage should not be reliant on the solitary 
judgment of individuals, but should be guided by clear institutional policies. These 
policies require both relevant stakeholder review and validation from a broad spec-
trum of opinion [33].

15.3  Key Issues in the Very Old

15.3.1  Avoidance of Age Prejudice

Society increasingly expects that the aged are not unfairly prejudiced on the basis of 
their chronological age [34]. Additionally, as advanced age is associated with a reduc-
tion in physical and often mental ability, the old risk becoming increasingly vulner-
able, and if  identified as vulnerable, deserve the extra protections that are provided to 
the vulnerable in our societies [35]. A legitimate concern in countries with well- 
resourced medical facilities is that the aged may be unfairly excluded from ICU 
admission. There is evidence from several studies that triage decisions to refuse 
referred patients’ ICU admission are associated with increasing chronological age 
[20–23]. This raises the question about unfair exclusion on the basis of age. A recent, 
well-constructed, cluster-randomized clinical trial sheds some light on the answer to 
this question. In this study, the promotion of the systematic ICU admission of criti-
cally ill very old patients was compared with usual practice, to establish whether 
increased ICU admission would benefit this very old group. Benefit was defined as 
the reduction of 6-month mortality. The result did show the expected increase in 
ICU admission in this group (almost by double), but 6-month mortality was not 
reduced, and neither functional status nor physical quality of life of those admitted 
was enhanced [36]. This and other recent similar findings raise many questions about 
current methods of assessing the appropriateness of admission to ICU for the old; 
however they do not provide evidence of the inappropriate withholding of ICU care 
to the old, at least in well-resourced medical systems [36, 37]. Nevertheless, as the 
numerical increase in the very old group of patients referred to ICU for care will 
continue to rise, even in the absence of critical ICU bed resource limitations, there 
remains a pressing need to establish robust admission criteria that are informed by 
accurate prognoses of relevant outcomes and costs. Such criteria are essential to pre-
vent unnecessary burdens of ICU care being imposed on individuals and also to 
prevent excessive wastage of a very expensive resource.

If  we return to circumstances where resources are limited and thus restrict admis-
sions, which is the focus of this chapter, it is the objective that pre-ICU admission 
triage should be, as far as possible, fairly distributed among all ages.

15.3.2  The Effect of Age on Outcome Prognosis

While respecting the need to avoid age prejudice, a strong case can be made that age 
may have a legitimate influence on a triage decision for two objective reasons. The 
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first relates to the reality that older patients, in general, have a shorter life expectancy 
than younger patients. Thus if  benefit is quantified by the duration that that benefit 
may be enjoyed, for example, by life years gained, then older patients, all other things 
being equal, will necessarily derive less benefit than younger patients. This measure 
naturally has a greater magnitude when patients are toward the extreme of age, or the 
patients competing for the limited ICU beds are substantially younger than the very 
old. When considering quality of life, we need to be cautious. Although long-term 
quality of life after ICU discharge may appear relatively poor in the very old when 
compared with younger cohorts, it does appear to be similar to age-matched popula-
tions [38, 39]. Nevertheless, in regions where resources are an important consider-
ation, it is revealing to consider outcomes in terms of quality-adjusted life years 
(QALYs). Data from Kaarlola et  al. showed that the QALYs resulting from ICU 
admission in patients over 80 years would be a median of 4.1 years, in the 65–69-year- 
old group 10.2 years and in patients less than 65 years up to 22 years [38]. Exactly 
how much difference justifies a differential pre-ICU triage decision is a very difficult 
question to answer, and some have argued strongly that this type of calculation can-
not be morally or legally justified [40, 41]. Because of this moral uncertainty, and no 
small controversy, it seems prudent to restrict the influence of life years or QALYs 
gained on triage decisions and, if  used, to be a consideration of subsidiary impor-
tance. For example, either life years saved or QALYs gained could be considered only 
when directly competing patients otherwise have identical priority for admission, as 
described later.

The second reason age may reasonably influence a pre-admission triage decision, 
relates to the general effect of age on prognosis for survival and quality of life and 
thus negatively affects the benefit that may be derived from ICU admission. Regarding 
survival, there is overwhelming evidence that age, particularly extreme age, has a 
negative effect on short-, medium- and long-term prognosis. Crude mortality in the 
very old following ICU admission has been reported recently and ranged from 
12–20% within the ICU, 24–26% within hospital, to 44–50% at 12  months and 
beyond [42–46]. Heyland et al. reported that only one quarter of very old patients 
who were admitted to ICU returned to pre-ICU admission of physical function at 
1  year [15]. Another study reported similar findings and showed an association 
between poor functionality pre-ICU admission and poorer 1-year functional out-
comes [45]. Not surprisingly, patient chronological age has been reported to be asso-
ciated with triage decisions in resource-restricted settings [20, 22, 47, 48]; however 
there are many important problems with the use of a patient’s chronological age as a 
criterion for triage. These include strong ethical arguments on the basis of age dis-
crimination and criticisms of chronological age alone as a predictor of outcome in 
individual very old patients [34, 40, 41, 49].

15.3.3  Are There Better Alternative Prognosticators of Outcome 
than Age?

While age itself  is clearly associated with relatively poor outcomes, both in terms of 
survival and quality of life, it is increasingly evident that not all patients of the same 
chronological age have the same outcome. In addition, the magnitude of this effect in 
an individual is sometimes difficult to measure and requires careful evaluation in 
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individual cases. The effect of age on survival prognosis is complex. Factors such as 
co-morbidity resulting from chronic disease are known to increase with age and are 
associated with poorer prognoses. Other measures of pre-ICU admission health, 
such as frailty (a multi-faceted syndrome associated with the effects of age, but not 
fully determined by age), and measures of functional status are most likely to offer a 
more objective insights into likely prognosis for survival than the use of chronologi-
cal age alone and are therefore more attractive to inform rationing decisions [50]. The 
use of such measures are also more attractive from an ethical and moral reasoning 
standpoint [41, 49].

There is a reasonable body of observational research that supports the potential 
use of frailty, most frequently and conveniently measured by the Clinical Frailty 
Scale (CFS) [51], as a prognostic marker at the time of referral to ICU. A systematic 
review and meta-analysis concluded that measures of increased frailty were associ-
ated with higher hospital and long-term mortality [52]. In the large multi-centre 
“VIP1” study, a positive linear relationship between the measured CFS of emergency 
ICU admissions and 30-day mortality from 30% with a CFS of 3 to 75% for a CFS 
of 9 was demonstrated [16]. More importantly, frailty also predicts survival in 
younger age groups. A large cohort study identified that increasing frailty was associ-
ated with increased long-term (median 7 years) mortality in middle-aged and older 
adults [53]. Brummel et al. also demonstrated that frailty in patients younger than 65 
was associated with lower survival [54] and that approximately half  of all frail 
patients were <65 years old. Similarly, a prospective cohort of patients from North 
America demonstrated that in those patients admitted to ICU aged 50–65, frailty 
remained associated with adjusted 12-month mortality risk [55]. Thus utilizing 
frailty, for example, in the form of the CFS, to prioritize prognosis is attractive, as it 
can be used across age groups and is a reasonably good predictor of short- to 
medium-term mortality. The CFS is, however, not a universally robust predictor by 
itself  [56], and as a result it still appears necessary that when individual prognostica-
tion is required to make an on the spot triage decision, such prognostication should 
be informed by more than one category of predictor [57] and be made by experienced 
frontline ICU clinicians [7, 11]. Other known categories of prognostic indicators that 
can be rapidly assessed at the bedside include number of organ failures (or SOFA 
score), functional ability or co-morbidity by a simple score such as a modified ASA 
score, etc [58–60]. Intuitive survival prognostication by clinicians is also important 
and has been shown to be at least equivalent to individual prognostic scores [61, 62].

15.3.4  Quality of Life as an Outcome

Quality of life is a largely personal assessment, and unless the predicted future qual-
ity of life is likely to be extremely poor (e.g. end-stage dementia or minimally con-
scious state), it is not recommended as a justification of a triage decision to decline 
ICU care [10]. This cautious approach is taken for the following reason. An impor-
tant distinction must be made between functional restriction and perceived quality 
of life. It has been shown that objective functional restrictions in the old do not 
necessarily impact on reported quality of life [38]. It is not easy to discuss the patient’s 
perception of quality of life at the time of an emergency admission, and an error 
frequently made by healthcare providers is the assumption that functional health 
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restrictions are automatically associated with reduced quality of life. Understanding 
that this is frequently not a valid association is critical to recognize, so that appropri-
ate caution is exercised when invoking a reduction of quality of life to justify a triage 
decision to refuse or limit ICU care.

15.3.5  Respecting Individual Autonomy

As the very old have an increased incidence of severe co-morbidity and extreme frailty, 
as well as cognitive decline, the patient may themselves wish to avoid the burdens of 
ICU care and rehabilitation or limit their exposure to such burdens. Therefore, while an 
honest evaluation and clear communication with the patient and/or surrogate of likely 
prognosis, and the benefits and burdens of ICU care, forms an important part of a 
“goals of care” discussion in all patients, it is especially important in the very old. Some 
patients who have been offered ICU care may therefore elect to exercise their autonomy 
at the time of referral by declaring their preference to refuse ICU admission [63]. 
Sensitivity regarding the timing of a “goals of care discussion” is required, and such 
discussions should generally be avoided until after a final triage decision to admit/or not 
is made. This is because modified utilitarian triage prioritizes distributive justice (and 
societal good) over autonomy and patient preference. It can then be anticipated that a 
patient or surrogate who, after a discussion, elects to accept ICU care would likely be 
distressed if then advised they are not eligible as a result of a negative triage decision.

15.4  The Potential Use of the “Time-Limited Trial” at 
Pre-admission Triage

Being relatively compared, there is no consistent objective evidence that the very old 
are more likely than younger patients to have a prolonged ICU length of stay (LOS) 
after an individual ICU admission [52]. Nevertheless, for all patients admitted to 
ICU, LOS is an important consideration if  maximum benefit from available ICU 
resources is to be achieved [10].

The concept of time-limited trials of therapy is gaining ground as an acceptable 
way to set limits to invasive treatments when individual patients fail to respond to 
initially aggressive therapy. They are also potentially useful to mitigate medical 
uncertainty about the likely response to intensive care treatment and the subsequent 
outcomes, in that doctors may feel more comfortable to prognosticate after seeing 
whether there is an initial response to therapy. Medical decision-makers may some-
times be overwhelmed by the potential consequence of the illness facing them, and 
this may make them unable to make rapid, thoughtful decisions. In the face of this 
uncertainty, the use of a time-limited trial is sometimes useful to provide more time 
to better assess patient’s chances of a meaningful recovery, more thoroughly establish 
a trusting relationship with the family and allow more time for treating doctors to 
reach a considered consensus about prognosis. Briefly, a time-limited trial establishes 
an agreement between the healthcare team and the patient/surrogate, prior to 
 admission, to apply the necessary intensive care therapies for a fixed period of time. 
The treatment team keeps the family informed of progress, and when the pre-agreed 
time limit is reached, life support therapies are either continued if  the patient has 
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responded positively to therapy, or withdrawn if  therapy is failing [64]. Setting an 
appropriate time period for the trial is challenging, and dependent on careful clinical 
assessment of the patient’s specific condition, balanced with resource availability. 
Some general guidance has been published, and it has been suggested that from 3 to 
7 days would be appropriate for hypoxic-ischaemic encephalopathy, end-stage car-
diac failure and other similar conditions, while longer (1–2 weeks) may be required 
for conditions such as stroke [64]. A recent review suggested a time limit of at least 
24–72 h for acute conditions in potentially terminal patients [65]. This overview rec-
ommended that the end points of time-limited trials be categorized into narrowly 
and broadly defined goals [65]. Narrowly defined goals are focused on specific trends 
in laboratory values (e.g. lactate concentrations), organ failure scores (e.g. changes in 
SOFA scores [59]), dependence on circulatory support (e.g. vasopressor dose), wean-
ing efforts, etc. and are suited to acute conditions such as severe pneumonia, abdom-
inal infections and septic shock. On the other hand, more broadly defined goals such 
as wakefulness, mobility, responsiveness and potential future independence are more 
suited to patients with traumatic brain injury, stroke or infectious brain injury. While 
there is currently little high-quality evidence of the benefit of time-limited trials com-
pared to routine practice, if  conducted well, time-limited trials have the potential to 
reduce the length of ICU stay and improve patient/surrogate satisfaction.

The concept of the time-limited trial was born out of patient-centred end-of-life 
considerations but may potentially be applied to the pre-ICU triage decision-making 
process in a constructive way. As discussed earlier, a key consideration in making the 
triage decision to admit or refuse admission is an assessment of the anticipated 
resource utilization of a referred patient with an only moderate medium- or long- 
term prognosis. If, once admitted, the patient’s access to ICU resources is unlimited, 
and their clinical condition one that is known to likely require a long ICU stay, with 
many potential complications, and thus a high cost of ICU resources, refusal on the 
basis of anticipated resource use and thus a relatively poor incremental cost-benefit 
gain could be justified. However, uncertainty remains. Some patients may respond 
rapidly to therapy, without suffering complications, and obtain an acceptable out-
come with little resource use. At the moment of admission, it is unknown if  the 
patient will fall into the subgroup of patients who will do unexpectedly well in a short 
time, or those who will consume many days or weeks of resources, for occasionally 
good, or more often much poorer outcomes. In this setting, an agreed time-limited 
trial would allow the triage decision-maker to recommend ICU admission, with 
greater certainty about the upper limit of the resource cost, and perhaps greater cer-
tainty of ultimate patient outcome after a limited trial of ICU care.

15.5  Practical Implications: An Overall Approach to Triage 
Including the Very Old

15.5.1  Proposed Framework and Bedside Advisory Tool

Taking into account the specific issues discussed above leads us to adapt triage poli-
cies and guidelines to accommodate, in a direct way, a number of the key factors that 
apply to the very old. For example, by incorporating measures of function, frailty 
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and co-morbidity into prognosis estimation, the potentially direct relationship 
between chronological age and a triage decision can be de-emphasized, and fairness 
across all ages becomes more attainable. With this principle in mind, the following 
approach to triage seeks to accommodate fairness to the very old while remaining a 
universal framework applicable to all ages and proposes an example of how a front-
line triage tool may be constructed.

A key foundation of the tool is that pre-ICU triage should be fair to all patients, 
regardless of age. Therefore all patients of all ages may be considered part of the 
same triage “pool” and are be prioritized accordingly. Prioritization for admission 
should be based on a comparative incremental medical cost-benefit assessment. Thus 
patients with the greatest benefit relative to cost should receive priority to maximize 
efficiency of the available ICU beds. Incremental benefit means the extra benefit 
likely gained in comparison with likely outcome if  the patient were left at the highest 
available alternative level of care (e.g. general ward, high care unit). An overall 
decision- making framework is shown schematically in . Fig. 15.1 [11, 66].

       . Fig. 15.1 Triage (prioritization) decisions are complex clinical decisions enforced by the lack of  suf-
ficient ICU beds to accommodate all appropriate referrals. A transparent decision-making process is 
necessary to improve decision-making consistency. Estimating likely benefit (comparing likely outcome 
after ICU admission against the likely outcomes if  the patient remained in the ward/other high care 
area) prioritizes patients who will benefit most. This conceptual algorithm outlines the decision- making 
process for triage. Decision thresholds are relevant for the particular setting, and stricter thresholds may 
be utilized during substantial surges of  referrals (e.g. pandemics) or reduction in resources (e.g. closure 
of  ICU beds). Long-term benefit (≥6-month survival) may include an assessment of  expected quality of 
life, if  considered appropriate. Notes: Prior to ICU admission, patient preference for admission should 
be explored during a “goals of  care” discussion. Resource use is most practically predicted by estimat-
ing ICU length of  stay, and this may be prospectively determined by agreeing a reasonable upper limit 
of  duration of  aggressive therapy through the process of  a “time- limited trial”. (Figure adapted and 
modified from [11, 66])
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As no single, validated, objective prognostication score or tool to accurately prog-
nosticate ICU survival (or duration of survival post-ICU admission) exists [67], 
prognostication should be based on a combination of rapidly available clinical infor-
mation that incorporates aspects of co-morbidity, baseline function and physiologi-
cal reserve, as well as the severity of the acute illness. An example of a bedside 
priority advisory tool is shown. It has been adapted and modified from one initially 
proposed for COVID-19 triage and is shown in . Fig. 15.2 [7, 11].

Once inclusion and exclusion criteria are satisfied, prognosis is determined by 
assessing a combination of frailty (CFS), co-morbidity (modified ASA score as 
shown in . Table 15.1) and acute disease severity (number of organ failures, assessed 
by clinical judgment, or by SOFA score). While the priorities focus on prognosis for 
short- to medium-term survival, the resource cost of an admission to ICU must also 
be considered. The cost of ICU care is many orders of magnitude greater than the 
cost of ward care, and directly proportional to the number of days the patient spends 
in ICU. Thus incremental resource cost may reasonably be estimated by considering 
the anticipated ICU LOS, and incorporated into final decision-making (. Fig. 15.2), 
bearing in mind that mean ICU LOS, while varying on the basis of diagnosis, co- 
morbidity and severity of acute illness, is generally not affected by age itself  [52].

The magnitude of incremental cost-benefit (triage threshold) required for a 
referred patient to achieve sufficient priority for admission should be determined by 
local circumstances and protocols. In the interests of fairness, and to demonstrate 
consistency of decision-making to referring medical teams, an attempt to maintain a 
constant triage threshold over time has advantages. However, during periods when 
resources are critically limited, triage thresholds may be higher, whereas when 
resources are more plentiful, the triage thresholds may be lowered. Triage exclusion 
decisions may be made when ICU beds are available, allowing consistency and suffi-
cient bed availability to accommodate daily fluctuations in demand for admission. As 
local circumstances change over time, triage thresholds require revision from time to 
time, e.g. during temporary bed closures, or during the acute phases of the  COVID- 19 
pandemic. When adjustments are made, they should be made by appropriate institu-
tional committees and transparently communicated to frontline doctors and health-
care staff.

It should be noted that the percentage survival predictions that appear on the tool 
are absolute prognoses. The inclusion criteria set in the tool are such that it may be 
reasonably anticipated that patient mortality, if  not admitted to ICU, would be 
>90%. Thus the estimated incremental mortality gained should be estimated to be 
10% less than the absolute prognostic percentage given. This particular tool is thus 
approximately aligned with the estimates of incremental benefit required to receive 
priority for admission that were set in a recent South African consensus meeting on 
triage. South Africa has a moderate to severe shortfall of ICU resources in publicly 
funded ICUs, and an incremental survival benefit of >20–30% at 3–6 months was set, 
by consensus, as an example of an admission threshold for an average urban ICU [5].

Final bedside triage decisions should be made by, or directly supervised by, a 
senior intensive care specialist, who is generally the least conflicted by previous asso-
ciation with individual patients, has the best understanding of expected ICU out-
comes and current ICU resource limitations and is best positioned to estimate the 
resource implications of potential admissions. Because of the high level of responsi-
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       . Fig. 15.2 An example of  an ICU triage tool that may be considered (with the necessary modifica-
tions for local use) for use in ICU settings with limited available ICU beds. Such units are those that are 
forced to refuse admission to one or more appropriately referred patients on a daily basis [5]. In such a 
unit, it may be justified that admission should usually follow for patients assessed to be very high or high 
priority, regardless of  anticipated length of  stay (LOS) in ICU. Low-priority assignation should usually 
result in admission being declined, unless anticipated LOS is short and/or a “time-limited trial” has 
been agreed. In most circumstances those patients assessed as very low priority will be declined admis-
sion. Note that specific local policy should set/reset the triage threshold from time to time depending on 
the degree of  resource availability (e.g. change in number of  available ICU beds, or systematic change 
in number of  patients queuing). (Adapted and modified from [7, 11])
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bility attached to triage decisions, and their complexity, all doctors responsible for 
triage decisions should receive appropriately supervised training.

Disagreements between referring teams and the ICU triage supervisor should be 
dealt with by formal mechanisms involving senior hospital management structures. 
Finally, it must be remembered, to ensure fairness between competing individual 
patients, triage decisions should be made without patient/surrogate consent [68].

 Practical Implications

While final decisions remain the task of senior ICU clinicians, the framework and tool 
should serve to encourage understanding, communication, consistency and transpar-
ency among key stakeholders.

15.5.2  Justification and Limitations

Although it has been previously recommended that the pre-ICU triage process for 
very old patients should differ from processes for the less old, and should ideally be 
informed by different tools than those used for younger patients [69, 70], an opposite 
approach has been described. It is hoped that the use of a single decision-making 
process and triage tool for all ages will minimize age-related prejudice and negate the 

       . Table 15.1 Modified American Society of  Anesthesiologists Score for use with the pre-ICU 
triage tool for use in ICUs with limited resources

American Society of Anesthesiologists (ASA) Score
Class Description Example

I Previously 
healthy and fit

Normal effort tolerance (comparison with peers)

II Mild systemic 
controlled 
co-morbidity

No substantial functional limitations (examples are well-controlled 
diabetes/hypertension, mild pulmonary disease, effort tolerance ≥1–2 
flights of stairs at normal pace)

III Severe but not 
incapacitating 
co-morbidity

Measurable functional limitations (examples are poorly controlled 
diabetes/hypertension, COPD, reduction of cardiac ejection fraction, 
effort tolerance < flight of stairs at normal pace, end-stage renal 
disease, previous myocardial infarction, stroke, TIA, or coronary artery 
disease)

IV Incapacitating 
co-morbidity

Severe functional limitations (examples include ongoing cardiac 
ischemia or severe valve dysfunction, severe reduction of ejection 
fraction, or effort tolerance restricted to short distances on level 
ground)

V Moribund Not expected to survive 24 h (massive trauma, severe intracranial bleed 
with substantial mass effect, extensive ischemic bowel, end-stage cardiac 
failure, multiple or irreversible organ system failures)

Adapted and simplified from: 7 https://www. asahq. org/standards- and- guidelines/asa- physical- 
status- classification- system
Modified and adapted from [60]
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need to specifically consider age alone as a factor in triage decisions. Although age is 
related to prognosis, and thus the likelihood of benefiting from ICU, if  we instead 
focus on age-related deterioration in function, cognition and physiological reserve, 
and directly assess these factors, it should serve to eliminate chronological age as the 
dominant factor in triage decisions.

As no single scoring system is capable of integrating prognosis if  admitted to 
ICU, prognosis at the alternative available level of care, predict ICU LOS, and qual-
ity of life considerations, it is necessary for the senior ICU triage decision-maker to 
make a clinical decision after taking these factors into account. The methods pro-
posed provide a framework and tool firstly to outline the components of the decision 
and secondly to direct the decision-maker to the factors that may predict prognosis 
while including the provision for assessing predicted LOS. It is expected that these 
aids will improve the consistency of decision-making and perhaps the reliability of 
the ultimate decisions. The combination of multiple predictive components in the 
tool, reflecting prognostic predictors based on factors prior to the acute illness, the 
acute illness, and factors that predict outcome independent of age, should serve to 
mitigate the deficiencies of individual scores/components [57].

It must again be stressed that the contents of the triage tool example provided 
here are indicative only and should be modified for individual circumstances and 
changing knowledge and conditions. New and better prognostic scores can be added 
or replace existing components when they become available. Furthermore, while the 
framework principles remain constant, the triage tool is modifiable, both in terms of 
setting admission thresholds at stricter, or less strict, levels and in terms of substitut-
ing scores/components to suit local conditions. If  triage thresholds are kept relatively 
consistent, it is expected that both ICU and referring clinicians can better under-
stand the rationale and implementation of triage and become accustomed to consis-
tent decision-making.

Several limitations must be acknowledged. The predicted survival percentages are 
designed to be in line with the interpretation of the results of the largely objective 
scores/components in the corresponding column. However, individual overriding 
factors, not captured by the tool components, may exist. Thus the key prognostic 
decision-making factor placing the patient in a priority group is the percentage 
expected survival. There must be open acknowledgement regarding the uncertainties 
inherent in prognostication, nevertheless decision-making consistency relies on a 
best attempt to achieve the most accurate prognosis possible, and it is anticipated 
that the provision of a framework and tool will ultimately assist the triage decision to 
be more consistent and reliable. The experience and training of the senior supervising 
triage decision-maker therefore should be an essential component of the implemen-
tation of the proposed method. Neither the proposed decision-making framework 
nor the triage tool has been prospectively tested for efficacy. The decision-making 
framework appears to be intuitively sound and formally underlies the triage proto-
cols practised across public hospitals in Hong Kong. More recently the decision 
framework has been adopted by the Critical Care Society of Southern Africa to 
inform the development of frontline triage policy. However, in both cases individual 
units are encouraged to create local triage policies that adhere to the framework prin-
ciple. The triage tool is relatively novel and, although the previously published tools 
on which it is based were formed through expert consensus [7, 11], has yet to be for-
mally tested in practice. Thus any implementation of these or similar tools should be 
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preceded by carefully considered development and modification, and transparent 
implementation in the institution and society where they will be applied.

The last limitation worthy of mention is the inability of the above triage process 
to provide guidance for prioritizing those patients that require “elective” ICU admis-
sion. This largely refers to those patients requiring post-operative care after elective 
interventional medical or surgical procedures. Such procedures can be considered 
life-saving, or at least life-changing interventions and of benefit to both the individ-
ual and society at large. Therefore, considerations should be made by individual units 
to reasonably accommodate elective surgery, recognizing that ICU length of stay 
post-operatively is generally short and resource use relatively small [71]. Nevertheless, 
it must be explicitly acknowledged that, from time to time, resource constraints 
imposed by the need to accommodate emergency cases may result in cancellation or 
delay of elective cases.

 Conclusion
Many retrospective studies of triage have identified age as an important factor affecting 
admission, with older patients less likely to be admitted. The lower rate of admission 
may be related to several factors that limit the benefit that the very old may gain from 
admission, and the need to conserve resources that would benefit younger patients with 
better prognoses. However, extreme care must be exercised in maintaining fairness of 
distribution of resources and assessment of benefit, such that age itself  only justifies 
exclusion because of the objective relationship that exists between age and prognosis. 
In this regard chronological age by itself  is not a justification for supporting a triage 
decision, and benefit should be assessed equitably across all age groups. The approach 
to triage taken in this chapter attempts to place all ages on an equal footing, with 
medical prognosis and predicted resource being the only factor determining priori-
ties. Thus the utilization of markers of prognosis such as frailty, co-morbidity, organ 
function and pre-admission function should be utilized so that priority for admission 
may be compared across age boundaries. Future research needs to seek even better 
markers of medical prognosis, and identifying a rapid, objective, cheap and accessible 
score(s) or physiological marker(s) remains the holy grail of prognostication. There is 
evidence from some well-conducted studies that poorer post-ICU admission function 
alone in the very old does not necessarily predict perceived quality of life, and extreme 
care should be taken in assessing a patient’s likely quality of life post-ICU admis-
sion, especially if  it has made a consideration during the triage decision. Regarding the 
assessment of the resource cost of ICU admission, when perceived likely benefits for 
admission to ICU are small, consideration could be made of offering limited trials of 
care, so that response to therapy may be observed and limited resources redistributed 
if  therapeutic failure occurs.

Finally, those of us who are forced to triage regularly are acutely aware that triage 
decisions are never easy and often emotionally tough to implement. However much 
of a challenge they are for us, the patients and their doctors who are exposed to triage 
likely suffer more. It is our responsibility to be honest, fair, consistent and clear when 
making decisions and above all always communicate the outcome of decisions with 
empathy and sensitivity.

Pre-ICU Triage: The Very Old Critically Ill Patient



246

15

Take-Home Messages
 5 Studies of  triage have identified age as an important factor affecting admission, 

with older patients less likely to be admitted.
 5 Extreme care should be exercised in maintaining fairness of  distribution of 

resources and assessment of  benefit across all age groups, such that age itself  only 
indirectly justifies exclusion because of  the objective relationship that exists 
between age and prognosis in any particular individual.

 5 Triage decisions are best made by senior ICU clinicians, and in a way that 
 maximizes the overall incremental benefit received by the cohort of  patients 
referred for ICU admission.

 5 Markers of  prognosis that are required to facilitate prioritization such as frailty, 
co-morbidity, organ function and pre-admission function should be used so that 
priority for admission may be compared across age boundaries.

 5 The framework provided outlines the components of  the triage decision, and the 
tool directs the decision-maker to the factors that may predict prognosis while 
including the provision for assessing predicted LOS.

 5 It is expected that decision-making aids such as this one provided will improve 
the consistency of  decision-making and possibly improve reliability of  the ulti-
mate decisions.

 5 The combination of  multiple predictive components in the tool, reflecting prog-
nostic predictors based on factors prior to the acute illness, the acute illness, and 
factors that predict outcome independent of  age, should serve to mitigate the 
deficiencies of  individual scores/components.
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 n Learning Objectives
Seasonal or continuous resource constraints are evident in many healthcare systems 
and necessitate restrictions on admissions to intensive care units (ICUs). When the 
demand for ICU beds exceeds capacity, patients who are expected to benefit most are 
prioritised for admission and continuation of intensive care. In addition to survival, 
the benefit of intensive care in old patients strongly depends on the quality of life 
that can be achieved after discharge. In this chapter, we will discuss the challenges of 
predicting outcome for this patient population as well as the medical and ethical issues 
which may arise during triage.

16.1   Introduction

Limitations of intensive care resources imposed by economic or other constraints, 
such as lack of sufficiently trained staff, make an efficient utilisation of intensive 
care units (ICUs) mandatory. This especially concerns the admission of old patients 
with complex conditions on the background of long-term multi-morbidity and pro-
gressive functional decline. Although the relative survival benefit of treatment in 
ICU was found to be the largest for the cohort of old patients [1], it remains to be 
evaluated and confirmed in the individual case whether admission to ICU is likely 
to provide any benefit other than survival that is also concordant with the individ-
ual’s personal view about quality of life [2]. Prognostication has to be reassessed 
when deciding about continuation or escalation of treatment in ICU. Whenever the 
demand for intensive care substantially exceeds capacity, triage procedures have to 
be implemented to select those patients who might gain the most from admission to 
ICU. Some degree of triage regularly occurs in regions with very limited healthcare 
resources [3] or during periods of seasonal strain [4]. In times of rapidly increasing 
pressure on intensive care resources, e.g. during exponential growth of a pandemic, 
pre-admission triage might not be sufficient to optimise short-term utilisation of 
ICU capacity according to utilitarian principles. Hence, patients already admitted 
to the ICU might be included in triage decisions which may eventually lead to with-
drawal of life-sustaining treatment in patients with otherwise favourable prognosis 
[5]. The fundamental uncertainty of prognostication in general [6] and in particular 
when comparing outcome predictions between individual patients [7] then results in 
ethical dilemmas and legal controversies [8]. Involving other stakeholders from out-
side the medical community in developing guidelines for triage could help to mitigate 
the impact of these problems and ease the burden of difficult decision-making on 
clinicians.

16.2   Availability and Utilisation of ICU Resources Under 
Constraints

Access to intensive care depends on the availability of beds, equipment and spe-
cialised staff. The amount of these resources differs significantly between coun-
tries which created substantial inequalities with regard to access to intensive care 
throughout Europe [9]. The number of formally designated ICU beds is a frequent 
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 benchmark and ranges up to 34 beds per 100,000 population in Western European 
countries [10]. Of note, there is no strong correlation between this benchmark and 
the gross domestic product (. Fig. 16.1) despite intensive care being one of the most 
expensive components of healthcare. The definition of intensive care and the set of 
intensive care equipment considered essential at the bedside varies between countries 
[11]. Thus, the number of registered ICU beds needs to be put into the context of 
national standards and availability of staff. For example, within the overall ICU bed 
number of 34 per 100,000 population reported for Germany, less than half  of that 
capacity was available for invasive ventilation or extracorporeal membrane oxygen-
ation (ECMO) in April 2021 [12]. ICU staffing is a crucial parameter that determines 
the actual availability of ICU beds in the context of outcome quality [13]. In France, 
the risk of death was found to be increased by a factor of 3.5 when the patient-to-
nurse ratio was greater than the standard of 2.5 and doubled when the patient-to-
physician ratio exceeded 14 [14].

Recent years have seen an increase of both the total number and percentage of old 
patients in the critical care environment [15]. Moreover, the onset of severe and ter-
minal diseases has shifted further towards an even more advanced age. Consequently, 
the population of ICU patients has changed, with more old and very old patients, 
with complex multi-morbidity and multi-organ failure treated in ICUs [16]. In sev-
eral countries though, this upward trend in demand has faced a stagnation of ICU 
capacity, mainly due to austerity measures over the past decade [17]. Staffing lev-
els have become a variable for economic adjustments. In some healthcare systems 
though, misguided incentives within the reimbursement system for invasive inter-
ventions have resulted in overtreatment of patients in ICU [18], associated with a 
persisting scarcity of alternative care pathways, notably palliative care. This threat of 
under- as well as overutilisation of ICU resources especially affects the cohort of old 
patients who are in need for holistic treatment approaches [2, 19].

When healthcare systems come under pressure, the cohort of old patients 
becomes an easy target to be deselected from accessing scarce ICU resources because 
of the incorrect perception that these patients generally have poorer outcome [20]. 
Of note, quality-adjusted life years (QALY) after ICU admission are approximately 
4 QALY on average for patients aged 80 years or older [21]. Interestingly, limitations 
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of life- sustaining treatment for older ICU patients are most prevalent in high-income 
countries indicating a stronger impact of cultural factors in comparison to economic 
restrictions [22]. Also of note, there are new concepts aiming at alleviating these 
problems by creating acute and critical care facilities designated for geriatric patients 
which focus on the special needs of older individuals in a more comprehensive way. 
This includes staged approaches to critical care in accordance with advanced direc-
tives and care plans [23, 24].

The above issues have affected the capability of ICUs to absorb unscheduled 
changes in demand of critical care for older patients. That problem has been illus-
trated by the recurring strain on ICU capacity caused by seasonal influenza. These 
surges alter care processes, increase the risk of adverse events for patients and impact 
the wellbeing of staff  [25]. There are limits to expanding ICU uptake in the short 
term as well as downstream hospital facilities later on. The planning for crisis situ-
ations is hampered by the probabilistic nature of model projections which may lead 
to expensive resources being unutilised for most of the time. Regardless of these con-
straints, situations occur when an unexpected surge of critically ill patients surpasses 
ICU capacity without much advance notice [26]. Cancelation of elective activities 
and imposing stricter rules for ICU admission constitutes the first levels of  response 
[27]. These measures are intended to keep ICU resources available for those patients 
whose survival depends on invasive organ support, at least to the moment when the 
expansion and reorganisation of critical care services have sufficiently progressed to 
accommodate more patients. In Australia, such an expansion of ICU services was 
reported to be able to provide a 191% increase of bed capacity [28]. If  these mea-
sures do not create sufficient ICU capacity, triage needs to be implemented on ICU 
admissions [29].

In the year 2020, the outbreak of a highly contagious respiratory infection 
(COVID-19) that required extended periods of invasive ventilation in many critically 
ill individuals rapidly saturated and overwhelmed ICU resources in several countries 
[17]. A larger than average ICU baseline capacity can delay that time point only by 
a small offset when there is fast exponential growth of case numbers, with the dou-
bling time larger than the length of stay in ICU [30]. In a realistic scenario, groups of 
non- distinct patients arrive in hospitals in respiratory failure with the total number 
of critically ill individuals exceeding the available ICU capacity even after expan-
sion. Triage rules for selecting patients fail, and the process of pre-admission triage 
becomes insufficient to ensure access to intensive care for all those cases deemed 
appropriate for invasive ventilation with equal justification. Patients already admit-
ted to ICU may then be included in the triage processes with the option to withdraw 
life-sustaining treatment in individuals with relatively poor prognosis. Consequently, 
prognostic assessment in ICU will have to shift from an independent evaluation of 
individuals to quantitative predictions used for comparisons between two or more 
patients or with system-wide thresholds for discontinuation of life-sustaining treat-
ment [27]. However, even such measures may become insufficient in a rapidly escalat-
ing crisis with large and non-distinct groups of people affected within a short period 
in time. This might eventually lead to triage based on non-medical criteria [31] or 
a random selection of ICU patients [32], such as by order of admission to hospital 
(‘first come, first served’).
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16.3   Prognostication for Individual Patients

Decision-making for patients in ICU hinges on predicting the individual response 
to interventions and prognosticating outcome. Interventions are considered futile 
if  they are not expected to accomplish a physiological goal, such as restoring circu-
lation in the short term [19]. Functional disabilities and cognitive impairment are 
well- known consequences of intensive care with functional outcomes in older ICU 
patients being generally poorer than in younger cohorts [33]. Older patients with 
multi-morbidity are at an increased risk for complications in ICU, and post-ICU 
recovery is inversely correlated with the duration of organ support [34]. Thus, sur-
vival is not the only outcome important to old patients. Other meaningful outcome 
measures encompass quality of life and the level of functional independence that can 
be achieved in the future [35]. However, the interpretation and weight of these mea-
sures depend on the patient’s personal experience as well as the social and economic 
support available after discharge from hospital. It is therefore crucial to take the 
self- perceived quality of life into account for decision-making about the appropri-
ateness of interventions in ICU. For example, having a ‘good’ life means living inde-
pendently with a high level of social functioning for some patients, whilst being alive 
and supported by caregivers might be acceptable to other individuals. Mental wellbe-
ing showed a stronger association with self-reported unacceptable outcome than the 
physical health [36]. Thus, personalised outcome predictions are highly desirable for 
older ICU patients and might require repeated adjustments according to the dura-
tion and intensity of treatment in ICU.

The uncertainty of prognostication for individual patients constitutes a funda-
mental challenge in healthcare [37] and in intensive care in particular because of 
the latter’s considerable burden on patients. There is a significant variation among 
intensivists in the assessment of individual patients which may eventually lead to 
oppositional decisions [38]. When asked for outcome predictions in ICU, the error 
rate of specialists’ prognostication even when pooled is substantial, e.g. >10% for 
survival [39]. Thus, survival rates after withholding or withdrawing life-sustaining 
treatment in ICU are surprisingly high [40]. The traditional way for medical profes-
sionals to make predictions for patients has been heuristics involving rules built on 
their past experience. Intuition is especially helpful for decision-making under time 
constraints and with insufficient information [41]. However, humans may have a dif-
ferent experience, and even experts are vulnerable to cognitive biases [42, 43] which 
cause a substantial variability of decision-making even in cases classified as straight-
forward [44]. With the amount of information growing in more complex cases and 
environments, prognostication based on heuristics becomes more prone to errors, i.e. 
an inappropriate judgement was made when a more appropriate alternative should 
have been chosen when determined in retrospect [45].

Disease severity scores or other regression models of patient characteristics do not 
add much value to individual prognostication and are not recommended for triage 
decisions [46]. This is especially relevant for older patients in which many of these mod-
els have not been sufficiently validated so far [47]. Moreover, there are methodologi-
cal problems, including issues with cross-sectional data sampling and the probabilistic 
nature of many models based on cohort data with overlapping distributions [7]. Thus, 
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statistical models are considered inappropriate to determine irreversible decisions for 
individual patients [48]. For example, there is no practical difference between a pre-
dicted survival of 10% or 90% for an individual, i.e. sample size of 1. In the absence of 
alternatives, however, disease severity scores are still used for decision-making [49]. In 
most scenarios, however, the requirement to impose a threshold on patient characteris-
tics for deciding about interventions inevitably results in false-positive or false-negative 
decisions [50], even when the set of observable characteristics of an individual patient 
match those of the training cohort for the model perfectly [51]. This way, patients with 
a favourable but falsely calculated negative prognosis might be assigned a low prior-
ity for treatment in ICU during triage. On the other hand, patients with a negative 
prognosis might get a high priority for ICU due to a false-positive prognosis. Some 
demographic features are important for prognostication but are not included in most 
models. For example, ethnicity is not part of scoring systems but has a significant 
impact on their discriminatory performance [52]. The fundamental problems of statis-
tical discrimination have also been illustrated by simulations of triage decisions with 
historical cohorts showing a substantial number of patients surviving 5 years or longer 
if not excluded from ICU admission [6]. These issues need to be taken into account 
when considering the use of such models for triage. Of note, new techniques from 
the field of artificial intelligence and machine learning have not yet abolished these 
problems, but rather added new issues, notably lack of transparency and adversarial 
examples [53].

Although predictive uncertainty in individuals is inevitable, its magnitude can 
be reduced by extending the time frame for assessments. In old patients, long-term 
trajectories of functional disabilities prior to ICU admission were shown to con-
tain more prognostic information for long-term outcome than the severity of the 
acute illness [54]. After admission to ICU, the analysis of time-dependent changes of 
organ physiology adds significant value in predicting survival [55]. Prognostication 
based on aggregation of these data with information about the patients’ past medi-
cal history outperformed predictions by disease severity scores [56]. However, model 
discrimination with regard to outcome after ICU still is insufficient to be used for 
personalised predictions. The current ceiling of precision as measured by the area 
under the receiver operating characteristic curve (AUROC) appears to be 0.9 [57]. 
That translates into a substantial number of false-positive and false-negative predic-
tions and, therefore, appears unsuitable for triage decisions about withholding or 
withdrawing life-sustaining treatment.

Time-limited treatment trials in ICU were used to provide more robust estimates 
for individual prognosis by obtaining longitudinal data in response to treatment [58]. 
This concept resembles the N-of-1 trial design that was developed to tackle hetero-
geneous treatment effects due to interindividual variability in clinical studies [59]. 
In both settings, patients are exposed to various interventions and the cumulative 
response over time is used for predictions. This setup also provides time series data 
for fitting mathematical models of organ physiology, which can then be employed 
for predicting recovery or deterioration of organ failure in deterministic ways [60]. 
However, time is a precious asset in crisis situations. Contrary to the potential benefit 
of improved prognostication during triage, the time available for individual assess-
ments will actually become shorter in this situation and time-limited trials impossible.
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16.4   Triage in ICU

There are various approaches to triage based on conflicting principles and criteria as 
well as different ways of endorsement and implementation (. Table 16.1). Several 
professional societies and expert groups [5, 61] recommend including patients already 
treated in ICU into triage decisions during a surge situation when all options to 
expand ICU capacity and optimise patient flow are exhausted. Of note, this concerns 
all ICU patients regardless of their illness. Some ethicists and intensivists also advo-
cate abolishing the distinction between withholding and withdrawing life-sustaining 
treatment in general [62]. Based on these views, ICU patients have to be included 
into all triage decisions from the beginning of a crisis to ensure equal access to criti-
cal care for all individuals with comparable clinical needs irrespective of the time of 
presentation to hospital. These recommendations are being justified by the utilitarian 
goal to save the most people or the lives most valued in a population according to 

       . Table 16.1 Framework to guide triage in ICU

Options

Principles Utilitarian vs egalitarian concepts

All patients vs only patients before admission to ICU

All patients vs preference for certain social groups (e.g. key workers)

All patients vs only patients with single conditions (e.g. pandemic infection)

Non-discriminatory regarding age, gender, ethnicity, chronic disabilities

Criteria Short-term vs long-term prognosis

Clinical improvement vs steady state vs deterioration in condition

Prediction of short vs extended stay in ICU

Physiological vs chronological age

Comorbidities and frailty

Expected quality of life and functional abilities after ICU

Endorsement Democratic institutions vs professional societies

Judicial review vs none

Time-limited vs permanent

Implementation Multiprofessional team vs single person

External professionals vs ICU staff

Medical vs medical and non-medical decision-makers

Local decision-making vs regional or national coordination

Supervision and legal accountability
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various medical and non-medical criteria. These criteria range from thresholds for 
age or remaining life expectancy to professional qualifications considered essential 
for society. They can vary over time with changing demand and supply levels for ICU 
beds or according to social, political and economic considerations and, thus, make 
decisions for individual patients dependent on the dynamics of social rules that are 
beyond medical reasoning.

Predicted outcome is the criterion for triage in ICU that gained the broadest con-
sensus among medical professionals. Triage based on this measure leads to with-
drawal of life-sustaining treatment in individuals whose prognoses are favourable 
in general but less so in comparison to that of a newly arriving patient or adjust-
able thresholds for predicted outcome. Since such comparisons are based on human 
(expert) opinion or statistical models, they propagate the fundamental uncertainty of 
individual prognostication to decisions about withdrawing life-sustaining treatment 
[50]. Importantly, the inevitable constraints on the time of decision-making during a 
surge situation further increase the uncertainty of predictions. Moreover, there still 
is a debate about the time horizon most suitable for prognostication, e.g. short- vs 
long- term prognosis [63], adding another layer of uncertainty to triage decisions. 
Even independent of crisis situations, predictive uncertainty causes considerable 
variations of decisions to withdraw life-sustaining treatment at various levels rang-
ing from medical teams within the same ICU to geographic regions with different 
healthcare systems and cultures [64].

Regardless of the extent of predictive uncertainty, triage of ICU patients is con-
sidered unlawful in various countries [8, 65], because it violates the rights of indi-
viduals by terminating life support without consent and is against medical reasoning 
when applied to the level of individual patients. Moreover, constitutional provisions 
about human dignity in some countries prohibit comparing the value of individuals 
for this type of administrative decision-making. Of note, the opposite of utilitarian 
triage as described above is an egalitarian approach that would result in a random 
selection of patients that is blinded with regard to individual characteristics, such as 
physiological reserve and prognosis. The concept of ‘first come, first served’ is a rude 
implementation of egalitarian principles. Many intensivists and other stakeholders 
do not consider that method to be an ethical ideal either [66]. Moreover, this rule 
also provides incentives for unwanted behaviour within the population. It appears 
fair to expect that the dilemmas of triage, especially between providing best care for 
individual patients and utilitarian interests during a crisis, cannot be fully resolved. 
Even outside triage situations, the rate of objections by medical professionals against 
withdrawing life-sustaining treatment without the patient’s consent varies consid-
erably between countries (0–41%) and medical specialties (up to 42% in geriatric 
medicine) [67]. The ethical and legal discourse about the principles for triage will 
continue. That includes the discussion about conflicting roles of stakeholders in the 
decision- making process and the consequences for the mental wellbeing of ICU staff  
responsible for the triage [17].

Importantly, there are substantial disagreements between different triage models 
when applied to the same population of critically ill patients [68, 69] causing confu-
sion about ethical and legal implications. Other issues in the discussion about triage 
involve the need for special rules to deal with previously disadvantaged communities 
as well as long-term biases in healthcare [70]. In this context, triage guidelines need 
to adhere to laws protecting people with chronic conditions and disabilities or at an 
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advanced age from being discriminated against with respect to allocation of health-
care resources [71]. Patients in need for intensive care who do not suffer from the con-
dition causing a crisis situation, such as individuals with long-term cardiovascular or 
respiratory conditions, should be guaranteed equal access to ICU [72].

Pragmatic protocols for triage have taken regional and cultural preferences into 
account [73]. They are aimed at maintaining public trust and social coherence which 
strongly depend on the belief  systems and views of lay people. Two surveys in the 
UK and in Germany among the general population have revealed similar attitudes 
towards the role of chronological age as a triage criterion [74, 75]. Contrary to legis-
lation against discrimination in both countries, more than two thirds of the respon-
dents would prefer a younger to an older patient for admission to ICU. In Japan, 
which has one of the demographically oldest populations, more than three quarters 
of respondents expressed a preference for younger patients [76]. Regarding other 
triage criteria, only one fourth of lay people in Germany would give patients who 
work in healthcare preference over other patients, whereas approximately two thirds 
of people in the UK would do so. These findings illustrate the variability of opinions 
and, thus, emphasise the need to consider the input by stakeholders from outside 
professional communities to mitigate controversies when developing and implement-
ing triage guidelines (. Table 16.1). Moreover, sharing individual triage decisions 
with patients’ families and caregivers, although difficult to implement in crisis situa-
tions, could help to alleviate the impact of these problems [77].

16.5   The Role of Age and Geriatric Conditions for Triage Decisions

Regardless of the ethical and legal concerns mentioned above, the need for triaging 
ICU patients may occur during an escalating crisis. The most robust prognosticators 
should then be used to guarantee equitable decisions in selecting patients for con-
tinuation or withdrawal of life-sustaining treatment [78]. Chronological age is not 
considered an appropriate prognosticator due the diversity of the ageing process [79], 
albeit thresholds for chronological age have been used to triage or as a tiebreaker in 
recent crisis situations [17, 69]. At an advanced age, medically relevant similarities 
in disease trajectories are better determined by quantifying the extent of chronic 
disorders and functional disabilities [80, 81]. These interrelated characteristics are 
considered geriatric conditions and associated with reduced resilience and increased 
vulnerability to physical and cognitive stress. Thus, these features are expected to 
strongly correlate with poor outcome in critically ill old patients. In fact, they were 
shown to outperform features of the acute illness in predicting long-term outcome 
[56]. Nevertheless, the discriminatory power of these features is less than ideal, and 
there will be a substantial number of false-positive or false-negative predictions for 
outcome during triage.

The prognostic value of frailty [82] in ICU patients aged 80 years or older has 
been confirmed by large multicentre studies [83, 84]. In the year 2020, frailty as 
assessed by the Clinical Frailty Scale [80] was recommended to be considered for 
triaging patients above the age of 65 years on admission to ICU in the UK and other 
countries [85]. Even before that time, frailty was found to significantly contribute to 
the decision-making about withdrawing life-sustaining treatment in old ICU patients 
[22]. Importantly, the Clinical Frailty Scale has been found to be a highly reproduc-
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ible tool to quantify frailty in ICU [86]. There was, however, a debate whether this 
tool accurately measures the vulnerability of patients with chronic but stable condi-
tions [87], and the recommendations for triage have been modified accordingly.

The concurrence of multiple, usually two or more, chronic conditions in an 
individual is called multi-morbidity [88]. The combination of some diseases and its 
sequelae, notably polypharmacy, can trigger super-additive interactions [89] result-
ing in an enhanced effect of these comorbidities on functional disabilities, quality of 
life as well as life expectancy [90]. Thus, multi-morbidity is regarded as a condition 
in itself. A detailed analysis of multi-morbidity in 440,000 older ICU patients that 
included disease-specific survival rates to account for their variable impact on out-
come provided a good prediction of survival that outperformed biomarkers of acute 
physiology [91]. Specific clusters of multi-morbidity are known to be associated with 
different outcome in ICU [92]. Thus, multi-morbidity was suggested to be included 
into triage protocols, although not as a stand-alone feature [66]. However, there still 
is no uniform standard to evaluate and quantify multi-morbidity [93] compromising 
its value for fair and transparent triage decisions.

 Conclusions
Balancing supply and demand of intensive care resources belongs to the skill set of 
intensivists. Whilst the focus usually remains on providing the best medical care to 
individual patients, surge situations overwhelming resources in a short period of time 
may force medical professionals to divert from that objective. Although many coun-
tries have adopted egalitarian principles to guide medical decision-making in general, 
utilitarian rules aimed at an overall benefit for the population appear to be the pre-
ferred approach to medical decisions during disasters and pandemics. This shift causes 
fundamental ethical and legal dilemmas, notably when life-sustaining treatment in 
ICU is withdrawn from a patient only to provide care for another patient who happens 
to better match a set of prognostic criteria. Despite the multitude of predictive models 
with good accuracy at the cohort level, there is no method that abolishes the burden 
of uncertainty when making decisions for individuals. Thus, guidelines for triage deci-
sions in ICU leading to withdrawal of life-sustaining treatment in individual patients 
require the contribution by stakeholders from outside the medical community.

 Practical Implications

Preparation for surges of patients overwhelming the available ICU capacity encom-
passes:

 5 Comprehensive plans to extend ICU bed numbers as well as step-down and pallia-
tive care facilities on short notice

 5 Triage protocols based on legal and ethical requirements and a thorough under-
standing of prognostic uncertainty

 5 Liaising with other stakeholders and the general public to prepare for difficult sce-
narios when decisions about withholding or withdrawing life-sustaining treatment 
can no longer be justified by medical reasons alone
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 Clinical Protocols

 5 Follow the law and professional guidelines; seek advice when they conflict with 
each other.

 5 Share decision-making with other stakeholders.
 5 Document and audit the decision-making process.

Take-Home Messages
During periods of  significant resource contraints, decision-making about initiation, 
continuation and withdrawal of  intensive care suffers from substantial uncertainty 
and requires a holistic approach considering medical, legal as well as social aspects.
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 n Learning Objectives
Learning objectives of this chapter is to review existent risk score applicable to the 
very old patient. Problems, challenges and ongoing developments are discussed, with 
particular emphasis on the importance of previous health status over the presence and 
degree of physiological derangements in this particular population when developing or 
applying one of these methods.

17.1  Introduction

Since 1981, with the publication of the first general severity scores such as the 
APACHE (Acute Physiology and Chronic Health Evaluation) [1], followed in 1983 
by the SAPS (Simplified Acute Physiology Score) I [2] and in 1985 by the APACHE 
II [3], many attempts have been made by the researchers to stratify intensive care 
patients by severity of illness and later on to predict vital status at hospital discharge.

However, this field of science faces some unique challenges. First, outcome of 
critical illnesses that will inexorably lead to death in a short period of time has 
improved greatly. Nowadays, both in young and specially in old patients, survival 
rates are several times greater than they were a few decades ago.

Driven by the developments in the knowledge of the physiopathology, therapeu-
tic options and support care, the impact of deranged physiology responsible for the 
clinical syndromes we learned to recognize, changes in the baseline characteristics of 
populations, driven mainly by changes in lifestyle and early recognition and long-
time control of chronic diseases more than by true (genetic) changes in our patients, 
changes in the way we organize and deliver healthcare and in the way we prevent, 
diagnose and treat major diseases all have a strong impact on the accuracy of our 
instruments [4].

One of the consequences of these changes is a continuous pressure on the repre-
sentativeness of our patient databases and in the way we model the outcome of our 
patients based on a set of predictive variables. Life is made of change, and with 
regard to intensive care medicine (ICM), most of the changes have been positive. 
However, in this process, those involved on the development of severity scores and 
outcome models faced a major challenge: are the major determinants of outcome in 
critically ill patients still the same than in 1981? And if  so, have we been able to cope 
with these changes and incorporating them in our models?

One of these major changes has been the changing demography of the population 
and the increase in life span in most countries, as well as the major changes in ICU 
referral, assessment and treatment of patients with critical illness or with an acute, 
severe, decompensation of a chronic disease. In 1991, when the APACHE III was 
published [5], acute physiological derangement explained around 73% of the prog-
nostic value of the model while age (7%) and chronic diseases (3) only 10% of the 
prognostic value of the model.

When we published the general SAPS 3 model in 2005 [6], acute physiological 
derangement was reduced to 27.4% of the explanatory power of the model, with 
chronic health status increased to 49.9%. If  this is true, and this incredible change – 
exhaustively explored by our group – seems not to be explained by statistical or other 
methodological factors [7], it represents possibly one of the best evidences we have 
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nowadays about the increasing success of ICM in dealing with deranged physiology 
and being able to achieve survival in many diseases and syndromes that until now 
have been hopeless.

As we wrote more than 10 years ago, “When we compare the case mix of a modern 
ICU nowadays with the one we had 20 years ago, it is evident that an increase in the 
mean age of the admitted patients, an increase in the number and severity of chronic 
diseases presented by our patients, a change in diagnosis and a huge change in the com-
plexity of the interventions is being made. These processes lead to an emphasis on the 
early detection and correction of physiological derangements (because of the fact that 
globally the degree of physiological reserve of our patients is lower nowadays compared 
with what it used to be) and the need of multidisciplinary approaches for care, with 
more focus on the effectiveness and safety of our practices” [4].

However, this evolution raised as many questions as it provided answers:
 5 Are our databases still representative of the actual population, as demographics 

change quickly?
 5 Are we still using in the building and development of our models the most impor-

tant variables, specially in what concerns age and chronic health status?

17.2  The Prognostic Determinants of General Severity Scores 
and General Prognostic Models

Most general severity scores build until now are composed essentially of two groups 
of variables:
 (a) Those accessing the presence and degree of physiological dysfunction (e.g. 

hypoxaemia, hypotension, hypothermia, leucocytosis, anaemia, urinary output)
 (b) Those assessing the health status of the patient before critical illness (age, some 

co-morbid diseases and age-related factors like frailty)

Apart from these two groups, some (not all) of the general severity scores use other 
kind of variables, such as time since hospital admission, location in the hospital 
before ICU admission, diagnoses, etc. Given their specificity to each model I will not 
review it here.

17.3  Presence and Degree of Physiological Dysfunction

Most – if  not all – of the major general severity scores used today use a combination 
of the most deranged values of physiological variables (or a surrogate of this, like the 
need for organ support) to access the presence and degree of organ dysfunction/
failure. Overall, despite that the variables and their limits differ among them, they 
assign points to each variable according to their impact on mortality (correcting all 
other variables in the model). This approach was later on simplified by the develop-
ment of organ failure scores such as the Sequential Organ Failure Assessment 
(SOFA) score [8], later proved to correlate quite well with the progress of the patient 
[9, 10]. Designed to describe and not to predict the presence and severity of organ 
dysfunction/failure over time, the interaction of these scores with age and chronic 
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health status has been studied in some specific settings (e.g. the interaction among 
age, disease, severity of disease and chronic health status on survival from an acute 
illness [11]). It is interesting to see that, in very recent manuscripts about the infection 
by SARS-CoV-2 virus, which mortality is strongly (but not exclusively) influenced by 
age, the SOFA score demonstrated only a moderate discriminative accuracy to pre-
dict survival in ICU patients with sepsis. Despite the claims by the authors that this 
fact may be due to the poor accuracy of SOFA score in patients requiring mechanical 
ventilation for COVID-19 pneumonia because such patients generally have severe 
single-organ dysfunction and less variation in SOFA scores [12], we are probably 
quite far away from a definitive explanation of this fact.

Also, despite the fact that the normal values of several (if  not all) physiological 
variables changes with age, no general severity score or organ dysfunction/failure 
score build up to know used different cut-offs for variables according to age. This fact 
can compromise the prognostic impact on mortality of several important variables 
used to quantify physiologic dysfunction.

17.4  Health Status of the Patient Before Critical Illness

Up to now, health status of the patient before critical illness has been accessed mainly 
based on (chronological) age and the presence or absence of a very limited list of co- 
morbid diseases. Many other demographic facts, possibly important in this context, 
have been left out, such as gender [13].

From these, chronological age has been the most consistent among all the vari-
ables used to quantify the prognostic impact of the patient’s health status before 
critical illness. As shown in . Figs. 17.1 and 17.2, in all of the graphs, we can see an 
increase in the number of points assigned to the model (and consequently on mortal-
ity) with increasing chronological age, when this variable is controlled for all the 
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       . Fig. 17.1 SAPS II (left) and SAPS 3 (right) points assigned to the model according to patient age at 
ICU admission [6, 35]
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       . Fig. 17.2 APACHE II (left) and APACHE III (right) points assigned to the model according to 
patient age at ICU admission [3, 5]

other variables on the model. This stresses the impact and the importance of this 
variable on the explanatory power of the models. However, since its inclusion, criti-
cisms have been raised to the use of chronologic versus physiological age. Difficult to 
define and measure, with an impact on mortality that changes significantly with time, 
gender and many more variables, the measurement of age has hampered further 
developments on the field of severity evaluation and outcome prediction in intensive 
care.

For this reason, frailty, a concept that was first applicable to the critically ill 
patient around 2011 [14], soon was developed and provided with an easy way to mea-
sure it, even from data given by the next of kin or other people who know the patient, 
with the development of an easy to use scale for its quantification [15]. Defined as “a 
state of vulnerability to poor resolution of homeostasis after a stressor event” [16] and 
strongly associated with adverse outcomes in different settings (and not only in criti-
cal care), this becomes an essential part of evaluation of the old patient [17], despite 
some criticism when extracted automatically and not collected by interviewing 
patient’s relatives [18]. What is now called by some the “frailty syndrome” [19] can 
also allow the researcher or the clinician to follow the path of frailty during the last 
years of life, a significant information when ICU triage and the option for palliative 
care are open options [20].

Able to be collected in a quite reliable way in critically ill patients [21], it seems 
clear now that frailty is associated with a worst health even across the spectrum of 
frailty domains, in particular functional dependence, malnutrition and prior hospital 
admissions [22]. These results have been demonstrated clearly by our research group 
(VIP) on patients over 80 years of age [23, 24] and others [16, 25].

It does not replace entirely chronological age (that remains significant in multi-
variate analysis but adds explanatory power to the analysis), and neither it has 
reached already the primetime to decide on triage issues, despite being relevant to 
resource allocation through its impact on probability of survival, longevity and qual-
ity of life [26].
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The recent pandemic of COVID-19 demonstrated that, in a very vulnerable group 
of patients, the elderly, frailty was an integrative marker of physiological vulnerabil-
ity [27] and prognosis [28], but not perfect without tracking the trajectories of dis-
ease, especially when applied to individual patients [29], a mission still impossible to 
be achieved without taking into account also physiological data [12, 30–32].

Having said this, can frailty help us to build better severity scores and general 
outcome prediction models? Possibly. But its application has been only tested with 
this aim in a cohort of very old patients, using several other variables, without spe-
cific equations to predict mortality based on these variables (instead different cut-offs 
were used) and the prediction window was vital status 30 days after ICU admission 
[33]. It may certainly be a start, but it is too soon to be sure that its inclusion in the 
initial variable set of current general severity scores and general prognostic models 
will help in the long run.

 Conclusion
It is certainly that, in the future, our emphasis on accessing the prognosis (both in 
the short term and in the long term) will incorporate a more exhaustive characteriza-
tion of the patient background (in terms of genetic variations in the inflammatory 
and anti-inflammatory response to an acute or acute-on-chronic insult), available in 
most ICUs in a very short time, meaning a better characterization of the effects of 
decades of interaction between that genetic background with a certain lifestyle and 
prior diseases that conditionate a certain immune response and a certain physiological 
reserve – mainly neurological and cardiovascular reserve – and its possible/probable 
interactions with the acute insult that results to the development of organ dysfunction/
failure and – at the end – mortality.

As our knowledge of deranged physiology and how to cope with it on a person-
alised way, these issues, seem by many today as belonging to science-fiction, will be 
in our frontier of knowledge in order to provide care to those who we can decrease 
morbidity and mortality saving important resources and causing important morbidity 
to the patients and their loved ones.

Finally, to finish where I have started, “Do we need dedicated risk scores for the 
very old ICU patients?”. I think maybe never, certainly not at this time; the definition 
of a “very old” patient is different among different cultures and is prone to an increase 
with time as life spam changes, and the main arguments to build such instruments: dif-
ferent predisposition (chronological age and frailty), different physiological response 
to insults as immune, neurological, cardiovascular (and possibly other) physiological 
reserve will decease and that will became exhausted at a certain age (or by genetics, by 
disease, or by a combination of all) and will be addressed with different methods of 
therapy, personalised to age but also to other factors, will came into life. Also, people 
would then start asking for a “perfect” severity score or outcome prediction model 
to “young patients” or to “patients of a certain age, gender, or skin colour” – some-
thing that we cannot deliver with 100% certainty until we will be able to know all the 
prognostic information about a certain patient – something that Gödel’s incomplete-
ness theorems demonstrated: that it is impossible to be made and impossible for the 
consistency to be demonstrated [34]. It remains for our generation to be certain tand 
to cope hat all general severity scores and general outcome prediction models will not 
be perfect and carry with them a certain level of uncertainty that we must accept and 
cope with, no matter the sub-group of interest.
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Take-Home Messages
From this review it seems clear that in the future, our emphasis on accessing the 
prognosis of  very old patients must incorporate a more exhaustive characterization 
of  the patient. This means a better characterization of  the effects of  decades of  inter-
action between that genetic background with a certain lifestyle and prior diseases 
that conditionate a certain immune and physiological response and their possible/
probable interactions with the acute insult that leads to the development of  organ 
dysfunction/failure and – at the end – mortality.

This is crucial to help us to provide care to those patients in which we can decrease 
morbidity and mortality, optimizing the use of  resources and decreasing morbidity 
and healthcare-related stress to the patients and their loved ones.

This author claims that this is achievable without the need for dedicated risk 
scores for the very old ICU patients. In the meanwhile, we must be aware of  the 
limitations of  existent instruments and learn to accept and cope with their applica-
tion in sub-groups of  interest – in this case the very old patients.
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 n Learning Objectives
In this chapter the reader will learn the physiological effects and the commonly 
accepted indications for noninvasive respiratory support (high flow nasal cannulae 
[HFNC], noninvasive mechanical ventilation [NIMV]) and invasive mechanical venti-
lation (IMV), with special consideration to the elderly patient, whenever there is spe-
cific information in the literature regarding this age group.

 Practical Implications

HFNC are increasingly used for the treatment of acute hypoxemic respiratory failure 
(AHRF), acute exacerbation of chronic obstructive pulmonary disease (AECOPD), 
and other conditions associated with risk of hypoxemia.

Unlike standard oxygen therapy (SOT), HFNC provide a higher airflow rate, 
higher fraction of inspired oxygen (FiO2), and effectively heated and humidified air.

Physiological effects include provision of some level of positive end expiratory 
pressure, improved oxygenation, reduced anatomical dead space, better patient com-
fort, and less dryness.

When compared to SOT, HFNC decreases the need for intubation and escalation 
of respiratory support in AHRF.

Patients with AHRF being treated with HFNC should be closely monitored to 
identify signs of failure and the need for intubation. There are studies supporting the 
use of the ROX index ([SpO2/FiO2]/RR) to predict the likelihood of intubation in 
patients requiring HFNC.

NIMV is used for the treatment of  AECOPD.  In elderly patients it has been 
shown that NIMV, as compared to standard medical treatment, is associated with a 
significant decrease in the proportion of  patients meeting criteria for tracheal intuba-
tion.

NIMV is also used for the treatment of acute cardiogenic pulmonary edema 
(ACPE) where, as compared to SOT, it is associated with a reduction in hospital mor-
tality, intubation rate and ICU length of stay, and a quicker symptomatic improvement 
and better tolerance.

In AHRF, NIMV reduces the intubation rate and hospital mortality, as compared 
to SOT.

In ARDS, success rates of NIMV in mild, moderate, and severe ARDS are 78%, 
58%, and 53%, respectively, according to the LUNG SAFE study. The use of NIMV 
was in that study independently associated with increased ICU (but not hospital) mor-
tality. Using propensity score, ICU mortality was greater in the NIMV versus the IMV 
group only in patients with PaO

2/FiO2 ratio <150. Thus, consideration should be given 
to the high mortality rate of patients with ARDS failing treatment with NIMV, and to 
the association between the initial use of NIMV and mortality in ARDS, at least for 
patients with more impaired oxygenation (e.g., PaO2/FiO2 < 150). The conclusions of 
the LUNG SAFE study may partly pertain to the elderly, as median age was between 
66 and 63 years.
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18.1  Introduction

Different forms of respiratory support can be used to treat oxygenation and ventila-
tion failure of the lungs. We will discuss here the role of HFNC, NIMV, and IMV for 
the treatment of acute respiratory failure (ARF) in the elderly. We will also address 
ventilation issues in patients with AHRF and COVID-19 pertaining to elderly 
patients. Most of the published literature does not deal directly with elderly patients, 
but often a large proportion of patients included in the different studies are >65 years 
of age, and conclusions can to some extent be applied to the treatment of the elderly 
patient population.

18.2  High Flow Nasal Cannulae

HFNC are increasingly used for the treatment of AHRF and AECOPD and preven-
tion of post-extubation respiratory failure, preintubation oxygenation, sleep apnea, 
acute heart failure, and hypoxemia in the context of do-not-intubate (DNI) orders 
[1].

Unlike standard oxygen therapy (SOT), HFNC provide a higher airflow rate, 
higher fraction of inspired oxygen (FiO2), and effectively heated and humidified air.

Physiological effects include provision of some level of positive end expiratory 
pressure (PEEP), improved oxygenation, reduced anatomical dead space, better 
patient comfort, and less dryness [2–4]. Due to the higher airflow rate delivered, the 
FiO2 provided is more predictable than with SOT [5–7]. As a result of providing high 
FiO2 and low level of PEEP, oxygenation increases with HFNC [4, 7–15]. HFNC 
also increases tidal volume (Vt) and decreases respiratory rate (RR) [11], thus 
decreasing the work of breathing.

18.3  HFNC in AHRF

A number of studies have shown that HFNC improves oxygenation and enhances 
patient comfort, but whether its use attains other benefits as compared to SOT or 
NIMV is less clear. The outcome benefits of treatment with HFNC have been ana-
lyzed in different meta-analysis.

Nedel et al. evaluated nine studies that assessed HFNC in critically ill subjects 
with AHRF or at risk for this complication [16]. They found that HFNC was associ-
ated with nonsignificant reduction in the incidence of IMV compared with NIMV 
(odds ratio [OR] 0.83, 95% confidence interval [CI] 0.57–1.20) or SOT (OR 0.49, 95% 
CI 0.22–1.08), nor was it associated with reduction in ICU mortality compared with 
NIMV (OR 0.72, 95% CI 0.23–2.21) or with SOT (OR 0.69, 95% CI 0.33–1.42). 
There was a trend toward better oxygenation compared with SOT but a worse gas 
exchange compared with NIMV.
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Another meta-analysis of randomized controlled trials that compared HFNC 
and SOT or nasal continuous positive airway pressure (nCPAP) in children with 
acute lower respiratory infection reported treatment failure as an outcome [17]. 
HFNC significantly reduced treatment failure (risk ratio [RR] 0.49, 95% CI 0.40–
0.60) in children with mild hypoxemia (arterial pulse oximetry [SpO2] >90% on room 
air), but in infants of 1–6 months of age with severe hypoxemia (SpO2 < 90% on 
room air or SpO2 > 90% on supplemental oxygen), HFNC was associated with an 
increased risk of treatment failure compared with nCPAP (risk ratio [RR] 1.77, 95% 
CI 1.17–2.67). No significant differences were found in intubation rates or mortality 
between HFNC and SOT or nCPAP. HFNC had a significantly lower risk of nasal 
trauma compared with nCPAP (RR 0.35, 95% CI 0.16–0.77).

In a more recent meta-analysis, Lewis et al. [18] included 51 studies in which treat-
ment was initiated either after extubation or before mechanical ventilation in adults 
admitted to the ICU. The authors concluded that HFNC, versus SOT, may lead to 
less treatment failure (low-certainty evidence) but probably with little or no differ-
ence in mortality (moderate-certainty evidence). HFNC versus NIMV found no evi-
dence of a difference in treatment failure, either being used post-extubation or before 
IMV (low-certainty evidence), nor was it associated with difference in in-hospital 
mortality (low-certainty evidence).

Thus, HFNC has been shown to enhance patient comfort and improve oxygen-
ation, and may lead to less treatment failure when compared to SOT, but probably 
makes little or no difference when compared to NIMV, conclusions supported in 
general by low or very low certainty. There is not enough evidence to support the use 
of HFNC to achieve other benefits such as decrease in mortality or decrease in intu-
bation rates.

The recommendation based on the available evidence is that HFNC is preferred 
to SOT for the treatment of AHRF [18]. When compared to SOT, HFNC decreases 
the need for intubation and escalation of respiratory support. It also has a greater 
improvement in oxygenation, but it provides no benefit in mortality, length of stay, 
dyspnea, or patient comfort [19–24]. There is not enough data to compare HFNC 
with NIMV for treatment of AHRF [18]. Patient comfort is greater with HFNC, but 
there is not enough evidence to support a benefit in other outcomes such as intuba-
tion rate, mortality, or length of stay [25, 26].

18.4  Other Indications for HFNC

HFNC is used for preoxygenation before and during intubation. However, studies 
have not shown consistent benefit in clinically relevant outcomes [27–30], and there-
fore practice guidelines give no recommendation as to the use of HFNC for the intu-
bation procedure [1].

HFNC is also used in post-extubation respiratory failure. In patients at low risk 
for extubation failure, SOT often suffices to maintain oxygenation. One clinical trial 
showed reduction in re-intubation rate as compared to SOT [31], but no difference 
was reported in another study [32]. Thus, HFNC is not routinely recommended for 
the prevention of post-extubation respiratory failure in patients with low risk for re- 
intubation.
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In patients at high risk for re-intubation, clinical trials show that HFNC is supe-
rior to SOT for the prevention of post-extubation respiratory failure [4, 33–36]. 
However, no differences are shown when HFNC is compared to NIMV [36–38]. 
Current guidelines thus indicate a conditional recommendation for the use of HFNC 
(versus SOT) in patients at high risk for re-intubation. NIMV should be used instead 
according to routine practice of the particular institution [1].

In the postoperative setting, HFNC can be used for the treatment or prevention 
of respiratory failure. Some patients, but not all, should receive HFNC in the post-
operative period, such as obese and high-risk patients following cardiothoracic sur-
gery [1, 11, 18, 32, 39–48].

Other common uses of HFNC include oxygenation during bronchoscopy, in 
patients with tracheostomy being weaned off  the ventilator, and in combination with 
NIMV for oxygenation support.

18.5  Failure of HFNC in AHRF

Patients with AHRF being treated with HFNC should be closely monitored to iden-
tify signs of failure and the need for intubation. There are studies supporting the use 
of the ROX index to predict the likelihood of intubation in patients requiring HFNC 
[15]. The acronym ROX stands for respiratory rate and oxygenation. It is calculated 
as the ratio of (SpO2/FiO2) to respiratory rate (RR): ([SpO2/FiO2]/RR). The ROX 
index remains to be validated and is not currently routinely used to guide the clinical 
decision of intubation.

Roca et al. studied 157 patients with severe pneumonia treated with HFNC, of 
whom 44 (28.0%) required MV [49]. The ROX index measured at 12 hours after ini-
tiation of HFNC had the best accuracy (area under the receiver operating character-
istic curve [AUC] 0.74) for the prediction of the need for MV, with the best cut-off  
value of 4.88. In a more recent multicenter prospective observational cohort study of 
patients with pneumonia treated with HFNC [50], among the 191 patients treated 
with HFNC in the validation cohort, 68 (35.6%) required intubation. The prediction 
accuracy of the ROX index increased over time. ROX index ≥4.88 measured at 2 
(hazard ratio [HR] 0.434; 95% CI 0.264–0.715), 6 (HR 0.304; 95% CI 0.182–0.509), 
or 12 hours (HR 0.291; 95% CI 0.161–0.524) after HFNC initiation was consistently 
associated with a lower risk for intubation. ROX indices <2.85, < 3.47, and <3.85 at 
2, 6, and 12 hours of HFNC initiation, respectively, were predictors of HFNC failure. 
Patients who failed presented a lower increase in the values of the ROX index over the 
12 hours. Among the components of the index, SpO2/FiO2 was more predictive than 
RR.  In a retrospective analysis of patients with COVID-19 pneumonia, the ROX 
index was tested in 120 patients receiving HFNC [51], of whom 35 patients (29%) 
failed HFNC and required intubation. ROX index at 12 h was the best predictor of 
intubation, with an AUC of 0.792 and a cut-off value of 5.99, with specificity 96% 
and sensitivity 62%. The ROX index has also been tested in other conditions. For 
instance, in 171 chest trauma patients receiving SOT, 49 (28.6%) of whom required 
endotracheal intubation, a threshold value of 12.85 (sensitivity 82, specificity 89) over 
the first 24 h predicted endotracheal intubation [52]. According to these data, the 
ROX index may be useful in assessing treatment failure in patients with different con-
ditions, but different threshold values may be optimal in different  conditions.
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18.6  Development of NIMV

First used as the iron lung in the polio epidemics [53], NIMV later evolved when 
delivering intermittent positive pressure ventilation, and continuous positive airway 
pressure via a rubber face mask to treat different respiratory conditions became fea-
sible [54, 55]. In 1981 Sullivan et al. described the successful use of continuous posi-
tive airway pressure (CPAP) via nasal mask in the management of obstructive sleep 
apnea [56] that was later used to treat respiratory failure from neuromuscular disease 
and nocturnal hypoventilation [57]. Subsequently, a Consensus Conference agreed 
on the role of NIMV in the management of patients with ARF [58–61]. NIMV is 
currently recommended for the treatment of various forms of ARF as detailed below. 
Specific indications for the elderly, when available, will be commented.

18.7  NIMV for the Treatment of AECOPD

AECOPD is one of the leading causes of hospitalizations. Pathophysiological 
changes during AECOPD include increased airflow resistance resulting in incom-
plete expiration, dynamic hyperinflation, and subsequent reduced diaphragm 
strength and respiratory muscle fatigue [62–64]. Reduced respiratory reserve in the 
elderly aggravates these physiological changes. NIMV is not the first line of treat-
ment in AECOPD, but it is rather used in severe cases to prevent progression of the 
respiratory failure [65]. NIMV unloads the respiratory muscles and improves oxygen-
ation and ventilation [25].

A trial of NIMV is recommended for AECOPD since it has shown a significant 
decrease in mortality, length of stay, intubation rate, and improvement in gas 
exchange [18, 59, 60, 66–76]. The recommended modality in this setting is bilevel 
positive airway pressure (BPAP). The benefit of BPAP in AECOPD extends from 
mild to severe COPD exacerbation and therefore should be used in all range of sever-
ities [69].

A national audit by Roberts et al. [77] of 10,000 COPD admissions showed that 
in patients with acidosis, mortality was higher if  they received NIMV versus those 
who did not. However, this could be due to the late use of NIMV in patients already 
deteriorated or to the use of NIMV in cases of non-respiratory acidosis.

Whereas NIMV is recommended in the management of AECOPD, little evidence 
existed at the time of those recommendations [78, 79] to advocate its use in the 
elderly, and the guidelines had little evidence for the use of NIMV in the elderly with 
AECOPD [80].

Later studies proved the safety and efficacy of NIMV for the treatment of 
AECOPD in elderly patients. In a clinical trial on the treatment of AECOPD with 
NIMV, 82 patients aged >75 years [81] were randomized to receive NIMV or stan-
dard medical treatment (SMT). Treatment was associated with a significant decrease 
in the proportion of patients meeting criteria for tracheal intubation (7.3 versus 
63.4%, in the treated and control groups, respectively), and a reduction in mortality 
rate (OR 0.40; 95% CI 0.19–0.83). Interestingly, 22 of 41 patients in the SMT group 
and DNI orders received NIMV as a rescue therapy. The mortality rate in this sub-
group was comparable to the group receiving NIMV (OR 0.60, 95% CI 0.18–1.92), 
and significantly lower when compared with patients receiving intubation (OR 4.03, 
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95% CI 2.35–6.94). Balami et  al. conducted a prospective study of 36 patients 
>65 years of age with AECOPD [82]. Mean age was 77.4 years. Only 2 patients (6%) 
could not be started on NIMV because of lack of tolerance, and treatment was suc-
cessful in 27 of 34 patients treated (79%), whereas it did not succeed in 21%. Another 
indirect evidence that NIMV is effective in elderly patients is the finding that when 
patients ≥75 years of age are compared to younger patients, there are no differences 
in intubation or mortality rates [83], suggesting that NIMV is also safe and effective 
in the elderly population.

It is important to underline the clinical impact of a specialized NIMV team to 
optimize treatment success. A lower risk of death and intubation and a shorter ICU 
and hospital stay have been shown in patients treated with a dedicated NIMV team 
compared to management by ICU doctors and nurses working independently [84].

18.8  NIMV for the Treatment of Acute Cardiogenic Pulmonary 
Edema

Acute cardiogenic pulmonary edema (ACPE) is a leading cause of hospitalization for 
the elderly [85] and is associated with a high mortality rate. Reported in-hospital and 
1-year mortality rates are 12% and 40%, respectively [86, 87]. In ACPE, the increase 
in extravascular lung fluid results in reduced lung volume and respiratory system 
compliance, increased airway resistance, and increased work of breathing. Noninvasive 
ventilation in ACPE prevents alveolar collapse, reduces alveolar edema, improves 
lung compliance [87], and decreases preload and afterload, thus reducing the work of 
breathing, increasing cardiac output, and improving oxygenation [65, 87, 88].

Systematic reviews and meta-analysis demonstrated a reduction in the rate of 
intubation and mortality in patients that received NIM [89]. Although a non- 
inferiority study questioned the role of NIMV in the management of ACPE, show-
ing no difference in short-term mortality or need for intubation between the NIMV 
and standard therapy groups, several subsequent studies concluded that the use of 
NIMV in treating ACPE decreased the rate of intubation and in-hospital mortality 
[90–94]. However, results regarding mortality have not been entirely consistent 
between clinical trials [89, 90, 95–101].

There are few studies focused specifically on the elderly population, but given that 
the mean age of patients admitted for acute heart failure is greater than 70 years, 
many of the previous studies are thought to be applicable to this population. A study 
designed to investigate the clinical efficacy of NIMV in ACPE in patients greater 
than 75 years of age demonstrated early clinical improvement with a reduction in the 
rate of intubation and 48-hour mortality without sustained benefit during their hos-
pital stay [101].

18.9  NIMV for the Treatment of AHRF

There is conflicting evidence about whether NIMV is beneficial to patients with 
AHRF not due to ACPE [102–110]. A prospective observational study on the use of 
NIMV in patients with AHRF reported a failure rate of 61% in patients with septic 
shock and 23% in patients without sepsis [111]. A meta-analysis of 11 studies (exclud-
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ing patients with AECOPD or ACPE) showed that NIMV reduced the intubation 
rate (RR 0.59, 95% CI 0.44–0.79) and hospital mortality (RR 0.46; 95% CI 0.24–
0.87) compared with SOT [109]. The wide confidence intervals reported suggest vari-
able benefit among patients. A network meta-analysis studied 25 clinical trials 
comparing noninvasive treatments (NIMV or HFNC) with SOT in patients with 
AHRF [25]. Mortality was lower in patients treated with helmet or face mask NIMV 
compared with SOT.  All three noninvasive modalities (helmet NIMV, face mask 
NIMV, HFNC) reduced intubation rates. High heterogeneity and risk of bias suggest 
caution when interpreting the results of this meta-analysis. In addition, a mortality 
benefit was not observed in patients with more severe impairment of oxygenation 
(PaO2/FiO2 < 200 mm Hg). In another meta-analysis of 29 randomized trials of 
mixed population of patients with AHRF comparing NIMV versus HFNC [112], it 
was found that HFNC resulted in lower mortality (RR 0.44, 95% CI 0.24–0.79), 
intubation rate (RR 0.71, 95% CI 0.53–0.95), and possibly hospital-acquired pneu-
monia (RR 0.46, 95% CI 0.15–1.45) and improved patient comfort.

The LUNG SAFE study provided important insights into the effects of treatment 
with NIMV in patients with ARDS [113]. Of 2813 patients with ARDS, 436 (15.5%) 
were managed with NIMV on days 1 and 2 following fulfillment of diagnostic crite-
ria. The use of NIMV in moderate and severe forms of ARDS was surprising as the 
recommendations for NIMV in ARDS suggest that its use be restricted to mild 
ARDS [114]. However, success rates of NIMV in mild, moderate, and severe ARDS 
were not low (78%, 58%, and 53%, respectively). Hospital mortality in patients with 
NIMV success and failure was 16.1% and 45.4%, respectively. Importantly, the use of 
NIMV was independently associated with increased ICU (HR 1.446, 95% CI, 1.159–
1.805), but not hospital, mortality. However, using propensity score, ICU mortality 
was greater in the NIMV versus the IMV group only in patients with PaO2/FiO2 ratio 
<150 (36.2% with NIMV compared with 24.7% with IMV). Thus, consideration 
should be given to the high mortality rate of patients with ARDS failing treatment 
with NIMV, and to the association between the initial use of NIMV and mortality in 
ARDS, at least for patients with more impaired oxygenation (e.g., PaO2/FiO2 < 150). 
The conclusions of the LUNG SAFE study do not pertain necessarily to the elderly 
patient population. However the median (IQR) age of patients with NIMV success 
or failure was, respectively, 66.5 [52–77] and 63.0 [53–73] years, indicating that elderly 
patients were notably represented in this study.

In immunocompromised patients, NIMV is suggested as first option for treat-
ment of patients with mild or moderate AHRF [115–117]. Several studies [118–122], 
but not all [123], have suggested improved mortality by using NIMV in these patients.

18.10  Noninvasive Mechanical Ventilation for Weaning 
from Mechanical Ventilation

Different clinical trials and a meta-analysis have shown that patients weaned with 
NIMV after extubation demonstrate reduced mortality, less ventilator-associated 
pneumonia, and shorter ICU and hospital stay, without increasing the risk of wean-
ing failure or re-intubation [124–131].

In a Cochrane systematic review, 16 trials comparing extubation and immediate 
application of NIMV with continued invasive weaning in adults on mechanical ven-
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tilation were studied, involving 994 participants, most of them with COPD [132]. 
The use of NIMV was associated with reduced mortality (RR 0.53, 95% CI 0.36–
0.80), weaning failure (RR 0.63, 95% CI 0.42–0.96), ventilator-associated pneumo-
nia (RR 0.25, 95% CI 0.15–0.43), length of stay in the ICU (mean difference [MD] 
−5.59 days, 95% CI −7.90 to −3.28) and in hospital (MD -6.04 days, 95% CI −9.22 
to −2.87), and total duration of mechanical ventilation (MD −5.64 days, 95% CI 
−9.50 to −1.77). This indication for NIMV mainly applies to hypercapnic respiratory 
failure, and patients included in the studies are generally old. For instance, in the 
study by Ferrer et al. [126], mean age was 70 years.

18.11  NIMV for Post-extubation Support

NIMV can be used after extubation in patients at low risk for post-extubation respi-
ratory failure. In this scenario, NIMV provides no benefit compared to SOT.  In 
patients at high risk for post-extubation respiratory failure, some studies do not show 
reduction in re-intubation rate or mortality [133–136], whereas others suggest a 
decrease in the re-intubation rate [131, 132, 136–140].

18.12  NIMV in the Postoperative Setting

Changes in respiratory function in the postoperative period, including depressed 
respiratory drive, decreased Vt because of postoperative pain, recumbent atelectasis, 
etc., place the patient at increased risk of ARF. The elderly is at increased risk for 
these changes, as muscle function may already be deteriorated.

NIMV is not recommended in all postoperative patients for the prevention of 
ARF. The general indication of NIMV in the postoperative period is for the treat-
ment of patients who develop AHRF and fail to respond to HFNC [141–143].

18.13  Invasive Mechanical Ventilation

ARDS represents a high proportion of patients receiving mechanical ventilation in 
the ICU. Among 29,144 ICU patients, 10.4% fulfilled the criteria for the diagnosis of 
ARDS, and ARDS represented 23.4% of patients requiring mechanical ventilation 
[144]. In line with those results [144], in a large prospective study, among 7944 patients 
requiring mechanical ventilation for >24  hours, 986 (12.3%) had hypoxemic 
 respiratory failure (PaO2/FiO2 < 300), and 731 (9.1%) met criteria for ARDS [145].

Mortality of AHRF and ARDS is high. In the LUNG SAFE study, hospital 
mortality was 34.9%, 40.3%, and 46.1% for patients with mild, moderate, and severe 
ARDS, respectively [144]. Parhar et  al. reported that hospital mortality for mild, 
moderate, and severe ARDS was, respectively, 26.5%, 31.8%, and 60.0%, whereas 
3-year mortality was 43.5%, 46.9%, and 71.1% [145].

How ARDS is diagnosed and managed seems to be suboptimal. First, the syn-
drome is recognized only in part of the patients fulfilling the diagnostic criteria, rang-
ing from 51.3% in mild to 79% in severe ARDS [144]. Second, modifiable mortality 
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risk factors related with mechanical ventilation settings are not always measured or 
set according to current recommendations. In 18,302 patients receiving mechanical 
ventilation for various indications [146], Vt decreased over time from a mean (SD) of 
9.3 (2.3) to 8.2 (2.0) mL/kg predicted body weight between 2004 and 2010. However, 
in the more recent LUNG SAFE study [144], less than two-thirds of 2377 patients 
with ARDS received a tidal volume ≤8 mL/kg of predicted body weight. Plateau 
airway pressure was measured only in 40.1% of patients with ARDS, and prone posi-
tioning was used in 16.3% of patients with severe ARDS [144]. In addition, it has 
been shown that mechanical power is associated with increased 28-day hospital and 
3-year mortality [145]. This finding is of importance, since modifiable determinants 
of mechanical power associated with lower survival include plateau pressure and 
driving pressure.

Description on how mechanical ventilation is used may apply to the elderly popu-
lation only to some extent. For instance, in a large prospective study of 731 patients 
with ARDS [145], median (IQR) age was 60 (49–69) years; in 3022 ARDS patients 
[144], mean (95% CI) age was 61.5 (60.9–62.1). In another study of 18,302 patients 
[146], mean (SD) age was 59 (17), 59 (17), and 61 (17) years in three different study 
periods (1998, 2004, and 2010, respectively). However, it seems reasonable to assume 
that conclusions as to under recognition of ARDS and suboptimal treatment in 
terms of attaining low plateau and delta pressures, and low tidal volume, and using 
prone positioning as indicated, will also apply to the elderly patient population.

18.14  Invasive Versus Noninvasive Ventilation for Patients 
with COVID-19 and ARF

Clinical experience indicates that many patients can be supported with noninvasive 
oxygen therapy (either HFNC or NIMV) only to require tracheal intubation and 
IMV some time later in worse clinical conditions. Whether late intubation worsens 
prognosis is not known. Mortality of patients with COVID-19 and AHRF seems to 
be decreasing over time [147, 148], and it has been proposed that the decrease in mor-
tality could be related to less frequency in the use of tracheal intubation as first 
therapy in patients with COVID-19 and AHRF. Other factors can certainly contrib-
ute to the decreased mortality, including routine use of corticosteroids, the use of 
HFNC, lung-protective ventilation strategies, better sedation, better attention to the 
treatment of delirium, and avoidance of unproven therapies [149].

In an ancillary analysis of the COVID-ICU study, Dres et al. [150] studied 1199 
elderly patients admitted to the ICU, 62% of whom were intubated on day 1 and an 
additional 16% were intubated during their ICU stay. Those two groups did not dif-
fer in their PaO2/FiO2 ratio or other characteristics, suggesting that the decision to 
intubate was based just on clinical judgment. However, using Inverse Probability 
Weighting Treatment and propensity score analysis, mortality was higher in patients 
intubated on day 1 (42% versus 28%).

In a large multicenter cohort of 13,301 patients with the diagnosis of COVID-19 
admitted to 126 ICUs in Brazil, younger age, absence of frailty, and the use of non-
invasive respiratory support (NIRS) as first support strategy were independently 
associated with improved outcomes [151]. Among all patients, 18% received some 
form of NIRS (either NIMV, HFOT, or both), and 13% received IMV. However, 
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there was a time pattern from the first to the last period of time analyzed: some form 
of NIRS (NIMV or HFOT) increased from 8.3% to 25%, whereas only IMV 
decreased markedly from 25% to 6.5% of all patients. Among those patients receiv-
ing some form of NIRS, there were significant changes: only NIMV from 92% to 
79%, only HFOT from 4.4% to 6%, and both NIVM and HFOT from 3.3% to 15.0%. 
Thus, patients were less often intubated to receive IMV, and among those not intu-
bated, the use of only NIMV decreased, whereas the use of HFOT or a combination 
of NIMV and HFOT increased over time. In addition, patients who suffered failure 
of NIRS did not show a greater mortality in comparison to those intubated directly 
[151]. In conclusion, HFNC has been used during the COVID-19 outbreak [51, 152–
154]. The use of first some form of NIRS, probably HFNC, rather than quickly 
deciding IMV in patients with COVID-19 and AHRF, does not seem to be unwar-
ranted, even in elderly patients [150, 151].

If HFNC is chosen, close monitoring is required for the early identification of 
signs of failure that would indicate the requirement of IMV [152]. Roca et al. [49] 
identified patients at high risk of HFNC failure if  ROX <4.88 at 12 hours. This thresh-
old was confirmed also in COVID-19 patients [155, 156] who showed, however, higher 
intubation rates than in other studies [153, 154, 157]. Panadero et  al. conducted a 
retrospective, observational single-center study of 196 patients with COVID- 19 and 
bilateral pneumonia, 40 of whom were treated with HFNC [156]. The intubation rate 
at day 30 was 52.5%, and overall mortality was 22.5%. Patients that required intuba-
tion, as compared to patients who did not, presented a significantly lower PaO2/FiO2 
(93.7 ± 6.7 vs. 113.4 ± 6.6) and a significantly lower ROX index (4.0 ± 1.0 vs. 5.0 ± 1.6). 
A ROX index <4.94 measured 2 to 6 h after the start of therapy was associated with 
increased risk of intubation (HR 4.03, 95% CI 1.18–13.7). In another study, Vega 
et al. [51] tested whether the ROX index is an accurate predictor of HFNC failure for 
COVID-19 patients treated outside the ICU. In a multicenter retrospective observa-
tional study, 120 patients with confirmed COVID- 19 treated with HFNC were 
included, of whom 35 (29%) failed HFNC and required intubation. The 12-hour ROX 
index was the best predictor of intubation according to an area under the ROC curve 
of 0.792 (95% CI 0.691–0.893), with a threshold of 5.99 (specificity 96%, sensitivity 
62%). Thus, the ROX index seems useful to predict failure of treatment with HFNC, 
although the best discriminative value differs from the previously reported for patients 
with other types of AHRF.  Previous small single- center studies in patients with 
COVID-19, probably with greater disease severity, reported lower values for the ROX 
index (4.95 and 5.40) during the first 6 hours of treatment [155, 156].

18.15  Liberation from Mechanical Ventilation in the Elderly

Physiological and anatomical respiratory peculiarities in the elderly make the wean-
ing process different as compared to younger adults. Different studies have investi-
gated factors involved in weaning in patients ≥75  years of age. Decreased elastic 
recoil of the lung and the chest wall, ventilation-perfusion mismatch, and diminished 
muscle strength are among the age-related respiratory physiological changes in the 
elderly. Of interest, studies reviewing weaning in the elderly did not identify age in 
itself  as an independent risk factor for difficult weaning, but severity of acute illness 
instead influences weaning [158–163].
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It has been shown that the probability of meeting weaning criteria and successful 
weaning decreases with age [159], but independent predictors of weaning were 
comorbidity, severity of illness, rapid shallow breathing (the ratio between the respi-
ratory frequency to the tidal volume), and lung static compliance, not age. Negative 
fluid balance and lower central venous pressure have also been shown to be related to 
weaning success [162].

In another study [163], after adjusting for the APACHE II score, patients 
≥75 years of age passed a spontaneous breathing trial earlier than younger patients, 
further indicating that age in itself  is not a risk factor for delayed extubation. Same 
results on the lack of independent relationship between age and weaning were 
obtained by Hifumi et al. [158] in a retrospective study in patients with community-
acquired pneumonia. Another study [160] found that the presence of emphysema-
tous changes in chest CT and low serum albumin concentration, but not age, were 
associated with difficult weaning.

A number of measures have been proposed to expedite weaning, including less 
use of benzodiazepines to decrease the risk of delirium [164, 165], and early reha-
bilitation and prevention of immobility [166]. Daily spontaneous breathing trial to 
test for readiness for extubation (one the inciting event has resolved) is crucial to 
shorten the time spent on mechanical ventilation [167]. Daily awakening trials have 
been associated with fewer days on mechanical ventilation, better cognitive function, 
and decreased long-term mortality [164, 165]. Cader et al. [161] studied 41 elderly 
intubated patients who had been mechanically ventilated for at least 48 h and showed 
that providing inspiratory muscle training resulted in increased maximal inspiratory 
pressure and reduction in the weaning time by 1.7 days. In addition, physical therapy 
and occupational therapy during spontaneous awakening trials to patients who had 
been intubated for more than 48 hours had beneficial effects and found decreased 
incidence of delirium and shortened time spent in mechanical ventilation [166, 168].

 Conclusions
Recommendations for the use of various form of respiratory support (NIMV, HFNC, 
IMV) exist for different forms of ARF. However, studies in elderly patients are scarce 
and insufficient to emit recommendations for this specific age group. Patients included 
in studies on NIMV for the treatment of AECOPD and ACPE represent to some 
extent the aged group and could reasonably be extrapolated to the elderly. This is less 
the case for studies on the use of IMV for the treatment of AHRF and ARDS. Thus, 
studies on respiratory support for the elderly are required, particularly for the treat-
ment of AHRF.

Take-Home Message
 5 Different forms of  respiratory support (SOT, CPAP, HFNC, NIMV, IMV) are 

available to treat ARF of  different etiologies.
 5 It is important to know the specific indications (and the supporting evidence) of 

these therapies in the various conditions associated with (or risk of) ARF.
 5 Early identification of  signs of  failure of  any of  these therapies is crucial for 

optimal patient management, to make timely decisions to escalate therapy. Fail-
ure to do so is associated with increased mortality.
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 5 The elderly population is often underrepresented in clinical trials; thus the physi-
ological peculiarities of  the elderly patient should be considered when applying 
the results of  clinical trials to the elderly.
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 n Learning Objective
The aging heart and vessels are less able to adapt to changing needs. To keep cardiac 
output at an acceptable level, the heart needs to increase in frequency. In contrast to 
younger patients, the aging heart reacts less to beta-adrenergic stimulation, and the 
first step in resuscitation is adequate fluid resuscitation. However, older patients are 
more prone to fluid overload. The evidence to opt for one vasopressor above the others 
is limited, and particularly in older patients, evidence is lacking. The optimal blood 
pressure targets in older patients are lacking, but some trials showed that permissive 
hypotension (MAP 60–65 mmHg) is acceptable and does not cause more organ dys-
function.

19.1  Introduction

When patients become older, there are various (patho)physiologic changes and 
adaptations in the heart and the vessels that might necessitate higher blood pressure 
targets. Within the heart there are a decrease in the number of  myocytes and an 
increase in myocardial connective tissue and fat [1]. Additionally, fibrosis causes 
conduction abnormalities. These combined changes result in a decrease in left ven-
tricular ejection fraction and an overall decline in ventricular compliance. Arterial 
distensibility decreases with advancing age and this results in increased cardiac 
afterload. The heart adapts to this by maintaining the resting cardiac output, but 
maximal heart rate, ejection fraction, and cardiac output decrease with aging. 
Ventricular relaxation becomes impaired with aging, and diastolic dysfunction is 
therefore much more common in the elderly, particularly in those patients with 
hypertension [2, 3]. The result of  these changes is that the heart is less responsive to 
β-adrenergic stimulation. Some have coined the term “hyposympathetic state” in 
which the heart becomes less responsive to sympathetic stimulation and does not 
increase heart rate. The aging heart, therefore, increases cardiac output by increas-
ing ventricular filling (preload) and stroke volume rather by an increase in heart 
rate. Because of  this dependence of  preload, even minor hypovolemia can result in 
significant decrease in cardiac output. This dependence on preload to maintain car-
diac output is even more important because of  the diastolic dysfunction that is 
associated with aging. Atrial fibrillation is therefore poorly tolerated by elderly 
patients.

Of course, the abovementioned cardiac changes are exacerbated by a high inci-
dence of cardiac comorbidities, like coronary artery disease. Particularly coronary 
artery disease may go unrecognized in the elderly, as myocardial ischemia may pres-
ent with nonspecific symptoms [4, 5].

 Practical Implication

Rhythm disturbances are not well tolerated by older patients and they might have a 
profound effect upon cardiac output. These rhythm disturbances should be corrected 
immediately with a particular focus on preload and filling pressures.
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19.2 Fluid Resuscitation

Elderly patients with hypotension will react less to β-adrenergic stimulation and are 
more preload dependent than their younger counterparts. Therefore, the first thing to 
adjust in elderly patients presenting with hypotension is to correct hypovolemia. 
Unfortunately, the titration of fluids in the elderly patient is particularly challenging. 
Rapid fluid administration might lead to pulmonary venous congestion and pulmo-
nary edema. Fluid boluses of 250–500 ml are recommended with close monitoring of 
the patients’ blood pressure, heart rate, respiratory rate, urine output, and arterial 
oxygen saturation. In the setting of an ICU, all these parameters can be closely mon-
itored by pulmonary artery catheters, cardiac ultrasonography, pulse wave contour 
measurements, etc. However, in elderly patients the application of all these devices is 
devoid of supportive data. Indeed, irrespective of the age of the patients, multiple 
studies have confirmed that both the central venous pressure and pulmonary capil-
lary wedge pressure are unable to predict the hemodynamic response to a fluid chal-
lenge [6, 7].

19.3  Vasoactive Medication

When an adequate fluid resuscitation of approximately 30 ml/kg has not resulted in 
the targeted mean arterial blood pressure (MAP) of >65 mmHg, the next step will be 
to restore organ perfusion by initiation of a vasopressor. Elderly patients with sepsis 
have a markedly abnormal ventricular response to volume infusion, with a signifi-
cantly smaller increase in left ventricular stroke work index than in controls in 
response to fluid challenges [8]. Sepsis is characterized by biventricular dysfunction: 
there are systolic depressed ejection fraction and diastolic decreased chamber com-
pliance. Myocardial depression together with peripheral vasodilation and a reduced 
systemic vascular resistance are the characteristic hemodynamic features found in 
patients with sepsis. There is sometimes a certain reluctance to optimize hemody-
namics with vasopressors because vasopressors produce vasoconstrictive effects that 
might hamper peripheral circulation. However, failure to restore organ perfusion 
may lead to progressive multi-organ failure and subsequent death [9]. However, 
despite years of research, the optimal choice of inotropic agents in patients with 
sepsis has not been determined. Currently norepinephrine remains the first-choice 
vasopressor agent in patients with septic shock [10–16]. The initiation of low dose 
vasopressin (0.01–0.04 units/min) should be considered as a second-line vasopressor 
in patients receiving norepinephrine. In septic patients low dose vasopressin mark-
edly increases arterial pressure [14, 17].

Dopamine has been used to increase cardiac output and increase vascular tone. 
However, a randomized controlled trial in patients with shock showed that dopamine 
was roughly equivalent to norepinephrine in the reversal of shock. There was no 
significant difference in 28-day mortality between the dopamine-treated arm and the 
norepinephrine-treated arm. However, the number of side effects, particularly 
arrhythmias, was higher in the dopamine-treated patient group [18]. Given the fact 
that elderly patients are not able to cope with such rhythm disturbances, dopamine 
should be avoided.
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Levosimendan is a calcium-sensitizing drug that increases the intracellular cal-
cium concentration, and this adds to the contractility of cardiomyocytes. It is a drug 
with inotropic and vasodilator properties and has been used to treat decompensated 
heart failure. However, in septic shock the addition of levosimendan to standard of 
care (often treatment with norepinephrine) did not result in better outcomes. On the 
contrary, 28-day mortality was nonsignificantly higher than in the standard of care 
group (34.5% versus 30.9%). Other, more intermediate outcomes, like chances in 
SOFA score, were also not different between these two treatment arms [19].

The overall conclusion is that, despite several years of research, there is no clear 
benefit of one vasopressor over the other, although dopamine and levosimendan are 
not often prescribed for septic shock [20].

In none of these studies, the elderly patients were specifically investigated. The 
median age of the research population was often equivalent to the median age of 
patients with sepsis or septic shock: roughly 65–70 years old. The truly elderly patient 
population (e.g., >80 years old) is extremely underrepresented in all these random-
ized clinical trials.

 Practical Implication

The optimal vasopressor for older patients has not been determined, a vasopressor that 
with limited beta-adrenergic effect (risk of rhythm disturbances) seems logical.

19.4  Blood Pressure Targets in Elderly ICU Patients

Elderly patients in general have a less compliant vascular system and often, but not 
always, have higher median blood pressures. It is, therefore, very straightforward to 
think that elderly patients should have higher blood pressure targets when treated 
with vasopressors.

This research has been performed albeit not in the very elderly patient population 
[21]. In a randomized controlled trial, patients with septic shock were assigned to a 
mean arterial blood pressure of 65–70 mmHg or a mean arterial blood pressure of 
80–85 mmHg [22]. The patients were, as always, aged 65 years (i.e., mean age, stan-
dard deviation of 13 years) meaning that very few patients were actually >80 years 
old. However, the outcome was not much different between these groups: mortality 
was 36.6% versus 34.0%, and the distribution of side effects of vasopressors was 
similar in both groups. A systematic review of all blood pressure trials in critically ill 
adult patients with shock did not support higher blood pressure targets in older 
patients [23]. However, the difference in blood pressure targets was small (a target 
MAP >65 mmHg versus a MAP >70 mmHg), and, again, the definition of “older 
patients” was >65 years.

Another question that is still open for debate is whether patients with hyperten-
sion before their current period of illness need higher target blood pressures. The 
most recent guidelines suggested a treatment goal of 130/80 mmHg in patients older 
than 65 years. However, many factors need to be considered to reach this goal, and 
clinical judgment and team-based approach is recommended [24]. Individual tailor-
ing of targets seems necessary. Adhering to guidelines, which currently advocate a 
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MAP >65  mmHg for all, might lead to longer treatment with vasopressors and 
higher dosages for patients that have low premorbid blood pressures [25, 26].

One of the most recent studies looking into “higher” versus “lower” blood pres-
sure targets took it one step further and looked at MAP >60 mmHg versus MAP 
>65 mmHg in patients with vasodilatory shock. This “65 study” showed that further 
reduction of the target blood pressure in patients older than 65 years reduced the 
90-day mortality in comparison to a target blood pressure of MAP >65 mmHg [27]. 
This was one of the first studies that clearly showed an age distribution at randomiza-
tion and showed a post hoc analysis in various age groups. Quite counterintuitive the 
effect of lower blood pressure in older age patients was associated with lower odds 
for 90-day mortality: the higher the age, the lower the odds of 90-day mortality. This 
effect was, however, not statistically significant. Of note, the mortality difference 
between the two groups took a rather long time to diverge – it was only after hospital 
discharge that potentially significant differences emerged. Post hoc analysis showed 
that permissive hypotension seemed to be the most beneficial among patients with 
chronic hypertension, a group that is expected to be at the greatest risk of harm from 
low blood pressure. There are no signals that organ damage caused by vasopressors 
is the result of the late, post-discharge mortality benefit. Intermediary endpoints, like 
renal function, respiratory function, ICU length of stay, and fluid balance, were quite 
similar in both study arms. As such, it remains unclear why a lower vasopressor dose 
should reduce mortality in elderly patients. Several hypotheses have arisen.

First, lower pressures are not equal to less perfusion. The systemic perfusion pres-
sure is the difference between MAP and central venous pressure (CVP). If  you target 
for a higher MAP, then you have to transfuse more fluids which will simultaneously 
increase the CVP. Higher or lower target MAPs might actually yield similar systemic 
perfusion pressures.

One of the potential dangers of the “65 trial” is that patients will have a MAP 
<60 mmHg for a substantial period of time which might be detrimental for these 
patients.

Second, patients with a lower target blood pressure received less vasopressors 
than the normal target blood pressure group. Previous research has shown that the 
use of vasopressors is associated with ICU-acquired weakness [28]. Such muscle 
wasting might result in prolonged recovery periods and vulnerability to secondary 
complications, resulting in a higher 90-day mortality in the higher vasopressor group.

Third, potentially detrimental effect of catecholamines appears to be mediated 
through the stimulation of the β-adrenergic receptor: elevated heart rate, increased 
rates of arrhythmias, myocardial ischemia, and direct toxic effects on cardiac myo-
cytes leading to apoptosis and fibrosis [18, 29–32]. In addition, there is a growing 
body of evidence supporting the potentially detrimental immunomodulatory effects 
of norepinephrine [33, 34] and induction of a hypercoagulable state [30, 35]. The 
metabolic system is also affected, with catecholamines affecting various metabolic 
pathways and inducing hyperglycemia [36].

Although these studies provide biologic plausibility for an independent detrimen-
tal effect of excessive β-adrenergic stimulation on skeletal muscle, further studies are 
clearly needed in this area to confirm the association between specific vasoactive 
medication use and the development of neuromuscular weakness in elderly critically 
ill patients.
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 Conclusion
The elderly patient population has a lot of pathophysiological changes to the heart 
and vessels requiring another target blood pressure when severely ill. It is, however, not 
clear what the optimal blood pressure is for the elderly critically ill patient. Most stud-
ies do not specifically analyze this age group. One of the latest studies showed, rather 
counterintuitively, that a lower target blood pressure was better than a normal blood 
pressure. However, more research is needed to elucidate which target blood pressure is 
needed in specific diseases.

Take-Home Messages
The evidence for fluid resuscitation, the application of  vasopressors, and the optimal 
blood pressure targets in older patients are lacking. Permissive hypotension in older 
patients does not seem to result in organ failure and appears justified. However, indi-
vidualized treatment targets are advised.
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 n Learning Objectives
 5 AKI is very frequent in very old critically ill patients, hitting up to 75% of them.
 5 Polymedication and drug interactions favor the occurrence of these episodes of 

AKI.
 5 Renal replacement therapy in this subpopulation represents both a clinical and an 

ethical challenge.
 5 In terms of ethics, the following rules are crucial: collegiality for the decision to 

initiate or not initiate RRT, respect of the patient advance healthcare directives, 
patient autonomy, beneficence, and distributive justice.

 5 Extreme caution should be taken during the RRT session in order to optimize 
patient hemodynamics.

 5 CRRT should be administered when the patient is hemodynamically unstable, 
whereas intermittent hemodialysis seems very appropriate during the rehabilitation 
phase of critical care.

20.1  Introduction

Between 50 and 75% of critically ill patients develop acute kidney injury (AKI) dur-
ing their intensive care unit (ICU) stay [1]. Approximately 10% of ICU patients 
undergo renal replacement therapy [1]. Among all these patients, some of them are 
very old, and it seems important to make a focus on this subgroup of the ICU popu-
lation when it comes to AKI and RRT in the ICU. Are AKI characteristics the same 
in this subgroup of critically ill patients? What are the ethical questions to be dis-
cussed when renal replacement therapy (RRT) is needed in one of these very old 
patients? When RRT is finally decided, are there any specific points to highlight 
regarding the RRT prescription?

20.2  Acute Kidney Injury in the Very Old Critically Ill Patient

20.2.1  AKI Epidemiology in the ICU

Aging population leads to more comorbidities and complications such as AKI in 
the ICU. Aging leads to physiologic renal modifications with the decrease of  the 
glomerular filtration flow rate, tubular dysfunctions, and the increase of  renal 
resistances. AKI is extremely frequent in the ICU, ranging from 50 to 75% of  the 
whole ICU population, and this is particularly true in the very old critically ill 
patient [1, 2].

Several risk factors have been specifically reported in the elderly population, such 
as polymedication, chronic cardiovascular diseases such as hypertension, diabetes 
mellitus, and chronic kidney disease. Moreover, exposure to nephrotoxic molecules 
such as some antibiotics and immunosuppressive therapies also increases the risk of 
developing AKI. Importantly, AKI and age are strongly associated (incidence and 
severity of AKI). In the geriatric population, AKI is also associated with a higher 
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risk of mortality, a higher risk of dependence, and a higher risk of developing end- 
stage renal disease and chronic dialysis [3]. However, very old patients with AKI (as 
compared to old patients with AKI) do not necessarily exhibit a worse prognosis. 
This confirms that age, as a stand-alone criterion, is irrelevant for assessment of risk 
mortality and progression to end-stage renal disease [4].

20.2.2  AKI Etiologies in the Very Old Patient

AKI etiologies in the very old population are overall the same as in the general adult 
population although some age-related specificities can be underlined. Prerenal AKI, 
sometimes referred as transient AKI, is frequently reported in this population [5]. 
Transient AKI is related to macro- and microcirculatory hemodynamic failure which 
leads to renal perfusion defect. This AKI state is qualified as transient because rapid 
correction of these hemodynamic disturbances usually allows for rapid improvement 
of the renal function. One of the reasons why transient AKI is particularly frequent 
in very old patients stands with the fact that 50% of patients with hypertension 
receive angiotensin converting enzyme inhibitors or angiotensin II receptor blockers 
[6]. These drugs are known to directly impact renal hemodynamics through the inhi-
bition of vasoconstriction of the efferent arteriole when this vasoconstriction may be 
needed. Moreover, those patients are also much more affected by situations of hypo-
volemia due to the frequent impaired sensation of thirst and/or other situations 
which may lead to hypovolemia such as post-chemotherapy diarrhea and vomiting, 
bowel obstruction, diuretics use, and dysregulation of water and sodium reabsorp-
tion.

Chronic kidney disease (CKD) is strongly associated with age and is one of the 
main risk factors to develop AKI (named AKI on CKD). AKI in the ICU is mostly 
multifactorial with hemodynamic disturbances, sepsis, and/or nephrotoxic medica-
tions (antibiotics, immunosuppressive therapies) being common in this population. 
Acute tubular necrosis (ATN) is known to be the following state of transient AKI 
when hemodynamic impairment subsists (continuum between transient AKI and 
ATN) [3]. Importantly, two causes of intrinsic AKI need to be underlined in the geri-
atric population:

 5 Glomerulonephritis (e.g., rapidly progressive glomerulonephritis with anti- 
neutrophil cytoplasmic antibodies (ANCA) and glomerulonephritis associated 
with renal amyloidosis (AL or AA))

 5 Acute vascular nephritis (e.g., cholesterol-embolization syndrome, thrombotic 
microangiopathy)

Postrenal AKI, also named obstructive AKI, is more frequent in elderly patients due 
to the higher prevalence of pelvic cancers. Obstructive prostatic causes in elderly 
males (prostate cancer, benign prostatic hyperplasia) are also often involved in 
postrenal AKI [7].
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20.3  Renal Replacement Therapy in the ICU: Should This Therapy 
be Initiated in the Elderly?

20.3.1  A Clinical But Also an Ethical Dilemma

To initiate RRT in a very old critically ill patient is always a difficult decision to make. 
When the question arises in a patient previously admitted to the ICU, physicians 
often discuss whether or not they should withhold or withdraw this life-sustaining 
therapy. In terms of epidemiology, a French multicenter retrospective matched 
cohort study reported that critically ill patients over 80 years of age did receive RRT 
with a lower rate as compared to a cohort of patients aged 65–79 years (adjusted 
odds ratio (95%), 0.52 (0.41–0.66); p < 0.001) [8].

To provide RRT in the ICU in the elderly is indeed not only a clinical dilemma 
regarding which modality to be used and how the therapy will be administered (see 
III) but also an ethical dilemma. In other words, the question is not only “How to 
start RRT in this patient?” but also and above all “Should RRT be initiated in this 
very old patient?”.

Age alone does not seem to be a sufficient determinant although, in some studies, 
it appears to be closely related to the risk of long-term mortality [9]. However, one 
would argue that it would not be ethically acceptable to use this only criterion for the 
decision-making process. This would be easily experienced as discrimination on the 
grounds of a person’s age, sometimes referred as “ageism.”

When it comes to medical condition, it is obvious and well accepted that an 
important inter-individual variability between patients of the same age can be 
observed. Like for ICU admission decision, the presence of comorbidities, the assess-
ment of the nutritional status, the patient autonomy before ICU admission, and the 
patient frailty (assessed by the Rockwood clinical frailty scale) seem to be, taken all 
together, robust criteria to decide whether or not to undertake RRT in one very old 
patient [10, 11]. Of course, the severity of the ongoing acute disease must also be 
taken into account.

Prognostic scores can also help the clinician to make the decision, even if  these 
scores have not been specifically validated for critically ill patients. For example, the 
Couchoud score is a prognostic tool predicting mortality at 3 months in patients over 
75 years of age with end-stage renal disease (ESRD). It is composed of 15 items 
including age, gender, presence of specific comorbidities, nutritional status assessed 
by serum albuminemia, and mobility. This score, ranging from 0 to 25 points, allows 
the physician to stratify the short-term mortality risk into three groups: low risk 
(score < 12 points, mortality less than 20%), intermediate risk (score between 12 and 
16 points, mortality between 20 and 40%), and high risk (score > 16 points, mortality 
>40%) [12].

The ethical reflection takes a prominent place in this context. It is part of an indi-
vidualized, holistic approach, considering the clinical, biological, psychological, and 
social dimensions while considering the patient as a fully-fledged actor of the decision.
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20.3.2  Temporality and Principle of Collegiality for the 
Decision-Making Process

When RRT must be urgently initiated, for instance, in case of severe pulmonary 
edema in an anuric patient unresponsive to diuretics, the temporality of the emer-
gency does not always allow for a structured and collegial ethical reflection process. 
The same applies during night shifts, when the physician is usually alone to make 
decisions. The absence of clear instructions regarding the level of care to be under-
taken for a given patient can lead to difficult feelings such as intense distress or sig-
nificant anxiety for the lonely physician who clearly faces the uncertainty of his/her 
decisions. The risk here for the practitioner is to subsequently develop a feeling of 
guilt, which may even lead to a psychic or psychosomatic disorder such as the burn-
out syndrome, particularly when this situation occurs several times [13]. It is now well 
established that the level of care to be provided to a very old patient should ideally be 
discussed beforehand. A clear therapeutic strategy should be defined from the 
moment the patient is admitted to the ICU, and, importantly, this includes the strat-
egy/procedure to be followed in case RRT becomes necessary.

The collegiality of these decisions is also a crucial aspect. This means that the 
intensivists but also the paramedical staff  of the ICU, the general practitioner, the 
geriatrician, eventually the nephrologist, and any other external consultant physician 
have to be involved with the decisions to withhold or withdraw specific treatments 
and therapies. As the French National Academy of Medicine underlines, “The des-
tiny of a life requires a moment’s reflection that cannot be performed by one person 
alone.” The collective effort of the group to handle the situation helps professionals 
to alleviate or even prevent moral distress [14].

In case of doubt regarding the relevance of initiating RRT, especially in the con-
text of an emergency situation in a patient for whom nothing has been discussed 
beforehand, a “RRT trial” can be proposed, following the example of the “ICU 
Trial” for ICU admission decision [15]. The doubt must benefit the patient as it is 
always possible to reassess the need to continue or stop the RRT session.

20.3.3  The Patient’s Role in the Decision: The Principle 
of Autonomy

The authors of a French study questioned 100 patients over 80 years of age, who 
needed several major or invasive organ support therapies, on their wish to benefit 
from them. They were shown videos of those therapies, and only 21% of respondents 
claimed they would like to benefit from RRT (47% for mechanical ventilation) [16]. 
This raised the question of the autonomy of very old patients, which rarely seems to 
be taken into account in decisions in Europe [17].

The possibility of RRT should therefore be considered at an early stage and, if  
possible, discussed with patients beforehand if  they are still conscious. If  they are 
unable to express their wishes, the advance healthcare directives, if  they have been 
drawn up, also apply and must be respected. In France, they have even become pre-
scriptive and are imposed on physicians, outside the context of a life-threatening 

 A. Lamblin et al.



313 20

emergency, for the time it takes to fully assess the situation. In the absence of advance 
healthcare directives, or if  the RRT issue is not mentioned, the family or relatives 
must be consulted in order to ascertain the patient’s wishes, having informed them of 
the risks of subsequent chronic dialysis. In order to make a conscious decision, the 
patient must be informed of the medium- and long-term risks associated with AKI, 
in particular, the risk of end-stage renal disease (ESRD), which is known to increase 
in very elderly patients due to reduced physiological reserves and the presence of 
comorbidities [18]. Elderly patients with AKI in the ICU are twice as likely to develop 
ESRD requiring RRT. This raises questions about the future quality of life (QoL) of 
patients who will have to benefit from ESRD treatments: either RRT (hemodialysis 
or peritoneal dialysis) or conservative care. Dialysis can radically change the auton-
omy and functional capacity of these patients in the form of transport inconve-
niences, and a rapid decline in the functional capacity of hemodialysis patients has 
been demonstrated in institutionalized patients [19, 20].

Renal transplantation can only be considered in elderly patients with few or no 
comorbidities. The maximum age recommended by health authorities to be regis-
tered on the kidney transplant waiting list in France is 85 years old. Beyond 80 years 
of age, however, this practice remains exceptional. Conservative care, whose objec-
tive is to reduce the impact of the symptoms encountered in ESRD (pain, pruritus, 
nausea, fatigue, anxiety, depression), seems to show good results in terms of survival 
compared to dialysis but requires regular monitoring, which has a significant impact 
on patients’ QoL [21].

20.3.4  Principles of Beneficence, Non-maleficence, 
and Distributive Justice

In Western societies, the aging of the population and the reduction in the resources 
allocated to healthcare in certain countries lead us to question the rationalization of 
the resources available to ICU physicians. The principle of egalitarianism that pre-
vailed until the 1980s and 1990s would require that human and material means of 
life-sustaining treatments be used for any patient who needs it. However, given the 
increase in the number of elderly patients admitted to the ICU, is it possible to pro-
pose maximum care, including RRT, for all those who need it from a strictly medical 
point of view? RRT is a highly technical procedure that implies considerable human 
and material costs in the acute phase, but also in the long term, if  dialysis is required 
after discharge from hospital.

The principle of distributive justice therefore applies in addition to that of egali-
tarianism, physicians having a duty to preserve expensive medical resources and 
avoid unreasonable therapeutic obstinacy. The challenge is to avoid costly, poten-
tially invasive care or sources of physical or moral pain in patients for whom such 
care would have no other effect than to temporarily supply one or more organ fail-
ures, with no hope of survival. It is an individualized approach, essentially centered 
on the benefit of the patient and the respect for their dignity (deontologist approach) 
and balanced by the criterion of distributive justice, avoiding inconsiderate expenses 
to society.
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The assessment of the risk/benefit balance is essential before initiating RRT in an 
ICU. RRT requires a chain of interventions at the risk of human errors and material 
failures. An iatrogenic risk exists at all stages of the procedure: when inserting the 
dialysis catheter (risks of arterial puncture, catheter malposition, infection, catheter 
thrombosis) but also during treatment (risk linked to anticoagulation, risk of gas 
embolism). Recommendations for securing RRT were drawn up by learning medical 
societies [22, 23]. Each department must have a clear protocol to reduce the risk of 
human error. Practitioners must therefore be aware of the risks to the patient if  such 
treatment is initiated and weigh these against the expected benefits. Here once again, 
it is an individualized approach in which the principle of non-maleficence plays an 
essential role.

20.4  How to Provide RRT in the Very Old Critically Ill Patient?

20.4.1  Dialysis Catheter

Optimal dialysis catheter management is crucial for efficient RRT delivery. Like in 
other adults, the preferential anatomic site for the oldest critically ill subpopulation 
remains the right intern jugular vein, followed by the femoral vein (right or left) and 
then the left intern jugular vein. Subclavian access is still not recommended, like in 
other adults. However, due to the greater prevalence of malnourished patients with 
BMI < 18 kg/m2 in the elderly population, some authors recommend the femoral site 
as the preferential site for dialysis catheters. Indeed, in this subpopulation, the jugu-
lar approach may be more complex due to the prominent bone relief  [24]. Importantly, 
the right internal jugular site remains the one preferred in case of overweight/obesity.

Hemorrhagic complications related to the insertion of dialysis catheters are more 
frequent in elderly patients due to the frequent use of anticoagulant or antiplatelet 
medications in this context. Indeed, comorbidities requiring curative anticoagulation 
increase with advanced age [25]. Moreover, anticoagulant drug overdoses are also 
more frequent in this patient population (polymedication with drug interferences), 
particularly in case of AKI. However, this hemorrhagic risk is nowadays markedly 
reduced by the systematic use of vascular ultrasound for dialysis catheter insertion.

Importantly, the high prevalence of delirium in the ICU (80% of very old patients 
with mechanical ventilation) in the elderly should be taken into account for the 
choice of the vascular site for the dialysis catheter [26]. The non-desired removal of 
the dialysis catheter during a state of delirium can indeed lead to serious adverse 
events including gas embolism, hemorrhage, or death. The risk is even more impor-
tant in case of superior vena cava territory catheters due to the higher risk of gas 
embolism, especially in the semi-seated position (negative pressure, higher during 
inspiration). Moreover, in case of delirium in this population, the septic risk is also 
increased due to the involuntary or voluntary manipulations of the catheter by the 
patient. Advanced age is an independent risk factor for catheter infection among 
other factors such as immunosuppression, malnutrition, mechanical ventilation, and 
multiple organ failure [27].
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20.4.2  Which RRT Modality for the Elderly Population in the ICU?

De novo hemodynamic instability (perdialytic hypotension) defined by a 20% drop in 
blood pressure or hypotension requiring specific management (vasopressors, vascu-
lar filling, net ultrafiltration stop) is estimated at 15–30% [28]. Although the scientific 
literature does not report any superiority of continuous renal replacement therapy 
over intermittent modalities in terms of hemodynamic stability, some authors never-
theless suggest that the variation in plasma osmolarity is much more progressive with 
continuous modalities, leading to a better hemodynamic tolerance [29, 30]. In addi-
tion, net ultrafiltration over a period of 24 h is very likely to be better tolerated than 
the same net ultrafiltration occurring during a period of 4–6 h.

Importantly, when RRT is initiated, blood is replaced within the patient blood 
circulation by a crystalloid solution. This replacement, occurring at the very begin-
ning of the session, should be performed with a low blood flow rate which will be 
progressively increased, in order to preserve patient hemodynamics. Of note, we do 
remind the reader here that, contrary to popular belief, the blood flow rate has no 
impact on hemodynamic tolerance, except during the first 3 to 5 minutes of the ses-
sion, as just stated above.

The theoretical better hemodynamic tolerance of continuous modalities should 
therefore be one of the “criteria of choice” in this elderly population with blood pres-
sure regulation mechanisms altered either by drug intake (beta-blockers, angiotensin 
converting enzyme inhibitors), by dysautonomia, or by processes related to the ongo-
ing disease (e.g., septic shock). Furthermore, due to the frequent malnutrition and 
hypoalbuminemia observed in these elderly patients, associated to the aggressive 
fluid administration during the acute phase of resuscitation, fluid overload is a com-
mon problem (low oncotic pressure causing edematous state). Continuous modalities 
are known to provide an easier control of fluid overload.

To date, no study has ever demonstrated any superiority of a continuous convec-
tive modality (CVVH) over a continuous diffusive modality (CVVHD) and vice 
versa [31]. Having said that, CVVHD seems much more adaptable in the event of a 
metabolic complication related to the use of regional citrate anticoagulation, thanks 
to the removal of the citrate-calcium complexes through diffusion in the dialysate 
and thanks to the use of lower blood flow rates with CVVHD and therefore lower 
citrate administration [32]. For the record, like in other critically ill patients, regional 
citrate anticoagulation is recommended as the first-line anticoagulation modality, 
whether or not a bleeding risk situation is identified [2].

Last but not least, the high prevalence of polymedication in the elderly popula-
tion requires close pharmacokinetic monitoring in case of AKI. Drug clearance is 
influenced by molecular weight, plasma protein binding, specific renal clearance, and 
volume of distribution. During RRT, the use of a continuous modality is interesting 
because of the limited and slow variations of the volume of distribution as compared 
to IHD, even when the pharmacokinetic profile of the drug is well known in chronic 
dialysis. In fact, CVVH and CVVHD allow for a progressive and constant purifica-
tion and thus a better prediction of the pharmacokinetic variations of the drugs, 
potentially resulting in fewer drug dosage adjustments [33].

Acute Kidney Injury and Renal Replacement Therapy in the Very Old Critically…



316

20

20.4.3  Optimization of the Critical Care Rehabilitation Phase: 
Impact of the RRT Modality Choice

During the critical care rehabilitation phase, when hemodynamics is restored, inter-
mittent hemodialysis (IHD) and sustained low-efficiency dialysis (SLED) can be of 
great interest. Indeed, dialyzing elderly patients during only few hours makes time 
optimization doable with, for example, some periods of time dedicated to patient 
mobilization or physiotherapy. Interestingly, IHD also allows for the use of the same 
machine for several patients on the same day. Furthermore, IHD can be performed 
with no circuit anticoagulation, which thus limits the risk of bleeding in this popula-
tion at greater risk.

In addition to the undesired removal of a large amount of low molecular weight 
molecules (amino acids, vitamins, trace elements), RRT increases protein catabolism 
and leads to the production of free radicals. These molecular losses and metabolic 
issues worsen the nutritional status of these old patients. Thus, the longer the dura-
tion of the RRT session is, the greater the loss of these low molecular weight mole-
cules will be. The use of IHD in the rehabilitation phase is therefore supposed to 
decrease these metabolic consequences although supplementation with trace ele-
ments, vitamins, and amino acids may still be necessary.

Conversely, continuous modalities are associated with better long-term renal 
recovery, potentially reducing the need for subsequent chronic hemodialysis [30, 34]. 
This finding is of crucial importance in this patient population with frequent signifi-
cant advanced chronic kidney disease, already at high risk for chronic hemodialysis.

 Conclusion
Like in the general ICU population, AKI is extremely frequent in very old critically ill 
patients. Among other standard risk factors of AKI, polymedication and drug interac-
tions need to be underlined. Initiating RRT in a very old patient is always a complex 
decision to make. Ethically speaking, this decision should follow several important 
rules and concepts: collegiality for the decision, respect of the patient advance health-
care directives, patient autonomy, beneficence, and distributive justice. When the 
decision to start RRT is finally taken, a particular attention has to be paid regarding 
hemodynamic management of the session. CRRT should be administered when hemo-
dynamics is impaired, but IHD is also very interesting in the rehabilitation phase of 
critical care.

Take-Home Messages
 5 Age alone cannot be the only determinant to decide whether or not RRT should 

be initiated in a very old critically ill patient.
 5 The presence of  comorbidities, the assessment of  the nutritional status, the 

patient autonomy before ICU admission, the patient frailty, and the severity of 
the ongoing acute disease must also be taken into account.

 5 For the decision-making process regarding RRT initiation, healthcare providers’ 
collegiality, respect of  the patient advance healthcare directives, patient auton-
omy, beneficence, and distributive justice are mandatory.
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 n Learning Objectives
The main objective of this chapter is to obtain an understanding of the interaction 
between pain, sedation, and delirium. Specifically, the reader should be able to identify 
the unique challenges for their management taking into account that the very old are a 
particularly vulnerable group with often conflicting treatment priorities. This chapter 
will discuss implications for short- and long-term ICU outcomes including mortality, 
time on mechanical ventilation, and increased ICU and hospital lengths of stay, as 
well long-term cognitive impairment. Finally, the reader should be able to formulate a 
plan for sedation, pain, and delirium management for the very old ICU patient using 
ABCDEF principles.

 Practical Implications

 5 Non-pharmacological interventions are an important part of the management 
plan and should be implemented prior to, and always in conjunction with, pharma-
cological treatment

 5 The contribution of dementia to ICU delirium is frequently neglected and has sub-
stantial implications for improving practice patterns for older patients in the ICU.

 5 The ABCDEF strategy should be used with increased vigilance for underlying 
comorbidities, drug interactions against a background of polypharmacy, and 
altered pharmacokinetic and pharmacodynamic profiles.

 Suggested Clinical Management Strategy

 5 Assess pre-ICU frailty and cognitive function, including the presence of dementia.
 5 Assess pain using the BPS or CPOT.
 5 Assess delirium using CAM-ICU or ICDSC.
 5 Assess the need for sedation and its level.
 5 Document targets for pain relief  and sedation daily.
 5 Have a plan for delirium prevention and management.
 5 Avoid at-risk medications such as anticholinergics, antihistamines, tricyclic antide-

pressants, and benzodiazepines.
 5 Non-pharmacological:

 5 Talk calmly and nurse in a quiet, well-lit environment.
 5 Regular orientation.
 5 Use hearing aids and glasses.
 5 Avoid at risk maneuvers such as restraints, moving beds, and excessive noise 

levels.
 5 Consider additional staffing to help manage delirious patients.
 5 Involve family members.

 5 Pharmacological
 5 Consider analgesia first and sedation-free strategy
 5 Start low and titrate up sedatives and hypnotics.
 5 Note contraindications, and monitor response and side effects
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21.1  Introduction

The triad of sedation, analgesia, and delirium is inextricably linked, and extensive 
evidence demonstrates the deleterious effects of their inadequate management in 
critically ill patients. Adherence to best practice treatment strategies has important 
impacts on patient-centered outcomes [1].

Although evidence-based guidelines [1–3] and management bundles have been 
developed, none have specifically addressed the very old critically ill patient. Many of 
these recommendations also apply to the very old patient, paying meticulous atten-
tion to this group of particularly vulnerable patients with reduced biological reserve. 
This vulnerability extends through all aspects of care, from more challenging assess-
ments of pain and delirium to increased risk of experiencing adverse effects related 
to even the best of management strategies. In this chapter we will consider how pain, 
sedation, and delirium should be managed in the very old critically ill patient.

21.2  Pain

21.2.1  Scope of the Problem

Most critically ill patients will experience pain during their stay. Pain occurs com-
monly, even at rest and during routine ICU care [4–7]. Procedural pain is common in 
adult ICU patients and varies with age [1, 5, 7–10]. Yet, less than 20% of patients 
receive opioid analgesics before painful procedures in ICU [7, 10]. The inability to 
self-report is a major challenge for all critically ill patients but particularly in the very 
old due to higher incidences of neurocognitive dysfunction, hearing and speech 
impairment among many other limitations. This reinforces the burden of duty for 
carers to assess pain and provide pain relief.

21.2.2  Assessment

Self-reporting of pain is considered the golden standard, with the 0–10 NRS consid-
ered the most valid and reliable tool [1]. However, self-reporting is particularly chal-
lenging in the elderly and very old, who may suffer from a variety of cognitive 
problems and are at increased risk of delirium. Both interfere with the ability to 
self- report. Although pain intensity does not differ between the elderly (>65 years 
old) and younger ICU patients, the proportion of patients receiving analgesics for 
procedural pain is greater for younger patients [8, 10]. The use of vital signs as a 
marker of procedural pain is unreliable [1, 11] and may be masked by decreased car-
diovascular reserve and concurrent medications such as antihypertensives and beta- 
blockers that are common in the elderly and very old populations.

The challenge of reliably assessing pain in patients who cannot self-report is miti-
gated by the availability of valid and reliable bedside pain assessment tools that con-
centrate primarily on patients’ behaviors as indicators of pain and may be particularly 
useful in the elderly who may have difficulties verbalizing their pain  experience. 
Current guidelines recommend the Behavioral Pain Scale (BPS) and the Critical Care 
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Pain Observation Tool (CPOT) as the most valid and reliable behavioral pain scales 
for monitoring pain in medical, postoperative, or trauma (except for brain injury) 
adult ICU patients who are unable to self-report and in whom motor function is intact 
and behaviors are observable [1, 5]. A BPS score ≥5 or CPOT score ≥3 indicates sig-
nificant pain. Implementing behavioral pain scales improves both ICU pain manage-
ment and clinical outcomes, including better use of analgesic and sedative agents and 
shorter durations of mechanical ventilation and ICU stay [12–14].

21.2.3  Treatment

Opioids remain the mainstay of non-neuropathic pain. However, in very old adults 
special pharmacokinetic/pharmacodynamic considerations may apply due to altered 
protein binding, volumes of distribution, and elimination. Polypharmacy and drug- 
to- drug interactions may be significant. Potentially inappropriate medication use in 
older adults may be evaluated using the Beers Criteria [15].

A multimodal and protocol-based approach to pain management in ICU patients 
has been recommended [1], with an analgesia-first approach to analgosedation (i.e., 
prioritizing analgesia to reach sedation goals). Few studies have been published on the 
effectiveness of non-pharmacological interventions in these patients [16]. Latest guide-
lines recommend the use of non-opioid analgesics such as nefopam, ketamine, and 
paracetamol to reduce the amount and side effects of opioids [1]. Although it may 
benefit subgroups of patients, the routine use of nonsteroidal anti-inflammatory drugs 
in the critically ill is not recommended due to safety concerns (e.g., bleeding and kid-
ney injury), and this would be particularly applicable to very old critically ill patients. 
A recent study suggested that multimodal pain therapy is underutilized in elderly 
patients in the ICU [17]. The importance of assessment and implementation pain 
management protocols is demonstrated by improvements in ICU outcome [18, 19].

21.3  Sedation

21.3.1  Scope of the Problem

A large body of evidence shows that a strategy of minimal sedation has demonstrable 
short-term and long-term benefits in mechanically ventilated patients, such as reduced 
duration of mechanical ventilation, ICU length of stay, mortality, and improved psy-
chological outcomes. Current guidelines recommend both Spontaneous Awakening 
Trials (SAT) and Spontaneous Breathing Trials (SBT) [1]. This may be achieved using 
a daily sedation interruption (DSI) or nurse-driven protocol [20– 22], noting that the 
use of DSI may be associated with deeper sedation for the rest of the day and thus 
counterproductive. An important issue for all critically ill patients, but particularly in 
the very old population who have an increased burden of care, is the availability of 
nurse-driven protocols and how sedation management impacts nursing workload. 
While light sedation, defined as RASS −2 to +1, is commonly accepted to be the cur-
rent standard of care, there are still no consensus definitions of light and deep seda-
tion [1]. Data evaluating clinical outcomes are equivocal, and no study has evaluated 
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the effect of light vs. deep sedation on cognitive function [1]. In a further extension to 
the question of the depth of sedation, a recent study investigated light sedation and 
DSI vs. no sedation. The median age of participants was 70–72 years, and 90-day 
mortality was not different between the groups. There were no important differences 
in the number of ventilator-free days or in the length of ICU or hospital stay [23].

21.3.2  Assessment

The Richmond Agitation-Sedation Scale (RASS) and the Riker Sedation-Agitation 
Scale (SAS) are the most valid and reliable sedation assessment tools. Guidelines do 
not recommend that objective measures of brain function such as the Bispectral 
Index (BIS) may have a role in sedation titration in deeply sedated patients and those 
on neuromuscular blockade. However, the underlying literature is heterogeneous, 
and a wide range of study designs applied. Therefore, it is currently not common 
practice nor recommended to use these tools to monitor depth of sedation in non- 
comatose, non-paralyzed critically ill adult patients. Where monitoring nonconvul-
sive seizure activity is required, EEG monitoring is indicated.

21.3.3  Treatment: Choice of Sedative

Current guidelines suggest that sedation strategies using non-benzodiazepine seda-
tives (either propofol or dexmedetomidine) may be preferred over sedation with ben-
zodiazepines (either midazolam or lorazepam) to improve clinical outcomes in 
mechanically ventilated adult ICU patients [1, 24, 25]. This was also recommended 
in a recent review of the care of very old critically ill patients [26]. In a large, random-
ized trial in a population with a median age of 65 years, dexmedetomidine was not 
inferior to midazolam or propofol for maintaining light-moderate sedation and 
reduced the duration of mechanical ventilation. However, bradycardia and hypoten-
sion occurred more frequently in dexmedetomidine-treated patients despite the 
exclusion of patients with risk factors such as bradycardia and AV block at the outset 
of the study [27]. There is still no unequivocal evidence for the use of dexmedetomi-
dine, and studies indicate that cardiovascular side effects may be a significant limiting 
factor especially in the very old population [24, 25, 27]. Light sedation and/or DSI is 
associated with increased stress response and oxygen consumption [28, 29] but not 
associated with myocardial ischemia [28, 30]. How this may be extrapolated to the 
very old population is still unknown.

21.4  Delirium

21.4.1  Scope of the Problem

Delirium is defined as an acute, fluctuating syndrome of altered attention, awareness, 
and cognition and may present as hypoactive and hyperactive (agitated) or mixed 
forms. While hyperactive delirium may be more obvious, it affects only a minority of 
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patients in the ICU. Hypoactive delirium is common [31, 32] and associated with 
decreased survival, but those who do survive may have better long-term function 
than those with agitated or mixed delirium [33].

Estimates for the incidence of delirium among adult patients in the ICU range 
from 11% to 91% [1, 5, 34], with the large variation likely explained by differences in 
the underlying population and method of detection. Very old ICU patients are a 
vulnerable group that are exposed to multiple predisposing risks and precipitating 
factors for delirium (. Table 21.1) including polypharmacy, sleep deprivation, inac-
tivity, and dementia [31, 35–37]. They have higher overall rates of delirium than 
younger patients, with a predominance of the hypoactive type [32, 35]. The associa-
tion between older age and delirium is independent of severity of illness, mechanical 
ventilation, and use of sedatives. This is of interest because hypoactive delirium is 
often missed by the treating team unless systematic screening is done. In patients 
>65 years of age, 47% have delirium persisting beyond ICU stay [38].

Pain is thought to have a role in precipitating delirium; however, an increased 
delirium risk may also be attributed to analgesics [39, 40]. Signs and symptoms of 
pain and delirium may overlap and complicate detection. Finally, the coexistence of 
dementia and delirium is not uncommon in the very old critically ill patient, and 
dementia independently predicts the risk of delirium in the ICU and extends even to 
the post-ICU period [38]. The relative contributions of predisposing and precipitat-
ing factors are however unknown. These findings, along with the predominance of 
the hypoactive subtype, highlight the importance of routine assessment of every 
patient in the ICU.

21.4.1.1  Pathophysiology
The pathophysiology of delirium during critical illness is likely multifactorial. 
Proinflammation, cerebral bioenergetic failure, microcirculatory, and neurovascular 
dysfunctions have been proposed [35]. The observation that delirium is associated 
with the use of GABAA agonists and anticholinergic drugs suggests a role for these 
substrates [5, 35, 39–41]. Excess dopaminergic activity and direct neurotoxic effects 
of inflammatory cytokines are also offered as possible pathophysiological mecha-
nisms. The importance of the circadian rhythm is suggested by the finding that sleep 
deprivation is associated with development and severity of delirium. Although none 
of these hypotheses have been proven or have led to strategic pharmacological 
 management, a number of non-pharmacological interventions may be implemented.

21.4.2  Assessment

Delirium remains a clinical diagnosis. The hypoactive type is particularly difficult to 
detect and is often confused with depression or coma. Routine monitoring of delir-
ium in adult ICU patients is therefore required in order to decrease the risk of under-
detection.

The two validated and recommended scales [1] are the Confusion Assessment 
Method for the ICU (CAM-ICU) [42] and the Intensive Care Delirium Screening 
Checklist (ICDSC) [43]. The CAM-ICU relies on a combination of four features: (1) 
acute/fluctuating course, (2) inattention (3) altered level of consciousness, and (4) 
disorganized thinking to detect delirium with high sensitivity and specificity. CAM- 
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       . Table 21.1 Predisposing and precipitating factors for delirium

Predisposing factors

Advanced age

Multimorbidity

Neurological disease

Dementia

Depression

Alcoholism

Malnutrition

Poor functional status

Precipitating factors

Acute illness

Increased severity of illness

Hypoxia

Shock

Dehydration

Infection

Surgery

Metabolic disturbances

Coma

Multiple organ failure

ICU treatment

Mechanical ventilation

Benzodiazepines

Deep sedation

Anticholinergics

Dopamine agonists

Steroids

Polypharmacy

Constipation and urinary retention

Inadequately treated pain

Sleep deprivation

Lack of mobilization

Noise and other environmental disturbances
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ICU is positive if  the patient has both features 1 and 2, plus either feature 3 or 4. 
When combined with the RASS, it can also reliably detect hypoactive delirium 
(=CAM-ICU positive, RASS negative range) which is often missed and may be espe-
cially useful in the very old population. The ICDSC is an eight-item screening tool 
and has the advantage of being extractable from medical records or via reports from 
the treating team [43]. It is slightly less sensitive and specific compared to the CAM- 
ICU but will also detect subsyndromal delirium. In contrast to the CAM-ICU that 
provides a “snapshot,” the ICDSC scores the patient over an entire 8-hour shift or 
over the previous 24 hours. A score >4 suggests delirium. Both scales are feasible in 
clinical practice [6].

21.4.3  Outcomes

Delirium is associated with increased short- and long-term mortalities, prolonged 
ICU and hospital lengths of stay, and a longer time on mechanical ventilation [1, 34, 
44]. Delirium is also associated with cognitive dysfunction after ICU discharge [1, 34, 
45–47].

Delirium is a frequent event that is underdetected in critically ill patients without 
regular assessment and is associated with poor short- and long-term outcomes. Very 
old ICU patients are particularly vulnerable due to exposure to multiple preexisting 
and precipitating risk factors. Surveillance and meticulous management are therefore 
imperative in this population.

The use of benzodiazepines for sedation appears to be deleterious, increasing the 
incidence and length of delirium [1, 24, 25, 34, 41]. Sedation with dexmedetomidine 
compared to benzodiazepines may reduce the prevalence of delirium [24, 25, 27]; 
however, evidence for its use is still limited.

21.4.4  Prevention and Treatment

21.4.4.1  Non-pharmacological
Non-pharmacological interventions are an important cornerstone of delirium man-
agement. Noise reduction, reorientation, cognitive stimulation, vision and hearing 
aids, and early mobilization can reduce the incidence of delirium in hospitalized 
patients [1, 41]. Although not specific for the ICU population, the Hospital Elder 
Life Program (HELP) is an interdisciplinary model of care tailored to prevent delir-
ium in hospitalized patients that may be applied to very old patients post-ICU dis-
charge. Interventions include therapeutic activities, limiting the use of psychoactive 
drugs, reorientation, sleep promotion, attention to hydration and nutritional needs, 
and early mobilization [48, 49]. Among patients in the ICU, early mobilization and 
interruptions in sedation significantly reduce delirium [50].

When incorporated into a care bundle, non-pharmacological approaches also 
decrease the duration of  delirium [51–53]. The Assess, prevent, and manage pain, 
Both Spontaneous Awakening Trials and Spontaneous Breathing Trials, Choice 
of  analgesia and sedation, Delirium: assess, prevent, and manage, Early mobility 
and exercise, and Family engagement and empowerment (ABCDEF) bundle is 
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an evidence- based guide for a wholistic approach to management of  delirium 
and is the standard of  care for delirium management for adult critically ill 
patients [6, 54].

21.4.4.2  Pharmacological
For the prevention of delirium, a strategy based on avoidance of benzodiazepines 
and daily sedation breaks are the mainstay of management. This does not apply to 
alcohol withdrawal where benzodiazepines are still the mainstay of treatment. 
Prophylactic cholinesterase inhibitors such as rivastigmine are not recommended 
due to futility and potential harm [55, 56]. Some studies suggest that antipsychotics 
such as low-dose haloperidol in elderly ICU patients [57], quetiapine [58], and ris-
peridone [59] may reduce the incidence of delirium, decrease its severity and dura-
tion, increase the number of delirium-free days, or decrease ICU length of stay. 
Haloperidol prophylaxis also reduced the incidence and/or duration of delirium 
among adult high- risk patients in ICU [33, 60]. In the HOPE-ICU study, early treat-
ment with haloperidol was safe, but it did not reduce the frequency and duration of 
delirium in a largely unselected critically ill population [61]. Although some of these 
studies have been conducted in the elderly and very old populations, there are few 
definitive data and guidelines that suggest against the use of prophylactic antipsy-
chotics in the ICU due to lack of evidence. Very old patients are also more likely to 
suffer underlying cardiovascular diseases, predisposing them to conduction abnor-
malities such as long QT syndrome and torsade de pointes; therefore, the avoidance 
of these drugs seems prudent. General principles for the use of antipsychotics for the 
treatment and prevention of delirium include (1) a careful risk-benefit appraisal for 
the use of these drugs, (2) a baseline ECG to evaluate the QTc interval, (3) starting 
with a low dose with gradual upward titration, (4) using the lowest effective doses 
with a plan for de-escalation, (5) careful documentation, and (6) monitoring for 
responses and side effects.

No clear evidence exists regarding pharmacological strategies for the treatment 
of delirium. Cholinesterase inhibitors appear to be ineffective and are not recom-
mended by PAD guidelines [1]. Although rivastigmine is used to treat elderly patients 
with dementia, the use of rivastigmine has not been associated with benefit among 
ICU patients with delirium, and there may even be a signal for harm [55]. Insufficient 
data exist to support the use of haloperidol. Limited data suggest that atypical anti-
psychotics such as quetiapine and olanzapine may reduce the duration of delirium 
when added onto haloperidol or may be a safer alternative to haloperidol [58, 59, 62]. 
Of note, the use of traditional antipsychotics such as haloperidol is contraindicated 
in patients with dementia with Lewy bodies, Parkinson’s disease, neuroleptic malig-
nant syndrome, and alcohol withdrawal.

Current data also suggest that dexmedetomidine may be more effective than halo-
peridol or placebo in reducing the duration of delirium, time to extubation, and 
hospital length of stay in patients with agitated delirium [63, 64], but these studies did 
not specifically study elderly and very old patients. Guidelines suggest using dexme-
detomidine for the treatment of established delirium, where agitation is precluding 
weaning/extubation; however, there are no specific recommendations for very old 
patients. Bradycardia is an adverse effect that may limit the use of dexmedetomidine 
in this population at risk of cardiovascular disease and may already be on medica-
tions that predispose to conduction abnormalities.
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21.5  Implementation of Pain, Analgesia, and Delirium Guidelines 

and the ABCDEF Bundle

Studies show that a multimodal approach to the management of pain, analgesia, and 
delirium (PAD) is effective and improves outcomes in critically ill patients. There are 
no studies specific for the very old critically ill population, but this does not preclude 
implementation of evidence-based guidelines and bundles. A recent nationwide audit 
[17] in critically ill patients >65 years of age showed that the prescription of sedatives 
and analgesics decreased with increasing age, suggesting increasing adherence to best 
practice guidelines. The use of benzodiazepines was still common in this group 
occurring in >70% of patients but decreasing with time concurrently with an increase 
in the use of analgesics, reflecting analgesia-based strategies. The use of fentanyl and 
remifentanil increased, also in line with recommendations of using drugs with short 
half-lives and non-active metabolites. However, the same study also reported the 
increased use of antipsychotics that was attributed to possibly higher incidences in 
delirium in an elderly population [17]. Large variations in implementation of the 
ABCDEF bundle exist worldwide, with data indicating an incomplete shift toward 
patient- and family-centered care according to recent PAD guidelines [54].

The ABCDEF bundle [6] (. Table 21.2) is an evidence-based guide that consists 
of six broad areas of management/treatments: Assess, prevent, and manage pain, 
Both Spontaneous Awakening Trials (SAT) and Spontaneous Breathing Trials 
(SBT), Choice of analgesia and sedation, Delirium: assess, prevent, and manage, 
Early mobility and exercise, and Family engagement and empowerment.

       . Table 21.2 Key elements of  the ABCDEF bundle

Assess, prevent, and manage pain Regular pain assessment by NRS. CPOT or BPS in 
patients not able to self-report

Treat pain including administering opioids for 
non-neuropathic pain

Opioids for non-neuropathic pain

Non-opioids as adjunct to reduce opioid side effect 
and to reduce dose

Both Spontaneous Awakening Trials 
(SAT) and Spontaneous Breathing Trials 
(SBT)

SAT: Stop opioids if  pain is controlled. Stop 
sedatives. Restart at half  dose
May also use a nurse-driven protocol
Reassess after 24 hours

SBT: Synchronize with SAT. Start if  SAT passed. 
Use protocol

Choice of analgesia and sedation Assess regularly using RASS or SAS

Agree on and set target level

Analgesia as above
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 Conclusion
The development of valid and reliable bedside assessment tools to measure pain, seda-
tion, agitation, and delirium in ICU patients has allowed clinicians to manage patients 
better and to evaluate outcomes associated with both non-pharmacological and phar-
macological interventions. The use of these tools is important for every critically ill 
patient but imperative for the very old patient in the ICU because of increased risk of 
poor outcomes related to multiple factors such as age, frailty, comorbidities, dementia, 
cognitive impairment, polypharmacy, and altered pharmacokinetic and pharmacody-
namic profiles.

Ensuring that critically ill patients are free from pain, agitation, anxiety, and 
 delirium may at times conflict with other clinical management goals. The very old 
ICU patient is particularly vulnerable to organ dysfunction and deterioration, and the 
risk-benefit ratio of some pharmacological treatments may be different compared to 
younger, healthier, and less fragile patients.

Worldwide variabilities in cultural and practice norms, and in the availability of 
manpower and resources, make widespread implementation of evidence-based prac-
tices challenging. The availability of standardized care plans and bundles such as 
ABCDEF provides a guide for clinicians involved in the care of the very old ICU 
patient.

Delirium: assess, prevent, and manage Assess serially, e.g., once per shift, using ICDSC or 
CAM-ICU

Promote sleep hygiene and minimize disruptions

Early and progressive mobilization

No evidence for specific pharmacological 
prevention or treatment

Early mobility Early physical therapy and mobilization

Promote and use mobility team

Feasible and safe even in patients on CRRT and 
ECMO

Family engagement Family members and surrogates are part of 
multiprofessional decision-making and treatment 
planning

Focus on communication

Ethics and palliative care consults

       . Table 21.2 (continued)
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21 Take-Home Messages
 5 Pain, delirium, and sedation are highly interlinked, and their codependency influ-

ences outcomes. The elderly are particularly vulnerable to poor detection and 
treatment of  delirium.

 5 Non-pharmacological interventions are an important part of  the management 
strategy.

 5 Pharmacological interventions should be carefully considered taking into 
account drug interactions and altered pharmacokinetic and pharmacodynamic 
profiles in the very old.

 5 The ABCDEF bundle should be applied.
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 n Learning Objectives
The present chapter aims at raising the awareness about:

 5 The frequent prevalence of the geriatric syndrome, which includes frailty, sarcope-
nia and malnutrition.

 5 The importance of a very early screening upon ICU admission: the NRS score is an 
easily applicable screening tool, despite being less age specific than the MNA-SF.

 5 The importance of assessing the remaining muscle mass (lean body mass) using CT 
scan (thorax or L3) or bioimpedance analysis (BIA) with phase angle calculation.

 5 The frequently encountered practical difficulties in the very old.
 5 The existing tools for determination of energy, protein and micronutrient needs 

and the necessity of introducing early enteral nutrition or alternatively oral nutri-
tion supplements.

 5 The high prevalence of refeeding syndrome, a potential deadly complication: 
importance of monitoring blood phosphate.

22.1  Introduction

The very old adults, generally defined by an age ≥ 80 years, are a group of ICU 
patients that has recently gained significant attention, given their rapidly growing 
number in Western countries. They pose multiple challenges: metabolic and nutri-
tional management problems are ranking very high, due to the high prevalence of 
risk factors associated with the geriatric syndrome, which includes frailty, sarcopenia 
and pre-existing malnutrition  – three conditions that frequently co-exist in older 
patients (see 7 Chaps. 12, 13, and 14). Sarcopenia is highly prevalent in hospitalised 
elderly patients and is associated with an increased short-term mortality risk [1, 2]. 
Malnutrition is common in older age and is caused by low food intakes, monotonous 
diets and swallowing disorders [3, 4] and by intestinal function alterations which 
contribute to reduce absorption [5, 6]. Due to the globally reduced intakes, there is a 
corresponding decline in micronutrient intake, commonly resulting in vitamin and 
trace element deficiencies [7].

But the age cut-off  for very old is susceptible to change, as shown by a Japanese 
longitudinal study, showing that the elderly population, although increasing, is also 
changing to the better with improved gait speed and grip strength over 10 years: the 
authors called this “rejuvenation” [8], and it reflects muscle function. Therefore, the 
perspectives are not all negative and point to the importance of detecting the patients 
who will benefit from an intervention. The aim of the present chapter is to discuss the 
screening tools and nutritional therapy options to be integrated into critical care of 
the very old patient.

22.2  Nutrition Therapy Improves Outcome

Are nutrition interventions futile, or alternatively, could they be effective? The good 
news is that targeted nutrition therapy in malnourished sarcopenic elderly patients 
does reduce weight loss and mortality [9, 10]. A Cochrane review and meta-analysis 
published in 2009 confirms that intervention in malnourished elderly is possible and 
successfully reduces both complications and mortality [11].
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In non-critically ill patients, several randomised controlled trials (RCT) have 
proven the benefit of nutritional interventions. Already in 1984, a RCT including 122 
elderly malnourished women admitted for femur neck fracture tested the delivery of 
1000 kcal (28 g of protein) in addition to oral food [12]. This resulted in improve-
ments not only in anthropometric and plasma protein measurements (prealbumin) 
but also in clinical outcome, with reduced length of hospital stay and mortality (8% 
in fed vs 22% in the controls): the results were the most significant in the very thin 
patients. More recently, the NOURISH trial was conducted in a large population of 
patients >65 years with malnutrition and showed that the daily provision of proteins 
for several weeks during and after an acute hospitalisation decreased mortality [10]. 
Another recent large Swiss RCT also supports the concept that the systematic nutri-
tional screening of medical inpatients on hospital admission enables introducing an 
individualised nutritional support in patients assessed as malnourished, allowing a 
reduction of mortality [13].

22.3  Characteristics of the Very Old in a Multidisciplinary ICU

The specific challenges in the very old patients’ ICU nutrition therapy being still little 
described, we analysed the ICU characteristics of the patients aged >80 years admit-
ted over years 2016–2018 to the multidisciplinary ICU of Lausanne University 
Hospital to detect the difficulties. The >80 years patients accounted for 793/6130 
admissions (12.9%). Probably as the result of selection criteria and pre-decided limi-
tations, these very old patients stayed shorter in the ICU compared to the younger 
patients with a mean stay of 3.9 ± 5.8 days and 5.7 ± 9.9 days, respectively, but their 
ICU mortality was significantly higher with 27.9% versus 12.8%. Similarly, the hos-
pital death rate was higher with 39.4% versus 17.8% in the younger.

Then, we focused on the analysis of the very old patients requiring >72 hours 
ICU treatment, in congruence with previous studies of the group [14], which is the 
minimal time required to allow a nutritional assessment and implement therapy. 
Over the 3-years, only 218 (27.5%) very old patients stayed longer than 3  days 
(. Table  22.1). Importantly all were mechanically ventilated, 181 (83%) required 
intubation, 17% were on non-invasive mode (NIV). Forty-three died in the ICU 
(19.7%), twenty dying of neurological conditions (mainly post-cardiac arrest and 
severe brain injury). Of note, with a median BMI of 24.2 kg/m2, their phenotype is 
falsely reassuring for the clinician, as shown by a median NRS of 5 points. BMI was 
abnormally low (BMI < 20) in 25 patients (11.5%) and abnormally high (BMI > 30) 
in 27 (12.4%). Sarcopenia is likely to have been present and gone undetected in 
most patients.  Important to note that the low BMI cut-off  is higher in old adults 
(WHO): a BMI < 20 kg/m2 is associated with increased mortality.

22.4  Specific Clinical Difficulties

As a result of  studies showing poor outcome in the very old requiring prolonged 
mechanical ventilation [15], every effort should be made to reduce sedation and to 
shorten time on mechanical ventilation and length of  ICU stay. The use of  non- 
invasive mechanical ventilation (NIV) or high-flow O2 is a widespread strategy, 
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which is a problem on its own for feeding. In our cohort 17% were not intubated 
but required NIV or high-flow O2. Indeed, while feeding an intubated patient by 
the enteral route is easy, this is not always true in non-intubated patients, result-
ing in necessity of  alternative strategies to cover the nutritional needs. A short 
ICU stay and NIV reduce the time for an individual evaluation of  the needs and 
for implementation of  an appropriate and individualised nutrition strategy.

The ICU nutrition recommendations for very old patients are the same as for 
other ICU patients: enteral nutrition (EN) using a nasogastric tube should be privi-
leged, when oral nutrition is not feasible [16, 17]. But the latter, oral route, is not 
efficient. An Australian survey showed that oral intake in critically ill adult patients 
not requiring invasive mechanical ventilation was below the estimated needs [18]. 
Moreover, while swallowing disorders are frequent to start in the very old (part of the 
geriatric syndrome), acquired swallowing disorders are very common after extuba-
tion [19], compromising efficient oral feeding.

The feeding route of  our cohort reflects these difficulties and was as follows: 
13.8% nihil (combination of  prescribed fasting and no feeding), oral 24.8%, enteral 
nutrition (EN) 39.5%, parenteral nutrition (PN) 18.8% and combined EN+PN 
3.2%. The 13.8% patients without feeding (nihil) were intended to be on oral feed-
ing – but never managed to eat. The nihil and the oral categories were associated 
with important cumulated energy deficits. Using Supplemental PN might have been 
a pragmatic Strategy to prevent the accumulation of large deficits. Of note, despite 
being recommended by protocol, oral nutrition supplements (ONSs) were used in 
only 13 patients  (6%), and rarely during the first week. This failure stresses the 
importance of  strict ONS routines in extubated patients that should probably be in 
the hands of  the nurses.

       . Table 22.1 Characteristics of  the Lausanne very old patient cohort requiring >72 hours of 
ICU treatment (n = 218) (median [IQR 25;75])

Age (years) 84 [82; 84]

Actual weight (kg) 70 [60; 80]

Ideal BW (kg) 66 [57; 70]

BMI (kg/m2) 24.2 [22.3; 27.7]

SAPS II 56 [46; 68]

NRS score 5 [4; 6]

Length of intubation (days) n = 181 4.0 [1.9; 8.2]

LICU (days) 6.5 [4.5; 10.9]

Basal EE by the Harris and Benedict  
equation (kcal/day)

1310 [1155; 1440]

Prescribed energy (kcal/day) 1600 [1400; 1800] 

Measured EE (n = 20) – Day 7 (kcal/day) 1732 [1542; 2299] 

Abbreviations: NRS Nutritional Risk Screening score, EE energy expenditure
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22.5  Nutritional Status as Basis for Therapy

To be able to rapidly determine if  nutrition therapy is required, and to optimise the 
feeding route and the goals, an early evaluation is essential. Different tools are avail-
able for nutrition assessment as described in previous chapters: the Subjective Global 
Assessment (SGA), Mini Nutritional Assessment-Short Form (MNA-SF) and the 
Nutritional Risk Screening (NRS). The SGA, although validated and widely used 
especially in the USA, is often difficult to apply in the critically ill. The MNA-SF is 
easier to carry out and has been shown to be easily convertible to an NRS equivalent 
[20]: the latter point is important as the availability of multiple scores increases the 
risk of none being used. The ESPEN-ICU guidelines therefore recommend the NRS 
[16], with a cut-off  of 5 points to define high-risk patients. In our cohort 60.6% of 
our patients belonged to the high NRS category. This score is easy to calculate 
(. Fig. 22.1), and although it is not specific of old age, it has the advantage of being 
known by most intensivists.

Obesity defined as BMI >30 kg/m2 is also present in the very old [21]: 12.4% 
in our cohort. Besides, moderate overweight was frequent (BMI 25–30 kg/m2). 
These patients are modestly overweight, due to an increase of  the proportion of 
fat mass that occurs at the expense of  lean body mass (LBM): as individuals age, 
the body composition changes with increase in fat mass and decrease in muscle 
mass [22].  Nevertheless in old adults, a  modest overweight has been shown to 
be “protective”.

The only tool easily available at the bedside for body composition determination 
is multiple frequency bioimpedance analysis (BIA). This painless and low-cost tech-
nique consists in measuring a current through the body, using electrodes applied on 
the hands and feet (. Fig. 22.2). It measures resistance (R), reactance and imped-
ance (Z) at several current frequencies, enabling the calculation of body composition 
(body water, fat and muscle mass), and phase angle: the latter reflects cell viability. 
Despite being influenced by fluid administration, the phase angle has been shown to 

Nutritional status alteration - A Points Severity of condition - B  Points

None Normal status 0 None Healthy 0

Light - Weight loss > 5% in 3 months
- Ingesta < 50 % of usual

1 Light Femoral Fracture 
COPD, Diabetes

1

Moderate - Weight loss > 5% in 2 months
- BMI 18,5-20,5 kg/m2 
- Ingesta: 25-50% of usual

2 Moderate Severe pneumonia
Major surgery

2

Severe - Weight loss > 5% in 2 months
- BMI < 18,5 kg/m2 
- Ingesta < 25 % of usual

3 Severe ICU patient
APACHE >10

3

NRS = A + B + C

Age   C < 70 years

> 70 years

0

1

       . Fig. 22.1 The Nutritional Risk Screening (NRS) score includes a nutritional appreciation (A), the 
severity of  the disease (B) and age (C): the score is the total of  the worst variables A+B+C. All old 
elderly patients score 1 point (C) + 2–3 points due to severity (B), the A component being variable
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accurately reflect viability [23]. BIA has been used in a few studies in elderly: the 
results confirm the facility of use and that narrow (low) phase angle is associated 
with frailty and mortality independent of age and comorbidity [24]. Phase angle is 
inversely related to muscle mass and strength in elderly subjects, and it is an easily 
available bioelectrical marker to identify elderly sarcopenic patients [25].

22.6  Energy, Protein and Micronutrient Needs

There is uncertainty as to the needs of the very old as evidence-based data are lim-
ited: the physiologic changes associated with normal aging process occur at different 
rates among individuals causing important variations. The 2018 ESPEN geriatric 
guidelines stress the fact that dehydration is frequent in old age, mainly due to the 
loss of thirst [17].

A series of  age-related changes contribute to make requirements uncertain. The 
ageing gastrointestinal tract changes include a reduced mechanical disintegration 
of  food, gastrointestinal motor dysfunction, food transit, chemical food digestion 
and functionality of  the intestinal wall [5, 6]. The very frequent  prescription of 
proton- pump inhibitors (PPIs) also reduces nutrient absorption [26]. These altera-
tions progressively decrease the ability of  the gastrointestinal tract to provide the 
ageing organism with adequate levels of  nutrients, contributing to the development 
of  malnutrition [6].
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       . Fig. 22.2 Multiple-frequency bioimpedance can be carried out in the sitting or recumbent position, 
by applying four electrodes on the skin. (Adapted from Khalil et al. [42]): most devices use 5–1000 Hz 
and a small 1–10 μA current (not perceived by the patient) (LBM = Lean Body Mass)

 M. M. Berger et al.



341 22

The geriatric guidelines propose to deliver 30 kcal/kg/day [17]. These recommen-
dations are not ICU specific and do not consider the different illness phases. Predic-
tive energy equations perform poorly in old adults [27], even worse than in younger 
patients. Among the equations, the Harris and Benedict (HB) equation performs best 
but underestimates energy expenditure (EE) in both sexes. This is particularly true in 
the frail elderly [28]. Obtaining the information about an exact “usual” body weight 
is often very difficult, and many ICUs do not weigh their patients. The effectiveness 
of predictive equations is even more limited in critically ill elderly patients as shown 
by a study including 97 critically ill elderly [29]. Segadilha et al. observed that the HB 
equation multiplied by a correction factor of 1.2 could be an option that avoided 
overfeeding. Another option is to use the ESPEN-ICU recommendation for the first 
week: 20 kcal/kg dry body weight (i.e. a preadmission weight before fluid resuscita-
tion) to be achieved over the first 3–4 days. The comparison of these equations with 
indirect calorimetry values indicates that 20 kcal/kg/day during the first week is prob-
ably the best level of feeding in the absence of indirect calorimetry, which remains the 
gold standard for EE determination: but It is neither widely available yet, nor possi-
ble technically in patients who are non-intubated and oxygen dependent 
(. Table 22.2). . Figure 22.3 shows the relation between the HB or the 20 kcal/kg 
predictions and indirect calorimetry measure EE in our cohort and confirms that HB 
underestimates the needs.

It is important to note that the needs increase after the first week and may increase 
to 30 kcal/kg already during the second week as shown by indirect calorimetry [30].

 5 Proteins

The geriatric guidelines recommend at least 1 g/kg/day protein [17]. A recent 
review summarised the recommendations: mild to moderate illness patients should 
receive 0.8–1.2 g/kg protein per day, while critically ill patients should receive higher 
doses of 1.2–1.5 g/kg protein per day [31]. The importance of proteins has been 
emphasised in recent years especially in the presence of low LBM: these patients 
have been shown to particularly benefit from high-protein feeding (>1.2 g/kg) [32]. 
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       . Fig. 22.3 Indirect calorimetry Energy expenditure (EE) values compared to the Harris and Benedict 
predictive equation or to the target 20 kcal/kg 95% ellipse confidence
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Looijaard et  al. showed in large retrospective study including 739 ICU patients 
(mean age 58 years) that 60% of them had a low lean body mass based on data from 
the admission thorax CT scan. The delivery of >1.2 g/kg protein early during the 
ICU stay in the patients with very low lean body mass was associated with reduced 
6-month mortality [32].

If  patients are on oral feeding, the ONSs are strongly recommended because 
they enable covering the protein needs; they should be routinely prescribed on oral 
feeding.

 5 Micronutrients

As the very old subjects tend to eat less, and as covering the daily recommended 
intakes (DRI) with oral food requires eating over 1500 kcal per day, many subjects 
develop micronutrient deficiencies that will be present upon ICU admission. The 
above-mentioned reduced intestinal absorption worsens the bioavailability of micro-
nutrients [5, 6]. These changes contribute to justify the below encouraged intrave-
nous delivery of micronutrients. Reducing inappropriate prescribing of PPIs will 
also minimise the potential risk of vitamin and mineral deficiencies [26].

The vitamin B12 absorption becomes less efficient with age as it involves the 
stomach (less acidity and intrinsic factor production), the pancreas and the small 
intestine [5]. Therefore, vitamin B12 deficiency is extremely common, as is thiamine 
(B1) deficiency, particularly in case of diuretic therapy [33]. It can be assumed that all 
micronutrients are at risk of deficiency in the elderly requiring ICU admission, the 
highest risk affecting thiamine, vitamin B12, vitamin D, Se and Zn.

The pragmatic way to address the potential deficiencies is to provide these micro-
nutrients without blood determination from Day 1 (see §7) and to do blood tests only 
if  an in-depth outwork is required.

       . Table 22.2 Strategies in the very old ICU patient

Non-intubated Intubated

Energy 
goal

Equation based: Harris and Benedict 
+10%
Or 20 kcal/kg/day during the first 
week (25–30 kcal/kg/day thereafter)

Same targets in absence of Indirect 
calorimetry which should be privileged

Route Oral: frequently little efficient. Swallowing 
disorders frequent (and worsened by 
intubation)
Oral nutrition supplements: at least 400 
kcal/day and 30 g proteins
EN: efficient but feeding tubes poorly 
tolerated
PN: central or peripheral if  the previous is 
insufficient

EN: to be privileged – EN is efficient
PN in case of insufficient EN, 
technical issues with enteral access or 
contraindication to EN

Proteins 1.2–1.3 g/day

Micronu-
trients

Intravenous thiamine 100–200 mg, vitamin B12 plus intravenous multi-trace element 
and multivitamin doses daily from Day 1 for at least 3 days
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22.7  Refeeding Syndrome

The risk of refeeding syndrome (RFS) is often underestimated, especially in the frail 
elderly population [34]. This partly relates to the unspecific clinical presentation and 
laboratory changes in the geriatric population. This complication affects a significant 
proportion of medical and surgical inpatients with malnutrition upon hospital 
admission. RFS is characterised by major electrolyte disturbances (low phosphate, 
magnesium and potassium), vitamin deficiency (thiamine), fluid overload and salt 
retention leading to organ dysfunction, cardiac arrhythmias and neurological distur-
bances [34]. A secondary analysis of a large RCT investigating the effects of nutri-
tional support in malnourished medical inpatients screened patients for RFS and 
classified them as “RFS confirmed” and “RFS not confirmed” based on electrolyte 
shifts, clinical symptoms, clinical context and patient history [35]. Among 967 
patients, RFS was confirmed in 141 (14.6%) patients. Compared to patients without, 
patients with confirmed RFS had significantly higher 180 days mortality rates (29.8% 
vs 21.9%, P < 0.05), an increased risk for ICU admission (4.3% vs 1.6%, P < 0.05) 
and a longer mean length of hospital stay (10.5 ± 6.9 vs 9.0 ± 6.6 days, P = 0.01).

In the critically ill, the usual clinical  RFS criteria are particularly difficult to 
observe as they are largely non-specific: low values for phosphate, potassium and 
magnesium are often the only indication. In our cohort, neither BMI, nor weight, nor 
the NRS score was predictive of hypophosphataemia: 138/218 patients (63.3%) pre-
sented at least 1 episode of hypophosphataemia (Pi < 0.81 mmol/l), of which 79/218 
(36.2%) presenting severe hypophosphataemia (Pi < 0.65 mmol/l). A daily determina-
tion of electrolytes and especially of phosphate is recommended to detect this com-
plication [36], as hypophosphataemia is associated with increased mortality [37] and 
requires specific nutritional management with slow progression of feeding [16, 38].

22.8  Practical Issues

Oral nutrition supplement (ONS) administration should be systematic in the non- 
intubated elderly patients on oral feeding [17]. ONSs efficiently increase the protein 
intakes and improve wound healing after surgery or in the presence of pressure ulcers 
[39]. Our own data show that this recommendation is not sufficiently applied, result-
ing in energy deficits.

Tolerance for nasoenteric feeding tubes is often low in very old patients, who tend 
to rapidly tear off  the feeding tubes. The frequent confusion and delirium contribute 
heavily. Reinserting them several times is for good reasons perceived as an “aggres-
sion” by patients and nursing team, questionable under an ethical standpoint, and 
moreover these actions increase the risk of misplacement [40]. Fighting to reinsert 
tubes increases the risk of underfeeding by delaying it. The use of sedation for feed-
ing purpose is not considered acceptable in the geriatric ESPEN guidelines [17].

In this subgroup of patients, using parenteral nutrition may become an efficient 
alternative while waiting for return of efficient oral intake, thus preventing malnutri-
tion: if  a central line is available, it is easy, but peripheral PN may enable combined 
feeding complementing with 600–800 kcal, an insufficient oral intake. Particular 
attention should however be paid to fluid intake.

Nutrition: The Very Old Critically Ill Patients
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22.9  Monitoring Response to Feeding

The monitoring strategy can be reduced to very simple recommendations:
 5 Electrolytes: phosphate, potassium and magnesium determination on admission 

and daily thereafter should be routine [37].
 5 Blood glucose: the same ICU recommendations apply [16] while keeping in mind 

that a non-negligible portion of the elderly present with diabetes. The target 
blood glucose levels in the latter are 6–10 mmol/l.

 5 Energy delivery: daily verification of the really received feeds is of utmost impor-
tance, especially in the context of short stays – this is particularly true for patients 
on oral feeding, who are unlikely to cover their needs.

 5 Calculation of cumulated energy balance  (difference between intake and pre-
scription), especially during the first 7 days.

 5 Protein delivery: daily recording of delivery.
 5 Prealbumin determination weekly: this visceral protein was already shown in 

1984 to indicate a response to protein and energy feeding [12]. A determination 
upon admission will enable analysis of the response to feeding: a simultaneous 
determination of C-reactive protein is required.

22.10  The Post-ICU Period

As done in the NOURISH trial, nutrition therapy should not stop at discharge [10]. 
As the patients are often rapidly discharged before full recovery, the post-ICU period 
is critical and should benefit from a close follow-up by the nurses and dieticians. 
Little is currently known about nutrition intake and energy requirements  of this 
phase [30].

Prospective observational data are available from an Australian nested cohort 
study within a RCT in critically ill patients [30]. After discharge from ICU, energy 
and protein intake were quantified in 32 patients over 227 days: 12 patients had EE 
verified by indirect calorimetry. The median [IQR] estimated energy and protein 
requirements were 2000 [1650–2550] kcal and 112 [84–129] g, respectively. Oral nutri-
tion either alone (55%) or in combination with EN (42%) was the predominant feed-
ing mode. Patients received a median of 1240 kcal and 60 g of protein per day. In the 
12 patients who had indirect calorimetry, the median measured daily EE was 1982 
[1843–2345] kcal, and daily energy deficit was less than in the other patients with -95 
[-1050–347] kcal, as if the measure had attracted attention to the needs. Energy and 
protein intake in the post-ICU period were below the estimated and measured energy 
requirements, worsening underfeeding, in a period where patients are supposed to 
recover.

Many barriers contribute to insufficient feeding after ICU discharge including 
patient barriers (poor appetite, persistent swallowing disorders, nausea, vomiting or 
diarrhoea) and clinical barriers (communication and resource issues such as lower 
nurse-to-patient ratio and knowledge deficits) [41].
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 Conclusion
The very old patients frequently present a high risk of malnutrition, frailty and sar-
copenia, which worsens outcome [1]. We know that those who benefit most are those 
at highest risk, presenting with high NRS scores (≥5), or with demonstrated low lean 
body mass. An early assessment is required. If  this is not possible due to lack of man-
power, initiation of nutrition should be an automatic process, possibly best handled by 
the nurses. In the intubated patients, EN should be privileged with the alternative PN 
in case of EN contraindication. The most difficult cases are the non-intubated patients, 
where every effort should be made to over proteins needs using ONSs or supplemental 
PN.

The predominance of short ICU stays in the very old population shows the impor-
tant of an early intervention. The nutrition process should be integrated during the 
entire hospital stay, starting for surgical cases in the preoperative period with preopera-
tive nutritional assessment, or upon admission in the medical patients, and continuing 
after ICU discharge.

Note: Ethical issues are not addressed in this text, but the nutritional aspects 
involved in end-of-life decision and dementia management need to be integrated in the 
global ethical discussion.

Take-Home Messages
 5 Very old patients are characterised by a high prevalence of  malnutrition, frailty 

and sarcopenia, which are associated with a higher mortality. The very old 
patients are even at higher risk of  malnutrition than younger ICU patients: early 
evaluation is essential using e.g. NRS.

 5 Some ICU procedures are associated with prolonged periods of  fasting and put 
the patients at additional risk of  hospital malnutrition. Beware of  fasting due to 
extubation attempts or NIV.

 5 Nutritional intervention in malnourished elderly has been shown to be efficient 
and to reduce complications and mortality.

 5 The very old are at a very high risk of  refeeding syndrome: daily monitoring of 
phosphate, magnesium and potassium is required.

 5 Oral feeding is insufficient in most patients: ONS delivery should be part of  oral 
feeding.

 5 Micronutrient deficiency is frequent; a pragmatic approach is to provide thia-
mine 100–200 mg/day, vitamin B12 and multi-trace element and vitamin prod-
ucts during the first 3–5 days of  ICU stay.
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 n Learning Objectives
 5 What are the limitations of life-sustaining treatment (LLST)?
 5 What are the determinants of LLST?
 5 How often such a decision occurs in old patients?
 5 What is the impact on mortality?
 5 Implication of patients and caregivers in the decision-making process
 5 How to deal with uncertainty: the concept of time-limited-trial
 5 What is the impact on caregivers?

23.1  Introduction

Old critically ill patients are increasing in Western countries. This translates in higher 
percentage of older patients admitted in ICUs although the prognosis is less favor-
able compared to younger patients, and the ability to recover after an ICU stay is 
reduced. Therefore, questions arose regarding the admission criteria [1] and level of 
care during the ICU stay. The life-sustaining treatment (LST) such as invasive 
mechanical ventilation and renal replacement therapy might not be started (with-
holding) or stopped (withdrawing). The determinants and consequences of such 
decision are of paramount importance to assess our current practice, since it has a 
profound impact on outcome, admission policy, level of care, family, and team satis-
faction.

Decision to limit and/or to stop active treatment in any patient is probably one of 
the most difficult decisions for physicians. We are not trained to such exercise. Our 
goal is to save individual life and as many lives as possible. In one hand, it is impor-
tant to avoid overutilization of ICU with potential detrimental effects for the patients, 
their relatives, and the ICU team and financial consequences for the society. However, 
on the other hand, we also want to avoid underutilization of ICU with critically ill 
old patient being denied ICU admission or treatments.

23.2  General Consideration in Old Critically Ill Old Population

Old patients are vulnerable. Vulnerability results from a combination of frailty, sar-
copenia, cognitive decline, comorbidities, and polypharmacy. It reduces the ability to 
cope with an aggression like sepsis, trauma, and urgent surgery. In that perspective, 
in case of unfavorable response to treatment of organ failure, limiting LST is an 
option. The main objective of ICU treatment is to save lives but also to preserve 
long-term quality of life. In fact, almost 50% of old patients die or lose functional 
autonomy 6 months after ICU discharge.

Organ supports are often invasive and carry their own risk (hospital-acquired 
infection, delirium, etc.). Altogether, the question of limiting LST occurs frequently 
in the group of old critically ill patients. According to their age, the expected survival 
is much shorter than for younger patients with societal consequences. Therefore, 
decision to WH or WD treatment is of particular importance in critically ill old 
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patients. However, in the constitution of many countries, discrimination is prohib-
ited, and clearly, no choice should be based on age.

The life expectancy in many countries is steadily increasing. As a result, patients 
admitted to the hospital and ultimately to the ICU are older [2]. The proportion of 
“Very old Intensive care Patients” (VIPs) is estimated to increase up to 30% in 2050 
[3] with a huge impact on total hospital expenditures [4]. Therefore, many ICUs 
across the globe must adapt their policies to increased demands. Some estimate that 
the need for ICU beds will increase 50% because of these developments [5].

In the last 15 years, there is a trend for more admission in ICU during the last 
month before death. Almost 30% of US Medicare patients were admitted in ICU 
during the last month before death with 3% being mechanically treated for at least 4 
days [6].

Considering the high mortality [7], the increasing demand for intensive care in 
elderly, and the limited ICU resources, the society will face a challenge for matching 
increased spending in intensive care delivery in elderly and funding sustainability.

23.3  Limitation of Life-Sustaining Treatments

Limitation of treatments could occur at different steps of the patient pathway 
(. Table 23.1). Triage at admission with refusal to admit in ICU an old patient is the 
first limitation but is beyond the scope of this chapter.

Several factors contribute to the decision to limit LST in Very old Intensive care 
Patients (VIP): expected survival and long-term outcomes such as functional decline, 
decrease of perceived quality of life, and expectation from patients and caregivers. 
External factors such as the economy and surge situation as with COVID-19 may 
also contribute even if  individual ethical decision needs to be independent from col-
lective pressure.

Unrestricted access to ICU treatment and/or lack of decision to forgo LST in old 
patient could lead to difficult access for younger patients as well as restrictions in other 
health services. Thus, it is imperative that appropriate allocation of ICU therapy (such 
as cardiopulmonary resuscitation, mechanical ventilation, renal replacement therapy, 

       . Table 23.1 Limitation or optimization of  ICU treatments

Prior to ICU admission Advance directives Living wills

Triage Criteria Alternative to ICU admission

Time-limited trial How to deal with uncertainty? Family conference

During the ICU stay Withholding Withdrawing

Discharge Criteria Location

Readmission Yes/no

Long-term follow-up Prevention of new admission Rehabilitation program
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vasoactive drugs, and extra corporeal membrane oxygenation) should be considered 
in all cases. Trade-offs between different criteria and ethical principles will be unavoid-
able, and the principles of autonomy and distributive justice need to be balanced 
against each other.

Once a VIP has been admitted to the ICU for an acute medical reason, his/her 
expected short-term but also long-term mortality is high [7]. As a result, ICU physi-
cians are increasingly faced with difficult decisions on continuation of life-sustaining 
treatment in VIPs. In these situations, decisions might be to withhold (WH) LST if  
patients deteriorate or even to withdraw (WD) already instigated LST if  expected 
prognosis is poor.

Obviously, a collision of ethical, religious, conjectural, cultural, and personal 
issues is unavoidable partly explaining huge variation in LST limitation policies for 
VIPs across different countries [8–13].

Differences in admission policies and health care systems, together with insuffi-
cient information from the patients or their relatives (i.e., advanced directives), result 
in a huge variability in end-of-life (EOL) care in the ICU. In addition, there is a large 
variation in the proportion of deaths that occur after a decision to WH or WD life 
support, and this cannot solely be explained by patient characteristics or by patients’ 
preferences.

Changes of  end-of-life decision during the ICU stay have been elegantly shown 
in a study comparing 2 periods in 22 countries (. Table 23.2) [14]. Compared with 
the patients included in the 1999–2000 cohort (n = 2807), the patients in 2015–2016 
cohort were significantly older (median age, 70 years vs 67 years; P < 0.001). 
Significantly more treatment limitations occurred in the 2015–2016 cohort com-
pared with the 1999–2000 cohort (89.7% vs 68.3%; P < 0.001), with more with-
holding of  life- prolonging therapy (50.0% vs 40.7%; P < 0.001) and more 
withdrawing of  life- prolonging therapy (38.8% vs 24.8%; P < 0.001). The compos-
ite ethical practice score doubled between the two periods suggesting a change in 
culture and organization of  the participating ICUs. This score used 12 variables 
(routine family meetings, daily deliberation for the appropriate level of  care, end-
of-life discussions during meetings, written triggers for limitations, written end-of-
life guidelines, written protocols, palliative care consultations, ethics consultations, 
staff  taking communications, staff  taking bioethics courses, each country’s end-of-
life guidelines, and each country’s legislation). An important finding of  this study 
was the higher survival rates after limitations in life-prolonging therapies in the 
second period. Limitations occur not only at the end of  life but also earlier to 
respect patient wishes and to avoid invasive therapies likely to prolong the dying 
process or result in poor quality of  life. Death occurred more often after the actual 
withdrawal of  life-sustaining treatments than after withholding potential future or 
present life-prolonging therapies. In 2015–2016, more patients survived after with-
holding mechanical ventilation, vasopressor use, and renal replacement therapy, 
which may reflect improved ICU practices with more patients surviving acute ill-
nesses [15].
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       . Table 23.2 Reporting of  LLST in published studies

Year First author Country Number of 
LLST

Total number whole 
population

% ICU stay 
with LLST

2017 Anderson Norway 116 250 47

2015 Ferrão Portugal 85 278 31

2017 Flaatten Europe 1761 5021 35.1

2020 Guidet Europe 1332 3920 34

2017 Le borgne France 106 317 33.4

2014 Le Maguet France 38 196 19

2018 Level France 27 188 51

2017 Oeyen S Belgium 34 131 25.9

2018 Pietilainen L Finland 419 1827 22.9

2011 Roch A France 69 299 23

2006 Rodriguez- 
Reganon I

Spain 9 100 9

2010 Tabah A France 39 106 37.7

2012 Fuchs USA 461 3003 15.4

2012 Fuchs USA 496 1677 29.6

2015 Heyland Canada 769 1671 46

2005 Pisani A USA 132 395 33.4

2014 Al-dorzi HM Saudi 
Arabia

103 748 13.8

2016 Kim Korea 23 45 51.1

2017 Lee SH Korea 23 106 21.7

2015 Sim YS Korea 36 155 23

2014 Zampieri FG Brazil 80 1129 7.1

2017 Auclin E France 46 262 17.6

2014 Seder USA 79 129 61

2017 Penasco Y Spain 37 149 24.8

Total 6320 22102 29.7
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       . Table 23.3 Changes in EOL decision over time (according to Sprung JAMA 2020)

Period 2015–2016 1999–2000

Patients (n) 13,625 2807

Age 70-96y (%) 51.5 43.5

WH decision (%) 50 40.7

WD decision (%) 38.8 24.8

Ethical practice score 5.6 2.9

Death with LLST 79.6 94.5

Time from ICU admission to first WH (days) 2.1 4

Time from WH decision until death (days) 29 14.1

Time from WD decision until death (days) 11.5 17.1

23.4  Reporting of Limitation of LST

It is important to emphasize that this information is lacking in most studies reporting 
mortality in old patients admitted in ICU. In a recent review focusing on mortality and 
including ICU patients ≥75 years, we retrieved 129 studies with only 23 studies with 
documented LLST (18%) [7]. This information was present in 6320/22,100 (29.7%) ICU 
stays (. Table 23.3) [14, 16–37]. The absence of information on LLST is striking since 
this confounding/competing factor on mortality is documented in the past 20 years [38].

Since limitation of LST occurs more frequently among the most vulnerable or 
severely ill patients, this is a somewhat a self-fulfilling prophesy. Considering the huge 
heterogeneity of such decision, it is important to document this information [39]. 
This is particularly true for RCT when mortality is the primary endpoint. In a study 
analyzing 65 trials, LLST were documented in only 6 (9.2%) [40]. The exclusion of 
patients who die following LLST from benchmarking efforts leads to a major change 
in hospital ranks. Potentially preventable deaths, such as those following a major 
complication, should not be excluded [41].

23.5  Determinants of LLST

The factors usually reported as determinants of LLST are numerous, including ori-
gin (direct admission vs transfer from ward), type of patients (medical vs surgical or 
planned admission vs acute), comorbidities, and severity of the disease. Some struc-
tural aspects are also involved such as those described with the SAPS-3 database. A 
higher number of nurses per bed was associated with increased incidence of LLST, 
while availability of an emergency department in the same hospital, presence of a 
full-time ICU-specialist, and doctors’ presence during nights and weekends were 
associated with a decreased incidence of LLST [42].
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Age is usually reported as one of the factors used by clinicians for decision- 
making when deciding to limit LST.

We performed a survey with a panel of 22 international ICU physicians from 13 
countries responding to a questionnaire related to withholding (WH) and withdraw-
ing (WD) LST in elderly patients [43]. Most experts disagree or strongly disagree 
(77%) that age should be used as the sole criterion for WH or WD LST, and almost 
all disagree (91%) that there should be a specific age for such decision-making. 
However, the vast majority (91%) acknowledge that age should be an important con-
sideration in conjunction with other factors.

Several studies have documented a higher rate of  treatment limitations in aged 
patients compared to younger patients. In a study including 9000 ICU patients in 
the USA, LST limitation occurred in 2% of patients younger than 50 years and 25% 
in patients older than 80 years [44]. In the study by Hakim et al. [45], the rate of 
DNR orders increased with age (21% <54 years; 27% 55–65 years; 33% 65–74 years; 
42% 75–84 years, and 55% for patients > 84 years). DNR orders were also decided 
earlier in elderly than in younger patients. In the SUPPORT study, the rate of  deci-
sions to withdraw treatment increased for every increase in patient’s age of  10 years: 
15% for mechanical ventilation, 19% for surgery, and 12% for RRT [45]. In a study 
from  Australia and New Zealand, the length of  stay (LOS) of  elderly non-survivors 
was shorter than survivors suggesting that end-of-life (EOL) decisions were made 
sooner in patients older than 80 years [46]. In a matched-cohort study, 2299 patients 
over 80 years were matched (severity, organ failure, type of  ICU stay, gender, 
Charlson Comorbidity Index) to 2299 patients aged from 65 to 79 years [47]. The 
oldest patients had a lower LOS and lower workload, were less often mechanically 
ventilated, and had less renal support and tracheostomy than matched “young old 
patients.”

Age and specific geriatric scores are commonly reported as independent factors 
for deciding to forgo LST.  In a prospective observational study, we examined the 
incidence and determinants of LST limitation decision (WH and/or WD) in VIP 
patients admitted to ICUs in European countries [48]. LST limitation was identified 
in 1356/5021 (27.2%) of patients of which 15% had a WH and 12.2% a WD (includ-
ing those with a previous WH) decision. The patients with no LST limitation were 
younger, less frail, less severely ill, and more frequently electively admitted. Patients 
with WD of LST were more frequently male and had a longer ICU length of stay. 
The ICU mortality was 29.1% in the WH group and 82.2% in the WD group. The 
30-day mortality was 53.1% in the WH group and 93.1% in the WD group. LST were 
less frequently limited in Eastern and Southern European countries compared to the 
ICUs located in the northern part(s) of Europe. The patient independent factors 
associated with LST limitation were “acute ICU admission,” followed by the “Clinical 
Frailty Scale” (CFS), increased age, and SOFA score. Percentage of LST limitation 
was higher in countries with high GDP and lower when inhabitants considered God 
as very important.

In 2014, worldwide consensus definitions and statements about end-of-life prac-
tices for the majority of participating ICUs were developed. There was a very high 
consensus that preadmission state of health and mental functioning before the 
entrance to the hospital contributes to the patient’s prognosis (93%) [49].
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23.6  Implication of Patients and Caregivers in the  
Decision-Making Process

Advance directives include living wills and durable powers of attorney. Living wills 
are written by competent persons providing requests for specific medical treatments 
to be given or not in the event that these individuals no longer have decision-making 
capacity. They should take precedence over any other non-medical opinion expressed. 
However, these documents are very rarely available, poorly updated, and not precise 
enough regarding the desired level of care. In the ICE-CUB1 study with inclusion of 
2646 patients older than 80 and visiting ED for a potential ICU admission [50], the 
family was present in 41% of the cases, but their opinion about ICU admission was 
asked in only 10% of the cases. In Germany, advance directive with living and thera-
peutic wills were available in less than 10% of the cases [51]. In the Ethicus study, 
performed in 17 European countries, the primary reason given by physicians for end- 
of- life decisions was the living will in only 1% of cases [52]. A review on the subject 
stressed “that the success of advance care planning should not be defined on the basis 
of completed paper work alone” [53], emphasizing the importance of communica-
tion and building trust over time [54]. In a prospective study involving patients aged 
80 or more, it was shown that advance care planning was able to improve end-of-life 
care and patient and family satisfaction while reducing stress, anxiety, and depression 
among surviving relatives [55]. Elderly patients often prefer a lower intensity of care 
and care focused on comfort rather than undergoing invasive procedures [56] [57]. 
Recent evidence suggests that there are discrepancies between family preferences for 
end-of-life issues and actual care provided [58].

In the SUPPORT study, 85% of patients expressed specific wishes regarding do- 
not- resuscitate (DNR) orders; only 23% had discussed those wishes with their physi-
cian, and in half  of these cases, the patient did not want to be resuscitated [58]. 
Fifty-eight percent did not want to discuss those wishes with their physician, and 
among these patients 25% did not want to be resuscitated. In 50% of cases, DNR 
orders were written by the physicians or requested by the families without the 
patients’ consent.

Involvement of the patient and/or family in the decision-making process had a 
profound impact on ICU admission rate. The patient’s relatives in most countries 
have no legal right to be involved in decision-making to limit LST. In the USA, the 
American College of Critical Care Medicine recommends that a family meeting 
should take place within 72 hours after admission of a patient to the ICU [59].

Strategies should be used to more consistently elicit, record, and harmonize docu-
mentation of patient preferences to attenuate confounding by unmeasured patient 
preferences and provide novel opportunities to improve the patient centeredness of 
medical care for serious illness [60].

23.7  How

At present, there is a strong consensus that age should not be considered as a sole 
decision-making criterion for limiting LST [61].

When an older patient has been admitted to the ICU, the most appropriate treat-
ment should be given. However, this does not necessarily mean maximal treatment. 
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If, during the shared decision-making process, certain treatments such as invasive 
mechanical ventilation are thought to be disproportional to the chances of survival 
or certain treatments are refused by the patient, these treatments should not be forced 
upon the patient [56]. However, to give a patient a fair chance, all other treatments 
should be applied. The ethical climate has also been found to have an impact on 
treatment-limitation decisions and time until death [62] [63]. In a national, scenario- 
based, randomized trial, patient values had no effect on intensivists’ decisions to 
discuss withdrawal of life support with family. However, requiring intensivists to 
record patients’ estimated 3-month functional outcome substantially increased their 
intention to discuss withdrawal [64].

Apart from patient-related factors, other reasons to limit LSTs might play a role. 
Apparently, the ICU bed availability is associated with the timing of limitations of 
LSTs. Patients admitted in ICUs with a lower bed availability had a shorter time to 
do-not-resuscitate decisions, and patients who had do-not-resuscitate decisions had 
shorter time to death [65]. In the VIP1 study, there was no relation between the num-
ber of ICU beds and the percentage of LST limitations [48].

23.8  Treatment During the ICU Stay

LLST might be limited at ICU admission as reported by Rubio where most ICUs 
(94.8%) admitted patients with LLST, but only 7.8% patients had LLST on ICU 
admission [66]. A very restrictive admission policy will select out candidates for ICU 
treatment who are much less likely to fail a “trial of ICU” so that discussions regard-
ing withholding/withdrawal of therapy are likely to be far less common than in ICU 
with liberal ICU policy. ICU survival might be better, but this relates to many poten-
tially salvageable patients (especially the elderly) being denied ICU admission.

Older patients often receive a lower level of treatment intensity than their younger 
counterparts do. The prevalence of limitations of life-sustaining therapies increased 
with age in surgical population [67–69]. In addition, decisions to withhold LST were 
made earlier during the ICU stay in comparison to younger patients [42, 49]. In 
patients without improvement of their clinical situation, the therapeutic intensity 
level may no longer be in accordance with the patients’ chances of long-term survival 
with acceptable quality of life, and a clinical decision might need to be made. In case 
of uncertainty or lack of information, the old critically ill patient might be admitted 
in ICU and the level of treatment reassessed after a few days. This pragmatic and 
sequential approach is often called time-limited trial (TLT).

23.9  Time-Limited Trial

The rationale of TLT is presented in 7 Box 23.1. A TLT is an agreement between 
clinicians and a patient/family to use certain medical therapies over a defined period 
to see if  the patient improves or deteriorates according to agreed-on clinical out-
comes. If  the patient improves, disease-directed therapy continues. If  the patient 
deteriorates, the therapies involved in the trial are withdrawn, and goals frequently 
shift more purely curative to palliation. If  significant clinical uncertainty remains, 
another TLT might be renegotiated. The different steps are presented in 7 Box 23.2.
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If  accuracy of  triage prior to the ICU at present is poorly evidence based, what 
is the alternative? The concept of  an in-ICU-triage: a time-limited treatment trial 
(TLT) has emerged in the recent years and in particular in hemato-oncology and 
elderly ICU patients [70–73]. A TLT offers an admission to the ICU in order to 
observe if  the patient profit from a full intensive care treatment [74]. A TLT is a 
formal process that must be discussed and agreed upon with the patient (if  possible) 
or caregivers as well as medical stakeholders like referring physicians. After the time 
period, usually 2–4 days, a new evaluation is performed with the goal to document 
if  there is objective improvement reflecting the effect of  the treatment. This can be 
done in several ways, and objectively a serial measurement of  organ dysfunction as 
with the sequential organ failure assessment (SOFA) score is important to docu-
ment to avoid bias and subjective judgment. If  organ function has improved, then 
the treatment is considered of  value and continued; if  organ dysfunction has 
increased, treatment may be considered futile and life-sustaining therapy withhold 
or withdrawn with a focus on palliative care. If  situation is unaltered, a new TLT 
may or may be offered. A TLT must be explained and agreed on at ICU admission, 
so that these different trajectories can be described and discussed. The inclusion of 
a geriatrician will certainly add value to this process but remains to be demonstrated 
in a clinical trial.

A TLT begins with an assessment of  the patient’s current clinical status, pref-
erence, and prognosis with or without the treatment in question. In addition to 
disease- related factors, the patient’s cognitive and functional status is generally 
relevant. This pragmatic approach is particularly relevant for old patient with 
short expected life and poor functional outcome. So given the uncertainty on 
short- but also long-term prognosis and the absence of  complete information for 
the decision-making process of  ICU admission, a trade-off  could be to admit 
the old patient in ICU but with a formal reassessment a few days after admission 
in ICU. This could avoid futile treatment with consequences for the patient (suf-
fering), for the family members (anxiety, grief, depression, and even economic 
impact in some countries), for the ICU team (burnout, grief, intention to quit), 
for other patients candidate for an ICU admission (distributive justice), and for 
the society (longer LOS translate into higher cost for the social security). These 
protocolized family support interventions reduce the ICU LOS without impact-
ing mortality [75].

Box 23.1 Rationale for Time-Limited Trial
 5 Avoiding overutilization of  ICU with potential detrimental effects for the 

patients, their relatives, and the ICU team and financial consequences for the 
society

 5 Avoiding underutilization of  ICU with critically ill old patient denied ICU 
admission (agism)

 5 The main challenge is to identify who will benefit from admission to the intensive 
care unit when the chances of  a meaningful outcome are unclear

 5 In urgent situation, the estimation of  ICU benefit (survival, HRQOL) is difficult 
to assess or predict; key information are often not available (advance directives, 
no relatives, etc.)
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 5 For patients with uncertain prognosis and/or unclear preferences
 5 Requirement of comprehensive discussion with patient/family before and during 

ICU admission to facilitate an understanding of patient preferences and expecta-
tions

 5 Need to individualize the optimal duration of  a trial of  treatment but also the 
necessity for a fixed time for reevaluation

Box 23.2 Organization of Family Meetings (According to Quill) [73]

Preparation
 5 Select a senior ICU physician to involve
 5 Identify key family decision-maker(s)
 5 Seek consensus among medical teams
 5 Identify clear clinical markers of  improvement or deterioration

Beginning of the family meeting
 5 Review purpose of  meeting
 5 Solicit family members’ views of  patient’s situation
 5 Reconcile clinicians’ understanding with that of  the patient or family

Propose key components of TLT
 5 If  treatment is working, propose next steps
 5 If  treatment is not working, next steps might include negotiating a different TLT or
 5 proposing a plan for treatment withdrawal
 5 In case of  LST limitation, explain comfort care

Follow-up
 5 Discuss how progress will be measured and communicated
 5 Negotiate time frame for reevaluation
 5 Schedule a follow-up meeting
 5 Follow up at scheduled intervals depending on the TLT
 5 Regularly inform family about progress

23.10  Quality of Death

For patients with withholding or withdrawing of LST, an important goal is to achieve 
the most comfortable death [76]. Family members reported that the “patient be com-
fortable and suffer as little as possible” was their most important value and “the 
belief  that life should be preserved at all costs” was their least important value con-
sidered in making treatment decisions [77]. Mobile palliative care team could be very 
useful to help in the decision process and even to propose admission in a palliative 
unit.

The care at the end of  patients’ lives—“end-of-life care” (EOLC)—has evolved 
into an important tool within the armamentarium of  the modern critical care spe-
cialist, aided by palliative care specialists, if  required and feasible [78, 79]. Despite 
widespread agreement as to the general need for adequate EOLC, there is consid-
erable variation regarding its practice and implementation—not only between 
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continents or countries but also within countries, regions, and even hospitals [8, 
49, 80].

Arguably, the main proportion of the variation is attributable to the individual 
providers,

the reasons being, amongst others, schools of medical thinking, differences as to 
prognostication, hierarchy, ignorance, cultural norms, religion, and religiosity.

Take-Home Messages
Old patients have a higher risk of  death during the ICU stay, in the hospital, and 
after discharge. When they survive, they may suffer from long-term sequel including 
loss of  functional autonomy and poor quality of  life, and they often represent a high 
burden for the caregivers. All these factors contribute to more frequent decisions to 
limit LST in old patients compared to younger patients. The work-up of  the decision 
has an impact on the ICU team and the family members. Collegiality, timing, trans-
parency, and objectivity are key to prevent conflict and complicated grief.

 Clinical Protocol

Collection of objective information to decide to limit life-sustaining treatment (LST).
To allow time for reassessment of the patient condition and response to previous 

treatment.
In case of uncertainty or missing information, a time-limited trial can be proposed 

with definition of initial goal of treatment shared with the patient (if  possible) and the 
caregivers with secondary decision to forgo LST or to continue treatment without any 
limitation.

Limitation of LST is not synonym to end-of-life decision. This is particularly true 
for WH decision.
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 n Learning Objectives
Probably the most frequently reported outcome in healthcare in general, and in inten-
sive care in particular, is survival or its counterpart mortality. Obviously, other patient- 
centered outcomes are very often connected and even dependent on a patient that 
survives. It makes no meaning to talk about quality of life in patients not surviving the 
ICU stay, but for survivors post-hospital discharge, other issues than merely survival 
become more and more important.

Survival is reported in many ways, many of them then not directly comparable. 
The best is fixed time intervals, in particular to avoid hospital survival which is a very 
unprecise term since this may span from a week to months, also including or excluding 
transfer from one hospital to another. For this reason, the fixed time to report survival 
should be used whenever possible.

Crude survival with no or few other information of the patients is useless and 
cannot be used in any meaningful purpose. Often, we use survival to compare results 
between units, countries, or other studies. Then we need to have a lot of other informa-
tion about the patient, like previous health and frailty, age and gender, severity of the 
acute disorder, and the limitation of life-sustaining therapy, to mention some impor-
tant factors.

In this chapter I discuss several of these issues which are essential in order to under-
stand mortality in general and within intensive care in particular.

24.1  Introduction

Controversies treating the very old in the ICU are not a new phenomenon. 40 years 
ago, a study was published in JAMA, Medical Intensive Care for the elderly [1], that 
evoked reactions. Although elderly in that paper was defined as ICU patients above 
55 years, they also studied a subgroup of patients ≥75 years which is interesting in a 
historical perspective. In contrast with nowadays compared to those 55–64 years, the 
elderly more often was given “major interventions” like mechanical ventilation (32% 
compared to 22%). Today, this figure is reversed, and mechanical ventilation given to 
the very old usually occurs less often than in younger ICU patients. Of interest is that 
the absolute number of very old patients given mechanical ventilation is much higher 
today, being 51% in the VIP1 study [2].

Outcome in the group of very old was previously often reported to be poor, in 
particular if  they were given mechanical ventilation. In a study from 1985 to 1987 in 
a single US ICU, 45 patients ≥80 years were followed, and only 10 patients survived 
to hospital discharge. If  the sum of age and the number of ventilated days was >100, 
none survived to hospital discharge [3]. The message from these studies has followed 
us since, and in many situations most intensivists have probably been questioned 
about why elderly critical ill patients should be treated at all. Luckily, it is not very 
difficult to argue that today’s octogenarians are different from 40–50 years ago, and 
our understanding of disease and treatment options is much improved, and survival 
has improved significantly!
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24.2  Limitations of Crude Survival

Survival is probably the most used parameter to describe outcome after admission to 
an ICU, but it is difficult to really understand survival without putting it into a con-
text.

Crude survival is just the number of survivors within a group, not necessarily 
further specified. An example is the ICU survival given for a given unit in the hospi-
tal, or in a registry, with no additional information. It is obvious that crude survival 
without any supplementary information is not meaningful in any form of compari-
son with other seemingly similar patient groups. Information mandatory to under-
stand survival on group level is admission category, age, severity of disease, magnitude 
of organ dysfunction, pre-ICU condition (frailty-comorbidity-activity level, and 
cognition), and limitation of life-sustaining therapy (LST) during the ICU stay. All 
factors are seldom revealed together in outcome studies, which we recently have expe-
rienced during the COVID-19 pandemic, and this makes it hard to compare studies 
and also perform systematic review.

24.3  Survival After a Defined Procedure or Admission

This is a common way to report survival, and in our context both ICU survival and 
hospital survival fall into this group, where ICU can be seen both as a procedure and 
an admission. This use of survival is better than crude survival but still makes com-
parisons difficult. We know that mean admission time in an ICU typically vary 
between 1 and 10 days and hospital admission from 1 to 30(+) days.

Also, ICU admission is an ambiguous term. We can broadly dived ICU admis-
sions as planned or unplanned. The former most often is a result of a major surgery 
and the latter after acute disease and trauma. The effect of this distinction was 
recently studied where it was found a huge 30-day survival difference between patients 
admitted after acute surgery (26%) or elective surgery (8%) [4], while the 30-day sur-
vival in the whole cohort including all medical admissions was 32.6%.

The mixture of acute and elective patients when reporting outcomes is probably 
one of the largest explanatory variables of differences in mortality. It is so profound 
that it should be mandatory to reveal this in any outcome study from the ICU.

24.4  Survival After a Fixed Period

This is most often used today since it makes comparisons fairer. Often 30 days/1 month 
is used for short time survival, 90  days/3  months for intermediate survival, and 
6 months and above for long-term survival.

Previously ICU survival and hospital survival were the two most frequent reported 
survival outcomes and were also used in the development of our traditional scoring 
systems like APACHE and SAPS severity scores. But neither ICU stay nor hospital 
stay is a real-time variable and varies a lot in duration. In many countries hospital 
discharge can be difficult to reveal, since some ICU patients may be transferred to 
other hospitals before the final discharge home or elsewhere, and this may be difficult 
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to find. Hence, this has been substituted with fixed time period reporting, often 
30 days (short-term survival) and 3–6 months as intermediate-/long-term survival. 
This way to compare survival is obviously more robust, and cohorts are compared on 
equal terms. However, in particular post-hospital survival may be difficult for 
researchers to follow. In many countries with an easy access to a public people regis-
try, where all births and deaths are registered, this information is easy to find. But 
such is not the case for most countries. For retrieving information about longer-term 
survival, one then has to use direct information from patients or caregivers, or infor-
mation from primary care physicians, all more inconvenient to use, and hence com-
pliance falls, and it is not often to get 100% of patients included in this follow-up.

24.5  Survival in Specific Cohorts

If  one or more specific characteristics are connected to the cohort, this narrows the 
size, but increases the clinical use of survival analysis. Survival in patients ≥80 years 
admitted to an ICU is such an example. This cohort may then be further specified 
using subgroups like those admitted with sepsis [5]. Subgroups can also be specified 
using diagnostic codes. The problem then is that some groups will be very small since 
there are many relevant codes and may be impractical to use in comparisons. Another 
way to subdivide is to use admission categories. Both SAPS and APACHE severity 
scores use a simple three-item admission category with acute medical, acute surgical, 
and elective admissions. . Table  24.1 reveals a more expanded admission group 
used in the VIP project. There is probably an overlap in how these categories are 
used, but the main principle for selection was to be specific (trauma, sepsis, surgery) 

       . Table 24.1 Admission categories used in VIP1 and VIP2 studies [6]

Admission category Explanation

Respiratory failure Hypoxemic or hypercapnic ARF or combination

Circulatory failure Any cause of circulatory failure/shock except sepsis

Respiratory and circulatory failure Both signs of respiratory and circulatory failure found

Sepsis According to sepsis 3 definition

Multitrauma without head injury

Multitrauma with head injury

Isolated head injury

Non-trauma CNS cause Other causes than trauma and intoxication

Intoxication

Emergency surgery Admission directly from the OT after acute surgery

Elective surgery Planned admission after scheduled surgery

Other categories
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       . Fig. 24.1 Shows the distribution of  admission categories for elderly ICU patients used in the VIP 
studies

if  possible; if  not use the first three categories even though other admissions could 
also qualify for respiratory and circulatory failure. As . Fig. 24.1 reveals using this 
division makes it possible to divide patients into groups making comparisons easy, 
we also see there are two large (around 20%) groups – elective admission and respira-
tory failure – and four groups (around 10%): circulatory, combined respiratory and 
circulatory failure, sepsis, and emergency surgery.

The . Fig. 24.1 shows the distribution of these categories in VIP1 study.
Obviously, combination of these ways to describe the cohort increases the under-

standing of survival as well as mortality, particularly in the very old intensive care 
patients. Knowledge of admission category can also be valuable in future prognosti-
cation.

In the further discussion of survival in very old intensive care patients, only expe-
riences using survival put in a context will be included.

24.6  The Effect of Age

Some diverging reports have been found with regard to the effect of age in elderly 
ICU patients. It is well known that compared with young ICU patients (<65 years) 
the elderly group demonstrates an increased mortality. However, within a cohort of 
elderly patients, what are the effects of increasing age?

It seems to be a consistent finding that when studying a broader spectrum of 
elderly, like all above 65 years of age, and stratifying this group into smaller cohorts, 
there is still an influence of age. This has been demonstrated by Fuchs and coworkers 
[6]. In that retrospective study of 7265 emergency admitted ICU patients, they found 
significant differences in survival, most pronounced in post-hospital discharge and in 
the group >84 years (. Fig. 24.2).
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       . Fig. 24.2 Illustrates the develpment of  mortality for three different age groups with time

       . Fig. 24.3 Shows the ICU and 6 months mortality for three different age groups of  very old ICU 
patients from the VIP studies

On the other hand, in a large prospective study of only acute ICU admissions 
including 3920 patients ≥80 years, there is a large difference in ICU versus 6 months 
survival going from 70% to 35% over 3 months [7]. However, no large differences 
could be found in the group 80–84  years compared with two older subgroups, 
although there is a small decrease in survival at 6 months in the two oldest subgroups 
(. Fig. 24.3).
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24.7  The Effect of Gender

There are not many studies of gender differences with regard to outcomes confined 
to the very old ICU patients. In general ICU patients, although only one third are 
females, there are usually no gender differences found with regard to survival [8]. In 
a recent study looking at gender differences in outcomes in a cohort of ICU patients 
≥80 years, male sex was associated with increased 30-day mortality, but not ICU 
mortality [9].

24.8  The Effect of Severity of Disease

By tradition and experience, use of severity scores is the standard of care in intensive 
care, and the most frequently used scores are continuously improved by new versions. 
These scores are a mix of several sub-scores ranging from general patient specific 
items to values deviating from the normal in biochemistry or physiological measure-
ments. To a certain degree, also items present pre-ICU are given weight like as they 
do in the SAPS-3 score.

Although not precise enough to warrant individual prognostications, most sever-
ity scores work well on group level, like in an ICU cohort from a single unit, often 
with an area under the receiver operating curve (AUROC) values around 0.7–0.8 
which can be considered as acceptable but far from ideal [10].

All scores give extra points for increasing age, and age ≥80 years usually gives a 
high sub-score, often among the highest. The simplified acute physiology score 
(SAPS II) gives 18 points for age ≥80 years, only surpassed by GCS with 26 points 
for values <6. However, when analyzing the different age points given, most points 
are in fact given before the age of <70 (12 points) leaving only 6 points from 70 and 
onwards, so SAPS does not offer much extra points for being very old.

A problem worth mentioning is that we do in fact not know how many patients in 
the original publications of severity score that were very old, since such data are not 
easy to retrieve from the original publications, and mean age is around 60 years in 
most severity scores (see Table 2 in [11]).

Although not a severity score, organ failure score as the sequential organ failure 
assessment (SOFA) score may seem to be better suited to describe risk of dying in the 
ICU in the very old and has been found to be as good as traditional severity scores 
[12]. It has been used with frailty in order to improve mortality prediction with vari-
ous success.

In a study specifically evaluating severity scores and their prediction in the elderly 
population, Minne et al. conducted a systematic review including seven studies with 
elderly cohorts [13]. They concluded: “none of them can be currently considered suf-
ficiently credible or valid to be applicable in clinical practice for elderly patients.” 
Only one study included additional information specific for the elderly population. 
This has led to a search for other factors than merely comorbidity and deranged 
physiology to be important prognostic factors. In particular frailty has been studied, 
mostly in smaller retrospective studies, but some large prospective studies are recently 
published. The so-called Very Old Intensive Care Patient (VIP) project within ESICM 
has focused on research in the very old intensive care patients ≥80  years. Also, a 
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prognostic score was developed on the basis of VIP1 study data including frailty, and 
they found that an AUROC of 0.80 is better than traditional scores but still not good 
enough for individual use [14].

24.9  The Effect of Frailty

Frailty is described in more details in 7 Chap. 12 and will just be mentioned briefly 
in the context of outcome.

It has been complicated to use crude age as selection criteria for medical treat-
ment including intensive care and will today by many be considered ageism. The 
main reason that advanced age is associated with worse outcomes are probably better 
explained by other age-associated “syndromes,” but these syndromes are far from 
confined to the elderly. Of interest here is comorbidity, cognitive decline, and sarco-
penia, but frailty has probably attained most attention in the last 10 years since the 
ICU society was made aware of this phenomenon in 2011 [15]. There is a strong link 
between frailty and outcome, and in the very old several studies find frailty to outper-
form other factors in order to contribute to survival. In the VIP2 study where the 
interplay between age, frailty, cognition, comorbidity, and activity of daily life was 
investigated, frailty was found to be the best prognostic indicator [7] and had better 
discrimination in survival curves compared with the other geriatric syndromes. 
Recently frailty was found to be more important than age for survival in a group of 
ICU COVID-19 patients ≥70 years [16]. The effect of frailty in a general ICU popu-
lation was recently described in retrospect from Alberta, Canada, in more the 15,000 
ICU admissions (mean age 58 years) with assigned CFS. In their multivariate analy-
sis, they found hospital mortality but not ICU mortality to be associated with 
increased CFS [17].

24.10  The Effect of Limitation of Care

It is not unusual in some multimorbid patients to withhold or even withdraw life- 
sustaining therapy (LST) after some time in the ICU.  In a multinational study 
from Europe, this was overall found in more than one of  four patients, most often 
as withholding LST (15%), but as many as 12% had treatment withdrawn [18]. 
There is a considerable variation within Europe with the northern parts more fre-
quently using limitations of  LST compared with eastern Europe particularly 
(. Table 24.2). Most usual are the decisions not to escalate treatment in patients 
where this is considered inappropriate, but also active withdrawing of  ICU proce-
dures occurs, like reducing vasoactive support or mechanical ventilation. Since 
such actions may influence the outcome and in particular ICU survival, this frac-
tion is important to describe, also with separate outcome analysis. Without know-
ing the amount of  this action, the mortality then can be claimed to be a 
self-fulfilling prophecy.
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       . Table 24.2 The differences in end-of  life care according to five European regions (from the 
VIP-1 study)

Central East North South West Test 
p-value

N 901 547 722 1702 1149

Age, median 
(range) 
(IQR)

84 (range 
80–99) 
(IQR 
81-87)

83 (range 
80–99) 
(IQR 
81-86)

84 (range 
80–98) 
(IQR 
81-87)

84 (range 
80–102) 
(IQR 
82-86)

83 (range 
80–99) 
(IQR 
81-86)

0.001

Frailty 4 (range 
1–9) (IQR 
3-6)

5 (range 
1–9) (IQR 
4-6)

4 (range 
1–9) (IQR 
3-6)

4 (range 
1–9) (IQR 
3-6)

4 (range 
1–9) (IQR 
3-5)

<0.0001

Sofa score 6 (range 
0–20) 
(IQR 3-9)

9 (range 
0–24) 
(IQR 6-13)

7 (range 
0–21) 
(IQR 
4-9.75)

6 (range 
0–22) 
(IQR 3-9)

8 (range 
0–22) 
(IQR 4-11)

<0.0001

Frailty score

   Fit 286 
(31.7%)

133 
(24.3%)

241 
(33.4%)

734 
(43.1%)

499 
(43.4%)

<0.0001

   Vulnerable 174 
(19.3%)

111 
(20.3%)

131 
(18.1%)

310 
(18.2%)

246 
(21.4%)

   Frail 441 
(48.9%)

303 
(55.4%)

350 
(48.5%)

658 
(38.7%)

404 
(35.2%)

Type of 
ICU 
admission

   Elective 241 
(26.7%)

84 (15.4%) 40 (5.5%) 257 
(15.1%)

284 
(24.7%)

<0.0001

   Acute 660 
(73.3%)

463 
(84.6%)

682 
(94.5%)

1445 
(84.9%)

865 
(75.3%)

Non 
invasive 
mechanical 
ventilation

   No 687 
(76.2%)

466 
(85.2%)

483 
(66.9%)

1357 
(79.7%)

879 
(76.5%)

<0.0001

   Yes 214 
(23.8%)

81 ( 
14.8%)

239 
(33.1%)

345 
(20.3%)

270 
(23.5%)

Invasive 
mechanical 
ventilation

   No 521 
(57.8%)

108 
(19.7%)

458 
(63.4%)

679 
(39.9%)

735 (64%) <0.0001

(continued)
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       . Table 24.2 (continued)

Central East North South West Test 
p-value

   Yes 380 
(42.2%)

439 
(80.3%)

264 
(36.6%)

1023 
(60.1%)

414 (36%)

Vasoactive 
drugs

   No 422 
(46.8%)

157 
(28.7%)

321 
(44.5%)

969 
(56.9%)

539 
(46.9%)

<0.0001

   Yes 479 
(53.2%)

390 
(71.3%)

401 
(55.5%)

733 
(43.1%)

610 
(53.1%)

Renal 
replacement 
therapy

   No 814 
(90.3%)

452 
(82.6%)

690 
(95.6%)

1570 
(92.2%)

1033 
(89.9%)

<0.0001

   Yes 87 (9.7%) 95 (17.4%) 32 (4.4%) 132 (7.8%) 116 
(10.1%)

None 580 
(64.4%)

477 
(87.2%)

396 
(54.8%)

1268 
(74.5%)

935 
(81.4%)

<0.0001

withholding 
or 
withdrawing

321 
(35.6%)

70 (12.8%) 326 
(45.2%)

434 
(25.5%)

214 
(18.6%)

None 580 
(64.4%)

477 
(87.2%)

396 
(54.8%)

1268 
(74.5%)

935 
(81.4%)

<0.0001

Withholding 
alone

190 
(21.1%)

40 (7.3%) 199 
(27.6%)

218 
(12.8%)

106 (9.2%)

Withdrawing 
+/- with-
holding

131 
(14.5%)

30 (5.5%) 127 
(17.6%)

216 
(12.7%)

108 (9.4%)

24.11  What Is the Reported Mortality of Elderly ICU Patients?

As discussed above many important factors influence the reported mortality data; 
hence, comparison between studies is frequently impossible. A recent systematic 
review reveals that some of this diversity also is affected by study design [19]. In ret-
rospective single-center studies, which also tend to be small, the reported ICU mor-
tality varies from nearly 0 to 50%, while the larger (>1000 patients) prospective 
multicenter studies find a variation from 10 to 28%. According to this review, a sub-
stantial number of studies are very small, with <200 patients included in 25/45 stud-
ies among the single-center cohort.
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24.12  The Future of Reporting Mortality

It is tempting to claim that since so many factors may influence mortality in the very 
old, it is important to use a checklist in order to include at least the most important 
confounding factors as per the following list:

Box
 5 Type of  ICU admission: at least report outcomes seletcively in planned versus 

emergency admissions.
 5 Age of  the patients (mean and median): if  age is ≥65 years, report results from 

the subgroup ≥80 years.
 5 Frailty status, at least as frail-borderline-not frail.
 5 Report organ dysfunctions at admission using a validated score.
 5 Report mortality at fixed time after ICU discharge: 30 days-3 months-6 months.
 5 Report the number of  patients where limitation of  life-sustaining therapy was 

decided, and apply this in multivariate analysis.

Take-Home Messages
 5 Mortality in the very old patients is much higher than that of  its younger coun-

terparts.
 5 Usually, we can assume an ICU mortality of  25–30%, 30-day mortality around 

40%, and 1-year mortality from 50 to 60%, but the numbers vary according to 
study design.

 5 ICU mortality is first and foremost influenced by the type of  ICU admission, 
planned or unplanned (acute), with mortality rates nearly four- to fivefold in 
acutely admitted patients.

 5 Frailty seems to be a better predictor of  death than crude age itself.
 5 Obviously, a decision to forgo life-sustaining therapy like mechanical ventilation 

has a huge impact on survival.
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 n Learning Objectives
In this chapter we will first describe functional status by applying models well known 
to other medical disciplines but not commonly used to understand functional outcome 
after critical illness in the very old. We will then discuss instruments to capture func-
tional status, particularly in old and very old people, and finally summarise important 
contributions of functional outcome after critical illness as reported in the literature.

25.1  Introduction

Current accounts of patients’ outcome after critical illness must look beyond saving 
lives to saving years with good functional status and perceived health. Functional 
status and health-related quality of life (HRQOL) have become fundamental end- 
points of intensive care. The underlying assumption is that understanding relation-
ships between functional status and HRQOL will inform and improve clinical care, 
rehabilitation and ultimately patient-centred outcomes. Ideally, every outcome 
should be evaluated with emphasis on capturing the patient’s voice of her health and 
well-being.

Functional status is a wide-ranging concept that refers not only to physical func-
tion but also to cognitive, psychological and social functioning. While the relation-
ship between functional status and perceived HRQOL may be multidirectional and 
complex, decline in functional status is the final common pathway of many chronic 
conditions and is an important foreshadow of poor HRQOL. Functioning decline in 
the elderly is highly predictive of loss of functional autonomy and mortality.

25.2  Framing Functional Status

Functional status and disability can best be understood and described by using the 
theoretical framework presented in the International Classification of Functioning, 
Disability and Health (ICF) published by the World Health Organization (WHO) in 
2001 [1]. The ICF belongs to the family of international classifications with the aim 
to provide a unified framework and standard language for the description of health 
and health-related states. While the more familiar International Statistical 
Classification of Diseases and Related Health Problems (ICD) describes diseases, 
disorders and other health conditions, ICF enriches that description by classifying 
functioning and disability associated with health conditions. Together, information 
on diagnosis and functioning provide a fuller picture to describe patients’ needs, 
develop interventions and prescribe appropriate rehabilitation care.

In order to integrate various perspectives of functioning, the ICF manual applies 
a bio-psycho-social model, advocated in a classical essay by George Engel [2]. This 
model considers not only the body-focused biological components of health but also 
the individual and societal contexts of patients’ experience of health. The ICF con-
tains six components of health linked by bidirectional relations, as illustrated in 
. Fig.  25.1. There is a complex, dynamic and often unpredictable relationship 
among these components. To make simple linear inferences from one entity to 
another is incorrect, e.g. to infer overall disability from a diagnosis, activity limita-

 S. M. Walther



383 25

tions from one or more impairments or a participation restriction from one or more 
limitations.

The etiologically neutral framework of ICF provides a conceptual basis and stan-
dard language for description of health and health-related states. The hierarchical 
and high-resolution structure with roughly 1500 categories, each with one or more 
qualifier which denotes the presence and severity of the problem, supports a detailed 
analysis of functional status. This structure has been applied in various settings, 
including analysis of functional status and services provided to elderly people. 
However, one main challenge is the large number of domains, categories and quali-
fiers which, to be clinically helpful, need to be condensed to a more practical volume. 
For that purpose, a large number of ICF core sets have been developed to correspond 
to the needs of specific patient populations [3]. An early development of that kind 
was a comprehensive post-acute ICF core set for geriatric patients with 123 catego-
ries [4], which was reduced further to 39 and then to 29 categories in brief  ICF core 
sets for geriatrics [5, 6] (7 Box 25.1).

The resulting ICF profiles are impartial representations of functioning and 
health. They are not the patient’s perception of health but still include factors of 
importance to the individual. The natural next step is to link the ICF taxonomy with 
a subjective person-centred perspective on health and well-being. The importance of 
person-centred assessments has been demonstrated repeatedly by showing that exter-
nal observers are inaccurate judges of patients’ perceived quality of life [7]. Self-rated 
HRQOL is about what patients feel about their state of health or its consequences.

Health condition
(disorder/disease)

Body
function & structure

(impairment)

Activities
(limitation)

Participation
(restriction)

Environmental
factors

Personal
factors

       . Fig. 25.1 Graphic representation of  the six interactive components of  the ICF. Body functions are 
physiological functions. Body structures refer to anatomical parts of  the body. Diseases, illnesses and 
injuries cause impairments in body structures and functions. Activities are the execution of  tasks or 
actions, and activity limitations are difficulties an individual encounter while performing tasks or 
actions. Participation is involvement in life situations, and participation restrictions are problems an 
individual faces when participating in life situations. The ICF also identifies contextual factors as com-
ponents of  a person’s health. Environmental factors include the physical, social and attitudinal environ-
ment in which an individual lives and conducts his or her life. Personal factors include an individual’s 
age, gender, coping style, education and work experience. Both environmental and personal factors can 
be either barriers or facilitators to participation in daily life
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A framework linking the traditional biomedical disease paradigm to HRQOL 
was proposed by Wilson and Cleary in the 1990s [8]. They identified the need to com-
bine the breadth and relevance of the patient-centred HRQOL construct with the 
causal and mechanistic biomedical paradigm, providing conceptual links between 
specific clinical activities or processes and health outcomes that patients value. The 
Wilson-Cleary model focuses on five levels of patient outcomes, i.e. biologic and 
physiologic variables, symptoms, functioning, general health perceptions and overall 
quality of life. Extensions of the model propose mediating bidirectional relationships 
among these variables in addition to explanatory roles of several personal and envi-
ronmental variables (. Fig. 25.2). The relevance of this model has been shown in a 
variety of circumstances and patient populations, and its application to improve our 
understanding of outcomes after critical illness has also been suggested [9].

While the Wilson-Cleary model bridges the biomedical model of patient out-
comes to the subjective patient-centred HRQOL construct, the systematic ICF model 
provides a common language to objectively describe impairments, limitations and 
restrictions. Together both models advance the understanding of how illness and dis-
ability constructions are causally linked to subjective health status outcomes.

Box 25.1 Brief Geriatric ICF Core Set with 29 Categories that Reflect  
the Most Relevant Health-Related Problems of Community-Living  
Older Adults Without Dementia
ICF category

Body functions
 b144 Memory functions
 b152 Emotional functions
 b210 Seeing functions
 b230 Hearing functions
 b240 Sensations associated with hearing and vestibular function
 b410 Heart functions
 b420 Blood pressure functions

Biologic and
physiologic

variables

Symptom
status

Symptom
ampli�cation

Functional
status

Personality
motivation

Characteristics of
the individual

Values
Preferences

General
health

perceptions

Overall
quality of

life

Social and
psychological
supports

Social and
economic
supports

Characteristics of
the environment

Psychological
supports

Non-medical
factors

       . Fig. 25.2 Relationships among measures of  patient outcome in a health-related quality of  life con-
ceptual model. (Reprinted with permission from [8])
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 b455 Exercise tolerance functions
 b525 Defecation functions
 b530 Weight maintenance functions
 b620 Urination functions
 b710 Mobility of  joint functions
 b730 Muscle power functions
 b810 Protective functions of  the skin
Activities and participation
 d410 Changing basic body position
 d450 Walking
 d470 Using transportation
 d510 Washing oneself
 d520 Caring for body parts
 d530 Toileting
 d540 Dressing
 d550 Eating
 d560 Drinking
 d760 Family relationships
Environmental factors
 e310 Immediate family
 e320 Friends
 e325 Acquaintances, peers, colleagues, neighbours and community members
 e570 Social security services, systems and policies
 e575 General social support services, systems and policies
 e580 Health services, systems and policies
Reprinted with permission from [6]
Each ICF code must be followed by a qualifier which specifies information about 

functioning status (i.e. magnitude of  any problem: 0 no problem, 1 mild, 2 moderate, 
3 severe, 4 complete, 8 not specified, 9 not applicable)

25.3  Instruments and Measures

Stimulated by the need to evaluate functioning in a standardised manner, clinicians 
and epidemiologists have developed a large array of measures to capture different 
domains of functional outcomes. The increasing acceptance of ICF as the universal 
language and framework to describe and classify functioning, health and disability 
has been instrumental for the development of objective measures of functional sta-
tus. The ability of ICF to precisely describe the entire breadth of functional status of 
an individual, at a given time and at varying levels of resolution, opens the possibility 
to use the profile as a tool to track changes in the evolution of health and disability. 
An early proof of concept was shown by integrating clinical ratings of relevant ICF 
categories using the ICF qualifier in the development of instruments to capture mus-
culoskeletal disabilities [10]. This was found to be a helpful approach and was fol-
lowed by a number of initiatives based on relevant ICF core sets across medical 
disciplines (i.e. rheumatology, oncology, pulmonary medicine, rehabilitation medi-
cine), specific patient populations (i.e. geriatrics [11], patients with cardiorespiratory 
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diseases), settings (i.e. post-acute hospital care, community) and cultures. While not 
without problems [12], this approach provides a context-specific cross-cultural broad 
description of functional status.

A slightly different method was to link commonly employed tools for assessment 
of functional status to the ICF taxonomy. The ICF-linking rules [13] are an estab-
lished method to identify the key concepts contained in any source of information, 
such as a data collection tool, and link it to the corresponding ICF category. An 
illustrative example was developed to evaluate activities of daily living in old people 
with a range of disability from healthy to Alzheimer’s disease. The Katz index and 
Lawton scale were linked to ICF categories providing a detailed scoring system based 
on the ICF qualifiers resulting in an instrument with greater accuracy and discrimi-
nation than its progenitors [14].

In the same vein and more related to intensive care medicine, effective mapping of 
physical functioning outcome instruments to ICF subdomains was described [15]. 
While not primarily aimed to result in a composite instrument designed for the criti-
cally ill, it nevertheless demonstrated the utility of the ICF framework and common 
language as a scaffold in which clinicians can arrange and use outcome measures 
appropriate for different stages in the disease trajectory after critical illness.

25.4  Measuring Functional Status in the Old and Critically Ill

In old patients with chronic conditions the problems arising from focusing on single 
diseases (one at a time) were addressed many years back by the development of mea-
sures of functional status aimed to reflect the overall health of an individual [16, 17]. 
One of the ideas of these early measures of activities of daily living (ADL) was that 
they offered a means of making quantitative assessments of the overall effects of ill-
ness and treatment. This is supported by work showing that a broad set of compo-
nents and categories of the ICF framework contribute to ADL [18]. However, a 
variety of instruments are currently used for assessment of functional status in geri-
atric patients with little agreement on the best set of tools [19–21]. Most commonly 
used instruments focus on basic and instrumental ADL and mobility, with few cover-
ing other functioning domains [20]. Furthermore, the original contents of instru-
ments are used rarely, and score limits employed to identify functional decline vary, 
stressing a strong need for standardisation.

Critical care displays a similar proliferation of functional status outcome mea-
sures as geriatric medicine. A large array of diverse instruments applied to the criti-
cally ill was identified in a comprehensive review of studies published between 1970 
and 1998 [22], with no apparent improvement when reviewed almost two decades 
later [23]. In addition to the large heterogeneity of instruments, there was a lack of 
information about measurement properties, which also did not improve over time 
[24]. For intensive care outcomes, a limited set of instruments was suggested early as 
remedy and to enable the building of a body of experience and knowledge around a 
few instruments and a core outcome set. While some evidence of consolidation 
around key instruments followed [23], there seems to be little agreement on which 
best to use. The absence of a formal needs’ assessment in the field of intensive care 
outcomes research and the inexperience among caregivers and researchers on exist-
ing tools may have contributed to this lack of consensus.
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In order to advance the state of affairs, it is obvious that agreement must be estab-
lished about instruments to measure functional status in the old and critically ill. 
Progress in this field is impeded when we are unable to compare results across studies. 
The development of core outcome sets (COS) and core outcome measurement sets 
(COMS) is a systematic approach that may help resolve the confusion caused by 
heterogeneity in outcome measurements and instruments [25]. A large number of 
COS and corresponding COMS have been developed, primarily focusing on single 
diseases and conditions but none generic to geriatrics or intensive care medicine [26–
28]. Reaching consensus on instruments and metrics in the elderly with multiple 
comorbidities may be particularly difficult, although feasible, as shown by published 
work on a standard set of health outcome measures for older persons [29].

Administrative data collected for other purposes may also provide important 
information of functional status. In the USA, information from the Outcome and 
Assessment Information Set (OASIS), which is a standardised assessment of physi-
cal, cognitive and mental health status, has been used to examine functional disabil-
ity also after critical illness in the old [30].

Yet another way to capture the breadth of functional status is the Comprehensive 
Geriatric Assessment (CGA). This combines clinical evaluation and instruments to 
measure functional status, although there is currently no clear consensus about the 
contents. Several different CGA approaches have been developed; these are discussed 
in Chap. 14.

25.5  Functional Status in the Old After Intensive Care

Some past, but also current, studies which claim to examine functional status after 
intensive care have an overly simplistic definition and apply measures and instru-
ments unable to capture the breadth of functioning [31, 32]. The label ‘functional 
status’ is occasionally used to refer to physical functioning only, although, as out-
lined in the ICF framework, it also encompasses cognitive, mental health, social and 
emotional functioning/well-being. Despite limitations with lack of conceptual frame-
work to organise and capture relevant ICU outcomes with ensuant heterogeneity of 
measurements and instruments, there is important information in prior studies of 
ICU patients. Let us first consider research that captures a wide range of functioning 
measures and then turn to a few reports with more limited measurements. Studies on 
the cognitive aspects of functioning will not be considered since these are discussed 
in Chap. 14.

Many significant contributions to knowledge about functional status and dis-
ability trajectories in the old and very old have come from the Precipitating Events 
Project (the PEP Study). The PEP Study was established in 1998 to evaluate the 
epidemiology of  disability in older persons and to elucidate the role of  intervening 
illnesses and injuries (events) on the disabling process. Nondisabled persons, 
70 years or older, living in greater New Haven on the American east-coast, were 
enrolled and followed with a comprehensive home-based assessment at 18-month 
intervals and monthly telephone interviews until death or dropout [33]. The com-
prehensive home- based assessments provided high-quality data on a core set of 
aging-relevant factors from multiple domains. The monthly assessments of  func-
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tional status included 13 activities. Participants were asked about both difficulty 
and dependence (on another person) to complete each of  the four basic activities 
(bathing, dressing, walking and transferring), five instrumental activities (shopping, 
housework, meal preparation, taking medications and managing finances) and four 
mobility activities (walking a quarter mile, climbing flight of  stairs, lifting/carrying 
10 pounds and driving).

Roughly 55% of those enrolled had at least one ICU admission through 2017, 
and their functional outcomes have been reported at the mean age of about 83 years 
in a series of detailed studies [34–39]. Many important findings from this rich data 
deserve to be highlighted, of which just a few will be listed here. First, more than 50% 
of the participants experienced functional decline or early death during the first year 
after ICU admission, underscoring the risks and complexity of ICU survivorship in 
this population. Second, among early survivors a majority showed some degree of 
recovery beginning at about 3 months after the ICU episode. Third, early survivors 
could be grouped into three distinct functional trajectories: a majority (51%) were 
severely disabled, while mild-to-moderate and minimal disability appeared in 28% 
and 21%, respectively. Fourth, a diverse set of potential targets for interventions to 
improve functional outcomes were identified. There was a strong independent asso-
ciation between the pre-ICU functional trajectories and functional outcome and 
death (. Fig. 25.3). Hearing and vision impairment and functional self-efficacy were 
also independent predictors of functional recovery. Precipitating events (illnesses/
injuries) were common in the year after ICU admission, and these events were associ-
ated with a greater likelihood of subsequent functional decline than many traditional 
risk factors.

Additional valuable data about post-ICU functional status and recovery comes 
from the Canadian Critical Care Trials Group and the Canadian Researchers at 
the End of  Life Network. These researchers enrolled critically ill patients aged 
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80  years or older who spent at least 24  h in ICU from 2009 to 2013 [40, 41]. 
Functional status after hospitalisation was assessed 3, 6, 9 and 12 months after 
enrolment using the physical function domain and the summary physical compo-
nent score of  the Short Form 36 protocol in addition to the Palliative Performance 
Scale (PPS) version 2. About 33% of  the patients died before hospital discharge, 
and 50% had died 1 year after ICU admission. At 1 year, only 26% had recovered 
back to, or near, their pre- hospital physical functioning. An extensive set of  infor-
mation was collected to reflect the patient’s condition 2 weeks prior to hospitalisa-
tion. This data, which included variables related to both baseline function and 
acute illness, was used to build models to predict poor functional outcome. 
Measures related to the acute illness, chronic conditions and baseline health status 
(frailty, physical functioning and PPS score) were key determinants of  functional 
status at 1 year.

Proportions and magnitude of  disability among elderly ICU survivors have been 
reported with various durations and frequencies of  follow-up from many other set-
tings and circumstances [42–47]. Most show results at 1 year comparable to the PEP 
and Canadian network studies with about 50% survival. Roughly 25–30% of the 
studied populations recovered to functioning baseline at 1 year, and a significant 
proportion were considered to have good functional status at 2 years [43]. Not sur-
prisingly, functional decline after critical illness was associated with worse quality 
of  life and correlated with assessments of  functional status before the ICU hospi-
talisation.

The findings indicate that assessment of baseline functional status could aid in 
prognostication and informed decision-making for very old critically ill patients. A 
logical consequence would be to start systematic collection and use of functioning 
measurements in all older patients who are admitted to ICU. This kind of systematic 
collection of functional status, though limited in extent, has been part of the basic 
dataset applied to patients older than 80  years in the Finnish Intensive Care 
Consortium since 2012. The combination of independence in ADL and ability to 
climb stairs was found to be a useful indicator of physiological reserves and ability to 
recover from critical illness in a large cohort of very old patients admitted to ICUs 
that were members of the Finnish consortium [48].

Few studies capture the entire breadth of functional status as pointed out earlier. 
Still, a couple of conclusions can be made though there is a lack of uniformity in 
instruments and inconsistent reporting of data that limit comparison of findings 
across studies. In general, when critically ill patients, 75 years or older, are admitted 
to ICU, about 30% of them die in hospital or within 30 days. A further 20% die 
within 1 year of ICU admission, with an overall 1-year survival of 50%. At 1 year 
roughly half  of the survivors show complete or some degree of recovery of func-
tional status. Many factors obvious for those familiar with intensive care may modify 
these numbers. The diagnosis leading to ICU admission, severity of illness on admis-
sion and duration of mechanical ventilation are some examples. The influence of 
other factors, i.e. impairment in hearing and vision, functional self-efficacy and 
frailty, have lately become apparent to clinicians. The influence of additional infre-
quently studied but possibly important factors, i.e. socio-economic status [49], 
remains to be determined.
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 Practical Implications

Lack of conceptual basis and generally accepted instruments to measure functional 
status in the old critically ill is a barrier to knowledge discovery and leads to prevent-
able research waste.

The International Classification of Functioning, Disability and Health provides a 
useful framework for understanding and describing functioning and disability.

Systematic development of a core outcome set (an agreed, standardised collection 
of outcomes measured and reported in all trials) for the old and critically ill is a neces-
sary way forward to identify and describe disability after critical illness in the elderly.

Proper description of disability is essential for rehabilitation tailored to the patient’s 
need. Functional status after critical illness in the old patient must be evaluated using stan-
dardised and widely accepted instruments that capture the entire breadth of functioning.

 Conclusion
The ultimate goal in the old critically ill patient must be to maintain or improve func-
tioning to achieve good perceived HRQOL, unless a shared decision to transit to pal-
liative care exists. Functioning outcomes provide the linkage between the biomedical 
disease paradigm and the patient-centred HRQOL construct. The ICF classification 
provides a helpful framework so that we can understand, discuss and measure impair-
ments, limitations and restrictions.

Inconsistencies in selection of functioning outcomes and metrics are important 
impediments to progress. Steps must be taken to reach consensus on a generic, multi-
dimensional set of instruments that cover relevant domains of functional status in the 
old critically ill patient.

During the first year after critical illness, about one quarter of old patients who 
are admitted to ICU recover functioning completely or to some degree, one quarter 
encounter functional decline and two quarters decease. Prognostic factors represent 
potential targets for interventions to mitigate or prevent functional decline and death 
during or after critical illness.

Take-Home Messages
 5 Functional status provides a link between the biomedical disease paradigm and 

the patient-centred health-related quality of  life construct.
 5 The International Classification of  Functioning, Disability and Health offers a 

helpful framework so that we can measure, describe and discuss functioning 
impairments, limitations and restrictions.
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 n Learning Objectives
 5 In this chapter, we will first outline the epidemiology of neurocognitive disorders 

(NCD) in the oldest population and discuss the different concepts that will allow us 
to approach the complexity of diagnosis and prognosis in this population.

 5 Then we will briefly detail the epidemiology of delirium during ICU stay.
 5 In the third part, we will clarify the relationship between NCD and delirium.
 5 Finally, we will discuss the opportunities and perspectives for limiting the occur-

rence and the consequences of NCD.

26.1  Introduction

Throughout the world, the overall population is aging. In 2020, the worldwide popu-
lation aged 65 years or over is estimated at 727 million. This number is projected to 
at least double by 2050, reaching over 1.5 billion persons [1]. This elderly population 
is characterized by increased multimorbidity, dependency, or risk of loss of func-
tional ability. One of the significant risk factors of dependency and alteration of 
quality of life is the development of neurocognitive disorders (NCD). Prevalence of 
cognitive disorders increases in the course of aging.

Thus, all factors that increase the incidence of NCD must be identified in order to 
prevent (as best as possible) this unfavorable evolution. The Lancet Commission on 
Dementia Prevention, Intervention, and Care Report suggests that approximately 
one third of dementia cases might be preventable and suggests interventions to pre-
vent this outcome [2].

On the other hand, the intensive care unit (ICU) admission rate of older patients 
is increasing dramatically. Older patients admitted in an ICU frequently present with 
delirium. Indeed, age is clearly identified as being one of the main risks of delirium 
during ICU stay. Many studies suggest an association between delirium and the risk 
of developing NCD after an ICU stay. It should be kept in mind that more than half  
of older critically ill patients recover their autonomy in the long term. Therefore, it is 
a compelling goal to develop care strategies to optimize the course of the older 
patients after their ICU stay.

26.2  Epidemiology and Generalities

As mentioned by the World Health Organization, worldwide prevalence of dementia 
(now designed by major NCD) is around 50 million people, with nearly ten million 
new cases every year. Alzheimer’s disease is the most common form of major NCD 
and may contribute to 60–70% of cases [3]. More importantly, the older the patient 
is, the higher are the chances of developing major NCD (dementia). For example, the 
prevalence of major NCD in OCDE countries is over 2% in people aged 65–69 years 
but reaches 40% in people over 90 [4]. Thus, when admitting a patient over 80 years 
in an ICU, there is a high probability that he will have major NCD. NCD is even 
more frequent in this population when adding those with minor NCD.
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26.2.1  The Different Stages of NCD

According to the DSM-5, NCD are composed of major neurocognitive disorder 
(previously called dementia) (7 Box 26.1) and of minor neurocognitive disorder 
(previously called MCI). The diagnosis of minor NCD is made when there is modest 
impairment in one or more cognitive domains and the person is still fully indepen-
dent notably for instrumental activities of daily living (IADL) [5]. Thus, the only 
significant difference between minor NCD and major NCD is the interference with 
independency in everyday activities. The concept of progression of neurodegenera-
tive diseases as Alzheimer’s disease (AD) distinguishes different stages of 10–15 years 
for each. As published by the National Institute on Aging – Alzheimer Association 
(NIA-AA) Work Group, the course of AD should now be considered as a continuum 
and can be diagnosed in its early stages, including asymptomatic (preclinical) sub-
jects and those with minor NCD. The different stages are (1) preclinical without any 
cognitive disturbance, (2) minor NCD, and (3) major NCD. One can specify that 
Alzheimer’s disease is the etiological process at the origin of NCD when one of these 
stages is combined with markers reflecting β-amyloid (Aβ) accumulation in the brain 
and indicating neuronal damage (neuronal death linked to hyperphosphorylated 
Tau) [6–8].

These conceptual advances have potential clinical implications: an asymptomatic 
cognitive patient entering an ICU may carry Alzheimer’s pathological lesions! It can 
also be the case with patients presenting only minor NCD but unidentified by the 
family.

Different etiologies are responsible for NCD at different stages. Among older 
people, the first neurodegenerative cause of major NCD is AD, the second one being 
Lewy body dementia. Vascular dementia is also extremely prevalent in the older pop-
ulation [9].

Box 26.1 DSM-5 Criteria for Major Neurocognitive Disorder (Previously Called 
Dementia)
 A. Evidence of  significant cognitive decline from a previous level of  performance in 

one or more cognitive domains:
 5 Learning and memory
 5 Language
 5 Executive function
 5 Complex attention
 5 Perceptual-motor
 5 Social cognition

 B. The cognitive deficits interfere with independence in everyday activities. At a 
minimum, assistance should be required with complex instrumental activities of 
daily living, such as paying bills or managing medications

 C. The cognitive deficits do not occur exclusively in the context of  a delirium
 D. The cognitive deficits are not better explained by another mental disorder (e.g., 

major depressive disorder, schizophrenia)

Cognitive Disorders: Outcomes After Intensive Care
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26.2.2  Multiple Lesions Are Mainly Responsible for NCD in Older 
Patients

In fact, it is difficult to precisely determine the frequency of the different etiologies of 
NCD in older people because of the frequent association of different lesions. 
Follow- up of cohorts of patients older than 75 years with postmortem brain exami-
nation has demonstrated that a majority of patients presented an association of dif-
ferent types of lesions responsible for major NCD [10]. The most common 
combination is Alzheimer’s lesions with vascular lesions, but it can also be Alzheimer’s 
lesions with Lewy body, or Lewy body and vascular lesions, and so on. The more 
there are associations of lesions, the greater is the risk of developing major NCD 
[11]. Many studies suggest that the accumulation of different kinds of lesions does 
not have an additive effect, but a potentiating effect, with a potentially more severe 
clinical course. In clinical practice, the association of lesions makes etiological diag-
nosis more difficult.

26.2.3  Cognitive Reserve

The concept of cognitive reserve appeared many years ago. Indeed, the incidence of 
major NCD is significantly lower in subjects with a higher educational level than in 
the general population [12]. A longitudinal study showed that practicing leisure 
activities which demand planning (one part of executive functions), such as garden-
ing, traveling, handiwork, and knitting, decreased the risk of major NCD [13]. In the 
“Nun Study” which took place in the global nun population, severity of cognitive 
impairment was significantly correlated with severity of AD neuropathology, as 
quantified in postmortem brains using Braak’s staging. But in a small percentage of 
cases, this observation was wrong. These cases displayed Braak’s stages V–VI (i.e., 
the most severe diffusion of lesions) with only minor cognitive impairment (minor 
NCD). For these nuns, the high density of AD lesion appears to be in advance with 
cognitive decline, suggesting that they were protected [14]. In fact, these people all 
had a high sociocultural status displaying the highest cognitive reserve [15]. Early 
and sustained practice of the most complex cognitive functions would build reserves 
against age-related cognitive declines due to pathological attacks. The cognitive 
reserve represents the capacity of individuals to resist neuropathological alterations. 
This concept has been further supported by an analysis of cognitive impairments 
among a population with AD, where individuals with higher reading levels remained 
cognitively intact despite the significant AD markers in brain pathology [16].

26.3  Delirium in ICU

Delirium is very frequently observed in older patients hospitalized in ICUs. The 
prevalence is around 70% in this population, age being one of the most important 
risk factors, with multimorbidity, cognitive status, and frailty [17, 18]. Diagnosis, risk 
factors, and scores will be discussed in the next chapter of this book and will not be 
detailed here. Delirium is associated with many adverse patient outcomes, notably 
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increased ICU and hospital length of stay, reduced post-discharge quality of life, 
increased risk of functional disability in activities of daily living, and mortality rates. 
Delirium is also correlated with cognitive decline at 3, 6, and 12  months post- 
discharge [19, 20]. In these studies, global cognition, attentional processes, and exec-
utive functions were significantly impaired. While some patients showed reversible 
alterations, one third had persistent cognitive decline at 12 months. A longer dura-
tion of delirium during hospital stay was associated with worse cognition.

26.4  Relationship Between Cognitive Status Before ICU Stay, 
Delirium, and Post-ICU NCD

Delirium is more frequently observed in older patients with a medical or surgical 
condition. It is clearly linked with the slight cognitive decline which occurs with age 
(reduction of  cognitive reserve), potentially associated with frequent cerebral 
lesions (neurodegenerative or vascular) responsible for minor or major NCD, and 
also with possible neurosensory impairment, multimorbidity, polypharmacy, and 
malnutrition. In this type of  patients, delirium is usually provoked by an insult 
which is more or less severe, in regard to the level of  vulnerability resulting from 
cognitive reserve and existence of  cerebral lesions [21]. Clearly the ICU stay could 
be considered as a stressor. Many factors could be related to occurrence of  delir-
ium, such as the use of  certain drugs, restrained movement, intubation, sleep dis-
ruptions, etc. But the main question is: could delirium influence incidence of  NCD, 
or is it responsible for a greater deterioration of  NCD than in the absence of  delir-
ium? Some studies with neuropathological correlations are in favor of  a specific role 
of  delirium. Davis et al. have studied the data of  three population-based cohort 
studies where the mean age at death was 90 [22]. They demonstrated that patients 
with delirium had a greater slope of  cognitive decline in comparison with matched 
patients without delirium. In the latter, density of  neuropathological lesions respon-
sible for NCD correlated with severity of  cognitive impairment. However, this was 
not the case in patients with a history of  delirium, suggesting that a specific type of 
alteration could be linked with delirium. They concluded that age-related cognitive 
decline has many contributors, and their findings support a role for delirium acting 
independently and multiplicatively on the pathological processes of  classic demen-
tia. Fong et  al. reviewed some studies and underlined a strong interrelationship 
between delirium and major NCD, although they have distinct pathological mecha-
nisms [23]. For example, a neuroimaging study demonstrated that longer duration 
of  delirium was associated with greater brain atrophy and white matter disruption 
at discharge and 3 months after.

Many studies observed the role of inflammatory biomarkers and many cytokines 
such as insulin-like growth factor (IGF)-1, IL-1β, and IL-1 receptor antagonist (RA) 
which appear to be associated with delirium. Other biomarkers such as high levels of 
interferon (IFN-γ) with low levels of IGF-1 were associated with delirium severity 
[23]. Concerning cerebral spinal fluid biomarkers of AD (like Aβ40/Tau and Aβ42/
Tau ratios), results are more conflicting but suggest a role of Aβ and Tau in the neu-
ropathogenesis of postoperative delirium. On the other hand, in some cases, delirium 
may be the first sign of unknown NCD (subclinical dementia process) [23].
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Thus, in patients with significant cognitive deterioration related to the  “aggression” 
of intensive care practices, we can suggest different situations. The presence of post-
ICU NCD in an older patient with reduced cognitive reserve could be due to the 
presence of previous NCD (known or unknown) which now appears evident or that 
has increased from minor to major NCD. But in some cases, it could be linked with 
the proper deleterious effect of delirium on a person with decreased cognitive reserve, 
without significant previous cerebral lesions.

 Practical Implications: How to Reduce the Impact of ICU Stay on Post-ICU NCD?

All these studies are very important to propose methods to improve and prevent per-
sistent NCD post-ICU stay.
 1. A major step is to correctly select critically ill older patients for admission in ICUs. 

The more the patient presents major baseline NCD, the higher is the risk of having 
a negative impact on the cognition. This is probably also true if  the patient has only 
minor NCD. It can be difficult in emergency settings to have all the elements to be 
formal on the presence of NCD. However, one can keep in mind that major NCD 
are present in 40% of population over 80  years and can at least check baseline 
autonomy (activities of daily living, i.e., ADL and IADL). From an ethical point 
of view, doubt must be in favor of the patient, and cognitive status is clearly not the 
only factor to consider when admitting an older patient in an ICU.

 2. Once the patient is admitted in the ICU, it is necessary to control all the factors 
known to favor or major delirium. Many studies tried to determine the best way to 
prevent or treat delirium [18]. These include the use of neuroleptics (haloperidol or 
risperidone), cholinesterase inhibitor (donepezil, rivastigmine), and statins, but 
there is a lack of proven prophylactic agents to reduce delirium. Other methods 
such as the comparison of sedative treatment during mechanical ventilation (pro-
pofol, midazolam, dexmedetomidine) or nonpharmacological measures (cognitive 
stimulation and early mobilization) were explored.

 Clinical Protocol

To date, there is no specific recommendation on management of delirium in older 
patients in ICUs.

A global management proposed in the ABCDEF model (7 Box 26.2) recom-
mended by the Society of Critical Care Medicine may be an interesting approach, but 
has not yet been evaluated in geriatric patients. However, the positive results of pro-
grams like these in medical wards can make one optimistic [24].

Box 26.2 The ABCDEF Building Blocks of ICU Delirium Management  
(7 www. iculiberation. org)
 A. Asses, prevent, and manage pain
 B. Both spontaneous awakening and spontaneous breathing trials
 C. Choice of  sedation

 M. Verny et al.
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 D. Delirium monitoring and management
 E. Early mobility and exercise
 F. Family engagement and empowerment

 Conclusions
Beyond these constatations and proposals, as suggested by Vallet et al., the creation 
of a genuine ICU-geriatric network appears essential [25]. The objectives of such a 
network could be to better determine the “good candidate” among older patients for 
ICU admission, to better evaluate our practices, to explore specific practices and pro-
tocols dedicated to older critically ill patients, and to propose special units in geriat-
ric wards for immediate care post-ICU discharge. The role of these special geriatric 
units would be to pursue specialized care and to favor recovery of autonomy. Such a 
network needs a close collaboration between intensivists and geriatricians, as well as 
evaluation of procedures and organizations. This type of organization will be the best 
bastion against agism.

Take-Home Messages
 5 The presence of  NCD is extremely prevalent in the older population (80 years 

and above) affecting 40% of  this population.
 5 The presence of  NCD post-ICU stay is one of  the most important factors dete-

riorating quality of  life.
 5 The evaluation of  activities of  daily living is important to help select patients for 

ICU admission.
 5 The occurrence and duration of  delirium are determinant risk factors of  appear-

ance of  NCD post-ICU stay. It seems possible to develop NCD post-ICU stay 
without any evidence of  previous cognitive impairment.

 5 Prevention and management of  delirium in ICUs are multifactorial as proposed 
in the ABCDEF building blocks.

 5 All these considerations should not be a pretext for refusing admission of  an 
older patient in an ICU.
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 n Learning Objectives
 5 Understand the general principles and particular challenges of geriatric rehabilita-

tion in the critically ill very old patient.
 5 Develop a personalized approach to assessment, focused upon the gap between 

individual capacity and optimal function.
 5 Recognize the heterogeneity of aging, using measures of mobility, hearing, vision, 

frailty, resilience, mood, social function, and cognition to determine intrinsic 
capacity.

 5 Explain the role of a multidisciplinary team, and outline rehabilitation interven-
tions.

 5 Acknowledge the unique challenges facing very old critically ill patients, and iden-
tify barriers to optimal rehabilitation.

 5 Understand post-ICU care transitions of care.
 5 Consider future directions in improving geriatric rehabilitation for critically ill 

older people.

27.1  Geriatric Rehabilitation: General Principles

Rehabilitation is the delivery of a set of interventions designed to meet the goal of 
optimal functioning and minimal disability among people with health conditions, in 
their interaction with the environment [1]. People aged over 65  years old are the 
fastest- growing population of rehabilitation patients, and the complex constellation 
of biological changes, which characterize the aging process, presents a unique set of 
rehabilitation challenges. Indeed, when viewed as vectors of change, aging and reha-
bilitation are frequently moving in different and opposite directions. It is the recogni-
tion and reconciliation of these divergent processes which define and delineate the 
subtle nuances characteristic of the art of geriatric rehabilitation. Previous models of 
rehabilitation dating from the 1960s [2] focused upon a causative model of events, 
whereby an active disease pathology leads to a structural impairment, resulting in a 
functional limitation and subsequent disability. This model of linear progression 
through a process of disablement and handicap was gradually replaced, and by 2001 
the World Health Organization [3] adopted the International Classification of 
Functioning, Disability and Health (ICF). Emphasizing the multiplicity of different 
systems within which resides the concept of disability, the ICF recognizes that a per-
son’s activity or ability to execute a certain task reflects the interaction of their health 
status, body function, and participation, as well as personal and environmental fac-
tors. Distinct from the ICF model, the Ecological or Person-Environment Fit model 
of rehabilitation allows for a deeper understanding of the etiology of impaired func-
tion. Viewed as a mismatch between individual capacity and the task demands, opti-
mal function and minimal disability require a highly personalized approach aimed at 
redressing the mismatch [4]. A shift in paradigm away from reacting to illness and 
preventing disability or impairments towards the promotion of healthy aging was 
recently adopted by the WHO World Report on Ageing and Health [5]. Rather than 
disability and disease, the report emphasizes optimal functioning and well-being in 
older age, which are considered expressions of the individual’s intrinsic capacity, 
their environment, and the interaction between the two [6]. Understanding the opti-
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mal function of the aging person within this theoretical framework, it is proposed, 
may lead to a radical change in the principles of clinical practice and rehabilitation 
perspectives among older people. Moving away from screening for disease biomark-
ers and disease-oriented clinical care, this healthy aging approach would seek to pro-
mote individualized proactive interventions, aimed at enhancing intrinsic capacity 
and performance. Recent attempts to identify age-related correlates of intrinsic 
capacity, based upon a wide range of biogerontology and geroscience research into 
disability and function, consistently describe the following elemental domains: loco-
motion (including neuromuscular function), sensorium (including hearing and 
vision), physical vitality (e.g., homeostasis, frailty, resilience), psychology (mood and 
social function), and cognition [7–9]. Over and above the semantics within which to 
frame the language of disability, aging, and rehabilitation, it is these recurrent omni-
present core issues of geriatric medicine that are at the heart of rehabilitation of the 
older adult, irrespective of diagnostic categories, illness severity, intensity of treat-
ment, or site of care.Geriatric rehabilitation, like all aspects of geriatric medicine, 
must inevitably account for the increasing heterogeneity which typifies the aging pro-
cess. The interindividual variability in numerous biological systems observed between 
individuals of the same age group increases with advancing age, and the heterogene-
ity becomes even more pronounced across different age groups of older people [10]. 
Similarly, analyses of longitudinal data among very old people also confirm the 
increasing variability observed across different trajectories of health, disease, func-
tion, and survival [11, 12]. Recognizing the immense heterogeneity among very old 
people helps underline the importance of accurately differentiating between chrono-
logical and biological aging and is an important step towards an accurate and per-
sonalized assessment of the patient’s specific rehabilitation potential and goals. 
Indeed, lack of awareness and appreciation among healthcare professionals of this 
critical difference is likely to result in critical decisions concerning triage and treat-
ment to be made based upon chronological age alone.

There is a growing consensus concerning the important moderating influence of 
frailty within the rehabilitation process, and considerable evidence supports its use-
fulness as a prognostic factor among critically ill older people [13]. Numerous assess-
ment tools to measure frailty exist reflecting the theoretical basis upon which frailty 
is derived: the model of phenotypic frailty, with its characteristic biological features 
closely related to muscle function and sarcopenia, alongside the stochastic “accumu-
lation of impairments” Frailty Index [14–16]. These different yet complementary 
approaches respectively reflect a biological state of vulnerability and a gradual 
breakdown of complex networks. Irrespective of theoretical differences, when trans-
lated to clinically guided screening tools for frailty, all approaches have proven to be 
robust predictors of negative rehabilitation outcomes following intensive care [17–
19]. In contrast to frailty, the notion of physical resilience is recently gaining growing 
attention as an additional moderating factor in the dynamics of recovery and reha-
bilitation from critical illness at the extremes of age [20–22].

It is within the microcosm of critical care for the very old patient that we are often 
witness to the entire spectrum of geriatric medicine. Critical illness within the ICU 
setting among the very old patient serves as both incubator and accelerator to high-
light and intensify the core issues of geriatrics and rehabilitation. Provision of opti-
mal care must first acknowledge, and subsequently address, the challenges of 
disability and functional decline; impaired neurocognitive, neuromuscular, and sen-
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sory function, set against a wide biological heterogeneity of comorbidities and 
frailty; resilience and intrinsic capacity; and unpredictable trajectories of health and 
disease progression.

27.2  Multidisciplinary Approach

A prerequisite for optimal geriatric rehabilitation is a fully functional, coordinated, 
and interactive multidisciplinary team, including a geriatric consultant specializing 
in rehabilitation, specialized geriatric nurses, physiotherapists, occupational and 
speech therapists, dietician, social worker, and, where appropriate, psychologist and 
specialized recreational therapists. Within the context of  the critically ill very old 
patient in the intensive care setting, the importance of  the multidisciplinary approach 
cannot be underestimated. Both as part of  an initial assessment and also at regular 
multidisciplinary team meetings, decisions are continually updated concerning the 
patient’s rehabilitation potential and their multimodal treatment plan, as well as an 
appraisal of  both immediate-, short-, and long-term rehabilitation goals. Since reha-
bilitation involves multiple modalities of  therapy, the involvement of  all team mem-
bers in joint decision-making is essential to assess progress, redefine goals, and if  
necessary consider the reduction or cessation of rehab therapy and a shift towards a 
more palliative orientated care. Rather than separate areas of  therapy, the different 
modalities of  rehabilitation care are widely overlapping, with interactive spheres of 
influence. Thus, for example, while physiotherapy for early mobilization is primarily 
aimed at improving locomotor and muscle function, nonetheless secondary effects 
include positive impact upon neurocognitive, affective and psychological, cardiovas-
cular, hemodynamic, pulmonary, and metabolic function. Similarly, best standard 
nursing care might be aimed at optimal skin care and patient positioning, oral 
hygiene, sphincter control, preventing constipation, pain control, attention to sen-
sory impairments by providing hearing and vision aids, reducing use of  restraints 
and environmental stressors, and encouraging the engagement with family mem-
bers. Nonetheless, secondary effects of  these interventions are likely to also result in 
reduced levels of  delirium and psychomotor agitation; improved sleep and mood; 
reduced degree of  reactive depression, anxiety, and adjustment difficulties; and sub-
sequently an improved degree of  compliance and positive disposition towards early 
mobilization or other active rehabilitation treatment modalities.

27.3  Assessment of Rehabilitation Potential

Aims of rehabilitation assessment of the critically ill very old patient focus upon 
identifying potential reversible areas of functional deterioration, the determination 
of the patient’s overall rehabilitation potential, and the initiation of early focused 
interventions. This being said, accurate predictions of subsequent rehabilitation 
potential and outcomes are notoriously difficult, and among very old people in par-
ticular, very little accurate evidence-based research exists. A growing body of litera-
ture exists, which repeatedly confirms the robust association between premorbid 
functional status, comorbid burden, and frailty with increased mortality as well as 
poor subsequent functional outcome in ICU survivors [13, 17–19, 23]. However, cau-

 J. M. Jacobs and J. Stessman



407 27

tion is needed in drawing conclusions from much of current data which is hampered 
by numerous methodological problems which include not only selection and survival 
bias but also fundamental issues such as lack of consensus concerning assessment 
tools [24] and the lack of standardization of rehabilitation treatment protocols 
among critically ill very old patients both within the ICU and post-ICU. Furthermore, 
there are wide disparities in both the availability of rehabilitation services and the 
degree of healthcare reimbursement provided by different healthcare systems.

That being said, medical assessment must include a determination of premorbid-
ity, frailty, and level of disability, which, viewed through the rehabilitation paradigm, 
closely relates to the patient’s prior level of activity, participation, and engagement 
with their environment. An assessment of neurocognitive status is essential, in order 
to identify the presence of agitation, delirium, and prior baseline cognitive state, as 
well as the patient’s current degree of cognitive functioning and level of capacity for 
decision-making. Understanding the cognitive status is essential to help guide cur-
rent interventions, to define treatment goals, with the aim of improving patient’s 
insight, participation, and cooperation, as well promoting positive disposition and 
motivation towards rehabilitation therapy. Inadequate pain control presents a major 
barrier to rehabilitation efforts. Indeed, the close relationship between pain, agita-
tion, delirium (PAD), and generalized impaired neurocognitive function was rein-
forced in the widely accepted 2013 PAD clinical practice guidelines [25]. Recognizing 
the importance of mobility and sleep, these guidelines were updated in the 2018 
PADIS guideline to include pain, agitation, delirium, immobility (rehabilitation/
mobilization), and sleep (disruption) [26, 27]. Along similar lines, the additional 
importance of the family and caregiver involvement in critical care is included in the 
implementation of the ABCDEF Bundle (Assess/manage pain; Both spontaneous 
and awakening and breathing trials; Choice of analgesics and sedation; Delirium 
management; Early mobility and exercise; Family engagement and empowerment), 
which has been shown to have a significant and meaningful impact on numerous 
outcomes both during ICU and post-ICU [28].

Cardiovascular, pulmonary, and hemodynamic reserves are often rate limiting 
factors to the patient’s tolerance, and are simultaneously often primary goals of reha-
bilitation, to be addressed alongside sarcopenia, ongoing infection, and inflamma-
tory and catabolic status. The major sequelae of neuromuscular damage associated 
with critical illness among very old people are common and typically occur against a 
background of underlying current comorbidity, polypharmacy, immobility, and 
deep sedation, in addition to preexisting frailty, low levels of physical activity, sarco-
penia, proinflammatory status, and poor nutritional status. Functional assessment of 
performance measures includes locomotion, gait, balance (static and dynamic), 
coordination, strength, and range of movement, in conjunction with determination 
of the patient’s sensory integrity (vision, hearing, touch, proprioception, pain), auto-
nomic and involuntary function, orthostatism, sphincter control, bowel function, 
and skin integrity. Nutritional screening and assessment of swallowing and oral 
hygiene are important, and where appropriate will be helpful to guide early interven-
tion of speech therapy and assistive aids to help improve communication. Identifying 
the significant family members and caregivers is an important early step, aimed at 
facilitating their involvement and empowerment within the critical care environment. 
Furthermore, an understanding of the patient’s social support and cultural back-
ground may contribute, indirectly, to improving the patient’s disposition towards 
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rehabilitation, as well as the early identification of potential barriers to future dis-
charge and placement. Where possible the patient’s advanced planning directives 
should be ascertained and surrogate decision-makers identified.The ultimate aim of 
assessment is to aid in determining the rehabilitation potential and help in “prognos-
tication.” While research over the last two decades has certainly identified risk factors 
associated with negative outcomes, nonetheless predicting longitudinal trajectories 
of change at the individual patient level remains notoriously unreliable. A body of 
literature now exists with evidence linking long-term post-ICU outcomes to the 
assessment at point of entry to ICU of the patient’s degree of frailty, sarcopenia, 
premorbidity, and functional and cognitive status, as well as performance measures 
and illness severity [17–19, 23–25, 29]. Nonetheless, in addition to statistical models, 
algorithms, and heuristic approaches aimed at predicting outcomes and aiding in 
decision-making, there remains a highly significant role for clinical experience and 
judgment, and suggestions have been made for a time-limited trial of care rather than 
a single decision concerning triage for ICU [30].

27.4  Rehabilitation Interventions for the Critically Ill Very Old 
Patient

The sequelae of surviving critical illness are well documented, in both younger and 
older patients, and include, for example, sustained muscle weakness, cognitive impair-
ment (memory and executive dysfunction), impaired pulmonary function, sustained 
weight loss, sarcopenia, frailty, functional decline as well as psychological symptoms 
(anxiety, depression, post trauma), and reduced levels of participation and engage-
ment. In addition, the long-term negative impact of critical illness upon informal care-
givers and the family unit is also recognized as a significant mental and physical health 
issue. Despite the frequent picture of negative outcomes, in the relatively little litera-
ture that exists among people age over 80, a wide variability is reported. Thus, for 
example, in a Canadian study of 610 patients aged >80 years old admitted to ICU, 
25% of people had survived and returned to their baseline level of function at 
12 months [31]. In contrast, a study from Finland among people aged over 80 years 
old admitted to ICU found that 62% were alive at 12 months, and 78% of these survi-
vors had returned to a functional status comparable to their premorbid situation [23].

The fact that functional improvement is attainable among survivors of critical 
care, both young and old alike, is the driving reason behind the implementation of 
rehabilitation, and the initiation of rehabilitation early in the course of critical care is 
currently an accepted standard of care. For example, the National Institute for Health 
and Clinical Excellence (NICE) clinical guidelines for rehabilitation after critical ill-
ness in adults, which were published in 2009 and updated with quality standards in 
2017 [32, 33], provide detailed outlines concerning minimal standards of rehabilita-
tion. Interestingly, the guidelines are inclusive of patients of all ages. Although 
research efforts have primarily focused upon the examination of potential benefits of 
early rehabilitation interventions, particularly early mobilization and active exercise, 
nonetheless few have examined the very old ICU patients as a separate group. Despite 
the fact that numerous studies have shown benefits of both early mobilization and 
personalized exercise interventions among ICU patients of all ages, systematic reviews 
have repeatedly noted methodological difficulties and the lack of high-quality evi-
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dence [34–42]. Thus, conclusions are frequently limited in their scope, citing the lack 
of standardization of rehabilitation interventions, different criteria for patient inclu-
sion, different timing and duration of treatment, and a variety of outcome measures, 
as well as a relative lack of very old patients included in the studies. That being said, 
a large number of individual research programs, upon which are based the numerous 
systematic reviews and meta-analyses, have found consistent evidence to support both 
early mobilization and exercise, which indeed appears to be persuasive. Among the 
large number of potential interventions, the positive effects of early mobilization and 
active exercise have been supported by existing evidence, primarily among ICU 
patients of all ages, of which the very old patients are included. Similarly, the safety 
of these interventions across a range of different patient populations has been shown 
[26, 27]. Recently the safety of exercise and early mobilization was also found to be 
beneficial among critically ill people aged over 80, recovering from acute cardiovascu-
lar disease in the cardiac critical care scenario [43].

The role of physiotherapy is perhaps the most common and dominant treatment 
modality, which is focused upon the restoration of muscle integrity: muscle strength, 
locomotor function, mobilization, and respiratory function, as well as improved and 
early weaning from ventilation. Aimed at improving muscle weakness and range of 
activities, techniques include passive and active assisted movements, postures, active 
limb exercises, peripheral muscle training, and respiratory muscle training, as well as 
neuromuscular stimulation. Specific respiratory techniques include manual hyperin-
flation, percussion, vibration, and in-exsufflation [44]. The increased use of in-bed 
cycling, among conscious ventilated patients in particular, is gaining interest, as is the 
early mobilization of ventilated patients [45].

Recognizing the importance of defining a key set of skills and interventions has 
led recent research to define a minimum set of standards for specialized physical 
therapists in the ICU setting. Like the majority of literature, little if  any distinction 
is made concerning the often complex needs of very old people in the critical care 
setting, who by nature of preexisting mobility and neuromuscular impairments are 
likely to require specific and individualized care [46, 47].

Working in unison with physiotherapists, occupational therapists in critical care 
may aim at improving self-care skills, cognitive treatment, sensory input, optimal use 
of assistive technology, splints, and postural aids. Communication deficits, swallowing 
disorders, and optimal dietary considerations require close cooperation between both 
speech therapists and dieticians and nursing team. The rapidly developing area of 
virtual reality technology in rehabilitation is finding its way into the ICU, where its 
multiple uses in physical, exercise, communication, and cognitive therapy are likely to 
become established in the future. Recent reviews of available evidence remain uncon-
clusive, and refrain from advising either for or against due to lack of evidence [26, 27]; 
however, current research is growing, including the niche relaxation and prevention of 
delirium – albeit among younger patients to date [48, 49].

27.5  Barriers to Early Rehabilitation

Among the critically old ill patient, it is likely that the patient-centered barriers to 
treatment (pain/fatigue/weakness/anxiety/fear/lack of motivation/confusion/
restraints) may be even greater than their younger counterparts, and yet this area has 
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been very poorly researched. Using qualitative, grounded theory to explore patient 
experiences of early rehabilitation in the ICU, reports of loss of sense of self, auton-
omy, and competence and dehumanization were repeatedly voiced, in conjunction 
with a gradual process of recalibration of the self-identity [50]. These common 
themes experienced by patients of all ages in the ICU are likely to resonate with pre-
existing themes among the very old; however, to date it remains unknown if  qualita-
tive differences in the experience of ICU exist among the very old patients. Recent 
research from the USA suggest that among ICU patients of all ages, only 45% actu-
ally received early mobilization [51], and it is likely that among very old people, this 
lack of early rehab might be even higher. Numerous environmental barriers to early 
rehabilitation interventions in the ICU were identified in a review of 38 studies [52] 
and included not only an objective lack of dedicated and specialized therapists and 
lack of multidisciplinary regular rounds but also lack of positive perception of ben-
efits from early rehabilitation by ICU staff  members. Similar lack of adequate equip-
ment, low staffing levels, and financial impediments were also commonly cited. The 
importance of the staff  members’ perception of the importance of early rehab and 
their appreciation of the potential benefits has been considered to be a critical aspect 
of the environmental barriers within the culture of the ICU department, with 63% of 
staff  members reporting their underestimation of ICU weakness [53]. These findings 
were reinforced from a UK survey suggesting that less than one third of all ICU 
patients were offered appropriate rehabilitation care or follow-up, despite NICE 
guidelines [42].

27.6  Transitions Out of the ICU

As underlined by NICE guidelines, an important and necessary element in successful 
rehabilitation is the “seamless transition” of care following discharge from ICU, 
aimed at maintaining the continuity of an appropriate level of rehabilitation care. An 
accurate assessment of rehab potential prior to discharge remains challenging, and 
current efforts are directed at the development of a standardized assessment of core 
rehabilitation issues, according to which a tailored post-ICU rehab plan may be 
determined [54]. One such example is the Post-ICU Presentation Score (PICUPS), 
which is a screening and assessment tool aimed at improving the post-ICU care tran-
sition and continuity of rehabilitation care, at the decisive moment of “step-down” 
from ICU to continued care [55].

The range of rehabilitation services following ICU varies widely across different 
healthcare systems, and decisions concerning care are often a reflection of not only 
patient-dependent factors but also the availability of services, alongside the coverage 
provided within the healthcare system. Thus, the primary elements which must be 
considered concerning the most appropriate care setting will include the medical sta-
tus, specific diagnosis for which rehabilitation is indicated, and medical stability; 
 premorbid and current functional, neurocognitive, and neuromuscular status; moti-
vational and psychological status; the tolerance and reserve necessary for sustained 
physical mobilization; the number of different therapeutic modalities required; psy-
chosocial and family preferences; degree of health coverage provided; and local avail-
ability of services. Rehabilitation services providing intensive inpatient rehabilitation, 
often situated in a general hospital setting, will typically entail at least two or three 
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modalities (physiotherapy, occupational therapy, and speech therapy), with a mini-
mum of 3 h daily treatment, 5–6 times weekly. Geriatric rehabilitation (often referred 
to as subacute/post-acute/transitional care) is usually delivered in a step- down facil-
ity (geriatric medical center/skilled nursing facility) where, in addition to 24/7 nursing 
and geriatric care, patients will receive one to two modalities of therapy, often 1–2 h 
daily depending upon their reserve and tolerance. There is an increasing interest in 
the provision of home rehabilitation and home hospital services, with mounting evi-
dence to support either non-inferiority or actual improved quality of care compared 
to inpatient rehabilitation, as well as improved patient and family satisfaction, and 
economic benefits for healthcare providers [56]. Multidisciplinary home care teams 
may provide long-term rehabilitation care for patients with an anticipated slow 
recovery, for whom the social support, informal caregivers, family, and home envi-
ronment are deemed to be both willing and capable of providing adequate care in the 
community. As is the case for geriatric inpatient rehabilitation services, there is an 
even greater variability in the availability of home hospital and home care services in 
different healthcare systems [57].

The rapidly developing area of telemedicine is exploring numerous niches for 
both physio- and occupational therapy guided remotely, as well as the availability of 
virtual encounters with other healthcare professionals. Patients requiring long-term 
acute care, with poor or negligible rehabilitation potential, are also candidates for 
long-term provision of home hospital, as witnessed by the growing number of 
patients requiring prolonged mechanical or noninvasive ventilation, who are choos-
ing home rather than hospital. One of the important drivers behind the emergence of 
home-based alternatives is the financial incentive. Thus, for example, a recent analy-
sis of USA Medicare data concerning post-acute care at home versus long-term 
acute care or long-term skilled care among over 17 million patients discharged fol-
lowing an acute hospital-acquired deterioration found similar functional gain yet 
significantly reduced cost in favor of homecare [58]. Furthermore, evidence does 
exist to support the benefits associated with home-based rehabilitation specifically 
among post-ICU patients across a range of outcomes, including respiratory and 
locomotory function, quality of life, and patient safety [59]. Furthermore, when 
asked if  they would choose again to undergo ventilation, a positive answer was given 
by over 80% of elderly survivors of ICU remaining on prolonged mechanical ventila-
tion treated with home hospital, as well as those successfully weaned following a 
prolonged duration of ventilation [60–62].

27.7  Future Directions

Currently, there is a lack of high-quality, evidence-based research into rehabilitation 
of the critically ill very old patient. A central issue which must be addressed is the 
need to standardize the assessment of rehabilitation status, using a minimum set of 
core domains measured by accepted and validated tools. Improved assessment at 
numerous points along the transition of rehabilitation care is necessary to improve 
our understanding of initial triage, response to rehabilitation interventions, and deci-
sions concerning post-ICU rehabilitation care. Similarly, a minimum standardized 
protocol of treatment, aimed particularly for early mobilization and exercise therapy, 
is essential in order to improve quality of care at the patient level, as well as deter-
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mine the impact and potential benefits of treatment. A deeper understanding of 
patient-centered barriers is necessary, at numerous levels. Thus, for example, unravel-
ling the interaction of sarcopenia, frailty, intrinsic capacity, and resilience with criti-
cal illness and rehabilitation will likely play a central role in translational research 
bridging the gap between assessment and prognostics. Environmental barriers to be 
addressed clearly involve educational advances aimed at the medical culture within 
the ICU. An important factor which is likely to help catalyze this change is the inte-
gration of geriatricians as an organic element within the ICU team [62]. The recent 
COVID-19 pandemic brought to the forefront the lack of rehabilitation services in 
general and among very old people in particular [63]. Addressing the need to inte-
grate and promote rehabilitation with healthcare stems, at all points of care transi-
tion from ICU to home, will in all likelihood come about after the provision of hard 
evidence supporting the benefits of rehabilitation among critically ill very old people.

Take-Home Messages
 5 High-quality research into rehabilitation of  critically ill very old patients is 

needed to improve assessment, interventions, and outcomes.
 5 Always screen for agitation, delirium and dementia, pain, frailty, and locomotion 

and establish baseline premorbid level of  function and advanced directives.
 5 Multidisciplinary care, especially mobilization and exercise, can be safely deliv-

ered and should be started as soon as possible.
 5 Successful transition from ICU to the optimal rehabilitation setting requires a 

tailored rehabilitation plan, using standardized assessment tools.
 5 Barriers to rehabilitation include both patient-centered geriatric syndromes and 

environmental factors, including staff  perception and education, as well as 
healthcare disparities.

 5 Models of  rehabilitation at home are increasingly common and for appropriate 
patients may provide the same level of  functional gain as post-ICU hospital care 
but with substantially reduced costs and greater patient satisfaction.
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 n Learning Objectives
By completing this chapter, the reader will be able to:

 5 Recognize and define the subject group of interest in the context of this book.
 5 Identify the individual roles caregivers fulfill.
 5 Relate the concept of caregiver burden to caregiving activities including  

post- intensive care syndrome (PICS-F).
 5 Describe individual consequences and effects of caregiving activities on the 

 caregiver.
 5 Describe coping and support strategies that may be adopted to overcome negative 

aspects of caregiving.

28.1  Introduction

As life expectancy continues to increase and advances in medical technology bring 
many benefits to society, the provision of care within a healthcare system has taken 
central stage in health policy making. For example, Germany introduced long-term 
care insurance in 1995 which since has undergone several reforms taking account of 
population changes and increases in costs [1]. A shift from institutional care, such as 
hospitals or care homes, towards home care is believed to be of benefit to an indi-
vidual’s independence and reduces cost pressures on healthcare systems. However, 
these policy transformations also indicate a change in responsibility from the state as 
a provider of formal care activities to the informal sector which includes families, 
neighbors, and friends. In the UK, this informal sector is caring for 2 million adults 
and has been valued at £59.5 billion a year [2]. As such, informal caregivers form the 
backbone of care systems but seldom receive any recognition for their contribution 
and commitment.

Considering the impact that a critical care stay can have on a patient, it is not 
surprising that care will be required after discharge from hospital. In general, when 
we talk about the informal caregiver, we mean a relative, partner, child, family mem-
ber, friend, or neighbor who has a significant personal relationship with the care 
recipient and provides a broad range of assistance without monetary gain. This role 
is dependent on its local context and often physically and emotionally demanding, 
particularly in cases where the carer has his/her own health-related morbidities, as it 
is common with the older aged population. The aim of this chapter is to provide an 
introduction into the role of the informal caregiver including a description of duties, 
its societal impact, consequences for the individual fulfilling this role, and relevant 
strategies that may be considered to support this important group. We also included 
a fictional scenario that we hope will highlight the practical implications of an ICU 
stay for the caregiver. For the purposes of this chapter, we will use the term caregiver 
(referring to the informal caregiver), while synonyms such as carer and caretaker 
have also been described in the English language.

 J. Mellinghoff et al.
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 Considerations for Practice – A Case Scenario

Frances, a 76-year-old lady, collapsed at home and was found by her husband lying on 
the floor. She was unresponsive and brought to the specialist hospital by air ambulance 
presenting with hypothermia, hypotension, and impaired consciousness. She required 
mechanical ventilation and was transferred to the intensive care unit (ICU) with a 
diagnosis of new-onset atrial fibrillation that subsequently had led to a stroke with a 
left-sided weakness and aspiration pneumonia.

Frances stayed in the ICU for 3 weeks and required a tracheostomy. Naturally, she 
was going to have a long recovery but was supported by her husband Harry and their 
two children who visited frequently. After completing her neuro recovery and rehabili-
tation, she was discharged home after 8 weeks in hospital. There, she was supported by 
her older spouse and nearby living children. For the initial period, primary care ser-
vices were involved who came daily to ensure she settled back into her normal life. She 
continued to be affected by some long-term disabilities due to the not completely 
resolved left-sided weakness.

28.2  Definitions and Roles of Caregivers

Before taking a closer look at the specific roles that caregivers adopt, it is imperative 
to recognize who these individuals are, who have been defined to provide most of the 
financial, emotional, and physical support to a patient on an unpaid basis [1]. Data 
from 21 OECD countries suggest that between 9 and 21% of older adults 
(age ≥ 50 years) undertake caring activities at least on a weekly basis, and the distri-
bution among sexes is skewed towards women in most countries except for Sweden 
[3]. While this instance is not surprising due to women’s increased life expectancy, 
analysis from the UK suggests that women are also more likely to be employed while 
being a caregiver, affecting their other life commitments more than in men. The age 
distribution increasingly affects older workers in society with the greatest number 
being between the age of 60 and 69 years [3]. Similar data is reported by the USA 
demonstrating a global trend in the developed world [4].

Overall, there is great uncertainty about the roles caregivers adopt. Anyone who 
finds themselves in that position goes through a period of experiential autodidactic 
learning with little formalized training. In 2008, the Institute of Medicine acknowl-
edged that the definition of “healthcare workforce” must be expanded to include 
informal caregivers who need to be equipped with knowledge, tools, and training to 
provide high-quality care [5]. More than 10 years on, the reality paints a different pic-
ture, namely, a disconnect between formal and informal care provision [6]. Especially 
in the later stages of convalescence of a patient’s recovery process, a clear distinction 
between what is formal and informal care would be helpful in assigning responsibili-
ties. In order to explore the roles of the caregiver in more detail, Tramm’s model (2017) 
is a useful tool to explore different functions that caregivers perform individually or in 
parallel [7]. This “carousel of roles” (. Fig. 28.1) includes the decision- maker, carer, 
manager, and recorder with some fluency between these different roles.
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28.2.1  The Recorder

Over the last 10 years, a wealth of evidence has recognized that cognitive decline of 
patients recovering from critical illness affects both younger and older patients [8, 9]. 
Dependent on the cognitive impairments experienced by the affected individual, 
caregivers have to compensate for these including activities such as communicating 
with healthcare professionals and organizations and interpreting information 
received from healthcare providers as well as record keeping. The latter activity is of 
particular importance when dealing with multiple specialties and agencies. Taking 
different healthcare contexts into account, the provision of a functional model of 
care which is based on the needs of the care recipient and incorporates the concerns 
of the caregiver, should ensure that all services are coordinated and complement each 
other [10]. The administrative burden that arises with this task may be overwhelming, 
notably for the more complex cases, but certain existing services may provide support 
to caregivers with its completion. For example, the gatekeeping role of general prac-
titioners may help the caregiver to communicate across professional care services and 
share information [11].

28.2.2  The Manager

Managing one’s own life is difficult enough at the best of time, and usually an indi-
vidual balances one’s own needs against those in the immediate surroundings. During 
a critical illness and its aftermath, this balance is tilted towards the care recipient 
because their affairs require organization. Consequently, more time and effort are 
necessary in order to secure a person’s health or well-being. Managerial activities in 
the acute disease stage include relocation to somewhere near to the hospital to be 

       . Fig. 28.1 Carousel of  roles
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present and provide support for the acutely unwell patient [12]. In the latter stages, 
travel is more focused on medical or rehabilitation appointments and the organiza-
tion of schedules [7]. Other aspects to be managed are the financial affairs of either 
the caregiver, care recipient, or both. Although this is dependent on the relationship 
between the two, it may not be a skill the caregiver is familiar with. In such circum-
stances, support by family and friends in the immediate surroundings is detrimental 
but not always available. Financial loss due to reduction in employment and out-of- 
pocket expenses may be the consequence [13]. There is acknowledgment that due to 
the time constraints of these activities, caregivers forego other undertakings includ-
ing their own employment [2].

28.2.3  The Decision-Maker

Decision-making responsibilities commonly start early for anyone affected by a seri-
ous illness of a close relative or friend. Patients admitted to ICU are incapacitated for 
at least some of the time, and the caregiver in conjunction with other members of a 
patient’s close circle makes decisions on their behalf  [7]. If  a relationship between the 
patient and caregiver is formally documented prior to the illness, this concept is 
referred to as “power of attorney.” For the early period of illness, this includes pro-
viding consent/assent to medical investigations and procedures, comprehending and 
processing complex treatment information all the way to decision-making about end- 
of- life care or continuous therapeutic options and where such treatments may take 
place [5]. Stepping up to this role, caregivers provide leadership and advocacy for the 
patient looking after their medical affairs. But clearly all the other issues of normal 
life continue, such as making decisions on applying for assistance through official 
support services and accessing rehabilitation and long-term care institutions if  ser-
vices are not provided in the patient’s own home. Thus, caregivers take a lot of 
responsibility for the patients’ situation, continuously making decisions in the best 
interest of the care recipient and subsequently navigating through the labyrinth of a 
complex healthcare system.

 Considerations for Practice – A Case Scenario

While Frances was in the hospital, Harry, Frances’s husband, stayed in a local bed and 
breakfast to be able to visit and support his wife on a continuous basis. He only occa-
sionally went home as he had stopped driving 2 years ago. He was talking to the health-
care professionals daily in order to receive information on his wife’s progress and 
participated in decision-making, providing important information about her normal 
life. He was writing down information so he could keep his children up to date because 
they could not come every day due to work and childcare commitments.

When Frances moved onto the rehabilitation ward of the hospital, Harry started to 
get more involved in her personal care aspects, being supervised by the nurses and 
allied health professionals. While he continued to be in hospital most of the time, the 
children looked after their personal affairs and investigated local care provision by 
contacting the GP, community nurses, and rehabilitation center in preparation for her 
return to home.
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28.2.4  The Carer

Tramm’s model of caregiving activities includes both the physical and psychological 
dimension [7]. In low- and middle-income countries caregiver involvement is much 
more common due to the unavailability of professionally trained staff  [14]. In con-
trast, in high income countries contributing to care in the hospital setting is mostly 
left to the healthcare professional but some participation by caregivers may include 
the support of activities of daily living for example oral feeding or personal care. In 
view of the psychological dimension, a growing body of evidence suggests that care-
givers have a role to play in the prevention and treatment of delirium by their par-
ticipation in reorientation and rehabilitation exercises [15, 16]. Clearly, in the later 
stages of rehabilitation, for example in the home setting, the role of the caregiver 
becomes more prominent. In these cases, the question arises if  there is any oversight 
of the quality of care provided and who is taking responsibility for it, in case of 
neglect – is it the healthcare system i.e., by proxy the general practitioner? Complex 
activities and technical tasks, such as suctioning of tracheostomised patients, chang-
ing settings of ventilation equipment, all the way to the provision of emotional wel-
fare, require training and expertise to be transferred from the healthcare professional 
to the caregiver. The inherent difficulties manifesting themselves include the possibil-
ity of an imbalance between the care provided and the care needed, as well as the 
willingness of the caregiver to provide these tasks [17].

28.3  Caregiver Burden and Measurements

The concept of caregiver burden has been described as a multi-dimensional con-
struct by Zarit et al. (1980): “the extent to which caregivers perceive the adverse effect 
that caregiving has on their emotional, social, financial, and physical functioning” 
[18]. While the word burden as such has a negative connotation, caregiving should 
not only be seen in the light of undesirable consequences for the person providing 
care [19]. Indeed, a study among older caregivers suggests the opposite, with caregiv-
ing resulting in a greater sense of self-fulfillment and a positive impact on people’s 
lives [20]. Still, caregivers are often not adequately prepared for their role and may 
become overwhelmed [21]. Care activities vary from supporting discharged ICU 
patients while adjusting and returning to their previous physical and psychological 
state to supporting and caring for survivors who will experience long-term disabili-
ties. Caregiver burden in the older population has been described related to 
Alzheimer’s disease and other advance illnesses such as cancer and obstructive pul-
monary disease [22] with more than one third suffering from mild to severe burden 
6 months after critical illness. Adelman et al. (2014) stated that spousal caregivers, as 
compared with adult children that take caregiving roles for their parents, face greater 
challenges because they are more likely to live with the care recipient, have little 
choice in taking on the caregiving role, are less aware of the toll that caregiving is 
taking on them, and are more vulnerable because of their older age and associated 
morbidities [23]. The burden in caregivers is associated with the severity of illness, 
loss of functional autonomy, and the need for help in daily activities [24, 25]. The 
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burden for caregivers of patients admitted to the ICU has not been studied exten-
sively; however, it seems to be underestimated [26].

28.3.1  Post-Intensive Care Syndrome-Family (PICS-F)

As generally known, an ICU admission is a stressful moment for both the patient 
and its family members. As a result, family members of ICU patients are at risk of 
developing several psychological impairments, such as post-traumatic stress disorder 
(PTSD), anxiety, depression, and complicated grief  in the unfortunate event of a 
patients dying during ICU treatment. These impairments are collectively referred to 
as the post-intensive care syndrome-family (PICS-F) [27–29]. A literature review 
revealed that anxiety, depression, and symptoms of PTSD are evident to a large 
number of caregivers 6  months after ICU discharge [30]. Additionally, loss of 
employment, financial burden, lifestyle interference, and a decreased health-related 
quality of life were frequently reported [30]. Development of PICS-F might exacer-
bate through unexpected illness of the ICU patient, the level of communication of 
the ICU staff, and inadequate information [31, 32].

Relatives of deceased ICU patients may develop complicated grief  because of the 
unpredictable and burdensome situation of losing their loved one. Therefore, compli-
cated grief  has been included in the PICS-F framework [27, 28]. Demographic 
 variables, such as gender, relationship status, and cultural background, might be 
associated with complicated grief  [33, 34]. In addition, factors related to quality of 
dying and death, communication of staff, and bereavement care might impact the 
process of grieving for ICU relatives [35, 36]. Providing bereavement care to relatives 
in the ICU is an important part of high-quality ICU care [37].

28.3.2  Relationship Between Caregiver and Care Recipient  
After ICU Admission

A conceptual framework describing the long-term mental and social health-related 
outcomes of ICU survivors’ relatives is based on a model of post-intensive care syn-
drome (PICS) created at an international stakeholder conference [28], ongoing scien-
tific work [27, 38–41], and an extension to pediatrics [42]. It integrates the importance 
of physical, cognitive, emotional, and social health as a result of critical illness 
(. Fig. 28.2).

Emotional distress or the psychological domain includes symptoms of depres-
sion, anxiety, and post-traumatic stress reactions. Beyond doubt, emotional distress 
due to critical illness, resilience, and social outcomes are intricately intertwined. The 
domain of social health acknowledges an increasing focus on persons’ social func-
tioning. This means participating in activities related to family and friends, reintegra-
tion with work, and continuing in economic fundamentals of life.

Additionally, this framework recognizes that the interrelationship between the 
ICU survivor and their relatives is central to the trajectory of recovery. The impact of 
critical illness on relatives may also be profound, as they can experience emotional 
and social consequences due to the critical illness of their loved one [29]. Post- 
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traumatic stress reactions may remain from their ICU experiences. In their role as a 
caregiver, after hospital discharge, the new situation may lead to worries, anxiety, and 
symptoms of depression. Additionally, caregivers may reduce social activities [30], 
which further increases the risk of PICS-F. These health-related outcomes, in turn, 
influence the outcomes of ICU survivors following critical illness. Support of relatives 
contributes both to their own psychological health and to the recovery of the patient.

28.3.3  Psychological Effects

After discharge of a patient from the ICU, family members gain caregiver responsi-
bilities that can create anxiety and stress. These feelings tend to be due to the unpre-
dictability related to the patient’s condition following discharge from ICU and 
changes in roles and responsibilities [43].

Researchers have investigated the prevalence of depression, anxiety, and PTSD 
among caregivers of ICU survivors, although not always exploring the specific fac-
tors that have contributed to developing psychological symptoms. A systematic 
review reported prevalence of depression that had an increasing trend from 3 months 
to 12  months after the patient’s discharge (range between 12.2% and 26.2% at 
3  months, 4.7% and 36.4% at 6  months, and 22.8% and 44% at 12  months) [30]. 
 Anxiety tended to be higher at 3 months after discharge and reduced at 6 months 
(range between 24.4% and 62.5% at 3 months and 15% and 24% at 6 months). PTSD 
increased considerably in months following ICU discharge (between 29.8% and 42% 
at 3 months, 35% and 57.1% at 6 months, and 31.7% and 80% at 12 months). Similar 
findings are reported in an integrative review in which the included studies indicated 
a prevalence of moderate to severe depressive symptoms (20–43% of respondents) 
2–3 months after ICU discharge [44]. In addition, 15–57% of relatives reported the 
presence of PTSD symptoms at up to 6 months after the patients’ discharge from 
ICU. Up to one third of caregivers reported taking anxiolytics or antidepressants at 
90 days that they had not required prior to the patient’s admission to ICU [45, 46]. 
Interestingly, in a study of 280 caregivers, psychological outcomes did not appear to 

       . Fig. 28.2 Conceptual framework on PICS/PICS-F. (©van Mol – den Ouden Management)
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be related to patient demographics, clinical characteristics, and changes in patient 
functional and psychological outcomes over time; however, it was identified that 
younger caregivers were more likely to have worse psychological outcomes [47].

28.3.4  Physical Effects

Apart from psychological effects, the role of caregiving has also physical conse-
quences. In a study of caregivers of ICU survivors, physical health among caregivers 
was low [47]. Older caregivers providing more assistance and having less sense of 
control had lower physical health scores.

There is some evidence to suggest that sleep is also affected among caregivers. 
This is quite significant as the caregiving ability of relatives can be affected by sleep 
deprivation. Van den Born (2016) suggests that the quality of sleep is continuously 
disrupted 3  months after discharge from critical care as around 40% of relatives 
reported sleeping difficulties in their study. Anxiety and strain because of the caregiv-
ing role appear to be major causes of insomnia [48]. Other factors such as support 
required by discharged patients or concerns about the physical status of the dis-
charged patient during the night can also have an impact on sleeping patterns. Frivold 
et  al. (2016, p.  397) described how carers were worried about their relative’s vital 
functions such as “stopping breathing during the night.”

28.3.5  Socioeconomic Effects

Adopting a caregiving role can have immense socioeconomic effects [30]. A caregiver- 
related systematic review reported that employment is reduced around 2  months 
after discharge, and two studies reported that almost 50% of caregivers, who had 
been employed at enrolment, reduced their work hours, quit their job, or were fired 
in order to provide informal care. Similarly, an integrative review inferred that after 
adopting a caregiving role, 25–48% of relatives reported a reduction in employment; 
they reduced their working hours, quit, or were fired [44]. In another study, one quar-
ter of 94 caregivers had reduced their hours of gainful employment prior to ICU 
admission, and 2% had completely stopped working [21].

The social life of caregivers can also be affected. Choi and colleagues report that 
75% of 69 caregivers in their study reported moderate or greater restrictions in visit-
ing friends at 1  month after ICU discharge. Moderate or greater restrictions in 
 participating in hobbies and recreation were reported by 48% of caregivers, but these 
subsided at 6 months. However, in the subgroup of patients who never regained their 
pre-ICU functional abilities, caregivers’ lifestyle restrictions and distress were high 
and unchanged over 6 months’ period [49].

28.3.6  Measurements

Caregiver burden has not been recognized in the International Classification of 
Diseases, Ninth Revision (ICD-9) or ICD-10, although the severity of this strain of 
caring might overshadow joy in life [23]. A range of instruments have been developed 
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to measure caregivers’ burden. They have been developed either for caregivers in 
general or for a specific condition. An example of a general caregiver instrument is 
the Carer Strain Index (CSI) which measures strain related to care provision from the 
caregivers’ perspective including seven elements related to emotional adjustment, 
social issues, and physical and financial strain [50]. Each question is given one point. 
A score of 7 or higher is the generally accepted cutoff  point indicating a high level of 
stress. Other validated general measurement tools include the Caregiver Well-Being 
Scale (CWBS) for which a short form has been devised [51, 52] and the Caregiver 
Burden Inventory (CBI) [53] or Caregiver Burden Scale (CBS) [54].

In comparison with general instruments, the Zarit Burden Interview (ZBI) is a 
22-item questionnaire that was developed specifically for dementia patients in which 
caregivers self-assess their level of burden [18]. More recently it has also been vali-
dated for other neurological conditions. Each item of the questionnaire is a state-
ment which the caregiver is asked to endorse using a 5-point scale. Response 
categories vary from 0 (Never) to 4 (Nearly Always). The total score ranges from 0 to 
88 with interpretation as following: from 0 to 20, there is no or a low burden; from 21 
to 40, the burden is mild to moderate; from 41 to 60, the burden is moderate to 
severe; and above 61 the burden is severe. As with other validated long question-
naires, a short form of the measurement tool has also been devised and tested in 
different diseases [55]. A few other disease specific tools exist in the measurement of 
caregiver burden such as the Caregiver Burden Questionnaire for Heart Failure 
(CBQ-HF) [56].

 Consideration for Practice – A Case Scenario

Since Frances was discharged home, Harry has become her main caregiver. Although 
he had some training while being with his wife in hospital, he found the transition to 
home caring difficult, felt stressed, and started suffering with insomnia – “It is this 
sense of responsibility that I had to get used to as I was feeling a bit depressed. I obvi-
ously didn’t want anything to happen to her under my supervision.” Their son, who is 
self-employed, was initially able to reduce his working hours to support them but 
found the whole situation unmanageable and was considering the possibility of a nurs-
ing home. Harry categorically said no to that option, “obviously, our life has changed 
completely, and I need to help Frances in the morning with some of her personal care 
which I find physically hard to do – but I don’t mind! I now feel physically fitter than I 
was before she became sick.”

28.3.7  Coping Strategies

As alluded to in the introduction of this subchapter, the negative meaning of the 
word burden is not giving a realistic picture of what the provision of care means to 
individuals who deliver it on a day-to-day basis. Indeed, if  we think in what context 
we discuss caregivers, we might recognize a subjective feeling of sorrow for someone 
who fulfills this role with a lot of pride. According to Lin et al. (2012), “negative and 
positive caregiving experiences are affected by caregivers’ demographic characteris-
tics, care recipients’ problem behavior and dependency, caregivers’ involvement, 
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reciprocal help from care recipients, and social support available” [57]. Leading on 
from this, we need to consider the question of coping strategies that caregivers can 
use or intrinsically have to mitigate risks of negative consequences to their emotional 
and physical health and well-being, something also referred to as resilience [58].

According to Pearlin et al. (1990), coping together with social support forms part 
of the mediating conditions that influence how stress is being experienced by caregiv-
ers [59]. The thought that one can experience positive emotions during stressful times 
may also have a physiological explanation, for example, due to the release of endor-
phins and other immune responses. However, even during times of chronic stress, 
some evidence points to the fact that positive emotions can counterbalance the nega-
tive ones [60]. Folkman and Moskowitz (2000) refer to the process of positive reap-
praisal, which means a negative view of a situation is changed in such a way that it 
can be seen with a positive perspective in mind [61]. The intrinsic processes that are 
involved in this reappraisal are related to the value system of each individual which 
also explains why in the experimental setting people react differently to stressful situ-
ations even though the stressor is the same [62]. Relating this to the caregiver, older 
female family caregivers have been found to be more resilient than younger ones and 
cope better with higher mastery and self-esteem [63].

A systematic review of older caregivers investigating coping strategies identified 
four themes of coping mechanisms including problem-focused coping, emotion- 
focused coping, approach coping, and avoidance coping [64]. The problem-focused 
and emotion-focused coping framework was first recognized as the main scheme 
individuals may be able to deal with stressors [65]. Lazarus and Folkman concluded 
that if  a source of a problem or a stressor can be identified, it can be managed or 
possibly removed. One such tool that can help to accomplish this is the S.M.A.R.T. 
mnemonic acronym goals approach (Specific, Measurable, Achievable, Realistic, 
Time-related), a mechanism widely used in project management, performance man-
agement, and personal development planning. In case the stressor cannot be man-
aged, the emotion-focused mechanism might be utilized to deal with the stressor. 
Focusing on breathing, mindfulness, relaxation exercises, or distraction with pleasur-
able activities might help to prevent stress escalation. Since Lazarus and Folkman, 
other conceptual frameworks have been developed such as approach coping and 
avoidance coping [66]. The former relates to any emotional, cognitive, or behavioral 
activity directed towards the stressor in order to problem solve, while the latter is 
concerned with its denial or withdrawal.

28.4  Interventions to Support Caregivers

As critical illness of a loved one has enormous effects on family members during and 
after the ICU admission, we need to consider the interventions available to support 
these caregivers. Interventions during an ICU stay that are associated with improved 
family satisfaction include communication strategies, more liberal visiting policies, 
hiring support coordinators, direct involvement of family members in their relative’s 
care, and patient- and family-friendly changes to the ICU structural environment 
[67–69]. Notably, the use of diaries has been promoted with varying significant effects 
on outcomes such as anxiety and post-traumatic stress in former ICU patients or 
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their caregivers [70–73]. Practice guidelines about family-centered care are develop-
ing but are not well evidenced since research in this area is generally of low quality 
[74, 75]. Nevertheless, ICUs should provide families with leaflets that give informa-
tion about the ICU setting to reduce anxiety and stress. As far as is known, no spe-
cific interventions for older caregivers have been introduced in ICU, as data from this 
specific group are scarce [22].

Overall, ICU professionals and management will need to decide which interven-
tions are most suitable in current daily practice and how these should be imple-
mented. Clear information and leaflets can provide a solid foundation for 
evidence-based family-centered care policy. Because of limited effectiveness of a 
single intervention, multifaceted and/or multidisciplinary sets of interventions are 
recommended [76].

28.4.1  Communication Strategies

Caregivers have an important role in the physical and psychosocial recovery process 
of the ICU patient [77, 78]. They can support their beloved ones in an emotional, 
cognitive, and practical way, provided that they themselves are able to cope with the 
stressful situation. They also might enhance the trust into the support network of the 
patient, a significant aid in the recovery process [79], and act as surrogate decision- 
makers [80]. This complex interaction of role requires a careful information and 
communication process that starts immediately after hospitalization.

Providing information to family members can mitigate insecurity and anxiety. It 
should include general or basic information on procedures, rules, and practices com-
mon in the ICU, for example, contact details, visiting hours, hygiene and isolation, 
monitoring, sounds, general treatment, and team composition. This could be pre-
sented in leaflets [81], although information via tablets [82] and web-based technolo-
gies [83] have shown promising possibilities. Moving from information to 
communication, by allowing family members to ask questions and voice their con-
cerns on medical treatment and prognosis, will establish a high-quality relationship 
supportive to consensus regarding the goals of care [84]. It is crucial to take time for 
family conferences and monitor needs and non-verbal signals as well as the informa-
tional processes.

Communication between professionals and families is a key factor in experiences 
and satisfaction with care. Families appreciate conferences with ICU professionals 
which are routinely scheduled, having time set aside in a dedicated room, and where 
they felt listened to [85]. Conversations with families should be clear, honest, sup-
portive, and comprehensive. In addition, detecting good and bad feelings, as well as 
anticipating requests, will build a relationship of trust, which is a requirement for 
shared decision-making.

Most studies on communication with caregivers in the ICU have found insuffi-
cient effectiveness of interventions tested. Difficulties to measure the effectiveness 
might be no specific directions of communication, an individualistic approach and 
outcome measures not sensitive enough to important changes [86]. The PARTNER 
(Pairing Re-engineered ICU Teams with Nurse-Driven Emotional Support and 
Relationship-Building) trial, which studied the effect of nurses who were specially 
trained on supporting the families daily according to a family-support pathway, did 
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not significantly affect the family members’ burden of psychological symptoms [87]. 
However, the families rated the quality of communication and the patient and family 
centeredness of care higher in the intervention group than the group with usual care. 
Another multicomponent intervention, including among others a family facilitator 
and several family meetings, found preliminary positive results with a reduction of 
depressive symptoms in bereaved family members at 6  months after death of the 
patient [88]. The results of this study suggested that early decision-making about 
withdrawing life support through a diligent communication process might reduce 
psychological burden in caregivers.

28.4.2  Digital Means

The COVID-19 pandemic influenced, among others, the visiting policies and com-
munication with family members in the ICU. Due to the necessary quarantine mea-
sures, restricted presence at the bedside had his toll on levels of stress in relatives [89]. 
Therefore, existing or innovative digital means to enhance possibilities to interact 
were developed in fast-track processes. Videoconferencing from different digital plat-
forms was employed across the globe as a method to communicate, both between the 
family members and their loved one and between the family members and the profes-
sional team. Although appreciated by all stakeholders, privacy, network, and func-
tionality considerations limited the utility of commercially available video 
communication tools [90]. Newly created communication platforms, especially 
adapted to enable virtual family visits in a safe hospital setting, have been imple-
mented as a response. It is encouraging that ICU teams are embracing and develop-
ing these new virtual communication techniques.

Some precaution should be considered in regard to elderly family members. The 
digital world is not as familiar or accessible to them as to younger people. Extra 
effort, for example, through clear and user-friendly instructions, is essential to sup-
port the use of digital communication tools. Offering digital devices such as tablets 
during the ICU admission of their loved one could also enable practical help in vir-
tual connecting.

28.4.3  Use of Diaries

Diaries in ICUs have been used in several ways, mostly in the form of paper journal, 
hard- or softcover, including a short introduction and blank lines to make notes. In 
some settings, ICU nurses write in lay language the events and successive recovery 
processes [91], while in other ICUs the families are invited to participate or own the 
filling of the diary [92, 93]. In either way, the effect of a diary on PICS-F symptoms 
was found inconclusive. A block-randomized, single-blinded, controlled trial con-
ducted at four medical-surgical ICUs has shown diaries to reduce symptoms of post- 
traumatic stress in relatives, although no effect was found on anxiety and depression 
[93]. Another study in 35 French ICUs did not support the use of diaries for prevent-
ing symptoms of post-traumatic stress [94]. Studies exploring the effectiveness of 
ICU diaries in reducing symptoms of PICS-F have often been conducted with small 
numbers of participants [95], various outcome measures, and length of follow-up 
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[96]. Other methodological challenges include lack of blinding and incomplete 
knowledge about the outcome measure of significance. Yet it is broadly accepted that 
a diary intervention has benefits for processing emotions for those relatives who have 
affinity with keeping notes for themselves or put effort in extensive journaling for 
future reading by their loved one.

Writing in a diary might be useful during the ICU stay by helping family mem-
bers to assimilate and understand medical information [97]. In addition, they start 
doing a valuable activity, having a focus and hope for the future when their loved 
one is recovering. The diary supports the urge to discuss the ICU period in the 
aftermath of  critical illness, which could be beneficial for both the former ICU 
patient and the family member. Thus, writing a diary might contribute to their per-
ceived quality of  life.

28.4.4  Bereavement Support

Highly valued aspects of care in the relatives’ perspective, particularly during the 
dying and death process of the patient, are effective communication with ICU pro-
fessionals, professionals’ empathic attitudes, and personalized interactions [98]. 
When a patient is approaching death in the ICU, relatives need to make a rapid tran-
sition from focusing on the recovery of their beloved one to preparing for their 
unavoidable death. Supporting this bereavement process of relatives has been incor-
porated into the daily care offerings of professionals worldwide [99]. A multicenter 
randomized clinical trial to determine the effect of informational and emotional sup-
port meetings for caregivers of patients with chronic critical illness led by palliative 
care specialists reported no effects in clinical outcomes such as anxiety and depres-
sion [100, 101]. Therefore, other potential interventions should be taken into account. 
In today’s society and culture, talking about death is not always taken for granted. 
Therefore, the added value of research projects in this domain is to improve psycho-
social care for family members during and after the death of their loved one, thus 
reducing long-term grieving and disruption in personal life.

28.4.5  Discharge Support

Discharge from the ICU might provoke relocation stress in patients due to less mon-
itoring and reduced number of professionals [102]. Despite a big step forward in the 
recovery process of the patient, this transfer to a general ward might also be accom-
panied with insecurity among family members. An informational package guiding 
the discharge from the ICU seemed a promising intervention to prepare both the 
patients and their caregivers on upcoming physical rehabilitation and emotional dis-
tress [103]. In contrast, the preparation and guidance of discharge from the ICU by 
a liaison nurse were not effective in reducing family members’ anxiety [104]. To sup-
port the family members after discharge, general practitioners have ongoing oppor-
tunities to assess, monitor, and manage the health of those who are in mental distress. 
However, usually general practitioner contact has to be initiated by the caregivers 
themselves [105].
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Follow-up programs, including ICU outpatient clinics, should be tailored to care-
givers’ needs and health status. However, in most countries caregivers still do not 
receive the attention and recognition they deserve. A practical drawback is the lack 
of a formal treatment agreement with the ICU team, and consequently support ser-
vices have hardly focused on this group.

 Consideration for Practice – A Case Scenario

While Harry was residing near the hospital for most of Frances’ stay, they both devel-
oped relationships with some of the hospital staff. Once home, the occupational thera-
pist and ICU follow-up team contacted them a couple of times to ascertain if  they 
required any further support. They also made an appointment with the ICU consul-
tant for a visit of the intensive care unit, on which occasion the liaison nurse handed 
them a patient diary which had been completed during Frances’s admission. Overall, 
both were happy with the support they had received throughout their hospital stay but 
also acknowledged that communication with all the different people was challenging. 
Harry said, “I initially felt overwhelmed with all the professionals there and did not 
know who was doing what. It took me a considerable amount of time to get used to 
that situation.” The liaison nurse got them in touch with the local peer support group 
which met every 3 months.

At home, with the support from neighbors, carers, and children the situation had 
improved, and a daily routine was established. Frances made progress gaining back 
some of her strength and it seemed that both reassured their children that they were 
able to cope at their own home.

28.4.6  Peer Support

Peer support is acknowledged as a method; individuals can face, accept, and over-
come the challenges arising from a stressful event [106]. In peer support groups, 
 participating people share experiences, talk with each other, recognize emotions, and 
provide and receive informal support. They help each other to learn how to manage 
feelings and situations, which might lead to acceptance of the person they are right 
at the moment. Peer support is hypothesized to act by building social relationships 
that have a reciprocal influence on health and well-being, as shown in patients with 
cancer and depression [107]. Through peer support both former ICU patients and 
the family members realize that they are not alone and that others understand what 
they are going through.

One of the first critical care peer support groups was set up by the patient charity 
ICU steps, who continue to run several groups in the UK [108]. Variance in the design 
of these groups exists in frequency and location of the meetings; leading committee 
such as patient experts, ICU nurses, or other healthcare professionals; the number of 
attendances; and funding [106]. Among the Society of Critical Care Medicine Thrive 
Peer Support Collaborative, with 17 sites from the USA, UK, and Australia, six gen-
eral models of peer support were identified: community-based, psychologist-led out-
patient, models based within ICU follow-up clinics, online, groups based within ICU, 
and peer mentor models [107].
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Few studies have investigated peer support interventions in critical care cohorts. 
Although of generally low quality, the existing studies indicate that peer support has 
potential to reduce psychological morbidity and increase social support [109]. The 
most common barriers to implementation were recruitment to groups, personnel input 
and training, sustainability and funding, risk management, and measuring success.

As Groves et al. (2020) advised from the perspectives of former ICU patients and 
their family members, peer support should be offered in a standard way to support 
dealing with the psychological distress after an ICU admission [106].

 Conclusion
Becoming a caregiver is a common occurrence within our society, and individual 
healthcare systems have developed policy recommendations to support the informal 
caregiving sector with varied success. Most recent policy proposals are geared towards 
the assistance of those who need care in their own homes, moving them away from the 
institutional long-term care sector. This narrative has a significant impact on caregiv-
ers and is further exacerbated by the more complex caring needs of an aging popula-
tion. An ever-growing body of evidence points towards increased responsibilities on 
behalf  of caregivers which result in burden, psychological morbidity, and an impact on 
their socioeconomic status. Less studied in the scientific debate is the positive impact 
that caregiving may hold for those fulfilling this role.

In this chapter, we outlined the main themes impacting caregivers in the transi-
tion into this important role and how they can be supported. While they fulfill many 
different functions willingly and without protest, their impact on the wider society is 
not fully appreciated, particularly when taking into account their economic benefit. 
As such, family-centered care is important by using interventions that will prepare 
and support caregivers during and after a hospital stay. The lack of strong evidence 
on interventions does not allow us to recommend a specific one. However, the use of 
diaries and peer support appear to be helpful. In addition, technology (digital means) 
can offer some solutions but will have to be simple. More research is needed to iden-
tify older caregivers’ needs and how to address them as they are more likely to have 
comorbidities and problems in accessing support services. Therefore, taking care of the 
caregivers involved, and supporting their adaptation to the new situation, is essential 
to deliver high-quality care.

Take-Home Messages
 5 Caregivers provide an invaluable service to society that is only going to increase 

in an aging population.
 5 Policymakers should ensure that there is societal recognition of  the unpaid ser-

vices that caregivers provide.
 5 Policy solutions should focus on the recognition of  the complexity of  care 

required by patients and the development of  associated services.
 5 More evidence on interventions is required to make clear recommendations on 

which work best to support caregivers.
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 n Learning Objectives
In this chapter the reader will learn the basics of age-related changes in respiratory 
physiology and in inflammatory response and immune function pertaining to acute 
respiratory failure. The different clinical manifestation, susceptibility to acute lung 
injury, response to treatments of acute respiratory failure (ARF), and physiology of 
weaning that characterize the elderly, as compared to younger patients, will also be 
reviewed here.

 Practical Implications

In the elderly, loss of elastic tissue surrounding the alveoli and alveolar ducts, increased 
anteroposterior diameter, and decreased elastance are associated with lung collapse at 
the lung bases (where intrapleural pressure is less negative), ventilation/perfusion mis-
match, decreased muscle strength and decreased vital capacity, forced expiratory vol-
ume in 1 second (FEV1), and FEV1/forced vital capacity.

Aging is associated with low-grade inflammation and immune dysfunction (inflam-
maging and immunosenescence).

In the elderly, the presenting signs and symptoms of ARF are often not respiratory.
The incidence of acute lung injury increases markedly with age.

29.1  Introduction

ARF requiring mechanical ventilation has some specific peculiarities with patho-
physiological, treatment, and prognostic implications. These peculiarities include 
age-dependent changes in respiratory physiology, increased susceptibility to respira-
tory failure after a given insult, longer intensive care unit (ICU) length of stay, 
increased ICU cost, and increased healthcare cost after ICU discharge [1–4].

Advanced age is associated with less aggressive ICU treatment, more frequent 
ICU admission refusal, and more frequent withholding of mechanical ventilation, as 
compared with younger patients [5–7]. Determining the causes of these differences 
and whether they are associated with different outcomes as compared to the younger 
patient population need to be studied.

The effectiveness of therapies commonly used in patients with ARF may differ in 
the elderly. Physiological changes in respiratory system mechanics and immune func-
tion could determine different responses to specific therapies in the elderly as com-
pared to younger patients. Thus, efforts to prove specifically in the aged population 
the effectiveness of therapies commonly used in patients with ARF, including infec-
tion prevention measures, sedation protocols, and transfusion practices, as well as 
advanced treatments for refractory hypoxemia, are warranted.

29.2  Changes in Respiratory Physiology Associated with Aging

The most important physiological changes in respiratory physiology are (i) loss of 
elastic tissue surrounding the alveoli and alveolar ducts; (ii) increased anteroposte-
rior diameter of the chest; and (iii) decreased muscle strength (7 Box 29.1).
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Morphological changes include increased size of the trachea, large bronchi, and 
alveolar ducts. The alveolar sacs thicken, and the alveoli become dilated. Intra- 
alveolar fenestration decreases alveolar surface area [8]. Associated functional 
changes include smaller and more collapsible distal airways and decreased gas 
exchange surface. Unlike in emphysema, there is no septal destruction, but decreased 
elastic tissue and increased collagen associated with aging. The mechanism underly-
ing the loss of elastic tissue is probably a low-grade inflammation and increased oxi-
dative stress. There is also increased neutrophil count in the bronchoalveolar lavage 
(BAL) fluid and neutrophil elastase, whose relative role in the loss of elastic tissue is 
not known [9].

Aging is associated with decreased outward chest wall force and decreased inward 
elastic recoil (elastance); therefore, total lung capacity remains unchanged. But 
because elastance decreases more than chest wall recoil, there is an age-related 
increase in residual volume with a stable total lung capacity, resulting in decreased 
vital capacity [10]. Vital capacity is related to the probability of death and to the risk 
of myocardial infarction, indicating that the decline in vital capacity is a reflection of 
the general state of health.

The decrease in elastance also leads to a decrease in maximal expiratory flow rates 
measured as a decline in forced expiratory volume in 1 second (FEV1) and FEV1/
forced vital capacity (FVC) ratio [11]. Since maximal expiratory flow rates decrease 
and residual volume increases, increases in minute ventilation requirements are met 
by an increased respiratory rate rather than by an increased tidal volume.

As closing volume approaches functional residual capacity, small airways tend to 
close during expiration, when intrapleural pressure becomes less negative. Areas of 
lung collapse appear at the lung bases (where intrapleural pressure is less negative 
than in the apex), and ventilation decreases in the dependent lung regions, leading to 
V/Q mismatch, increased alveolar-arterial oxygen tension difference, and hypoxemia. 
PaO2 can increase during deep breaths, minimizing early airway closure [9–11].

Changes in shape and function of the chest wall in the elderly are related to osteo-
porosis, kyphosis, and costovertebral joint changes and are associated with decreased 
chest wall compliance and increased anteroposterior diameter of the thorax. The 
resulting flattening of the diaphragm and decreased radius of the diaphragm lead to 
decreased maximum pressure generated. Although the response of the respiratory 
system to physical exertion seems to be preserved, the response to hypoxia and hyper-
capnia is less vigorous in older adults [12].

Box 29.1 Specific Considerations on Acute Respiratory Failure  
in Elderly Patients

 5 Demographic and clinical factors
 5 Increased proportion of  elderly patients in the ICU
 5 Increased risk of  acute respiratory failure
 5 Unknown response to therapies shown to be effective in other age groups
 5 Possible increased susceptibility to ventilator-induced lung injury

 5 Physiological changes
 5 Loss of  elastic recoil
 5 Increased closing volume
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 5 Decreased chest wall compliance
 5 Increased lung compliance
 5 Increased residual volume
 5 Collapse of  the dependent lung regions
 5 FEV1 and FEV1/FVC decline
 5 Forced vital capacity decreases
 5 Decreased response to hypoxia or hypercapnia
 5 Increased anteroposterior diameter of  the thorax
 5 Flattening of  the diaphragm

 5 Prognostic factors
 5 Age
 5 Comorbidities
 5 Frailty
 5 Cognition decline
 5 Activity of  daily life
 5 Severity of  acute illness

29.3  Changes in Cardiovascular Physiology and ARF

Cardiovascular changes related to aging are pertinent for a better understanding of 
ARF in the elderly. Aging is associated with a decreased myocyte number, maximal 
heart rate, myocardial contractility, coronary flow reserve, ventricular compliance 
and beta-adrenoceptor-mediated inotropism, and increased myocardial collagen 
content [9, 13]. Elderly patients present an increased prevalence of hypertension as a 
result of decreased arterial distensibility which leads to increased afterload. 
Subsequently, compensatory myocyte hypertrophy, left ventricular hypertrophy, and 
decreased left ventricular ejection fraction ensue.

The elderly is characterized by reduced sympathetic responsiveness, and during 
periods of stress, an inappropriate increase in heart rate may lead to inadequate car-
diac output. Given the high prevalence of diastolic dysfunction, older patients are 
more susceptible to hypovolemia, and a normal preload is critical to maintain car-
diac output. In the context of diastolic dysfunction and ventricular hypertrophy, ven-
tricular relaxation is altered and may become more apparent during episodes of 
hypoxemia, resulting in heart failure (HF). Given the diminished functional reserve, 
rate-related ischemia may develop in conditions of increased metabolic demand or 
sepsis. Older patients often have atypical symptoms of HF including fatigue, failure 
to thrive, somnolence, weakness, and altered mental status as well as symptoms of 
volume overload [9, 13].

Age-related changes in the pulmonary circulation include intimal fibrosis, loss of 
capillaries, and decreased pulmonary artery distensibility. Pulmonary artery pressure 
is normal at rest but increases excessively during exercise [9, 13]. Because of the 
decreased number of capillaries, diffusing capacity declines over time.

The relationship between cardiac and respiratory changes should be underlined. 
For instance, an episode of respiratory infection may precipitate HF, and low cardiac 
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output may lead to diaphragmatic hypoperfusion, alveolar hypoventilation, and car-
diac arrest in a patient with reduced respiratory reserve.

Sedation, analgesic treatment, and tracheal intubation may make the diagnosis of 
acute myocardial infarction (AMI) difficult. Elevation of troponin can be due to 
many causes other than myocardial ischemia due to coronary artery thrombus for-
mation. In a single-center study of medical ICU patients [14], among 93 patients with 
at least 1 electrocardiogram (ECG) and 1 troponin measurement, 44 (47.3%) had at 
least 1 elevated troponin, and 24 (25.8%) had AMI. Worsening clinical status or dif-
ficulty weaning from mechanical ventilation should prompt inquiry into the possibil-
ity of myocardial ischemia in the ICU.

29.4  Inflammatory Response and Immune Function in ARF

The incidence and mortality of acute respiratory distress syndrome (ARDS) increase 
with age [15–17]. This worse outcome in the elderly seems to be independent of 
comorbidities [18–20] suggesting that ARDS in young adults and in the elderly may 
not obey the same pathophysiology. Well-described changes in the function of the 
immune system, in the inflammatory response, and in the biological pathways 
involved in the host response to injurious pulmonary and non-pulmonary insults in 
the different age groups may play roles in the observed clinical differences.

Aged individuals exhibit a persistent low-grade innate immune activation gener-
ating a constitutive proinflammatory environment (inflammaging) as well as a grad-
ual deterioration of  the immune system (immunosenescence) [21, 22]. Differences in 
neonates and adults in the immune and inflammatory response include less absolute 
number of  neutrophils, immaturity of  the proliferative pool, lower expression of 
adhesion molecules, less production of  chemotactic mediators by resident inflam-
matory cells, and reduced responsiveness and diminished extravasation of  white 
cells [23]. Increasing age is associated with increased endothelial-epithelial permea-
bility, altered function of  alveolar macrophages, increased influx of  neutrophils, 
exaggerated inflammatory mediator response, and increased oxidative stress [24].

Other aging-associated alterations in the inflammatory response include dys-
functional immune cells, senescent cells that secrete proinflammatory cytokines, 
and deficient autophagy [22]. Recent evidence indicates that neutrophils from 
humans of  advanced age show untargeted tissue migration with increased primary 
granule release and neutrophil elastase activity leading to more tissue inflamma-
tion [25]. This may in part explain the marked inflammatory cell recruitment and 
extensive alveolar damage found in elderly animals with lung injury. In addition, 
aging in general is associated with changes in intracellular signaling pathways 
involved in inflammation and cell integrity and overactivation of  nuclear factor-kB 
pathway.

There are age-related differences in proteolytic activity of sheddases [26, 27] which 
is important as P-selectin and intercellular adhesion molecule (ICAM)-1 are known 
to be cleaved by different enzymes, and levels of adhesion molecules in BAL fluid are 
the result of both protein expression and proteolytic activity of sheddases [28].

With increasing age, the balance between the two main enzymes of the pulmo-
nary renin-angiotensin system (RAS), angiotensin-converting enzyme (ACE) and its 
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natural counteracting enzyme ACE2, shifts toward the lung injurious axis (i.e., ACE), 
an imbalance that has been associated with aggravating inflammation and increased 
lung injury [24, 29–31].

Mesenchymal stem cells (MSCs) possess the ability to protect the endothelium 
and the alveolar epithelium through multiple paracrine mechanisms. Young bone 
marrow MSCs (B-MSCs) exert protective effect in animal models of  LPS-induced 
injury [32–36]. Thus, a role of  MSC in age-related increased susceptibility to lung 
injury has been proposed. Aged B-MSCs exhibit reduced migration and expression 
of  soluble factors compared with young B-MSCs. Gene expression of  several cyto-
kine and chemokine receptors such as tumor necrosis factor receptor (TNFR), 
IFN- gamma receptor (IFNGR), and CCR7 decreases in aged B-MSCs. In in vivo 
experiments, it was shown by adoptive transfer of  aged B-MSCs to young mice 
treated with LPS that aged cells lacked the anti-inflammatory protective effect of 
young B-MSCs and that aged B-MSCs have lower migration rates in a classical 
parabiosis model independently of  the age of  the injured animal. Aged B-MSCs 
were associated with increased severity of  lung injury [32]. In summary, the 
decreased expression of  cytokine and chemokine receptors in aged B-MSCs com-
promises their protective role by impairing their activation and migration to the site 
of  injury.

In a recent systematic review [37], Schouten et al. analyzed 51 studies in animal 
models in which at least 2 age groups were compared. Studies showed that, in 
response to a pulmonary insult, increasing age is associated with more marked neu-
trophil infiltration, pulmonary inflammation, edema and alveolar damage, and a 
higher mortality. In addition, results indicate the existence of age-dependent changes 
in key components of the intracellular signaling pathways involved in the inflamma-
tory response. The results of this meta-analysis [37] indicate that care should be taken 
when extrapolating results from preclinical models (generally in young adult ani-
mals) [37–39] to adult clinical practice.

Schouten et al. [40] conducted the first clinical study in which the pulmonary host 
response in ARDS was compared between patients of different age groups. The 
authors studied 20 neonates (<28 days), 29 children (28 days–18 years), 26 adults 
(18–65 years), and 17 older adults (>65 years of age). They found that BAL fluid 
levels of myeloperoxidase, IL-6, IL-10, and P-selectin were higher with increasing 
age, whereas ICAM-1 followed the opposite pattern (higher in neonates). The 
reported age-dependent differences in proteolytic activity of sheddases [26, 27] might 
account for the discrepancy found between P-selectin and ICAM-1 levels. No differ-
ences in activity of ACE and ACE2 were seen between the four age groups. This 
discrepancy could be due, among other reasons, to the wide variability on the levels 
of ACE and ACE2 [40]. It is also possible that the pulmonary RAS is not the most 
prominent inflammatory pathway in human ARDS, as inflammatory biomarkers 
showed only a weak correlation with ACE and ACE2 activities and no correlation 
with ACE2/ACE ratio.

The findings reported by Schouten et al. [40] of higher levels of markers involved 
in the neutrophil response with increasing age are in line with the findings from the 
above-cited preclinical studies of greater pulmonary edema, neutrophil infiltration, 
and alveolar damage after identical insults in older than in younger animals [37, 
41–46].
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29.5  Diagnosis of ARF

When discussing ARF in the elderly, two considerations are important. First, the 
presenting signs and symptoms may not be primarily respiratory. Delirium may be 
often the presenting sign of respiratory failure. Second, inappropriate diagnosis is 
related to mortality, highlighting the importance of an early correct diagnosis [47].

There is an age-related decreased sensitivity of respiratory centers to hypoxemia 
and hypercapnia, and the perception of dyspnea and the capacity to perceive resistive 
loads are diminished [48]. Thus, the ventilatory response to the different causes of 
ARF is decreased in the elderly. Increased heart rate in response to hypoxemia may 
be absent because of blunted autonomic drive. Finally, cognitive impairment reduces 
the ability of elderly patients to communicate their symptoms. All those age-related 
changes may result in delay in the diagnosis.

29.6  Causes of ARF

In one study, common causes of ARF in patients older than 80 years of age present-
ing to the emergency department included HF (43%), pneumonia (35%), chronic 
obstructive pulmonary disease (COPD) exacerbation (32%), and pulmonary embo-
lism (PE) (18%). Less frequent causes (<5%) were pneumothorax, lung cancer, sepsis, 
and acute asthma. The definitive diagnosis was delayed by more than 72 h in 62% of 
patients [47].

HF may present as peripheral edema, confusion, or wheezing. The ECG (indicat-
ing arrhythmias, ischemic heart disease, or left ventricular hypertrophy), chest X-ray 
(showing signs of pulmonary edema), spirometry (showing a preserved peak expira-
tory flow rate), and echocardiography (showing signs of systolic or diastolic ven-
tricular dysfunction) may aid in the diagnosis of HF in the elderly.

The risk of pneumonia is increased due to poor nutrition, decreased T-cell func-
tion, decreased mucociliary function, impaired airway secretion due to muscle weak-
ness, decreased secretory immunoglobulin (Ig) A, and increased upper airway 
bacterial colonization. Other predisposing factors include the increased prevalence 
of cerebrovascular disease, COPD, renal failure, and dysphagia (in the context of, for 
instance, cerebrovascular accident or Parkinson’s disease) predisposing to aspiration 
of gastric contents.

General symptoms (confusion, agitation) rather than respiratory symptoms 
(cough, dyspnea) often dominate the clinical picture. Typical signs and symptoms of 
pneumonia, such as dyspnea, cough, and fever, were observed in combination in only 
one third of patients with community-acquired pneumonia [49, 50].

COPD is a chronic, progressive disease, in which the pathologic process acceler-
ates the age-related impairment in respiratory function. Clinical symptoms during an 
exacerbation episode resemble those of asthma. COPD is rarely diagnosed before the 
age of 40 years. Pathophysiologically, two distinct forms are defined: Chronic bron-
chitis, characterized by mucous gland hyperplasia in the large airways, goblet cell 
hyperplasia, chronic inflammation, and mucous plugging in the small airways. These 
changes lead to ventilation/perfusion mismatching, resulting in hypoxemia and 
hypercapnia. Emphysema is characterized by abnormal enlargement of the airway 
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distal to the terminal bronchiole and destruction of the alveolar wall, leading to loss 
of elastic recoil and increased airway resistance. The capillaries are destroyed along 
with alveolar walls, so that ventilation/perfusion matching is better preserved than in 
chronic bronchitis, resulting in only mild hypoxemia and normocapnia. The increased 
lung volume results in flattening of the diaphragm, leading to decreased force of 
contraction. The normal 65% contribution of the diaphragm to ventilation decreases 
to 35%, resulting in increased work of breathing. In the elderly population, these 
pure forms are rarely diagnosed, and they most often present together.

COPD is often diagnosed to explain the complaint of dyspnea and signs and 
symptoms resembling emphysema (herein the term “senile emphysema”). However, 
the symptoms are often simply explained by the increased anteroposterior diameter 
of the chest and alveoli dilatation that accompany aging.

Aspiration pneumonia is common in the elderly. Healthy elderly subjects do not 
seem to have increased risk of aspiration. However, conditions more prevalent in the 
elderly population are associated with an increased risk of aspiration. The risk of 
aspiration is increased due to cerebrovascular disease, Parkinson’s disease, or recent 
endotracheal intubation. Aspiration of gastric contents manifests as respiratory dis-
tress 2–12 h after a vomiting episode in a patient with decreased level of conscious-
ness or glottic dysfunction from any cause (neurological disease, drug overdose, use 
of a nasogastric tube) or esophageal dysfunction. Bacterial pneumonia may result 
from repeated aspirations of colonized gastric contents.

Asthma is relatively common in the elderly, affecting 5% of this population. 
Asthma is characterized by paroxysmal dyspnea, wheezing, and coughing, with no 
respiratory distress between episodes, except in long-standing disease. It may have 
been present for several years, may be a recurrence of an attack at a younger age, or 
even may occur for the first time in patients older than 65 years.

It is important to identify the cause. As atopy decreases with age, it is less likely in 
the elderly to find a specific antigen, and viral infections or nonspecific irritants are 
more likely to be the precipitating factor.

The risk of pulmonary embolism increases with age [51]. ECG, chest X-ray, and a 
ventilation-perfusion lung scan may aid in the diagnosis, but the most common diag-
nostic test used is a high-resolution CT. Elevation of D-dimer concentration is sensi-
tive, but its specificity is low as it is increased in many other disease conditions. Its 
specificity for the diagnosis of PE is higher if  other causes of D-dimer elevation are 
ruled out.

29.7  Susceptibility of the Elderly to ARDS

Acute respiratory distress syndrome (ARDS) is an important precipitating cause of 
ARF in the ICU. In adult ICUs 26% of cases with ARF result from ARDS [15, 52]. 
According to the previous definition of acute lung injury (ALI) and ARDS (acute 
hypoxemic respiratory failure with bilateral pulmonary infiltrates that is associated 
with both pulmonary and non-pulmonary risk factors and that is not primarily due 
to left atrial hypertension) [53], the reported incidences in the USA are 78.9 × 105 
person-years for ALI (200  <  PaO2/FiO2 ≤  300) and 58.7 × 105 person-years for 
ARDS (PaO2/FiO2 ≤ 200) [17].
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The incidence of ALI increases markedly with age, from 16 × 105 person-years for 
the 15–19 years of age group to 306 × 105 person-years for the 74–85 years of age 
group [15]. This age-related change may be determined to a great extent by the higher 
incidence of sepsis, the major risk factor for ALI, among older patients [54].

In another study, patients older than 70 years of age, as compared to younger 
patients, developed more often ARDS, as well as renal failure, ventilator-associated 
pneumonia, sepsis, shock, and liver failure [55]. Likewise, in a cohort study of 100 
ICU patients older than 75 compared to 100 patients younger than 75, matched for 
severity of illness as measured by the APACHE II score, older patients developed 
more often ARF than younger ones (67% vs. 32%) [56].

However, other studies have indicated that age by itself  is not a risk factor for the 
development of ALI. For instance, Gajic et al. [57] validated a lung injury prediction 
score (LIPS) that predicts the development of ALI in patients with predefined risk 
factors, such as sepsis, shock, pancreatitis, pneumonia, aspiration, high-risk trauma, 
or high-risk surgery. Predisposing conditions and risk modifiers were included in the 
LIPS according to logistic regression analysis, but age was not part of the model. 
Thus, according to these results, age by itself  does not determine a higher susceptibil-
ity for the development of ALI in patients with a risk factor.

29.8  Treatments of ARDS in the Elderly

Different clinical trials have tested the efficacy of a number of interventions in 
patients with ARDS, but elderly patients as well as those with chronic pulmonary 
conditions seem to be underrepresented in those studies, limiting the applicability of 
the results to certain patient populations. For instance, the ARDS Network trial 
compared low (6 ml/kg IBW) with high (12 ml/kg IBW) VT ventilation [58]. The same 
group also tested the efficacy of other interventions, such as the addition of high 
positive end-expiratory pressure (PEEP) to a low VT strategy [59], and a liberal versus 
restrictive fluid management strategy in selected hemodynamically stable patients 
with ARDS [60]. These studies included patients with a mean age in the early 50s. 
Exclusion criteria were significant COPD, FEV1 < 20 ml/kg IBW, signs of hyperin-
flation in the chest X-ray, and PaO2 < 55 mm Hg on room air. Thus, generalizability 
of the results of these trials to the elderly population is questionable.

On the other hand, the strategies used for ventilation in these trials use VT and 
plateau pressure as surrogates for alveolar volume, assuming the same pulmonary 
response across all age groups. However, this assumption may not hold true, as the 
elderly experience higher lung compliance and lower chest wall compliance as com-
pared to younger patients.

The same concern about applicability across the different age groups applies to 
other trials testing different therapies for ARDS, such as high-frequency oscillation 
(HFO), airway pressure release ventilation (APRV), or corticosteroids. For instance, 
it is not known whether the increased necessity for sedation associated with the use 
of HFO, and the subsequent increased risk for delirium in the elderly, negates any 
beneficial effect associated with this particular ventilatory mode or if  the physiologi-
cal benefits of APRV and the decreased need for sedation are associated with 
decreased incidence of delirium and dementia and therefore a decreased mortality in 
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elderly patients. In a similar way, the effects of corticosteroids in elderly patients, in 
whom the treatment-induced muscle weakness may be related to a higher ventilator 
dependency, are not known.

29.9  Weaning the Elderly Patient from the Ventilator After ARF

The study showing superiority of the spontaneous breathing trial (SBT) to other 
weaning methods [61] studied a population whose average age was 58 years. The gen-
eralizability of these findings to older patients is questionable, as age-related changes 
in respiratory physiology may impact how patients respond to spontaneous breath-
ing. In addition, of the 546 patients studied [61], only 319 (58%) had acute lung 
injury (others had other causes of respiratory failure, such as COPD or neurologic 
diagnoses), and only 23 cases (4%) had ARDS.

In addition, commonly used signs to assess the tolerability to an SBT include the 
appearance of rapid shallow breathing (or a high f/VT ratio) and the identification of 
signs of increased sympathetic tone (hypertension, tachycardia). However, elderly 
patients tend to have under normal conditions a pattern of rapid shallow breathing 
[10] so that the observation of this ventilatory pattern may not necessarily indicate 
failure of the SBT.

On the other hand, older patients have a decreased ventilatory response to hypox-
emia and hypercapnia [12]. Thus, the patient may appear to be breathing normally 
when in fact hypoxemia and hypercapnia may be developing. These observations 
suggest that routine use of arterial blood gases might have greater utility in the older 
adult population to detect weaning failure in a patient who seems to be comfortable 
on a SBT.

The need to assess different weaning methods in the elderly is also suggested by 
the results of El Solh et al. [62], who observed that patients over the age of 70, as 
compared with a younger matched cohort, were much more likely to fail extubation 
because of the inability to handle secretions, and those who failed had a higher risk 
of developing nosocomial pneumonia. In addition, although older persons achieved 
physiologic recovery from ALI in equal proportion to younger patients, their ICU 
length of stay and duration of mechanical ventilation were increased because of a 
higher reintubation rate [18].

29.10  Outcome of ARF in the Elderly

An increasing number of very old (aged 80 or older) patients are being admitted to 
ICUs [63, 64], mostly for ARF and requirement of ventilatory support. Survival of 
elderly patients is poor. In a large study on 2709 ICU patients, long-term mortality at 
3 years was 57% and 40% (for patients ≥65 years of age versus <65 years of age, 
respectively) [65]. In a smaller study of 233 patients aged ≥80  years, mortality at 
3 years was 71% [66].

ICU admission refusal by the physician of elderly patients with ARF is frequently 
based on the estimation of potential benefit of ICU admission, the consideration of 
advanced age as a poor prognostic factor, the estimation of their long-term survival, 
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and the quality of life as assessed by family members. However, the presence of 
comorbidities and the severity of acute physiological disturbances are more related 
to adverse outcomes in acutely ill patients than age itself  [67]. In addition, the valid-
ity of the assessment of patients’ quality of life by proxies or physicians has been 
questioned [68].

It is generally admitted that ICU admission improves prognosis of elderly patients. 
Observational studies generally report lower crude mortality rates for patients admit-
ted to the ICU than in patients whose ICU admission was refused [69]. However, 
studies of very old patients find similar crude mortality rates [70]. A large study of 
2646 patients >80 years of age visiting the emergency department with a condition 
potentially warranting ICU admission showed an adjusted decrease in survival for 
patients admitted to the ICU compared with those not admitted. Thus, benefit of 
ICU admission for very old patients could not be appreciated [71].

Several studies have shown that age is independently associated with mortality in 
patients requiring mechanical ventilation. Heuser et al. found in a large series of 3050 
patients with respiratory disease, whether or not receiving mechanical ventilation, 
that age was independently associated with mortality [72]. In another prospective 
study of mechanically ventilated elderly patients [73], Zilberberg et al. compared 31 
patients >65 years of age with 76 patients ≤65 years of age. After multivariable anal-
ysis to adjust for confounding variables, it was found that older age was an indepen-
dent predictor of death.

In a large international cohort of mechanically ventilated patients including 5183 
patients, taking patients with age < 40 years as the reference, age was independently 
associated with mortality for patients 40–70 years of age (odds ratio [OR] = 1.58, 
95% confidence interval [CI] 1.27–1.98]) and more strongly for patients >70 years of 
age (OR = 2.18 [95% CI 1.71–2.76]) [74]. In a subanalysis of 467 patients with the 
diagnosis of ARDS [75], the adjusted mortality risk factors included age (in addition 
to early and late renal failure, SAPS II score, and low PEEP).

Ely et al., using the ARDSNet database [18], analyzed retrospectively 902 patients 
and found that age 70 or older was a strong predictor of hospital death (hazard ratio 
2.5, 95% CI [2.0, 3.2]). Age was also associated with longer duration of mechanical 
ventilation (median of 19 days vs. 10 days), ICU length of stay (21 days vs. 16 days), 
and 28-day mortality (50% vs. 25%). Interestingly the proportion of survivors achiev-
ing physiological recovery landmarks did not differ in the older and younger patient 
age groups, and the median time to pass a spontaneous breathing trial was similar 
(4  days vs. 5  days). However, after passing a spontaneous breathing trial, it took 
older patients 1 more day as compared to younger patients to achieve unassisted 
breathing and 3 more days to be discharged from the ICU. This is likely related to the 
decreased respiratory reserve and the age-related increased incidence of other condi-
tions such as delirium.

In a cohort study of 100 ICU patients older than 75 years of age compared to 100 
patients younger than 75  years matched for severity of illness as assessed by the 
APACHE II score, a non-significant trend toward a higher mortality (26% versus 
19%, p = 0.23) and longer duration of mechanical ventilation (7 days [IQR 3–15] 
versus 3 days [IQR 2–8]) and ICU length of stay (8 days [IQR 3–17] versus 5 days 
[IQR 3–9]) was reported [56]. Do-not-resuscitate orders were written more often in 
the elderly group than in the younger group (9% vs. 3%, p = 0.07). Considering only 
those patients under mechanical ventilation, mortality was higher, not reaching sta-
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tistical significance, in the older age group (30% vs. 23%). Thus, there was a strong 
trend in this study for a higher mortality and worse outcomes in older patients, not 
reaching statistical significance probably due to lack of statistical power.

In a retrospective analysis from three multicenter clinical studies, a model com-
bining age and cardiorespiratory function on day 3 predicted a combined outcome of 
mortality and ventilator dependence [76]. In a multicenter retrospective study of 
adult ICU patients receiving at least 24 hours of mechanical ventilation, Ma et al. 
analyzed 853 patients, of whom 61.5% were  ≥  65  years of age and 26.0% 
were ≥  80 years of age [77]. Advanced age was significantly associated with total 
duration of mechanical ventilation, ICU length of stay, and ICU costs, but not with 
hospital length of stay and hospital costs. Mortality rates in the ICU, hospital, and 
at 60 days significantly increased with age and for patients ≥80 years were 47.7%, 
49.5%, and 50.0%, respectively. Age, APACHE II score, PaO2/FiO2, total duration 
of mechanical ventilation, ICU length of stay, and the decision to withhold/with-
draw life-sustaining treatments were independent risk factors for mortality.

In the VIP2, a very large prospective multicentric observational study [78], con-
ducted using the European Very elderly Intensive Patient (VIP) network, ICU and 
30-day survival of 3920 ICU patients ≥80 years were, respectively, 72.5% and 61.2%, 
and age was independently associated with mortality.

On the other hand, there are studies providing evidence that age by itself is not 
related to mortality after adjusting for other risk factors and that the association 
between mortality and age becomes non-significant in adjusted analysis [47, 50]. For 
instance, one study compared 130 ICU patients older than 75 years of age with a 
cohort of patients aged 55–65 years with the same severity of illness [79]. Hospital 
mortality was significantly greater in the older age group (51% vs. 39%) with a crude 
relative risk of 1.32 (95% CI 1.01–1.73). However, after adjusting for other variables 
(APACHE II, whether the patient had a private attending physician, primary admit-
ting diagnosis, or presence of cancer), older patients did not have a significantly 
greater risk of dying (adjusted relative risk, 1.05 [95% CI 0.97–1.12]).

Ely et al. [80] analyzed prospectively collected data on mechanically ventilated 
patients using a multivariable analysis and adjustment for ethnicity, sex, and severity 
of illness, to evaluate the independent effect of age on different outcomes. Patients 
≥75 years of age spent similar lengths of time on mechanical ventilation, had a lower 
cost of care, and presented similar in-hospital mortality rates (38% compared with 
39%, p < 0.2).

The discrepancies between studies [73, 80] might be explained by the different 
patient sample, the ICU referral criteria, and the underlying comorbidity. For exam-
ple, patients in the study by Zilberberg and Epstein [73] had a high mortality, and two 
thirds of the patients had cancer, cirrhosis, HIV disease, or transplant-associated 
illnesses, whereas patients in the study by Ely et al. [80] had a lower overall mortality, 
and these diagnoses accounted for less than 10% of the comorbid conditions.

Finally, a recent retrospective study in Turkey [81] evaluated the risk factors for 
mortality in a medical ICU.  They studied 693 patients, of whom 414 (59.7%) 
were ≥ 65 years of age. Median age of the young and elderly groups was significantly 
different (55 and 77 years, respectively), and median age was similar in survivors and 
non-survivors (69 versus 68  years). Different risk factors (ICU stay, hospital stay 
before ICU, APACHE II and Charlson Comorbidity Index scores, pneumonia, acute 
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hepatic failure/coma, malignancy, acute hemodialysis, need for vasopressors, and 
invasive mechanical ventilation), but not age, were independent predictors of ICU 
mortality. Mortality was comparable in the young (<65 years) and elderly (≥65 years) 
groups (58.8% versus 58.5%, respectively). The authors concluded that in developing 
countries, age should not be a determining factor for ICU triage.

In an interesting analysis, Farfel et al. [82] reported in 840 ICU patients older 
than 55 years of  age that in-hospital mortality was independently associated with 
age only in patients requiring mechanical ventilation (in paimpact of  frailty on 
survitients receiving mechanical ventilation, OR  =  1.60 [95% CI 1.01–2.54] for 
65–74 years old, OR = 2.68 [95% CI 1.58–4.56] for ≥75 years old; in patients not 
receiving mechanical ventilation, OR  =  2.28 [95% CI 0.99–5.25] for 65–74  years 
old, OR = 1.95 [95% CI = 0.82–4.62] for ≥75 years old). In our view, the conclusion 
is not quite supported by their results, as the point estimate of  the mortality risk for 
patients not receiving mechanical ventilation was still greater than 1, and the confi-
dence interval was not significant probably because of  lack of  power, as the low 
number of  events in these groups suggest. Indeed, the number of  deaths in patients 
receiving mechanical ventilation was only 14, 18, and 16 in the three age groups, 
respectively.

The nonagenarian patient population with ARF was studied by Becker et al. in a 
single-center retrospective observational study. 372 ICU patients ≥90 years of age 
were studied [83], of whom 40% of patients required mechanical ventilation (30% of 
survivors and 84% of non-survivors). ICU, hospital, and 1-year after hospital dis-
charge mortalities were, respectively, 18.3%, 30.9%, and 65.1%. Independent risk fac-
tors for 28-day mortality were creatinine, bilirubin, age, and requirement of 
catecholamines. Thus, even though mortality of the nonagenarian population is of 
course high, these results suggest that admission should not be uniformly refused 
based on age.

Unlike the previous study [83], another study in nonagenarian did not find age to 
be an independent risk factor for mortality [84]. Le Borgne et al., in a retrospective 
single-center study of 317 ICU patients ≥90 years [84], reported that the main admis-
sion diagnosis was ARF in 52.4% of cases, and 49.2% required mechanical ventila-
tion (more often non-survivors than survivors: 81.4% and 31.4%, respectively). 
Median age was 92 years, both in the survivors and in the non-survivors group, and 
ICU and hospital mortality rates were 35.7% and 42.6%, respectively. Mechanical 
ventilation (OR = 4.83, 95% CI 1.59–15.82) was an independent predictor of ICU 
mortality, whereas age was not (OR  =  0.88, 95% CI 95% 0.72–1.08). Thus, these 
results suggest that among critically ill elderly patients aged ≥90 years, chronological 
age was not an independent factor of ICU mortality. In addition, the reported mor-
tality of patients ≥90 years of age allows the contention that chronological age by 
itself  would not be an exclusion criterion for ICU admission (7 Box 29.1).

Of great importance when assessing prognosis of elderly ICU patients is the con-
sideration and measurement of frailty. The VIP2 study [78] showed that frailty assess-
ment using the clinical frail scale is able to predict short-term mortality in elderly 
patients admitted to the ICU, and other geriatric syndromes do not add improve-
ment to the prediction model. A more in-depth discussion on the importance of 
frailty in the treatment and prognostication of critically ill patients is discussed else-
where in this work.
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29.11  Outcome of ARF in Elderly Patients with COVID-19

COVID-19 merits particular attention in the discussion of ARF in the elderly. Old 
patients admitted to the ICU with COVID-19 are at increased risk of death [85], and 
the decision of ICU admission can be challenging [86]. The case fatality rates 
observed in ARDS-related SARS-CoV-2 are close to 30–40% [87–89] but can reach 
70% in the older patients [90–92].

Some studies have reported the management and prognosis of elderly patients in 
the context of SARS-CoV-2 lower respiratory tract infection [93, 94], and some have 
focused on a population admitted to the ICU.  In a large German study enrolling 
10,021 patients, 923 (9%) patients over 70 years old received ventilatory support. In- 
hospital mortality reached 63% for patients 70–79 years of age [89]. This result con-
curred with the poor prognosis reported in previous studies focused on elderly 
patients with ARDS not related to SARS-CoV-2 infection [95].

In an ancillary analysis of  the COVID-ICU study of  1199 old patients 
(>70 years) admitted to the ICU with the diagnosis of  COVID-19 [96], overall day-
90 mortality was 46% and reached 67% among the 193 patients over 80 years old. 
In multivariable analysis, clinical frailty scale, diabetes mellitus, a shorter time from 
the first symptom to ICU admission, cardiovascular dysfunction, admission early 
in the pandemic, and the PaO2/FiO2 ratio, but not age, were associated with day-90 
mortality.

A large multicenter transnational study described the characteristics and out-
comes of  4244 patients admitted to the ICU with laboratory-confirmed COVID-
19 during the first wave of  the pandemic and post-ICU admission status available 
[97]. Patient age (median [IQR]) for all patients, survivors and non-survivors, 
was, respectively, 63 [54–71], 61 [52–69], and 68 [59–74] years. On ICU admission, 
standard oxygen therapy, high-flow oxygen therapy, noninvasive ventilation, and 
invasive mechanical ventilation were used, respectively, in 29%, 19%, 6%, and 
63% of  patients (more than one therapy could be used in one patients), and 80% 
received invasive mechanical ventilation at some point during their ICU stay. 
Considering patients on invasive mechanical ventilation or noninvasive ventila-
tion within the first 24 h in ICU, pulmonary embolism and ventilator-associated 
pneumonia were diagnosed in 207 (9%) and 1209 (58%) cases, respectively, and 
different advanced therapies were used on day 1 of  mechanical ventilation, 
including paralyzing agents (88%), prone position (70%), inhaled NO (19%), and 
ECMO (11%). Mortality at day 90 was 31%, increasing with the severity of 
ARDS at ICU admission (30%, 34%, and 50% for mild, moderate, and severe 
ARDS, respectively), and decreased from 42% to 25% over the study period. 
Early independent predictors of  90-day mortality were older age, immunosup-
pression, severe obesity, diabetes, higher renal and cardiovascular SOFA score 
components, lower PaO2/FiO2, and a shorter time between the first symptom 
and ICU admission.

In a recent meta-analysis [98], studies reporting the case fatality rate (CFR) for 
patients with confirmed COVID-19 requiring IMV were analyzed. In the 69 studies 
included, overall reported CFR of 57,420 adult patients was estimated at 45% (95% 
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CI 39–52%). Among studies in which age-stratified CFR was available, pooled CFR 
estimates ranged from 47.9% (95% CI 46.4–49.4%) in younger patients (age ≤ 40 years) 
to 84.4% (95% CI 83.3–85.4%) in older patients (age > 80 yr). CFR was also higher 
early in the pandemic.

After the identification of age and comorbidity as prognostic factor in patients 
with ARF in the context of COVID-19 [99–101], frailty was soon recognized as a 
mortality risk factor in these patients [102, 103], and the clinical frailty scale (CFS) 
was included in critical care escalation guidelines [104, 105]. However, studies on the 
relationship between frailty and mortality in COVID-19 have yielded positive [94] 
and negative [106, 107] results. In a recent large multicenter international cohort 
study of 5711 adult patients hospitalized with COVID-19 [108] (median age 74), it 
was found that the risk of death increased independently with increasing age (>80 
versus 18–49: hazard ratio 3.57 [95% CI 2.54–5.02]), frailty (CFS 8 versus 1–3: haz-
ard ratio 3.03 [95% CI 2.29–4.00]), inflammation, renal disease, cardiovascular dis-
ease, and cancer.

The COVIP study [109], a prospective multicentric study of COVID-19 ICU 
patients ≥70  years of age, included 1346 patients (median age of 75  years [IQR 
72–78], 16.3%  >  80  years), of whom 21% were frail and 72% were under MV at 
10 days. The overall survival at 30 days was 59% and was dependent on frailty status 
(66% in fit, 53% in vulnerable, 41% in frail patients). In frail patients, there was no 
difference in 30-day survival between different age categories, and frailty was inde-
pendently associated with lower survival [109]. Thus, in elderly patients with 
COVID- 19, frailty provides relevant prognostic information in addition to age and 
comorbidities.

In summary, the largest studies show that age, comorbidities, and frailty are inde-
pendently related to outcome in patients with ARF and COVID-19. However, report-
ing methods between studies are variable, and mortality of these patients is changing 
over time. Thus, although prognosis of elderly patients with ARF in the context of 
COVID-19 is certainly poor, individual case assessment is recommended when the 
decision whether to admit an elderly patient with COVID-19 to the ICU is faced.

 Conclusion
ARF in the elderly presents specific characteristics that should be taken into consid-
eration for the diagnosis, treatment, and prognostication of these patients in the ICU.

Elderly patients are at increased risk of ARF after a given insult. Their response 
to interventions used for the treatment of ARF may differ as compared to other age 
groups.

Prognosis should be assessed when an elderly patient requires invasive treatment in 
the ICU for ARF. Age interplays with other factors to determine mortality. These fac-
tors include the presence of comorbidities, previous functional status, and diminished 
functional reserve, as well as the risk for the development of complications known 
to be associated with outcome (i.e., delirium). Thus, age should not be used alone to 
determine treatment decisions. The concept of physiological age, rather than chrono-
logic age, reflecting the underlying level of disease, may be a more important determi-
nant of outcome.
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Take Home Message
 5 Elderly patients as well as those with chronic pulmonary conditions seem to be 

underrepresented in large clinical trials on protective ventilation in ARDS, limit-
ing the applicability of  the results to certain patient populations.

 5 Strategies used for ventilation in clinical trials on the role of  protective ventila-
tion strategies use VT and plateau pressure as surrogates for alveolar volume, 
assuming the same pulmonary response across all age groups. However, this 
assumption may not hold true, as the elderly experience higher lung compliance 
and lower chest wall compliance as compared to younger patients.

 5 Age interplays with other factors to determine mortality, such as the presence of 
comorbidities, previous functional status, and diminished functional reserve. The 
concept of  physiological age, rather than chronologic age, may be a more impor-
tant determinant of  outcome.
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 n Learning Objectives
 5 The sepsis 3.0 criteria:

 5 Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated 
host response to infection [1, 2]. Organ dysfunction is defined as an increase of 
two or more points in the sequential (sepsis-related) organ failure assessment 
(SOFA) score (appendix I).

 5 Septic shock is defined as sepsis with circulatory, cellular, and metabolic abnor-
malities, associated with a greater mortality risk. These patients require vaso-
pressors to maintain a mean arterial pressure (MAP) ≥65 mmHg and have a 
lactate >2 mmol/L (>18 mg/dL), despite adequate fluid resuscitation.

 5 Sepsis risks and incidences increase with age.
 5 Immunosenescence, additional comorbidities (including diabetes and chronic kid-

ney disease and other risk factors including malnutrition), and inflammaging lead 
to increased risk of infection in older adults.

 5 Sepsis can be more difficult to diagnose in elderly, who frequently present with 
nonspecific signs and symptoms.

 5 Overall treatment of sepsis in the elderly should be according SSC guidelines. 
However, some points require special attention in this vulnerable patient popula-
tion, including the following:

 5 Fluid resuscitation should be done carefully, since very old patients are at 
higher risk for both under- and over-resuscitation.

 5 Vasopressors may be needed in order to help achieve appropriate MAP levels; 
however, appropriate MAP levels in older adults have not been specified, nor 
have the appropriate vasopressors for older adults been identified.

 5 Older adults are at increased risk of having infections with drug-resistant 
pathogens and additional gram-negative bacteria.

 5 Drug selection can be challenging in this patient population due to multiple 
pharmacokinetic and pharmacodynamics changes related to aging.

 5 Older adults are at higher risk of developing ICU delirium, and clinicians need to 
perform routine delirium assessments, adequate pain control, prevention of consti-
pation, and avoidance of benzodiazepines, anticholinergic agents, and other delir-
iogenic medications.

 5 Mortality rates of very old patients with sepsis are quite high. Age, severity of 
disease (SOFA), and frailty are important independent risk factors for mortality. 
Sepsis at admission is, however, not independently associated with 30-day or 
6-month mortality.

 5 Special care should be taken when decisions need to be made about ICU treatment 
of these patients, since the ethical principles of avoiding (net) harm and respect for 
patients’ autonomy are easily violated in very old patients with sepsis. Physicians 
are obliged not to provide treatment that is not for the patient’s good, especially if  
that treatment is burdensome. First do no harm. Clinicians should discuss goals of 
care and prognosis with patients and families, incorporate those goals into treat-
ment, and end of life care planning. A framework to decide on withholding inten-
sive care in older patients, based on explicit estimations of baseline physical and 
cognitive status, subjective quality of life, the likelihood of long-term survival and 
acceptable functional performance, individual preferences, and the burden of treat-
ment might be helpful.
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30.1  Introduction to the Chapter

Sepsis is a major worldwide healthcare problem. It has been estimated that sepsis 
affects almost 50 million people per year and causes approximately 11 million deaths 
worldwide and accounts billions in healthcare costs annually [1]. The WHO esti-
mated that sepsis causes 20% of deaths worldwide. The patients that do survive often 
suffer long-term physical, psychological, and cognitive disability.

In Europe, sepsis is responsible for about a quarter of all ICU admissions, and 
although sepsis occurs at all ages, incidences increase with age, and most sepsis epi-
sodes are seen in elderly patients (age ≥ 65 years) [2–4].

Since sepsis disproportionally affects older adults, elderly patients are responsible 
for the majority of all episodes of sepsis, with incidences that are still increasing [5, 
6]. Sepsis is one of the leading causes of morbidity and mortality in the very elderly 
patients, and understanding and knowledge of recognition, treatment, and outcome 
are of utmost importance.

30.2  Definition

Sepsis is described as a variable, nonspecific, acute syndrome caused by an infection. 
It is not a specific illness, but rather a syndrome which is defined by consensus. The 
definition of sepsis has undergone three major revisions since 1991 [7–9]. This latest 
sepsis 3.0 definition defines sepsis as life-threatening organ dysfunction caused by 
overwhelming, dysregulated host response to infection [2, 10]. This new definition 
accentuates the dysregulated and maladaptive host response to infection. Organ dys-
function is defined as an acute increase of two or more points in the Sequential 
Organ Failure Assessment (SOFA) score [11]. What was previously called severe sep-
sis is now the new definition of sepsis. Septic shock is a subset of sepsis in which there 
is circulatory, cellular, and metabolic dysfunction. Septic shock is defined as persist-
ing hypotension requiring vasopressors to maintain a mean arterial pressure (MAP) 
of 65 mmHg or higher and a serum lactate level greater than 2 mmol/L (18 mg/dL) 
despite adequate volume resuscitation.

30.3  Epidemiology

Elderly are, compared with younger patients, more susceptible to sepsis. They have 
less physiologic reserve to tolerate the insult from infection and are more likely to 
have underlying diseases. As a consequence, sepsis is a frequent cause of morbidity 
and mortality in elderly patients and appears to be a very common reason for very 
elderly patients to be admitted to the ICU. Very elderly patients are responsible for 
the majority of all episodes of sepsis. Incidences of sepsis increased last decades and 
are still increasing, and these increases are particularly seen in elderly patients [5, 6, 
12–14]. The severity of disease increased also last years. At present, most sepsis epi-
sodes are observed in patients older than 60 years, with a sharp increase of the inci-
dence in people older than 80 years. More than 60% of sepsis diagnoses are made in 
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adults aged ≥65 years and approximately 64% of elderly patients with a mean age of 
75 years admitted to an ICU met the definition of sepsis [4, 15]. Older adults are 
more likely to develop infections because of several reasons (see below, paragraph 
about immunity and pathophysiology).

30.4  Diagnosis

Sepsis is a syndrome defined by consensus and cannot be diagnosed by a “gold stan-
dard” clinical or laboratory tests. Diagnosing sepsis is still mainly clinical. However, 
since older adults with infection often present atypically, diagnosing sepsis in elderly 
patients can be challenging [16]. Since the body’s immune response to infection is 
reduced with aging, sepsis in elderly often presents more atypically. Signs and symp-
toms may be more obscure in the elderly patients, and although the definition is the 
same in the elderly, you may need more diagnostic techniques, like CT scans or other 
ancillary tests. For example, fever, the most recognized clinical feature of infection, is 
absent in approximately 30–50% of the elderly patients with infection [17]. And in 
addition, typical localizing symptoms might be absent, or symptoms may be masked 
by concomitant use of drugs such as beta-blockers (no increase of heart rate) [18, 
19]. The physiologic reserve of very elderly is diminished, and they are more likely to 
have underlying diseases.

30.5  Pathogen Detection in Elderly

Positive blood cultures are found in only 30% of patients with sepsis [20]. Molecular 
techniques, such as polymerase chain reaction/electrospray ionization-mass spec-
trometry (PCR-ESI-MS), have demonstrated higher rates of pathogen identification 
than standard blood culture and can provide results within 6 hours, but these assays 
require broader clinical evaluation and are frequently too expensive for many institu-
tions [21]. A diagnostic blood culture is too slow and may be falsely negative and is 
thus inappropriate for early identification of sepsis.

Causative pathogens differ depending on the source and site of  infection (com-
munity acquired or nosocomial sepsis). Respiratory tract and genitourinary tract 
infections are the most common infectious sources of  sepsis in the elderly, and 
infections are more frequent than in younger adults caused by gram-negative 
organisms [6]. Elderly have higher risk for multiple drug resistance due to antibi-
otic pressure. Escherichia coli is the predominant cause (50%) of  urinary tract 
infections (UTI) both in younger and older adults, but older adults are at increased 
risk for infection from other gram-negative bacteria, such as Proteus spp., Klebsiella 
spp., and Pseudomonas spp. Common gram-positive organisms in older adults with 
bloodstream infections include Staphylococcus aureus, Enterococcus spp., and 
Streptococcus spp. [22]. For the most frequent sources, the following pathogens are 
frequently found in elderly patients: urinary tract, Escherichia coli, Proteus mirabi-
lis, Klebsiella species (spp.), and Enterobacter spp.; lung (non-aspiration pneumo-
nia), Streptococcus pneumoniae, Enterobacteriaceae, Staphylococcus aureus, and 
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Pseudomonas aeruginosa; in the case of  aspiration pneumonia: Streptococcus pneu-
moniae, Staphylococcus aureus, Fusobacterium spp., Prevotella spp., and 
Peptostreptococcus spp.; and in the case of  skin and soft tissue infections: 
Streptococcus spp., Staphylococcus spp., and Pseudomonas aeruginosa (diabetic 
foot infections) [23].

Traditional biomarkers of sepsis (like the total white cell count, neutrophil count, 
and C-reactive protein) lack the specificity to discriminate sepsis from inflammation 
due to noninfectious causes (e.g., pancreatitis, burns, and trauma). Newer biomark-
ers, such as procalcitonin (PCT) and sTREM-1 (soluble triggering receptor expressed 
on myeloid cells-1), do not have enough sensitivity or specificity and have not yet 
been sufficiently validated in the very elderly patients with sepsis. Consequently, at 
present, biomarkers unfortunately are not helpful in the diagnosis, or exclusion, of 
sepsis in VIPs.

30.6  Immunity

Elderly are, compared with younger patients, more susceptible to sepsis. First, 
because of  immunosenescence, there is a gradual decline of  the immune system 
with aging. The adaptive immune system is affected more than the innate immune 
system [24]. Elderly patients have a considerable decrease in both cell-mediated 
immune function and reduced humoral immune function [25]. Hallmarks of 
immunosenescence are “inflammaging” (the lingering level of  low-grade inflam-
mation), the reduced ability to respond to new antigens, and the accumulation of 
memory T cells [26, 27]. It is a multifactorial condition, resulting from several 
age-dependent biological changes of  the immune system, contributing to 
enhanced susceptibility of  elderly patients to sepsis [25, 28, 29] (see also the sepa-
rate 7 Chap. 6).

Second, elderly are more prone to infections due to their diminished functional 
status, frailty, and malnutrition. Third, many common comorbid diseases, includ-
ing decreased cardiac and pulmonary reserves, malignancies, diabetes mellitus, and 
chronic liver failure, increase the risk sepsis and are all frequently seen in older 
patients [30]. Fourth, other factors which are quite common in elderly (e.g., an 
altered vaginal flora due to declining estrogen levels, urinary retention and stasis 
due to prostatic hypertrophy, poor skin integrity due to age-associated changes, 
immobility, swallowing difficulty, diminished cough reflex, and inadequate oral 
care) all increase the risk for infections [18, 31–35]. In addition, decreases in circu-
lating thyroid hormone and endogenous corticosteroids make elderly more prone 
for infection. Fifth, institutionalization and instrumentation (e.g., urinary cathe-
ters) are all associated with sepsis. Nursing home residents were seven times more 
likely to be diagnosed with severe sepsis compared with non-nursing home resi-
dents, and rates of  ICU admissions were twice as high [36]. Cognitive impairment 
is another risk factor for severe infection. After controlling for multiple factors, 
including age, sex, and comorbidities, dementia showed to be associated with a 
50% higher risk of  severe sepsis [37].
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30.7  Pathophysiology

The pathophysiology of sepsis and septic shock is not precisely understood, but is 
considered to involve a complex interaction between the pathogen and the host’s 
immune system. In health, humans live in a state of symbiosis with microorganisms, 
but in sepsis, microorganisms invade normally sterile host tissues and become a 
threat to the host. The normal physiologic response to (localized) infection includes 
activation of host defense mechanisms that result in the influx of activated neutro-
phils and monocytes, release of inflammatory mediators, local vasodilation, increased 
endothelial permeability, and activation of coagulation pathways. Sepsis, however, 
results from an exaggerated systemic inflammatory response induced by infecting 
organisms, leading to secondary organ system failure. A profoundly deranged host- 
microbial homeostasis with early activation of both pro- and anti-inflammatory 
responses occurs, along with major alterations in non-immunologic pathways such 
as the cardiovascular, neuronal, hormonal, metabolic, and coagulation systems. 
Inflammatory mediators are the key players in the pathogenesis of sepsis, but other 
factors such as the causative pathogen, initial site of infection, comorbidities, and 
iatrogenic interventions also affect the host response [38]. Genetic defects have also 
been identified to play in role in sepsis development.

Several biochemical processes occur and are responsible for the clinical manifes-
tation of sepsis [39, 40]. The first process is vasodilatation, caused by a number of 
cytokines and involving small arterioles and nutrient vessels. Expression of inducible 
nitric oxide synthase (iNOS) in vascular endothelial cells is induced and nitric oxide 
generated, which is a potent smooth muscle relaxing agent that causes local vasodi-
latation. Due to the vasodilatation, the vascular resistance is reduced, and relative 
hypovolemia and decreased effective blood pressure occur. The diminished capacity 
of the heart to cope with hypovolemia and low blood pressure is described in the 
chapter on vasoactive drugs of this book. The loss of normal microvasculature resis-
tance results in accelerated passage of blood through capillary beds, reducing the 
time available for the passive unloading of oxygen from saturated erythrocytes. The 
second is loss of endothelial barrier function. Disruption of the endothelial tight 
junctions and loss of endothelial cells result in the loss of proteins and fluid into the 
interstitium, which further decreases the effective intravascular volume. The resulting 
edema aggravates cellular hypoxia by increasing the distance between the erythrocyte 
in the capillary and the adjacent cells. The third biochemical process is occlusion of 
capillaries by thrombi, activated leukocytes, and aggregates of erythrocytes, impair-
ing perfusion. Oxygenated blood will bypass the occluded capillaries, resulting in an 
increase in the local tissue oxygen deficit. The fourth is impaired myocardial contrac-
tility that occurs as a consequence of poorly characterized myocardial depressant 
factors. However, its significance is uncertain, since the cardiac output is characteris-
tically increased in sepsis. Finally, mitochondrial dysfunction occurs in sepsis. 
Mitochondria are affected in several ways, including insufficient oxygen at the mito-
chondrial level to allow function; the generation of excess amounts of multiple reac-
tive oxygen species (e.g., NO, CO, H2S), causing direct damage to mitochondrial 
structures; hormone-induced alterations in function and efficiency; and the down-
regulation of mitochondrial gene transcription proteins. These processes lead to a 
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bioenergetic-metabolic shutdown, similar to a state of hibernation. An association 
between the degree of mitochondrial impairment and either clinical severity, organ 
dysfunction, or poor outcomes has been demonstrated. However, whether this is a 
causal pathway to organ damage, death is unclear. It may also represent a mechanism 
through which eventual survival is enhanced.

30.8  Treatment of Sepsis in Elderly

Treatment of very elderly patients with sepsis should follow the Surviving Sepsis 
Campaign (SSC) guidelines in general, the same as for younger adults, although 
there are some important considerations when managing very old patients. Therefore, 
we will present the general SSC guidelines and highlight and discuss where more 
attention or another approach is required in very old patients. Nevertheless, robust 
evidence about sepsis treatment of very old patients is scarce. Older adults often were 
excluded or underrepresented in sepsis trials. And when they were included, no sub-
group analyses were performed, so specific recommendations for treatment of older 
adults could be made.

In 2002, the SSC was initiated [41]. The SSC campaign had the aim to reduce 
mortality from sepsis worldwide through the development of  guidelines for diag-
nosis and treatment. After 2002, the campaign progressed in several phases, with 
publication of  four editions (every 4 years) of  evidence-based guidelines, imple-
mentation of  a performance improvement program, and analysis and publication 
of  multiple studies from around the world [42–45]. The SSC have strongly influ-
enced our clinical practice regarding the septic patient the past decades. In 2018, 
the SSC published a revision to the bundle based on the 2016 guidelines. The 
bundle changed from 3 hours and 6 hours to an Hour-1 bundle to encourage more 
rapid interventions for adult patients with sepsis and septic shock, which is cru-
cial. The four items of  this 1-hour bundle are: measurement of  lactate level (and 
remeasure if  elevated (i.e. >2 mmol/L), obtaining cultures, (including blood cul-
tures), administration of  broad-spectrum antibiotics, rapid fluid administration 
in case of  hypotension or lactate level ≥ 4  mmol/L, and vasopressors if  hypoten-
sion persist during or after fluid resuscitation to maintain MAP ≥65 mm Hg [46].

30.8.1  Fluid Resuscitation

Fluid resuscitation is important in all patients with sepsis and serves to optimize 
cardiac preload and improve or preserve organ perfusion pressure. All patients with 
sepsis who are hypotensive require fluid resuscitation; however, in VIPs with sepsis, 
fluid resuscitation requires special attention and should be done carefully. The SSC 
recommends fluid resuscitation to maintain or achieve MAP ≥65 mm Hg, but it is 
questioned if  higher MAP goals (80–85 mm Hg) are required in VIPs with sepsis, due 
to their additional comorbidities, although clinical trials nor the SSC support this 
goal elevation (see the 7 Chap. 19). Elderly patients more often are known with 
chronic arterial hypertension, which results in a rightward shift of the autoregulatory 
pressure-organ perfusion curve [47]. Therefore, higher MAP targets may be needed 

 L. van Lelyveld-Haas et al.

10.1007/978-3-030-94133-8_19


471 30

to prevent acute kidney injury (AKI). It seems essential to carefully define an 
 individualized target MAP for the resuscitation phase goals by considering the 
patient’s pre-admission MAP in elderly patients with sepsis and septic shock. 
Although no difference in 28-day mortality rates was found between the patients 
(with septic shock) with high (80–85 mmHg) or low (65–70 mmHg) MAP targets, the 
subset of patients with chronic arterial hypertension indeed had a lower incidence of 
serum creatinine doubling and required less renal replacement therapy when ran-
domized to the high MAP target group. However, the higher MAP target group also 
had a higher incidence of atrial fibrillation [48]. Another study demonstrated a rela-
tion between the incidence of AKI and the difference between pre- and post- 
resuscitation MAP values in patients with severe sepsis or septic shock. The MAP 
differences were demonstrated as a risk factor for sepsis-associated (SA)-AKI, with 
significantly lower incidence of AKI in the patients with MAP differences (pre-
admission MAP minus post-resuscitation MAP) values in the lowest quartile (i.e., 
patients with post- resuscitation MAP mostly higher than their pre-admission MAP). 
Analysis of the subgroup of patients with hypertension showed the same relationship 
[49]. Though these VIPs might be at greater risk of under-resuscitation, some caution 
should be taken to avoid excessive resuscitation, particularly in patients with known 
heart failure or significant renal impairment. It is also important to timely start de- 
resuscitation with diuretics. Very old patients more often suffer systolic and also dia-
stolic dysfunction. Diastolic dysfunction is associated with age and other 
comorbidities that are more frequent in elderly, like hypertension, diabetes mellitus, 
and ischemic heart disease (IHD). In addition, diastolic dysfunction is common dur-
ing severe sepsis and septic shock in patients of all ages. It was demonstrated that 
diastolic dysfunction is a strong independent predictor of mortality [50, 51]. Fluid 
challenge assessment techniques, like transthoracic echocardiogram (TTE), pulse 
pressure variation (PPV), cardiac output (CO), and/or end-diastolic volume (EDV) 
measurements (e.g., with Pulse Contour Cardiac Output (PICCO) method), may be 
helpful to identify VIPs who require further fluid resuscitation during severe sepsis 
and septic shock.

The SSC recommends an initial fluid challenge of 30 mL/kg IV in all patients, 
followed by additional fluid therapy until the patient no longer demonstrates hemo-
dynamic improvement (strong recommendation, low quality of evidence). A fluid 
challenge technique should be applied, and fluid administration is continued as long 
as hemodynamic factors continue to improve [45, 52–57].

Crystalloids are the fluid of choice and preferred over colloids, both for initial 
resuscitation as for subsequent intravascular volume replacement (strong recommen-
dation, moderate quality of evidence). Either balanced crystalloids (e.g., Ringer’s 
lactate or Plasmalyte®) or saline is suggested for fluid resuscitation. Irrespective of 
the crystalloid solution selected, hyperchloremia should be avoided [58, 59]. 
Hydroxyethyl starch (HES) should not be used (due to higher rates of mortality and 
RRT as compared to crystalloid). The place of human albumin is still a matter of 
debate. Human albumin could eventually be considered for intravascular volume 
replacement in addition to crystalloids for patients with low albumin and requiring 
substantial amounts of crystalloids (albumin concentration target of 3 g/dL) (weak 
recommendation, low quality of evidence). Although the general guidelines recom-
mend against transfusing to hemoglobin levels >9  g/dL (strong recommendation, 
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high quality of evidence), the optimal transfusion threshold in VIPs with sepsis is not 
exactly defined.

30.8.2  Vasopressors (See Also 7 Chap. 19)

Vasopressors may be needed in order to help achieve appropriate MAP levels and to 
improve and preserve sepsis-induced end-organ perfusion for elderly patients exhibit-
ing hypotension despite adequate fluid resuscitation (septic shock). The SSC guide-
lines strongly recommend to target an initial goal MAP ≥65 mm Hg, but as discussed 
above higher goals may be beneficial in patients with hypertension or atherosclerosis, 
which are common comorbidities in older patients, since it is demonstrated that a 
target MAP of 80–85 mm Hg resulted in improved renal function when compared to 
standard targets in patients with a history of arterial hypertension. However, no dif-
ferences in mortality were seen, and patients in the high target group had a greater 
incidence of atrial fibrillation (AF). Individualized assessments of regional and 
global perfusion, such as lactate concentration, mental status, and diuresis, might be 
more important monitoring and treatment targets.

Norepinephrine is the first choice for patients in general. However, as discussed 
above, appropriate MAP levels in VIPs have not been specified, nor have the appro-
priate vasopressors for VIPs with sepsis. Vasoactive agents can be classified as vaso-
pressors, inotropes, or vasodilators. The receptor pharmacology of each vasoactive 
agent ultimately determines the physiologic properties and impacts on various hemo-
dynamic parameters in terms of both important beneficial and adverse effects. The 
selection of a specific agent is largely guided by balancing the beneficial hemody-
namic effects and unwanted adverse effects. Safety concerns may be amplified in 
older adults, particularly those with multiple comorbid disease states.

30.8.3  Antibiotics

Timely administration of appropriate and effective antimicrobial therapy is a corner-
stone of sepsis management, because poor outcomes are associated with inadequate 
therapy across all ages (strong recommendation, moderate quality of evidence) [60]. 
The SSC recommend starting broad-spectrum intravenous antibiotics within 1 h of 
sepsis recognition (strong recommendation, moderate quality of evidence).

Empiric regimens should be determined by several factors, including epidemio-
logical risk factors, the likely source of infection based on presenting signs and symp-
toms comorbidities, severity of illness, and local epidemiology. Empiric therapy 
should be tailored to definitive regimens and/or stopped if  the balance of evidence is 
that infection is unlikely [61, 62]. When starting broad-spectrum antibiotics in VIPs 
with sepsis, special considerations to the selection and dosing of the antimicrobials 
should be given, since VIPs are at higher risk, compared with younger adults, for 
having an infection with a multidrug-resistant organism (MDRO), because of mul-
tiple reasons, including comorbid conditions like COPD, renal failure, and diabetes 
mellitus; recent hospitalizations; recent exposure to antibiotics; residing in a long- 

 L. van Lelyveld-Haas et al.

10.1007/978-3-030-94133-8_19


473 30

term care facility; foreign bodies (urinary catheter, vascular access devices); and prior 
colonization with an MDRO.

Dosing receives special attention, because of alterations in pharmacokinetics and 
pharmacodynamics that occur with aging, due to physiologic changes. Several anti-
biotics require dosage adjustment to prevent toxicity, and using standard adult 
 dosing nomograms is often not appropriate.

30.8.4  Sedation

As in general, continuous or intermittent sedation should be minimized in VIPs with 
sepsis. Specific titration endpoints should be targeted, to reduce duration of mechan-
ical ventilation and support earlier mobilization. Limiting the use of sedatives, 
regardless of the used drug, is associated with a reduction of the duration of mechan-
ical ventilation, ICU, and hospital length of stay (LOS). Targeting prespecified seda-
tion levels (like Ramsay Sedation Scale, Richmond Agitation Sedation Scale (RASS), 
or Riker Sedation-Agitation Scale (SAS)) eventually with daily interruptions and/or 
the use of short acting drugs both may all contribute to faster weaning from mechan-
ical ventilation, shorter ICU LOS, and improved outcomes of VIPs with sepsis [63–
65]. Due to the aforementioned alterations in pharmacokinetics and 
pharmacodynamics of drugs in older patients, the life span of sedatives may be pro-
longed. Therefore, dosing of sedatives also should be done carefully, and the use of 
short acting drugs and individualized sedation protocols may be useful.

Due to underlying cognitive changes, VIPs have higher delirium risks. Delirium 
itself  is associated with increased mortality in VIPs [66]. Nonpharmacologic 
approaches to the management of pain, agitation, and delirium should be explored, 
and use of benzodiazepines should be minimized [67].

30.8.5  Corticosteroids

The use of  steroids in sepsis is controversial, and up till now, evidence for a mortal-
ity benefit is contradictory [68–72]. The SSC guidelines suggest hydrocortisone 
administration at 200  mg/day if  the restoration of  hemodynamics cannot be 
achieved and in patients with known prior steroid therapy or suspected impaired 
adrenal function. Critical illness-related corticosteroid insufficiency (CIRCI) might 
be more frequent in elderly patients, but data are scarce. Blockage of  adrenal cor-
tisol production by etomidate (by inhibition of  11-β-hydroxylase) is prolonged in 
elderly patients. ACTH or random cortisol testing is not recommended. 
Corticosteroid therapy can be tapered when there is no longer a need for vasopres-
sor support [68, 69, 73].

We believe the same recommendations can be given for very old patients with 
sepsis. Normal aging results in subtle changes both in ACTH and cortisol secretion. 
Daily cortisol levels are increased in the elderly, without a noteworthy alteration in 
the normal circadian rhythm pattern [74]. Hyperglycemia and hypernatremia may 
develop during therapy with steroids, and since type 2 diabetes is already more fre-
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quent in elderly, blood glucose levels should be monitored carefully and insulin ther-
apy started if  necessary.

30.8.6  Glucose Control

For patients with sepsis in general, insulin therapy should be started after two blood 
glucose levels >180 mg/dL (10 mmol/l). Blood glucose levels should be monitored 
every 1–2 hours until stabilization and every 4 hours thereafter if  the patient receives 
an insulin infusion and targeted ≤180 mg/dL (10 mmol/l). In addition, diabetes mel-
litus is more frequent in elderly. Therefore, glucose control should be done in every 
elderly patient with sepsis. However, it is not determined if  the same or other glucose 
levels should be targeted in the very old patients with sepsis.

30.8.7  Thromboembolic Prophylaxis

Pharmacologic prophylaxis with LMWH is recommended in general for patients 
with sepsis, in the absence of any contraindications, to prevent deep vein thrombosis 
(DVT) and pulmonary embolism (PE). Elderly patients are more prone to DVT and 
PE, and incidences rise with age. Aging is one of the strongest and most prevalent 
risk factor for venous thrombosis [75, 76]. Age-specific risk factors of thrombosis, 
that is, endothelial dysfunction and frailty, may be important in the explanation of 
the increased incidence of VT in the elderly. Other risk factors for venous thrombo-
embolism in elderly are immobilization, comorbidities (including congestive heart 
failure, chronic obstructive pulmonary disease, diabetes mellitus, altered hormone 
hemostasis, and malignancy), and increased levels of coagulation factors.

Since elderly are more prone to DVT and PE, pharmacologic prophylaxis with 
LMWH is of utmost importance. In VIPs with impaired renal function, it might be 
necessary to reduce the LMWH dose, since LMWH is renally excreted. It is recom-
mended to monitor anti-Xa levels in VIPs with a creatinine clearance of <30 ml/
minute and subsequently adjust LMWH doses according to the measured anti-Xa 
levels.

Nevertheless, older patients also have increased bleeding risks. These increased 
thromboembolic and bleeding risks should be evaluated individually. If  pharmaco-
logic prophylaxis is contraindicated, mechanical thromboembolism prophylaxis is 
recommended [77].

30.8.8  Stress Ulcer Prophylaxis (SUP)

Patients with sepsis or septic shock should in general receive SUP, with either hista-
mine- 2 receptor antagonists (H2RAs) or proton pump inhibitors (PPIs). Since very 
old patients with sepsis are at risk for gastrointestinal (GI) stress ulcers with clinically 
significant bleeding, the need for SUP should be evaluated in every elderly patient 
with sepsis, with attention to the presence of risk factors for hemorrhage [78, 79].
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30.9  Medication: Pharmacokinetics and Pharmacodynamics (See 
Also 7 Chap. 7)

Pharmacokinetics (PK) and pharmacodynamics (PD) are different in very old 
patients, and this should be taken into consideration when medication, including 
antibiotics, is prescribed for these patients [23, 80, 81].

Age is a well-documented risk factor for the development of both liver and kid-
ney insufficiency, and dose adjustments may be necessary. In addition, older adults 
with multiple comorbidities are susceptible to polypharmacy, which may pose addi-
tional risks of adverse drug reactions. A number of changes are seen in the absorp-
tion, distribution, metabolism, and elimination of drugs in older patients (see also 
the separate 7 Chap. 7).

Absorption of medications may decline in older adults, due to atrophy of the 
gastric parietal cells with increased gastric pH, delayed emptying time and a decreased 
intestinal surface area, and decreased abdominal blood flow [80, 82].

Distribution can be different due to the altered body composition of very old 
patients, a decreased lean muscle mass, increased body fat, and decreased total body 
water. This leads to a decreased volume of distribution for hydrophilic medications 
and an increased volume of distribution for lipophilic medications. In addition, VIPs 
have decreased serum albumin leading to an increased concentration of free fraction 
of drugs which are normally highly protein bound [19].

Metabolism and elimination of drugs are often also altered in very old patients. 
Due to age-related decline in hepatic blood flow and impairment in hepatic enzymes 
(including P450 system activity), first-pass effects decrease, and half-lives of hepati-
cally cleared medications increase. Renal function is difficult to estimate in VIPs due 
to an age-related decrease in muscle mass and decreased renal filtration capacity due 
to age-related damage to glomeruli. Clearance of renally cleared medications may be 
decreased.

Very old patients mostly have decreased systemic perfusion as a result of athero-
sclerosis and increased peripheral vascular resistance, and this effect may be further 
enhanced in cases of sepsis. As a consequence, medications have decreased penetra-
tion into tissue with sub-therapeutic concentrations and lead to a higher incidence of 
treatment failure. Alternatively, due to decreased perfusion to the liver and kidneys, 
metabolism and elimination of antimicrobials may be decreased leading to increased 
risks of various toxicities.

30.10  Outcomes: Mortality, Predictive Values of Scoring Systems, 
Functional Outcome, and Quality of Life

Advanced age is associated with worse outcomes of sepsis [6]. Although several 
recent studies repeatedly demonstrated that age is one of the important independent 
risk factors for mortality in very elderly patients with sepsis, many other factors, 
including frailty, severity of organ failure, and comorbidities, play also an important 
role [83, 84]. Sepsis as admission diagnosis, however, was not independently associ-
ated with 30-day or 6-month mortality, after adjusting for organ dysfunction [85, 86].
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Although advances in diagnosis and management have led to significant improve-
ments in outcomes of ICU patients overall and across all ages, mortality rates of very 
old patients with sepsis remain quite high [4, 5, 84, 87–89]. In a large prospective 
multicenter trial, the 28-day and hospital mortality rates of very old patients with 
sepsis were, respectively, 46.8% and 54.2% (p = 0.02) [84]. A systematic review describ-
ing the outcome of very old patients with sepsis documented ICU-, hospital-, and 
1-year mortality rates of respectively 43%, 47%, and 68% [89]. Mortality rates of the 
very old patients admitted with sepsis were higher compared with very elderly admit-
ted to the ICU for another reason than sepsis. Older adult non-survivors tend to die 
earlier during hospitalization. In the VIP-1 study, a large European multicenter 
study, the ICU- and 30-day mortality rates of the patients aged ≥80 years admitted 
with sepsis were respectively 31.2% and 44.6% [90]. ICU- and 6-month mortality 
rates of the patients aged ≥80 years admitted with sepsis in the VIP-2 study were 
31.4% and 53.8% [83].

The predictive value for mortality of the different scoring systems, including 
APACHE IV, SOFA, SAPS, MPM, in elderly patients is lower, compared to younger 
patients. Age provides a high weight into the variables for prognostication, along 
with the presence of comorbidities. The prognostic model of SAPS 3 was not found 
to be accurate in predicting mortality in geriatric patients requiring ICU admission 
[91]. Alternative modeling approaches might be needed to customize the model coef-
ficients to the elderly population for more accurate probabilities or to develop spe-
cialized models for the elderly patients. Since the use of the SOFA score requires 
laboratory values that may not be readily available at the bedside, the qSOFA was 
developed [10]. The qSOFA is an easy to use risk stratification tool for non-ICU set-
tings to recognize sepsis at an early stage. It can be obtained without laboratory test-
ing and contains the following three components: systolic blood pressure ≤ 100 mm 
Hg, respiratory rate ≥  22 breaths per minute, and altered mentation. However, in 
very elderly admitted to Dutch ICUs with sepsis, the discriminative performance of 
qSOFA for in-hospital mortality was poor (AUC 0.596) and lower than that of 
SOFA, APACHE IV, and SAPS II (0.704, 0.722, and 0.780, respectively). A qSOFA 
model extended with several other characteristics (AUC 0.643) was non-inferior to 
the full SOFA but still inferior to APACHE IV and SAPS II, for all age groups [92].

Many very old patients who survive their hospitalization because of sepsis suffer 
from significant functional disability and cognitive decline and cannot be discharged 
home. They frequently require skilled nursing or rehabilitation after hospitalization. 
They suffer from long-term impairments; cognitive, psychological, and physical 
impairments; and complaints like muscle weakness, fatigue, poor memory, difficulty 
concentrating, cloudy thinking, difficulty sleeping, sadness, anxiety, and difficulty 
swallowing, known as post-intensive care syndrome (PICS) [93, 94]. PICS is more 
likely to affect VIPs and has become an increasingly important phenomenon in very 
elderly for several reasons. First, the number of VIPs increases as the population 
ages, and patients 85 and over make up the fastest growing age group for ICU admis-
sions. Second, a majority of VIPs develop delirium, which is a major risk factor for 
developing ICU-acquired cognitive impairment. Third, cognitive and functional 
impairment before an ICU hospitalization increases the likelihood of cognitive and 
functional decline afterward [93].

Severe sepsis was found to be associated with a threefold higher rate of progres-
sion from moderate to severe cognitive impairment. Sepsis has also been associated 
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with decreased quality of life (QoL) [95, 96]. However, several studies have demon-
strated that elderly ICU survivors might accept their disabilities and accommodate to 
a degree of physical disability quite well, consider their QoL to be good or satisfac-
tory, and report good emotional and social well-being after hospital discharge [97].

30.11  Triage and Medical Ethics

The decision whether to admit a very old patient with sepsis to the ICU can be diffi-
cult. Since elderly patients have a higher risk of death and of functional decline than 
younger patients, discussions about proportionality of ICU care may arise.

In medical ethics, there are four leading principles to guide treatment decisions: 
non- maleficence, beneficence, respect for the patient’s autonomy, and distributive 
justice [98]. For very old patients admitted because of sepsis, these four principles 
may be in conflict with each other. Most ICU treatments are not without side effects 
and have high costs. For example, the principle of non-maleficence is usually violated 
by invasive treatments such as intubation and central venous catheterization. 
Violating this principle is usually justified, since the intended benefit of these mea-
sures is expected to outweigh the harm. However, this balance might be different in 
very old patients with sepsis. The harm (suffering) caused by the ICU treatment may 
be similar to that in younger ICU patients, but the benefit of the ICU treatment is 
often much smaller.

With regard to the principle of patient autonomy, it is important to know that it is 
not obvious that all very old patients with sepsis would like to be admitted to the 
ICU. Some of them might prefer care focused on “quality of dying” and relieving pain 
and discomfort over life-extending treatment [99, 100]. The assessment of a tolerable 
degree of suffering and acceptable outcome of ICU treatment should be in the eye of 
the patient, rather than that of the treating team. Medical treatment has to be justified 
by the autonomous wish of the patient and the benefit of treatment for that unique 
patient. Therefore, goals of care should be discussed in all very old patients with sepsis. 
This carefully balancing of pros and cons of ICU treatment should not only be done 
before ICU admission but also during a (prolonged) ICU admission. All decisions on 
starting, continuing, or foregoing life-sustaining treatments (LST) should be justified 
by serving the well-being of that particular patient, aligned with his or her wishes. A 
framework to decide on withholding intensive care in older patients, based on explicit 
estimations of baseline physical and cognitive status, subjective quality of life, the like-
lihood of long-term survival and acceptable functional performance, individual prefer-
ences, and the burden of treatment has been proposed [101].

30.12  Cost Burden of Very Old Patients with Sepsis

As a consequence of the aging of the population and the high rate of sepsis among 
the older population, sepsis has a significant burden on our society and important 
implications for our healthcare system [102–104]. Sepsis is the most expensive condi-
tion treated in hospitals in the United States [105]. The annual cost of sepsis treat-
ment in 2017 was almost $40 billion (38.2 billion), representing 8.8% of aggregate 
hospital costs and with more than 50% of these costs attributed to the care of indi-
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viduals over the age of 65 years. Readmission after sepsis is more frequent and more 
expensive than readmissions for other medical conditions, like COPD, pneumonia, 
and heart failure [106].

For very old patients in general, it has been demonstrated that they consume more 
healthcare resources in the year before, the year of, and the year after ICU admission, 
compared to younger ICU patients and a very elderly control population [107]. 
Although this study was not exclusively about very old patients admitted with sepsis, 
high costs can also be expected after hospital discharge for the very elderly admitted 
with sepsis, since the majority of the very old patients who survive their hospitaliza-
tion because of sepsis suffer from significant functional disability and cognitive 
decline, requiring skilled nursing or rehabilitation after hospitalization.

 Conclusion
Sepsis is a major worldwide healthcare problem. Older patients are, compared with 
younger patients, more susceptible to sepsis and responsible for the majority of all 
episodes of sepsis, with incidences that are still increasing. Elderly frequently present 
with nonspecific signs and symptoms, and diagnosing sepsis may be more challeng-
ing. Overall treatment of sepsis in the elderly should be according SSC guidelines. 
However, as discussed, some points require special attention in this vulnerable patient 
population. Although treatment modalities improved, mortality rates of older patients 
with sepsis still are quite high.

Take Home Message
 5 Sepsis is a major worldwide healthcare problem. Elderly patients are, due to sev-

eral reasons, more susceptible to infection and as a consequence responsible for 
the majority of  all episodes of  sepsis, with incidences that are still increasing.

 5 Sepsis can be more difficult to diagnose in elderly, who frequently present with 
nonspecific signs and symptoms.

 5 The sepsis 3.0 definition defines sepsis as life-threatening organ dysfunction 
caused by overwhelming, dysregulated host response to infection.

 5 Overall treatment of  sepsis in the elderly should be according SSC guidelines. 
However, several aspects (e.g., fluid resuscitation, vasopressors, choice of  antibi-
otics, sedation, and drug selection) require special attention in this vulnerable 
patient population.

 5 Mortality rates of  very old patients with sepsis are quite high. Age, severity of 
disease (SOFA), and frailty are important independent risk factors for mortality.

 5 Special care should be taken when decisions need to be made about ICU treat-
ment of  these patients, since the ethical principles of  avoiding (net) harm and 
respect for patients’ autonomy are easily violated in very old patients with sepsis. 
Physicians are obliged not to provide treatment that is not for the patient’s good, 
especially if  that treatment is burdensome. First do no harm.

 5 Clinicians should discuss goals of  care and prognosis with patients and families. 
A framework to decide on withholding intensive care in older patients based on 
explicit estimations of  baseline physical and cognitive status, subjective quality 
of  life, the likelihood of  long-term survival and acceptable functional perfor-
mance, individual preferences, and the burden of  treatment might be helpful.
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 n Learning Objectives
Aging is associated with a decline in glomerular filtration rate (GFR) resulting in 
diminished both renal function and renal reserve (“renal aging”). Elderly patients thus 
have increased chronic kidney disease (CKD) prevalence and, in cases of critical ill-
ness (e.g., sepsis/systemic inflammation, acute heart failure/cardiorenal interactions, 
need for surgical interventions, and/or multiple organ dysfunction), an increased likeli-
hood of acute-on-chronic renal dysfunction. Further, significant (e.g., cardiovascular) 
comorbidity and polypharmacy are often present in ICU patients. The presence of 
age-related comorbidities (such as cardiovascular disease and/or heart failure) contrib-
utes significantly to frailty and implies a key independent risk factor for unfavorable 
clinical outcomes from AKI in aged ICU populations.

In the future, and with an overall aging population, this will become even more evi-
dent against the background of an increased incidence of age-associated comorbidities 
and an expected continuous rise in AKI incidence.

 Practical Implications

AKI is characterized by a rapid loss in renal function resulting in increased systemic 
levels of nitrogen products as well as electrolyte, acid-base, hormonal, and fluid dysbal-
ance. In aged patients with critical illness, the prevention of loss in renal function seems 
of paramount importance.

In respective elderly patients, AKI is associated with high incidence of develop-
ment of end-stage renal disease (ESRD) and high in-hospital mortality rates. 
Prevention of AKI should be considered pivotal on intensive care units (ICUs), which 
imply, for example, avoidance of both nephrotoxic medication (including limiting the 
use of contrast media) and/or hyperglycemia as well as adequate therapy of hemody-
namics. This includes the therapy for eventual right heart failure and/or avoidance of 
fluid overload which may result in renal venous congestion. Despite respective clinical 
efforts, causal therapeutic approaches, that is, interventions, for AKI are currently 
unavailable.

31.1  Introduction

Acute kidney injury (AKI) is a global health concern, and the prognosis of affected 
aged patients is poor. In respective aged ICU populations, AKI mostly presents as 
acute-on-chronic AKI, as aging itself  is associated with a decline in glomerular filtra-
tion rates (GFR). Thus, in aged populations, renal reserve is diminished and typically 
impedes AKI recovery.

Increased numbers of aged ICU patients initially have AKI, later followed by 
accelerated chronic kidney disease (CKD) and/or end-stage renal disease (ESRD). 
Importantly, a number of critical illness including sepsis/ shock, acute heart failure, 
and/or multiple organ dysfunction prone respective patients to AKI development. 
However, risk profiling identifies age-related comorbidities, in particular cardiovas-
cular disease, as a key AKI risk factor. In the light of aging populations worldwide, 
this will become even more evident against the background of an associated increased 
incidence of age-associated comorbidities. Here we summarize definitions, epidemi-
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ology, risk, (patho)physiology, diagnosis, and potential therapy for AKI in this vul-
nerable adult patient group. Finally, available biomarkers and current and future 
therapeutic approaches will be discussed.

31.2  AKI Definitions

Acute kidney injury (AKI), less precise earlier referred to as “acute renal failure,” is 
defined as an acute (within 7 days) loss in kidney function. In 2012, the Kidney 
Disease Improving Global Outcomes (KDIGO [1], . Table 31.1 initiative) proposed 
specific diagnostic AKI criteria. These definitions include increased (A) serum cre-
atinine ≥0.3 mg/dl (≥26.5 μmol/l) within 48 h: or (B) increased serum creatinine to 

       . Table 31.1 AKI categories: KDIGO, AKIN, RIFLE grading system

AKI staging 
criteria

KDIGOa AKINb RIFLEc

Stage 1 (KDIGO/
AKIN), risk 
(RIFLE)

+ SCr ≥ 0.3 mg/dl or 
1.5–1.9 × baseline OR
urine output <0.5 ml/
kg/h for 6–12 h

+ SCr ≥ 0.3 mg/dl or 
150–200% baseline 
OR
urine output <0.5 ml/
kg/h for 6–12 h

+ SCr ≥ 1.5 × baseline 
OR
GFR decrease >25% 
OR
urine output <0.5 ml/
kg/h for 6 h

Stage 2 (KDIGO/
AKIN), injury 
(RIFLE)

+ SCr ≥ 2.0–2.9 × base-
line OR
urine output <0.5 ml/
kg/h for 12–24 h

+ SCr ≥ 200–300% 
baseline OR
urine output <0.5 ml/
kg/h for 12–24 h

+ SCr ≥ 2 × baseline 
OR
GFR decrease > 50% 
OR
urine output <0.5 ml/
kg/h for 12 h

Stage 3 (KDIGO/
AKIN), failure 
(RIFLE)

+ SCr ≥ 3.0 × baseline 
OR
+ SCr ≥ 0.3 mg/dl to 
≥4.0 mg/dl OR
urine output <0.3 ml/
kg/h for ≥24 h OR
anuria for ≥12 h OR
start of RRT

+ SCr > 300% 
baseline OR
+ SCr > 0.5 mg/dl to 
≥4.0 mg/dl OR
urine output <0.3 ml/
kg/h for >24 h OR
anuria for >12 h OR
start of RRT

+ SCr ≥ 3 × baseline 
OR
GFR decrease >75% 
OR
+ SCr > 0.5 mg/dl 
(acute) to >4.0 mg/dl 
OR
urine output <0.3 ml/
kg/h for 24 h OR
anuria for 12 h OR
start of RRT

Loss (RIFLE) Need for RRT for 
>4 weeks

End stage 
(RIFLE)

Need for RRT for 
>3 months

aKDIGO Clinical Practice Guideline for Acute Kidney Injury [1]
bMehta et al. [2]
cBellomo et al. [3]
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≥1.5 times baseline, which has occurred within the prior 7 days: or (C) reduced urine 
volumes (<0.5 ml/kg/h for >6 h). Prior to classification, the KDIGO criteria allow 
for volume status correction and obstructive causes of AKI.

The Acute Kidney Injury Network (AKIN) [2] stated that these criteria should be 
applied in the context of clinical presentation and (where applicable) after adequate 
fluid resuscitation. Further, use of urine output (UO) criteria alone would require 
exclusion of obstruction AKI etiology and/or other reversible causes of reduced UO.

In addition, the RIFLE (Risk, Injury, Failure, Loss of kidney function, End- 
stage kidney disease) grading system was proposed by the Acute Dialysis Quality 
Initiative (ADQI) [3]: (risk) 1.5-fold increase in the serum creatinine, or GFR decrease 
by 25%, or urine output <0.5 mL/kg/h for 6 h; (injury) twofold increase in serum 
creatinine, or GFR decrease by 50%, or urine output <0.5 mL/kg/h for 12 h; (failure) 
threefold increase in serum creatinine, or GFR decrease by 75%, or urine output of 
<0.3 mL/kg/h for 24 h, or anuria for 12 h; (loss) complete loss of kidney function 
(e.g., need for renal replacement therapy) for more than 4 weeks; and (ESRD): com-
plete loss of kidney function (e.g., need for renal replacement therapy) for more than 
3 months.

31.3  AKI Epidemiology

In light of partly differing AKI definitions and variations in populations between 
geographic areas, exact numbers on AKI incidence in aged ICU populations are 
missing. AKI incidence in hospitalized patients was described as less than 10%, 
whereas in the ICU population, incidences rise from 20% to 40% [4]. Among criti-
cally ill patients, those presenting with AKI seem significantly older [5]. Another 
report observed an incidence ranging from 28.5% to 35.5%, with 25% of ICU patients 
with AKI being 75 years old or above [6]. Age-related yearly AKI incidence in adults 
was reported to increase from 17 per million aged (<50 years) up to 949 per million 
in the 80–89-year-old age group [7]. The incidence of renal replacement therapy 
(RRT)-treated AKI in a large representative data set (decade of recording) from a 
nationwide US inpatient sample showed an association with age, with an absolute 
AKI incidence highest in elderly individuals [8].

31.4  Risk Factors for AKI in Elderly ICU Patients

Factors that render elderly ICU patients more susceptible for AKI can likely be cat-
egorized into four groups:
 (a) Structural and/or functional changes due to renal aging
 (b) Comorbidities
 (c) Acute medical conditions directly and/or or indirectly affecting the kidneys
 (d) Medical diagnostic and/or therapeutic interventions

Renal aging, that is, age-related structural and functional changes, leads to a decrease 
in kidney weight, number of functioning nephrons, and overall kidney function. The 
medulla remains relatively unaltered, whereas the loss is primarily cortical [9, 10]. 
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Interestingly, evidence demonstrates that the observed loss of kidney mass is not 
accompanied by a concurrent volume reduction with imaging studies showing that 
parenchymal kidney volume in aged kidney remains relatively unaltered [11–13]. 
Compensatory mechanisms in response to this loss may be an explanation, with an 
increase in size of the unaffected, remaining glomeruli due to hypertrophy [14, 15]. 
Tubulointerstitial changes, thickening of the glomerular basement membrane, and 
glomerulosclerosis are age-related histologic alterations, often referred to as nephro-
sclerosis [16, 17]. More precisely, nephrosclerosis is present whenever two or more of 
the following histologic features are apparent: tubular atrophy, any global glomeru-
losclerosis, interstitial fibrosis (>5%), and any arteriosclerosis. Despite a known cor-
relation between nephrosclerosis, aging, mild hypertension, and healthy living donor 
kidneys [18], its impact on functional changes in aging is not fully explored [19, 20]. 
Further, morphological and anatomical changes seen in senile kidneys embrace 
mesangium expansion, decrease of tubules (number, size, and length), atherosclero-
sis, growth of the internal elastic lamina leading to fibro-intimal hyperplasia, and 
luminar hyalinization with an impact of lumen diameters, potentially causing steno-
sis [21–24].

Another functional change in the aging kidney is that active transports by the 
tubule can be impaired, due to reduced mitochondrial energy production leading to 
altered reabsorption and/or secretion [21]. With a reduction in functional nephrons, 
sodium retention is impaired which impacts on urine concentration ability and hence 
volume depletion with a consecutively increased risk of dehydration [21]. Another 
physiological process is impaired in the aging kidney, which is urine acidification, 
especially during stress, leading to systemic metabolic acidosis. A decreased produc-
tion of renal 1-alpha-hydroxylase (located mainly in the proximal tubules) induces 
direct changes in vitamin D and calcium metabolism and possibly triggers renal 
osteoporosis. With an increased apoptosis rate and a concomitant reduced amount 
of growth factors, the senile kidney shows a slower regeneration rate in response to 
injury [22, 23]. This may impede the aging kidney to complete recovery. Further, 
animal models show an age-related decrease in podocyte density (i.e., glomerular 
volume per podocyte increased) which was associated with podocyte hypertrophic 
stress and failure leading to glomerulosclerosis [25]. Results from different models 
reported that glomerular enlargement alone causes glomerulosclerosis, in a podocyte- 
dependent manner [26]. These experimental results show that reduced podocyte den-
sity and podocyte stress can trigger age-related glomerulosclerosis [25]. More recent 
research analyzing human kidneys [27] (i.e., from living and deceased donors and 
nephrectomy samples) support a hypothesis that a gradual decline in podocyte den-
sity over the human lifespan cause hypertrophic podocyte stress in some glomeruli. 
Over time, this may result in glomerular tuft collapse and glomerulosclerosis (i.e., 
focal global glomerulosclerosis), which may present a significant etiology of ESRD 
in aged kidneys.

Comorbidities may lead to pre-, intra-, and/ or post-renal conditions. According to 
the majority of data, chronic medical conditions such as diabetes mellitus (DM), arte-
rial hypertension (AHT), heart disease/congestive heart failure (HD/CHF), and chronic 
kidney disease (CKD) are considered the most common comorbidities in the elderly, 
proning for development of AKI [28]. Approximately 20–30% of the elderly are affected 
by DM and are thus at risk for diabetic nephropathy consisting in particular of glo-
merular and microvascular changes. Increased blood glucose levels may induce micro-
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vascular injury and, secondary to its direct toxic effect, microinfarcts, which further 
decrease the number of functional nephrons (thus limiting renal functional reserve). In 
addition, changes in the production of extracellular matrix components, triggered by 
metabolites of nonenzymatic glycation induced by diabetic hyperglycemia, can lead to 
glomerular obstruction/occlusion. Furthermore, sorbitol, a metabolite of the pathway 
of polyols, can directly cause cellular damage via hyperosmotic stress [29, 30].

In AHT, hypertension stresses the vessel wall chronically, causing endothelial 
damage. Loss of elasticity of the tunica intima by hyalinization and stenosis of the 
lumen as well as proliferating of the internal elastic lamina, subsequently reducing 
renal blood flow and rising the risk for pre-renal AKI [21, 23, 30]. Atheromatous 
plaques may further decrease vessel lumen, therefore reducing renal blood flow even 
more and hence impacting on the renin-angiotensin-aldosterone system (RAAS), 
impairing its regulatory function. Its activity can be altered by up to 50% in elderly 
people when compared to a younger population [21]. Importantly, functioning feed-
back loops are depending on elastic afferent and efferent vessels in order to ade-
quately respond to ischemic insults, and this may not be the case in aged kidneys.

In addition, acute and/or chronic systemic disorders can impact both on heart 
and on renal function. An acute and/or chronic dysfunction of one of the two organs 
can induce an acute and/or chronic dysfunction in the other organ [31]. Such interac-
tions were previously referred to as cardiorenal syndromes (CRS), of which five types 
were classified [32] (please see below). Comorbidities proning to post-renal AKI are 
medical conditions associated with mass or infiltrating processes causing obstruction 
of the urinary tract (e.g., benign prostate hyperplasia, neoplasia, kidney stones, and/
or bleeding conditions).

Acute medical conditions, for example, urinary tract infections, may lead to urinary 
sepsis with the risk of deterioration into septic shock with consecutive septic AKI.

Medical diagnostic and/or therapeutic interventions incl. Polypharmacy: In light of 
a limited drug excretion capacity, the aging kidney of polymorbid ICU patients is 
especially prone for “iatrogenic” AKI when contrast media and/or nephrotoxic drugs 
are applied [21–24, 29, 30, 33–36]. Iodinated contrast agents may cause direct tubular 
injury with an additional impact on intra-renal hemodynamics [28]. Commonly pre-
scribed drugs in the elderly, such as anti-inflammatory nonsteroidals and/or antihy-
pertensive agents such as angiotensin-converting enzyme inhibitors, may impair 
renal autoregulation and contribute to ATN development. Additionally, when pre-
scribing potentially harmful nephrotoxic drugs for elderly ICU patients, one should 
not (over)estimate a given patients’ renal function in the presence of (near to) normal 
serum creatinine levels. In ICU patients, this may be of particular importance in 
cases of presence of, for example, cachexia, sarcopenia, critical illness-induced mus-
cular weakness (ICU-acquired weakness) [37–40], and/or other related (neuro)mus-
cular conditions [37, 39, 41] that can typically be observed in aged ICU patients.

31.5  Pathophysiology of AKI

With advancing age, the kidneys undergo specific structural and functional changes 
(. Fig. 31.1) resulting in a decrease in kidney weight, the number of functioning 
nephrons, and baseline kidney function [22, 42, 43]. The loss of renal mass mainly 
affects the renal cortex, especially the proximal tubules [44], while the medulla does 
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change relatively little in aged individuals [10]. Aging however affects not only the 
number of nephrons but also proper glomerular function [22]. Data show that the 
number of sclerotic glomeruli reaches 10–30% by the age of 80 [45]. All of these fac-
tors result in a significant decline in renal function (eGFR) and renal autoregulatory 
capacity in aged individuals [22, 43]. While the extent of age-related reduction of 
renal function is individual and depends on several factors (e.g., gender, race, or 
genetic predisposition) [46], age-related renal functional decline together with impor-
tant comorbidities (such as chronic heart failure, abdominal, or chronic inflamma-
tory disease) makes, as discussed above, the kidney of elderly ICU patients particular 
susceptible to AKI [47, 48]. In addition, as mentioned, the repair capacity of the 
aging kidney is also impaired [49–51], leading to a transition to chronic kidney dis-
ease in 20–30% of elderly patients suffering from AKI [42, 52].

Pre-renal AKI is considered the most common cause of AKI in the elderly, 
accounting for about 40–60% of cases [42, 53, 54]. Several age-related factors that 

       . Fig. 31.1 Risk factors and pathophysiology of  AKI in the elderly
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make elderly ICU patients more vulnerable to pre-renal AKI were identified. One of 
the key underlying changes is a relatively steady decline in renal blood flow (RBF) 
with advancing age [54], amounting to a loss of about 10% per decade of life [55]. As 
touched above, another important factor is the age-related reduction in functional 
renal reserve [54, 56, 57]. The decrease in RBF might be attributed to the rise in renal 
vascular resistance due to decrease NO production [55, 56]. In addition, renal vaso-
constriction (sympathetic or angiotensin-II mediated) increases with advancing age 
[54, 58, 59], while vasodilatory mechanisms decline [60], resulting in an increased 
renal vascular resistance [59]. These age-related adaptations are enhanced by con-
comitant comorbidities commonly associated with age and make elderly ICU patients 
particular vulnerable to suffer from AKI [42, 43, 58]. In addition, the relatively high 
prevalence of CKD in the elderly (approx. 38% of patients >65 years of age are con-
sidered to be affected [61]) per se constitutes a risk factor for development of AKI 
[62]. When the elderly patient becomes critically ill with associated circulatory insuf-
ficiency/ ischemia [42, 63], surgery [64], systemic infection [65], dehydration [66], or 
drug toxicity [67], the already decreased autoregulatory defense mechanism of the 
aging kidney is soon overwhelmed leading to a severe decline in RBF and renal isch-
emic injury [22, 63, 67]. In addition, a declined capacity to concentrate urine increases 
the risk for severe dehydration in the elderly [22, 68, 69] and might contribute to a 
vicious cycle of renal damage [54].

Advancing age also results in intrarenal changes. Morphological changes include 
increased interstitial collagen degradation and hyperplasia of fibrotic tissues [67, 70, 
71]. Respective changes are again accelerated by diabetes mellitus and/or other meta-
bolic disorders [22, 42]. In addition, increased cellular apoptosis, changes in immune 
cell functions, disintegration of cellular basal membranes, and the high dependency 
on appropriate energy supply due to an accelerated depletion of ATP related to mito-
chondrial alterations, especially in proximal tubular system [44], make the aging kid-
ney additionally vulnerable for AKI progression [52, 71].

Acute tubular necrosis is a typical underlying pathology for AKI in the elderly 
[47, 72]. The aforementioned morphological and structural changes lead to a mark-
edly decreased ability of, for example, drug and contrast media excretion in aged 
kidneys, which in turn increases the risk for additional kidney injury [47, 67]. The use 
of diuretics, which are commonly prescribed in elderly patients (e.g., for treatment of 
systemic arterial hypertension), may accelerate drug toxicity by impairing the kid-
neys ability to concentrate urine and thus facilitate dehydration [52]. Further, 
 advancing age is associated with increased levels of neurohumoral mediators that 
result in renal vasoconstriction, which make the kidney susceptible to nephrotoxic 
agents [52]. This may be especially problematic in cases of nonsteroidal anti- 
inflammatory drug use which not only leads to dehydration but also inhibits prosta-
glandin-mediated renal vasodilatation [73].

While post-renal causes account for only about 2–4% of AKI cases in the criti-
cally ill [54], the prevalence increases with age [22, 74, 75]. For example, high preva-
lence of prostatic disease increases the risk of the elderly male patient to suffer from 
post-renal AKI by up to 35% [76]. Further, other post-renal diseases such as kidney 
stones, malignancies, and/or dysfunctional bladder diseases increase the vulnerability 
of elderly patients to develop post-renal AKI [42].

A further important mechanism associated with AKI is cardiorenal syndromes 
[77, 78]. The cardiorenal syndrome is pathophysiological disorder of the heart and 
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kidney in which the organs “cross talk” with dysfunction of one organ resulting in 
acute or chronic dysfunction of the other organ [31, 77]. Pathophysiologically, there 
are several underlying mechanisms involved. First, altered hemodynamics such as low 
cardiac output and diminished venous return may affect both organs [31]. Second, 
neurohumoral dysregulation (especially of the RAAS system), inflammatory, cellular 
immune-mediated, and stress-related mechanisms may play a key role [31]. Third, 
cardiovascular disease-related factors such as cachexia/malnutrition- associated clini-
cal problems, mineral bone disease, and/ or anemia may play a role [31]. Given the 
rather high incidence of cardiovascular disease in the elderly, the cardiorenal syn-
dromes are an entity for AKI that warrants recognition in the elderly [22].

Another potential contributor to increased rates of AKI in the critically ill, espe-
cially in the elderly ICU population, is the occurrence of renal venous hypertension 
resulting in renal venous congestion [31]. It is thought to mainly occur in cases of 
acute or chronic heart failure with increased backward pressure to venous return, 
diminished efferent renal blood flow, and resulting increased intra-glomerular hydro-
static pressure [31]. Neurohumoral, inflammatory, hyperhydration, and sympathomi-
metically mediated factors are considered to be important also [31]. Renal venous 
hypertension may induce decreased arterial RBF, increase plasma renin activity, and 
increase aldosterone levels, which may ultimately result in diminished glomerular 
filtration rates [79, 80]. Morphologically, tubular hypertrophy, tubulointerstitial renal 
fibrosis, and intra-glomerular sclerosis were observed [81]. It thus seems that renal 
venous congestion could accelerate the natural aging process of the kidney and thus 
progression to chronic kidney disease.

31.6  Diagnosis of AKI in Aged ICU Patients

Serum creatinine (SCr) likely is the most commonly used biomarker to assess renal 
function despite obvious limitations of the marker. When renal filtration capacity 
declines, SCr levels typically rise not immediately, but in a delayed fashion. Therefore, 
SCr levels may not adequately reflect “real-time” renal function. When a SCr increase 
is documented, however, loss of renal function has occurred.

Further, SCr levels depend on production, removal rates, and volumes of distri-
bution, all of which are typically impaired in the elderly population [55]. Among the 
many variables influencing SCr levels, age may be somewhat neglected. With loss of 
muscle mass due to aging, baseline SCr levels in the elderly may be lower than 
expected and should likely be adjusted. Kidney injury with an expected rise in SCr 
levels may be masked and a diagnosis of AKI therefore missed or delayed. In addi-
tion, low protein intake and/or altered protein metabolism is another factor for a low 
baseline SCr levels [21, 22, 24]. Thus, SCr does not constitute an ideal marker for 
AKI diagnosis in the elderly [82]. Novel AKI markers that are currently under inves-
tigation include cystatin C, neutrophil gelatin-associated lipocalin (NGAL), kidney 
injury molecule-1, kidney injury molecule 1 (KIM-1), L-type fatty acid-binding pro-
tein (L-FABP), netrin 1, N-acetyl-beta-D-glucosaminidase (NAG), alfa1- 
macroglobulin, or interleukin-18 [23, 24, 29, 35]. Some were investigated and 
validated in multiple studies as predictors of AKI in specific patient cohorts, both in 
adults and children, but none of these studies specifically analyzed elderly ICU pop-
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ulations [22, 29, 33, 35, 36]. Of the respective markers, it appears that only cystatin C 
was thoroughly validated and could be considered a reliable alternative biomarker 
for AKI, especially when used in combination with SCr [83–88]. Among the addi-
tional markers, NGAL was tested extensively. An increase in urinary NGAL may 
indicate unfavorable outcome in septic patients with AKI or in ICU patients [89, 90]. 
In elderly patients with CKD, serum NGAL reflects renal impairment and was found 
associated with cystatin C, urea, SCr, and eGFR. In a recent study among elderly 
CKD patients (mean age 75.3 +/− 12.1 years), increasing NGAL levels correlate with 
an increased 2- and 5-year risk of ESRD [91].

31.7  Treatment of AKI in the Elderly

No targeted, that is, specific, treatment for AKI in the elderly population is currently 
available. In association with a considerably increased mortality rate in this patient 
population, the focus of clinical management lies on preventive measures. Elderly 
ICU patients have to be monitored closely with regard to clinical course: fluid bal-
ance, electrolytes, hemodynamics, addressing hypovolemia, and hypotension, 
together aiming for an optimal volume status with preserved macro- and microcircu-
lation (and organ perfusion). Respective clinical parameters should especially be 
remembered when operations and/or invasive interventions are performed.

Drug-induced AKI, iatrogenic, either via direct (dose-independent) or indirect 
(dose- dependent) nephrotoxicity, poses another key element, necessitating vigilant 
patient monitoring. Drugs that should be used with caution include drugs that 
impact on renal/intrarenal hemodynamics (e.g., anti-inflammatory substances), 
diuretics, and angiotensin-converting enzyme inhibitors. Medication should ideally 
be individualized and tailored based on GFR [23]. Whenever imaging studies become 
necessary, it is recommended to prefer studies that would not require contrast media. 
However, when indicated and unavoidable, iso-osmotic nonionic low osmolar con-
trast media should be applied in the lowest volumes possible. Protocols to prevent 
contrast media-induced AKI should be adhered to and be present on all ICUs.

Globally, rising attention of health-care professionals for the particular renal vul-
nerability will be important in the future. Key in management of respective patients 
at risk may be careful monitoring of the elderly ICU patient, with the overall aim to 
prevent AKI or limit respective complications.

Take-Home Messages
 5 Elderly ICU patients are at risk for AKI due to a number of  reasons including (a) 

renal aging, (b) presence of  age-related comorbidities, and (c) polypharmacy 
and/or application of  potentially nephrotoxic agents.

 5 Assessment of  urinary output and repeat assessment of, for example, 6-h SCr- 
clearance may best allow to monitor individual renal (dys)function.

 5 No causative therapy for AKI is currently available which places the clinical man-
agement focus on effective AKI prevention.

 5 With an overall aging society, the incidence of  AKI on intensive care units will 
likely increase, rendering AKI a major concern of  global health-care systems.

 C. A. Pfortmueller et al.



495 31

Conflict of Interest Statement (Full Departmental Disclosure) The Dept. of Intensive 
Care Medicine received research and/or development grants from Orion Pharma, 
Abbott Nutrition International, B.  Braun Medical AG, CSEM AG, Edwards 
Lifesciences Services GmbH, Kenta Biotech Ltd., Maquet Critical Care AB, 
Omnicare Clinical Research AG, Nestle, Pierre Fabre Pharma AG, Pfizer, Bard 
Medica S.A., Abbott AG, Anandic Medical Systems, Pan Gas AG Healthcare, 
Bracco, Hamilton Medical AG, Fresenius Kabi, Getinge Group Maquet AG, Dräger 
AG, Teleflex Medical GmbH, Glaxo Smith Kline, Merck Sharp and Dohme AG, Eli 
Lilly and Company, Baxter, Astellas, Astra Zeneca, CSL Behring, Novartis, Covidien, 
Phagenesis Ltd., Philips Medical, Prolong Pharmaceuticals and Nycomed outside of 
the submitted work. The money went into departmental funds. No personal financial 
gain applied.

References

 1. KDIGO. KDIGO Clinical practice guideline for acute kidney injury. Kidney Int Suppl. 2012;2:1–
141.

 2. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A, Acute Kidney 
Injury Network. Acute kidney injury network: report of  an initiative to improve outcomes in acute 
kidney injury. Crit Care. 2007;11(2):R31.

 3. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality Initiative Work-
group. Acute renal failure – definition, outcome measures, animal models, fluid therapy and infor-
mation technology needs: the Second International Consensus Conference of  the Acute Dialysis 
Quality Initiative (ADQI) Group. Crit Care. 2004;8(4):R204–12.

 4. Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. Am J Kidney Dis. 2002;39(5):930–
6.

 5. Santos ER. RIFLE: association with mortality and length of  stay in critically ill acute kidney injury 
patients. Rev Bras Ter Intensiva. 2009;21(4):359–68.

 6. Joannidis M, Metnitz B, Bauer P, Schusterschitz N, Moreno R, Druml W, Metnitz PG. Acute kid-
ney injury in critically ill patients classified by AKIN versus RIFLE using the SAPS 3 database. 
Intensive Care Med. 2009;35(10):1692–702.

 7. Groeneveld AB, Tran DD, van der Meulen J, Nauta JJ, Thijs LG. Acute renal failure in the medical 
intensive care unit: predisposing, complicating factors and outcome. Nephron. 1991;59(4):602–10.

 8. Hsu RK, McCulloch CE, Dudley RA, Lo LJ, Hsu CY. Temporal changes in  incidence of  dialysis-
requiring AKI. J Am Soc Nephrol. 2013;24(1):37–42.

 9. Zhou XJ, Saxena R, Liu Z, Vaziri ND, Silva FG. Renal senescence in 2008: progress and challenges. 
Int Urol Nephrol. 2008;40(3):823–39.

 10. Tauchi H, Tsuboi K, Okutomi J. Age changes in the human kidney of  the different races. Geronto-
logia. 1971;17(2):87–97.

 11. Herts BR, Sharma N, Lieber M, Freire M, Goldfarb DA, Poggio ED. Estimating glomerular filtra-
tion rate in kidney donors: a model constructed with renal volume measurements from donor CT 
scans. Radiology. 2009;252(1):109–16.

 12. Jeon HG, Lee SR, Joo DJ, Oh YT, Kim MS, Kim YS, Yang SC, Han WK. Predictors of  kidney 
volume change and delayed kidney function recovery after donor nephrectomy. J Urol. 
2010;184(3):1057–63.

 13. Johnson S, Rishi R, Andone A, Khawandi W, Al-Said J, Gletsu-Miller N, Lin E, Baumgarten DA, 
O‘Neill WC. Determinants and functional significance of  renal parenchymal volume in adults. Clin 
J Am Soc Nephrol. 2011;6(1):70–6.

 14. Goyal VK. Changes with age in the human kidney. Exp Gerontol. 1982;17(5):321–31.
 15. Hoy WE, Douglas-Denton RN, Hughson MD, Cass A, Johnson K, Bertram JF. A stereological 

study of  glomerular number and volume: preliminary findings in a multiracial study of  kidneys at 
autopsy. Kidney Int Suppl. 2003;83:S31–7.

Acute Kidney Injury



496

31

 16. Newbold KM, Sandison A, Howie AJ. Comparison of  size of  juxtamedullary and outer cortical 
glomeruli in normal adult kidney. Virchows Arch A Pathol Anat Histopathol. 1992;420(2):127–9.

 17. Nyengaard JR, Bendtsen TF. Glomerular number and size in relation to age, kidney weight, and 
body surface in normal man. Anat Rec. 1992;232(2):194–201.

 18. Denic A, Alexander MP, Kaushik V, Lerman LO, Lieske JC, Stegall MD, Larson JJ, Kremers WK, 
Vrtiska TJ, Chakkera HA, et al. Detection and clinical patterns of  nephron hypertrophy and Neph-
rosclerosis among apparently healthy adults. Am J Kidney Dis. 2016;68(1):58–67.

 19. Meyrier A. Nephrosclerosis: a term in quest of  a disease. Nephron. 2015;129(4):276–82.
 20. Meyrier A. Nephrosclerosis: update on a centenarian. Nephrol Dial Transplant. 2015;30(11):1833–

41.
 21. Chronopoulos A, Cruz DN, Ronco C. Hospital-acquired acute kidney injury in the elderly. Nat Rev 

Nephrol. 2010;6(3):141–9.
 22. Chronopoulos A, Rosner MH, Cruz DN, Ronco C. Acute kidney injury in elderly intensive care 

patients: a review. Intensive Care Med. 2010;36(9):1454–64.
 23. Coca SG. Acute kidney injury in elderly persons. Am J Kidney Dis. 2010;56(1):122–31.
 24. Schinstock CA, Semret MH, Wagner SJ, Borland TM, Bryant SC, Kashani KB, Larson TS, Lieske 

JC. Urinalysis is more specific and urinary neutrophil gelatinase-associated lipocalin is more sensi-
tive for early detection of  acute kidney injury. Nephrol Dial Transplant. 2013;28(5):1175–85.

 25. Wiggins JE, Goyal M, Sanden SK, Wharram BL, Shedden KA, Misek DE, Kuick RD, Wiggins 
RC.  Podocyte hypertrophy, “adaptation,” and “decompensation” associated with glomerular 
enlargement and glomerulosclerosis in the aging rat: prevention by calorie restriction. J Am Soc 
Nephrol. 2005;16(10):2953–66.

 26. Fukuda A, Chowdhury MA, Venkatareddy MP, Wang SQ, Nishizono R, Suzuki T, Wickman LT, 
Wiggins JE, Muchayi T, Fingar D, et al. Growth-dependent podocyte failure causes glomeruloscle-
rosis. J Am Soc Nephrol. 2012;23(8):1351–63.

 27. Hodgin JB, Bitzer M, Wickman L, Afshinnia F, Wang SQ, O‘Connor C, Yang Y, Meadowbrooke 
C, Chowdhury M, Kikuchi M, et al. Glomerular aging and focal global glomerulosclerosis: a podo-
metric perspective. J Am Soc Nephrol. 2015;26(12):3162–78.

 28. Yokota LG, Sampaio BM, Rocha EP, Balbi AL, Sousa Prado IR, Ponce D. Acute kidney injury in 
elderly patients: narrative review on incidence, risk factors, and mortality. Int J Nephrol Renov Dis. 
2018;11:217–24.

 29. Anderson S, Eldadah B, Halter JB, Hazzard WR, Himmelfarb J, Horne FM, Kimmel PL, Molitoris 
BA, Murthy M, O‘Hare AM, et  al. Acute kidney injury in older adults. J Am Soc Nephrol. 
2011;22(1):28–38.

 30. Silveira Santos CGD, Romani RF, Benvenutti R, Ribas Zahdi JO, Riella MC, do Nascimento 
MM.  Acute kidney injury in elderly population: a prospective observational study. Nephron. 
2018;138(2):104–12.

 31. Schefold JC, Filippatos G, Hasenfuss G, Anker SD, von Haehling S. Heart failure and kidney dys-
function: epidemiology, mechanisms and management. Nat Rev Nephrol. 2016;12(10):610–23.

 32. Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal syndrome. J Am Coll Car-
diol. 2008;52(19):1527–39.

 33. Funk I, Seibert E, Markau S, Girndt M. Clinical course of  acute kidney injury in elderly individuals 
above 80 years. Kidney Blood Press Res. 2016;41(6):947–55.

 34. Hsu RK, Siew ED. The growth of  AKI: half  empty or half  full, it‘s the size of  the glass that matters. 
Kidney Int. 2017;92(3):550–3.

 35. Martensson J, Bell M, Oldner A, Xu S, Venge P, Martling CR. Neutrophil gelatinase- associated 
lipocalin in adult septic patients with and without acute kidney injury. Intensive Care Med. 
2010;36(8):1333–40.

 36. Petronijevic Z, Selim G, Petkovska L, Georgievska-Ismail L, Spasovski G, Tozija L. The effect of 
treatment on short-term outcomes in elderly patients with acute kidney injury. Open Access Maced 
J Med Sci. 2017;5(5):635–40.

 37. Schefold JC, Wollersheim T, Grunow JJ, Luedi MM, Z‘Graggen WJ, Weber- Carstens S. Muscular 
weakness and muscle wasting in the critically ill. J Cachexia Sarcopenia Muscle. 2020;11(6):1399–
412.

 38. Schefold JC, Bierbrauer J, Weber-Carstens S. Intensive care unit-acquired weakness (ICUAW) and 
muscle wasting in critically ill patients with severe sepsis and septic shock. J Cachexia Sarcopenia 
Muscle. 2010;1(2):147–57.

 C. A. Pfortmueller et al.



497 31

 39. Berger D, Bloechlinger S, von Haehling S, Doehner W, Takala J, Z‘Graggen WJ, Schefold JC. Dys-
function of  respiratory muscles in critically ill patients on the intensive care unit. J Cachexia Sarco-
penia Muscle. 2016;7(4):403–12.

 40. Vanhorebeek I, Latronico N, Van den Berghe G.  ICU-acquired weakness. Intensive Care Med. 
2020;46(4):637–53.

 41. Zuercher P, Moret CS, Dziewas R, Schefold JC. Dysphagia in the intensive care unit: epidemiology, 
mechanisms, and clinical management. Crit Care. 2019;23(1):103.

 42. Rosner MH. Acute kidney injury in the elderly. Clin Geriatr Med. 2013;29(3):565–78.
 43. Haase M, Story DA, Haase-Fielitz A. Renal injury in the elderly: diagnosis, biomarkers and preven-

tion. Best Pract Res Clin Anaesthesiol. 2011;25(3):401–12.
 44. Sato Y, Takahashi M, Yanagita M. Pathophysiology of  AKI to CKD progression. Semin Nephrol. 

2020;40(2):206–15.
 45. Kappel B, Olsen S. Cortical interstitial tissue and sclerosed glomeruli in the normal human kidney, 

related to age and sex. A quantitative study. Virchows Arch A Pathol Anat Histol. 1980;387(3):271–
7.

 46. Epstein M. Aging and the kidney. J Am Soc Nephrol. 1996;7(8):1106–22.
 47. Cheung CM, Ponnusamy A, Anderton JG. Management of  acute renal failure in the elderly patient: 

a clinician‘s guide. Drugs Aging. 2008;25(6):455–76.
 48. Pascual J, Liaño F, Ortuño J.  The elderly patient with acute renal failure. J Am Soc Nephrol. 

1995;6(2):144–53.
 49. Macedo E, Bouchard J, Mehta RL. Renal recovery following acute kidney injury. Curr Opin Crit 

Care. 2008;14(6):660–5.
 50. Wald R, Quinn RR, Luo J, Li P, Scales DC, Mamdani MM, Ray JG. Chronic dialysis and death 

among survivors of  acute kidney injury requiring dialysis. JAMA. 2009;302(11):1179–85.
 51. Harel Z, Bell CM, Dixon SN, McArthur E, James MT, Garg AX, Harel S, Silver S, Wald R. Predic-

tors of  progression to chronic dialysis in survivors of  severe acute kidney injury: a competing risk 
study. BMC Nephrol. 2014;15:114.

 52. Schmitt R, Cantley LG.  The impact of  aging on kidney repair. Am J Physiol Renal Physiol. 
2008;294(6):F1265–72.

 53. Liu JQ, Cai GY, Liang S, Wang WL, Wang SY, Zhu FL, Nie SS, Feng Z, Chen XM. Characteristics 
of  and risk factors for death in elderly patients with acute kidney injury: a multicentre retrospective 
study in China. Postgrad Med J. 2018;94(1111):249–53.

 54. Infante B, Franzin R, Madio D, Calvaruso M, Maiorano A, Sangregorio F, Netti GS, Ranieri E, 
Gesualdo L, Castellano G, et al. Molecular mechanisms of  AKI in the elderly: from animal models 
to therapeutic intervention. J Clin Med. 2020;9(8):2574.

 55. Fliser D.  Ren sanus in corpore sano: the myth of  the inexorable decline of  renal function with 
senescence. Nephrol Dial Transplant. 2005;20(3):482–5.

 56. Fliser D, Zeier M, Nowack R, Ritz E. Renal functional reserve in healthy elderly subjects. J Am Soc 
Nephrol. 1993;3(7):1371–7.

 57. Fliser D, Ritz E, Franek E. Renal reserve in the elderly. Semin Nephrol. 1995;15(5):463–7.
 58. Lakatta EG. Cardiovascular regulatory mechanisms in advanced age. Physiol Rev. 1993;73(2):413–

67.
 59. Zhang XZ, Qiu C, Baylis C. Sensitivity of  the segmental renal arterioles to angiotensin II in the 

aging rat. Mech Ageing Dev. 1997;97(2):183–92.
 60. Baylis C, Fredericks M, Wilson C, Munger K, Collins R. Renal vasodilatory response to intrave-

nous glycine in the aging rat kidney. Am J Kidney Dis. 1990;15(3):244–51.
 61. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, Van Lente F, Levey AS. Prevalence 

of  chronic kidney disease in the United States. JAMA. 2007;298(17):2038–47.
 62. Stevens LA, Li S, Wang C, Huang C, Becker BN, Bomback AS, Brown WW, Burrows NR, Jurkov-

itz CT, McFarlane SI, et  al. Prevalence of  CKD and comorbid illness in elderly patients in the 
United States: results from the Kidney Early Evaluation Program (KEEP). Am J Kidney Dis. 
2010;55(3 Suppl 2):S23–33.

 63. Gong Y, Zhang F, Ding F, Gu Y. Elderly patients with acute kidney injury (AKI): clinical features 
and risk factors for mortality. Arch Gerontol Geriatr. 2012;54(2):e47–51.

 64. Mangano CM, Diamondstone LS, Ramsay JG, Aggarwal A, Herskowitz A, Mangano DT, The 
Multicenter Study of  Perioperative Ischemia Research Group. Renal dysfunction after myocardial 

Acute Kidney Injury



498

31

revascularization: risk factors, adverse outcomes, and hospital resource utilization. Ann Intern 
Med. 1998;128(3):194–203.

 65. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, Tan I, Bouman C, 
Macedo E, Gibney N, et al. Septic acute kidney injury in critically ill patients: clinical characteris-
tics and outcomes. Clin J Am Soc Nephrol. 2007;2(3):431–9.

 66. Brennan M, O‘Keeffe ST, Mulkerrin EC. Dehydration and renal failure in older persons during 
heatwaves-predictable, hard to identify but preventable? Age Ageing. 2019;48(5):615–8.

 67. Aymanns C, Keller F, Maus S, Hartmann B, Czock D. Review on pharmacokinetics and pharma-
codynamics and the aging kidney. Clin J Am Soc Nephrol. 2010;5(2):314–27.

 68. Epstein M, Hollenberg NK. Age as a determinant of  renal sodium conservation in normal man. J 
Lab Clin Med. 1976;87(3):411–7.

 69. Mimran A, Ribstein J, Jover B. Aging and sodium homeostasis. Kidney Int Suppl. 1992;37:S107–
13.

 70. Martin JE, Sheaff  MT. Renal ageing. J Pathol. 2007;211(2):198–205.
 71. O‘Sullivan ED, Hughes J, Ferenbach DA. Renal aging: causes and consequences. J Am Soc Nephrol. 

2017;28(2):407–20.
 72. Lameire N, Hoste E, Van Loo A, Dhondt A, Bernaert P, Vanholder R. Pathophysiology, causes, 

and prognosis of  acute renal failure in the elderly. Ren Fail. 1996;18(3):333–46.
 73. Jerkić M, Vojvodić S, López-Novoa JM. The mechanism of  increased renal susceptibility to toxic 

substances in the elderly. Part I. the role of  increased vasoconstriction. Int Urol Nephrol. 
2001;32(4):539–47.

 74. Macías-Núñez JF, López-Novoa JM, Martínez-Maldonado M.  Acute renal failure in the aged. 
Semin Nephrol. 1996;16(4):330–8.

 75. Pascual J, Liaño F, Madrid Acute Renal Failure Study Group. Causes and prognosis of  acute renal 
failure in the very old. J Am Geriatr Soc. 1998;46(6):721–5.

 76. Feest TG, Round A, Hamad S. Incidence of  severe acute renal failure in adults: results of  a com-
munity based study. BMJ. 1993;306(6876):481–3.

 77. Ronco C, Bellasi A, Di Lullo L.  Cardiorenal syndrome: an overview. Adv Chronic Kidney Dis. 
2018;25(5):382–90.

 78. Ronco C, Chionh CY, Haapio M, Anavekar NS, House A, Bellomo R. The cardiorenal syndrome. 
Blood Purif. 2009;27(1):114–26.

 79. Doty JM, Saggi BH, Sugerman HJ, Blocher CR, Pin R, Fakhry I, Gehr TW, Sica DA. Effect of 
increased renal venous pressure on renal function. J Trauma. 1999;47(6):1000–3.

 80. Doty JM, Saggi BH, Blocher CR, Fakhry I, Gehr T, Sica D, Sugerman HJ. Effects of  increased 
renal parenchymal pressure on renal function. J Trauma. 2000;48(5):874–7.

 81. Cops J, Mullens W, Verbrugge FH, Swennen Q, De Moor B, Reynders C, Penders J, Achten R, 
Driessen A, Dendooven A, et al. Selective abdominal venous congestion induces adverse renal and 
hepatic morphological and functional alterations despite a preserved cardiac function. Sci Rep. 
2018;8(1):17757.

 82. Chao CT, Lin YF, Tsai HB, Wu VC, Ko WJ. Acute kidney injury network staging in geriatric post-
operative acute kidney injury patients: shortcomings and improvements. J Am Coll Surg. 
2013;217(2):240–50.

 83. Han WK, Wagener G, Zhu Y, Wang S, Lee HT. Urinary biomarkers in the early detection of  acute 
kidney injury after cardiac surgery. Clin J Am Soc Nephrol. 2009;4(5):873–82.

 84. Parikh CR, Abraham E, Ancukiewicz M, Edelstein CL. Urine IL-18 is an early diagnostic marker 
for acute kidney injury and predicts mortality in the intensive care unit. J Am Soc Nephrol. 
2005;16(10):3046–52.

 85. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB, Siscovick DS, Stehman-Breen 
C. Cystatin C and the risk of  death and cardiovascular events among elderly persons. N Engl J 
Med. 2005;352(20):2049–60.

 86. Siew ED, Ware LB, Gebretsadik T, Shintani A, Moons KG, Wickersham N, Bossert F, Ikizler 
TA.  Urine neutrophil gelatinase-associated lipocalin moderately predicts acute kidney injury in 
critically ill adults. J Am Soc Nephrol. 2009;20(8):1823–32.

 87. Soni SS, Cruz D, Bobek I, Chionh CY, Nalesso F, Lentini P, de Cal M, Corradi V, Virzi G, Ronco 
C. NGAL: a biomarker of  acute kidney injury and other systemic conditions. Int Urol Nephrol. 
2010;42(1):141–50.

 C. A. Pfortmueller et al.



499 31

 88. Lopes MB, Araujo LQ, Passos MT, Nishida SK, Kirsztajn GM, Cendoroglo MS, Sesso RC. Esti-
mation of  glomerular filtration rate from serum creatinine and cystatin C in octogenarians and 
nonagenarians. BMC Nephrol. 2013;14:265.

 89. Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-Fielitz A, Group NM-aI. Accuracy of 
neutrophil gelatinase-associated lipocalin (NGAL) in diagnosis and prognosis in acute kidney 
injury: a systematic review and meta-analysis. Am J Kidney Dis. 2009;54(6):1012–24.

 90. Park HS, Kim JW, Lee KR, Hong DY, Park SO, Kim SY, Kim JY, Han SK. Urinary neutrophil 
gelatinase-associated lipocalin as a biomarker of  acute kidney injury in sepsis patients in the emer-
gency department. Clin Chim Acta. 2019;495:552–5.

 91. Guo L, Zhu B, Yuan H, Zhao W. Evaluation of  serum neutrophil gelatinase- associated lipocalin in 
older patients with chronic kidney disease. Aging Med. 2020;3(1):32–9.

Acute Kidney Injury



© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
H. Flaatten et al. (eds.), The Very Old Critically Ill Patients, Lessons from the ICU,  
https://doi.org/10.1007/978-3-030-94133-8_32

501

The Very Old Critically Ill 
Patient Neurointensive Care
Louis Morisson and Benjamin G. Chousterman

Contents

32.1  Introduction – 502

32.2  Epidemiology – 502
32.2.1  Traumatic Brain Injury – 503
32.2.2  Stroke – 503
32.2.3  Epilepsy – 504
32.2.4  Brain Tumors – 504

32.3  Physiology of the Aging Central Nervous System – 505
32.3.1  Structural Modifications – 505
32.3.2  Functional Modifications – 507

32.4  Therapeutic Particularities of the Elderly Subject – 508
32.4.1  Cerebral Hemodynamics – 508
32.4.2  Sedation Analgesia in the Elderly – 509

32.5  Outcomes and Ethical Considerations – 510
32.5.1  Mortality – 511
32.5.2  Functional Outcome – 511

 References – 512

32

https://doi.org/10.1007/978-3-030-94133-8_32
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94133-8_32&domain=pdf


502

32

 n Learning Objectives
The proportion of elderly patients admitted to neurointensive care is increasing. 
Appropriate care of this specific subgroup of patient necessitates a good understand-
ing of the changes of brain physiology with age, the therapeutic specificities of elderly 
patients, and the outcome of these patients when admitted for neurological conditions.

In this chapter, we will review the latest epidemiologic data on neurointensive care 
for elderly patients, we will present the physiology of the aging central nervous system 
and the therapeutics peculiarities of aging patients, and we will discuss what can be the 
expected outcomes and the related ethical considerations when taking care of an old 
patient admitted to neurointensive care.

32.1  Introduction

The increase in life expectancy has been accompanied by an increase in the propor-
tion of people living in old age and in relatively good health. On one hand, the result-
ing aging of the population is accompanied by medical issues that present peculiarities 
in their pathophysiology and etiology. On the other hand, this leads to consider treat-
ments that were previously reserved for younger subjects.

When caring for elderly subjects in neurological intensive care units, clinicians 
must keep in mind the specificities related to the physiology of aging as well as the 
relevant elements of the neurological prognosis assessment.

This chapter presents the main acute neurological conditions that can lead to the 
management of the elderly patient in intensive care with adapted therapeutic objec-
tives. The notion of functional prognosis will be addressed, as it may or may not 
ultimately justify the intensity of treatment of these patients.

32.2  Epidemiology

The proportion of elderly critically ill patients is rapidly increasing in developed 
countries, and epidemiological data concerning neurocritical care of these patients 
are emerging. In 2010, Chibbaro et al. showed a significant increase in the proportion 
of patients aged 70 and over admitted to a monocentric neurosurgical unit: from 11% 
in 1983 to 25% in 2007 [1]. When looking at very old patients, the overall incidence 
of neurological causes of admission in intensive care unit (ICU) is about 8.6% in a 
recent European cohort with 3.7% concerning head injury [2] and 8.5% in Australia 
and New Zealand [3].

Neurological causes of admission are varied and depend on the care facility. In a 
UK neurosurgical center, it seems that main causes of neurosurgical admissions are 
degenerative spine disease and traumatic brain injury (. Table 32.1) [4]. Concerning 
the causes for nonsurgical neurological admissions, they seem to be relatively similar 
in elderly subjects as those reported in younger subjects: ischemic stroke (31%), intra-
cranial hemorrhage (ICH) (26%), subarachnoid hemorrhage (SAH) (5%), epileptic 
seizures (12%), meningoencephalitis (6%), and Guillain-Barré syndrome and myas-
thenia gravies (3%) [5].
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32.2.1  Traumatic Brain Injury

Traumatic brain injury (TBI) is a leading cause of death and disability worldwide. In 
the United States, the highest incidence of TBI occurs in older adults (incidence 
2000 in 100,000) [6]. From 2007 to 2013, TBI-related hospitalizations increased more 
than 25%. This increasing incidence of TBI hospitalizations (and deaths) among older 
adults in the United States has also been confirmed in European countries [7–9]. The 
majority of TBI in the elderly are attributed to falls (>50% after 65 years old and 
75% after 75 years old) [10]. This is clinically important since fall-related TBIs more 
frequently result in mass lesions (e.g., subdural hemorrhage), while motor vehicle 
accident-related TBIs more frequently result in diffuse axonal injury. The proportion 
of women who experience a TBI increases with age, reaching over 75% after age 85 
[11]. Another particularity of TBI in the elderly is that preexisting conditions are 
extremely common. Preexisting conditions including past history of TBI, dementia, 
diabetes, and cardiovascular disease are risk factors of TBI and are associated with 
worse outcomes [9, 12].

32.2.2  Stroke

Each year in the United States, about 795,000 people experience a stroke. In 2017, 
stroke accounted for about one of  every 19 deaths. Stroke risk increased with age, 
and 66% of people hospitalized for stroke were more than 65 years old in 2009. Of 

       . Table 32.1 Causes of  neurosurgical admission

Diagnostic category Elective admissions Emergency admissions Total

Degenerative spine disease 36.1% 5.2% 41.2%

Traumatism (including spinal 
fracture)

0.9% 35.7% 36.6%

Tumor 5% 5.6% 10.6%

SAH 0 4.9% 4.9%

Disorders of CSF flow 1.8% 0.6% 2.5%

Hemorrhagic cerebrovascular event 0 1.7% 1.7%

Ischemic cerebrovascular event 0 0.2% 0.2%

Infection 0.1% 1.3% 1.4%

Other 0.3% 0.3% 0.6%

Total 44.4% 55.6% 100%

SAH subarachnoid hemorrhage, CSF cerebrospinal fluid
From Whitehouse et al. [4]
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all strokes, 87% are acute ischemic stroke (AIS), 10% are intracerebral hemorrhage 
(ICH), and 3% are subarachnoid hemorrhage (SAH) [13]. Incidences rates are 1.5 
times higher in men than in women [14]. This is particularly marked in people aged 
55–75 years, whereas an inverse trend has been reported in older people [15]. Most 
of  the population-based registries have reported stable or decreasing incidence 
rates. But because of  aging of  the population, the absolute annual number of  new 
strokes has risen over the last 20 years (from 10.1 to 16.9 million in high-income 
countries) [14].

32.2.3  Epilepsy

Like stroke, epilepsy is a pathology whose incidence increases with age [16]. It repre-
sents the third most common neurological disorder in older people after stroke and 
dementia. Incidence increases steadily after 50 years old, from about 50 cases per 
100,000 to more than 150 per 100,000 after 75 years of age. While the main etiologies 
of seizures in the young are genetic or constitutive, epilepsy in the elderly is mostly 
secondary. The most common cause of seizures and epilepsy in older people is cere-
brovascular disease which account for more than 50%. Other causes of epilepsy in 
older people are neoplasms, Alzheimer’s disease, and metabolic and iatrogenic causes. 
In addition to the numerous treatments and their polypathology, elderly subjects 
present a lowering of the epileptogenic threshold which explains in part the increase 
in incidence with age. The diagnosis of epilepsy in older people can be more challeng-
ing than in younger people. For the latter, there is a preponderance of temporal lobe 
seizures, while most seizures in older people are of extra-temporal onset and diverse 
in semiology. Convulsions are relatively rare and may occur at night, and one ictus 
out of four is manifested by a predominantly cognitive symptomatology. Finally, in 
older subjects, there are a lot of differential diagnoses for a potential seizure. 
Differentiating between syncope, fluctuating cognitive impairment, delirium, tran-
sient ischemic attack, or impairment of cerebral circulation due to seizures can be 
difficult.

32.2.4  Brain Tumors

The incidence rate of brain cancer is relatively stable over the years and is about six 
per 100,000 people for the overall population, but this incidence rate rises to 56 per 
100,000 persons after 65 years old [17]. The aging of the population and the expan-
sion of surgical indications have led to an increase in the proportion of elderly sub-
jects undergoing neurosurgery. The experience of the neurosurgical department of 
Lariboisière Hospital in Paris shows that over a period of 25 years, this proportion 
has increased from 10 to 24%. At the same time, the proportion of surgical interven-
tions performed in emergency decreased from 46 to 26% during the same period, 
suggesting that the increase in surgical procedures in elderly subjects is essentially 
related to elective interventions [1].
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32.3  Physiology of the Aging Central Nervous System

32.3.1  Structural Modifications

32.3.1.1  Neurons
During aging, there is a progressive cerebral atrophy associated with neuronal loss. 
Progressive decline in brain weight begins at 50 years of age and reaches its lowest 
values after 85 years (the mean brain weight has decreased by about 11% relative to 
the maximum brain weight) [18]. Cerebral atrophy is mainly observed in the hippo-
campal region, in the prefrontal and temporal associative neocortex, in the cerebel-
lum, and in the brain stem nuclei. The cell bodies concerned are essentially the large 
pyramidal cells. These are notably the cells on which neurofibrillary degeneration is 
observed in Alzheimer’s disease.

Apart from cell atrophy, the loss of mass of the brain during aging can be 
explained by a quantitative neuronal loss, particularly in the gray matter. Gray mat-
ter loss is most pronounced for orbital and inferior frontal, cingulate, insular, inferior 
parietal, and to a lesser extent mesial temporal region as shown in longitudinal mag-
netic resonance imaging studies [19, 20]. The changes in the white matter are wide-
spread. It should be noted that these neuronal structural changes correspond to 
normal brain aging and differ from those observed in Alzheimer’s disease [21]. The 
overall neuronal loss is about 10% with more than 15% difference between males and 
females favoring females [19]. This is probably due to protective effect of estrogens 
on neurons and intracerebral vessels. Another notably structural change, which has a 
direct impact of intracerebral lesions’ constitution, is the phenomenon of increased 
adhesion of the dura mater to the underlying bone over time. It trends to fix the dura 
mater to the cranial vault.

32.3.1.2  Vessels
Morphological structure and biomechanical properties of intracranial vessels are 
affected by aging. These modifications concern macro-vessels and intraparenchymal 
micro-vessels.

From an anatomical point of view, atherosclerosis is first observed in the vessels 
of the Willis circle [22, 23] particularly at the level of the bifurcations and the birth 
of the collateral branches. While vessels appear to maintain a constant diameter, 
there is thickening of the media as a result of the deposition of type IV collagen. It 
leads to a decrease in their internal diameter through a phenomenon of concentric 
hypertrophy [24–27].

Biomechanical properties of intracranial arteries are also altered. Indeed, aging is 
responsible of major elasticity loss with a direct negative impact of cerebral blood 
flow (CBF) autoregulation. Arterial stiffness is partly explained by elastin fibers 
modification. During the aging process, there is no decrease in the number of fibers 
but a reorganization of their positioning and a fragmentation of the fibers. Normally 
organized in a circumferential manner, perpendicular to the blood flow, the elastin 
fibers are oriented in the direction of the flow in the elderly. This phenomenon is 
leading to a loss of arterial elastic deformability [25, 28, 29].
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The thickening of the basal membrane and media together with endothelial vol-
ume decrease are responsible of microcirculation alteration (. Fig. 32.1) [24, 30]. 
Histological sections of micro-vessels show a decrease in endothelium thickness, and 
functional assays attest to the lack of intrinsic regulation of vasomotor tone in 
response to sympathetic nervous system activation or in response to flow. The dam-
age to the micro-vessels, particularly the perforating arteries, is due to lipohyalinosis 
following fibrinoid necrosis leading to the disappearance of the smooth muscle cells 
of the small arteries [28, 29]. In addition to lipohyalinosis, these vessels are subject to 
a fibrotic phenomenon by collagen deposition. These lesions are aggravated by arte-
rial hypertension and are associated with other cardiovascular risk factors. These 
very peripheral vascular lesions are at the origin of intracerebral lacunar lesions.

These lesions are also at the origin of blood-brain barrier alteration which is 
weakened [31]. In pathological situation, this may represent a risk factor of cerebral 
edema constitution. Finally, intracranial arterial aneurysms, responsible for, among 
others, SAH, are twice as frequent in the elderly [32, 33].

From a functional point of view, the question of cerebral autoregulation altera-
tion in aging is still not answered. Cerebral autoregulation consists of diameter adap-
tation of intracerebral vessels in response to mean arterial pressure variations in 
order to provide a constant CBF over a large scale [34]. Current hypotheses suggest 
that preservation of cerebral autoregulation with aging serves as a “reserve” to com-
pensate for impairment of other systems [35]. But if  age is not directly responsible for 
an alteration of cerebral autoregulation, it is reasonable to think that comorbidities 
and cardiotropic treatments have an adverse effect on cerebral autoregulation in the 
elderly subject (. Fig. 32.2). Moreover, in basal state, cerebral metabolic rate and 
CBF are decreased of about 15% [36]. These physiological observations are con-
firmed by transcranial dopplers (TCD) which showed a decrease in intracranial 
arteries’ velocities of 10–20%. Together with intern caliber reduction, this leads to a 
decrease in CBF.

Adventitia

Media

Basal lamina

Endothelium

Microvessel wall Inner diameter

a b

       . Fig. 32.1 Analysis of  the thickness of  the vessel wall and the inner diameter of  the vessel lumen in 
young and old patients. a young patient, b old patient. (From Uspenskaia et al. [24])
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A study investigated the relationship between age and cerebral autoregulation 
(evaluated with intracranial pressure (ICP) and TCD) after traumatic brain injury. 
On the one hand, the authors report a link between initial ICP and age, older subjects 
having lowest ICP values and TCD didn’t seem to be affected by age. On the other 
hand, cerebral autoregulation was notably altered in older subjects. This was associ-
ated with a relative deterioration in outcome despite better initial Glasgow Coma 
Scale (GCS) [37].

32.3.2  Functional Modifications

Aging is responsible of neuronal physiology modification which is linked not only to 
structural changes of the neurons, vessels, and the connective tissue but also to 
 qualitative change in nervous cells. Several mechanisms are involved in the disruption 
of nerve conduction. At the cellular level, the long-term consequences of oxidative 
stress can be observed as the endogenous regulatory systems become defective [38–40]. 
Oxygen-free radicals and lipid peroxidation weaken and modify the ability of the cel-
lular membrane to assume its barrier and nervous signal transmission functions.

Neurotransmitters and neurotransmitters receptors are also diminished in the 
elderly subject together with post-synaptic enzymatic degradation increase [41]. 
Acetylcholine and dopamine synthesis decrease are mainly observed in the frontal 
and cingulate cortex, respectively [42–45]. Certain conditions or disease can amplify 
this phenomenon. For example, Alzheimer’s disease is characterized by an increase 

CPP (mmHg)15050

CBF

Cerebral arterial diameter

Normal brain

TBI

Chronic arterial hypertension

       . Fig. 32.2 Cerebral autoregulation. Cerebral autoregulation curve is shifted on the right in chronic 
hypertension patients. TBI traumatic brain injury, CPP cerebral perfusion pressure, CBF cerebral 
blood flow
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of cholinesterase expression, while Parkinson’s disease is characterized by a decrease 
in dopamine synthesis in neurons of locus niger. Inflammatory infections also play a 
role in neurotransmission’s alteration by decreasing neurotransmitter receptor’s 
number (e.g., NMDA receptor) [46].

DNA repair mechanisms degrade during aging [47]. Thus, they do not allow for 
the efficient correction of oxidative DNA damage, which is responsible for spontane-
ous mutagenesis and apoptosis finally.

All these structural and functional neuronal alterations occurring in a less reac-
tive and poorly anastomosed vascular network make the brain of the elderly particu-
larly sensitive to ischemia and oxidative stress.

32.4  Therapeutic Particularities of the Elderly Subject

The principles of neurointensive care in the elderly are the same as for the young 
subject. The therapeutic strategy consists in preventing weakly vascularized neurons 
from necrosis or apoptosis. Due to its low energetic reserves, cerebral neurons are 
particularly sensitive to ischemia. Peripheral neurons of infarcted zone cease its 
activity because of insufficient oxygen and nutrient supplies. Neuronal survival in 
this area of “ischemic penumbra” will depend essentially on good management in 
avoiding secondary brain injury.

32.4.1  Cerebral Hemodynamics

32.4.1.1  Intracranial Hypertension
Acute intracranial hypertension results from intracranial volume increase. This 
increase may be related to tissular volume expansion (cerebral edema), to an intra-
cranial expansive process (especially subdural hematomas due to the adhesion of the 
dura mater to the cranial vault and tumors) or to acute hydrocephalus due to dis-
turbed circulation or reportion of the cerebral spinal fluid. These mechanisms are 
often intertwined, especially in TBI.

Older adults present different initial clinical presentation compared to younger 
subjects. The Glasgow Coma Scale (GCS), although the most widely used clinical 
assessment to determine TBI severity, may be misleading in the elderly. On the one 
hand, older adults with preexisting dementia may have abnormal GCS at baseline 
[48]. On the other hand, age-related cerebral modifications leading to atrophy may 
delay the clinical expression of expanding intracranial hemorrhage and thus the diag-
nosis of intracranial hypertension. The frequency of brain lesions with paucisymp-
tomatic examination is markedly increased in subjects older than 60  years [49]. 
Current recommendations suggest treating ICP above 22 mmHg [50]. For the reasons 
mentioned above, this threshold may be reduced to 18 mmHg in older adults [51].

The treatment of intracranial hypertension relies on good management of sec-
ondary brain injuries with a particular attention to the maintenance of the cerebral 
perfusion pressure (CPP) which is defined by the difference between the mean arterial 
pressure (MAP) and the intracranial pressure (ICP). Therefore, the optimization of 
CPP involves the control of MAP and ICP monitoring, which could improve  outcome 
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of older adults with severe TBI [52]. The use in the initial phase of osmotherapy to 
reduce cerebral blood volume and more rarely corticosteroids in certain paraneo-
plastic edemas, surgical drainage of CSF, or surgical evacuation of a hematoma may 
allow the control of ICP. The method of surgical intervention may impact outcome. 
Indeed, a retrospective cohort study that used a propensity score showed that patients 
who were treated with decompressive craniectomy had worse 6-month outcome com-
pared to those treated with craniotomy [53].

32.4.1.2  Cerebral Autoregulation and Hemodynamic Objectives
The recommended target CCP value for survival and favorable outcomes is between 
60 and 70 mmHg [50]. This range has never been clinically validated in older adults. 
However, the relevance of this objective seems questionable in the elderly because of 
the physiological changes mentioned above and the frequency of chronic hyperten-
sion, which modify the autoregulation of CBF.  Moreover, after severe TBI, CBF 
autoregulation is likely to be altered, making CBF linearly dependent on CPP.

The combination of severe TBI and underlying terrain exposes a coupling 
between CBF and MAP. Thus, too high MAP therapeutic targets may lead to the 
development or worsening of intracranial hypertension, especially since atheroscle-
rosis leads to an alteration of the brain-blood barrier. Conversely, too low MAP 
targets in chronically hypertensive patient expose the risk of a critical decrease in 
CBF and the extension of ischemic lesions.

In the absence of specific data in the elderly, CPP optimization relies on:
 5 The control of ICP based on avoiding secondary brain injury and eventually 

associated with initial osmotherapy to reduce cerebral volume
 5 The control of MAP based on careful fluid therapy and vasopressors

It seems difficult to fix theoretical MAP and CPP objectives in the elderly. Hence, 
cerebral monitoring becomes essential and should be, at best, multimodal: ICP mon-
itoring, transcranial doppler (TCD), and eventually advanced cerebral monitors 
such as microdialysis, jugular venous oxygen monitoring (SjO2), cerebral oximetry, 
and brain tissue oxygen monitoring (PbrO2) which allow to monitor cerebral metabo-
lism. Once again, these monitors have not been evaluated in the elderly. Isolated ICP 
monitoring benefit is limited due to cortical atrophy that lowers ICP.  TCD are 
extremely useful to finely tune MAP and CPP objectives. No study has demonstrated 
the value of advanced monitoring in the elderly.

32.4.2  Sedation Analgesia in the Elderly

Sedation is an indispensable tool in the management of severe brain injury. It is initi-
ated for the control of intracranial lesions and for the adaptation of the patient to the 
therapies used (mechanical ventilation, surgery). It allows to decrease the cerebral 
metabolic consumption and thus to optimize the balance between the needs and the 
contributions. Classically, patients with severe TBI are sedated during the first 
48 hours. The value of continuing sedation or not is then reassessed according to the 
data of clinical examination and imaging. In practice, the molecules used in neuroin-
tensive care for sedation of the elderly differ little from those used for younger 
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patients [54]. The association between propofol and fentanyl/sufentanil is the first- 
line option for standard sedation and in the case of elevated ICP and status epilepti-
cus. Midazolam is also a good alternative and may be associated with propofol to 
reduce tissue accumulation of midazolam or to reduce the occurrence of propofol 
infusion syndrome (PRIS) [55].

In the last ten years, dexmedetomidine, an alpha-2 adrenergic receptor agonist, 
has been widely evaluated for the prevention of delirium in elderly patients in ICU. In 
the context of neurointensive care, dexmedetomidine may be a good molecule for the 
treatment of agitation when weaning off  other sedatives; it also allows for a better 
neurological evaluation including detection of focal neurological defects [56]. 
Dexmedetomidine provides sedation without inducing unresponsiveness or coma 
and has analgesic properties without effect on respiratory drive.

The pharmacokinetic and pharmacodynamic particularities of the elderly subject 
must be taken into account. Indeed, the volume of distribution of hydrophilic sub-
stances is reduced by about 25%. The decrease in the concentration of albumin in the 
blood and the increase of other drug binding proteins such as alpha 1 glycoprotein 
make it necessary to know the physical and chemical properties of the substances 
used. Clearance of anesthetics is reduced due to decreased glomerular filtration rate 
and decreased hepatic function. The titration of sedation becomes an issue to avoid 
its accumulation which could delay the recovery and the neurological evaluation. 
Generally speaking, the need for anesthetics is reduced during aging, especially in the 
context of neurointensive care.

32.5  Outcomes and Ethical Considerations

There is clear evidence that elderly patients with cerebral injury have on average, 
greater mortality, poorer functional outcomes, and slower cognitive recovery com-
pared to their younger counterparts. While some studies reported a linear relation-
ship between age and outcome [57], some others have reported an inflection point 
(40–50 years old) at which mortality appears to increase steeply [58, 59]. Whether this 
increase is linear or not, it still appears that a significant proportion of elderly patients 
may recover well after cerebral injury [60, 61].

Several elements must be considered when interpreting the neurological outcome 
of the elderly patient. The first element concerns the role of the caregivers’ attitude 
as well as patient’s and family wishes who may be more likely to have life-sustaining 
therapy withdrawn [62]. Older patients may also have longer delays in obtaining a 
cerebral imaging, a lower likelihood of being transferred to a neurospecialized center 
and a lower likelihood of being seen by a senior (versus junior) physician than their 
younger counterparts [63, 64]. The second element concerns the tools used for out-
come assessment. The Glasgow Outcome Scale (GOS) and the GOS extended 
(GOSE), for example, are the most widely used functional outcome measures in 
TBI. Neither the GOS nor the GOSE were validated in older adults, and they may 
not adequately reflect the functional impairment in this population. In a multicenter 
study, older adults with severe TBI had a significant improvement in physical  function 
over 1 year according to the health-related quality of life measure. This functional 
improvement was not detected by the GOSE [65].
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For all these reasons, age should only be considered in light of other relevant ele-
ments of the history that will have an impact on neurological outcome. Consideration 
of frailty, cognition, previous autonomy, patient wishes, and relatives’ opinion are all 
elements that should be carefully reported in the medical record [2, 66].

Apart from the impact of age on neurological prognosis, the prognosis of neuro-
logical injuries is highly dependent on the nature and initial severity of the injury. For 
example, Kiphuth et al. reported that intracranial hemorrhage, Guillain-Barré syn-
drome, and myasthenia gravis cerebral neoplasms were associated with a poor vital 
or neurological outcome in patients admitted to neurointensive care [5].

32.5.1  Mortality

When considering mortality after neurointensive care unit admission, it is important 
to distinguish between short-term mortality and longer-term mortality. Short-term 
mortality is high among older adults. For severe TBI, several studies reported in- 
hospital mortality rates as high as 60–80% in this population [67, 68]. Regarding 
strokes, ICH is the one associated with the highest 1-month mortality rate (25–61%), 
which is similar to SAH (26–48%). A better prognosis has been noted for patients 
with ischemic stroke (9–19%) [14].

In a French monocentric study that looked at the long-term outcome in medical 
patients aged 80 or over following admission to an intensive care unit, the authors 
reported a 1-year mortality rate of 60% for patients with coma or neurological admis-
sion diagnosis. This mortality rate was not different from that observed for the same 
causes of admission for all age categories combined (55.5%) [69].

Concerning long-term outcome in acute stroke patients, a multicenter study 
reported that 1-year mortality for patients requiring mechanical ventilation was dra-
matically high (77%). Once again, ICH and SAH subtypes presented higher mortal-
ity rates with 82.7% and 88.1%, respectively. In the multivariate model, age > 70 years 
was not a factor significantly associated with 1-year mortality in contrast to the 
stroke subtype [70].

Several studies have reported higher mortality among older adults versus younger 
subjects for patients with severe TBI who survive the initial hospitalization. However, 
this observed increase in mortality may be explained predominantly by the age- 
related mortality seen in the general aging population [71, 72].

32.5.2  Functional Outcome

The other prognostic approach, which is just as fundamental, concerns the func-
tional outcome, which includes the degree of autonomy expected from the small 
proportion of patients who will survive the initial phase. Overall, functional outcome 
of elderly patient admitted to neurointensive care is decreased compared to younger 
patients.

Concerning TBI, most of the study report that older adults present higher risk of 
being dependent than younger subjects. Thus, among patients of 60 years old and 
more who were discharge from ICU with a GOS ≤ 4, Livingston et al. reported that 
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only 37% presented a functional improvement evaluated with the Functional 
Independence Measure (FIM), while this proportion reached 63–85% in younger 
subjects [73]. It should be noted that, compared to younger individuals, older adults 
are at increased risk for post-traumatic epilepsy, stroke, and neurodegenerative dis-
ease [74–79]. This increase could largely contribute to the loss of autonomy of elderly 
subjects after TBI.

In a large Swedish stroke register, Ullberg et al. reported dependency in Activities 
of Daily Living (ADL) at 12 months for more than 35,000 stroke patients. The pro-
portion of patients of 75 years old and more who were ADL-dependent was signifi-
cantly increased (from 15–20% to 35–45%) compared to younger subjects [80]. The 
most predictive factors of being dependent at 12 months were consciousness level at 
admittance, female sex, a previous stroke history, and ICH stroke.

The functional outcome of aneurysmal subarachnoid hemorrhage is highly influ-
enced by the initial gravity. For poor grade aneurysmal subarachnoid hemorrhage 
(WFNS 4 and 5), favorable outcome 6 to 12 months (defined as a modified Rankin 
scale ≤3) were reported for 41.4% of patients aged 60–69 years, 17% of those aged 
70–79 years, and only 10% of patients aged 80–90 years (p = 0.002) [81].

Finally, Pirracchio et al. reported 1-year functional outcome after neurosurgery 
for intracranial tumor in elderly patients [82]. At 1 year, 63.6% of the patients were 
considered as dependent according to Karnofsky Performance Scale and ADL scale.

 Conclusion
Once considered futile, the management of elderly patients admitted to neurointensive 
care has become commonplace. Knowledge of the anatomical and physiological par-
ticularities of the elderly should allow a better understanding of the singularities in the 
presentation of pathologies encountered in neurointensive care. These particularities 
justify a specific monitoring and treatment strategy in the initial phase. The question 
of neurological outcome, especially functional outcome, must be addressed taking into 
account comorbidities, previous autonomy, and the wishes of the patient and his family.

Take Home Message
 5 The proportion of  elderly patients admitted to neurointensive care is increasing.
 5 Management of  old patients admitted to neurointensive care differs from younger 

ones due to variation in physiology.
 5 Further work should be done on the specific management of  elderly patient with 

acute neurological conditions.
 5 Overall, the outcome of  aging patients admitted to neurointensive care units is 

poor.
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 n Learning Objectives
 5 This chapter investigates problems and management principles related with ICU 

admission after elective surgery in the very old patient. Being this issue part of the 
global surgical path, the interconnections with the pre-, intra-, and postoperative 
phases are discussed.

 5 The aim of this chapter is to make readers familiar with the role exerted by 
advanced age on surgical risk, circumstances of ICU admission, principles of 
appropriate care, management of the most common postoperative complications 
requiring ICU admission, and criteria for discharge.

 5 Surgeries after which ICU admission is most frequent are analyzed, together with 
principles of optimal care to follow, in order to make the most appropriate choice 
when deciding what kind of postoperative treatment to apply, in accordance with 
patients’ needs, functional status (FS) before surgery, foreseeable outcomes, and 
expected postoperative quality of life (QoL). Special needs of older patients admit-
ted to ICU are analyzed, and clinical outcomes reported in the literature and side 
effects of ICU stay are also dealt with.

 5 Finally, organizational issues useful to obtain the best possible clinical outcome, 
optimize cost/effects ratio, and minimize the biological cost of ICU stay are 
 discussed.

33.1  Overview: ICU Admission Is Part of a Global  
Clinical Path (See . Table 33.1)

Available data show that the enormous increasing of the geriatric population regis-
tered in the last decades has widely impacted with the daily practice in surgery, anes-
thesia, and intensive care [1]. Not only the volume of surgical interventions performed 
on older patients and the age at which patients are fit enough to undergo surgery has 
dramatically increased worldwide, but also, due to both the expanding of the clinical 
practice and the accumulation of research work, surgical operations today performed 
on the elderly include a wide spectrum of long-lasting and invasive procedures [2], 
many of which may require postoperative admission to the ICU. This poses a num-
ber of clinical, organizational, economic, and ethical problems.

ICU admission after non-emergent surgery can be planned in advance, on the 
basis of patient’s preoperative clinical conditions and expected need for close moni-
toring or vital functions support, either can be decided at the end of the surgery (due 
to unforeseen events occurred intraoperatively, or to a delay on postoperative recov-
ery precluding the transfer to the surgical ward), or in the postoperative days, due to 
an unexpected deterioration in vital functions.

Whenever feasible, postsurgical ICU should be planned in advance, taking into 
account the kind of surgical procedure, the patient’s clinical conditions, and the rea-
sonable expectations in terms of outcome.

Triage criteria are difficult to define, given the low levels of evidence medical lit-
erature provides (great variability in patients’ health and FS, clinical outcome and 
other variables considered in the studies protocols, etc.), the differences in resources 
availability among institutions, and the coexistence of diverging ethical approaches.
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33 Adequate preoperative evaluation is a pivotal factor in managing postoperative 
care on the basis of the specific needs older patients present in terms of medical treat-
ment, complication management, and minimization of functional impairment. Data 
collected before surgery through Comprehensive Geriatric Assessment (CGA), 
frailty assessment, and risk of postoperative delirium (POD) are essential to plan 
appropriate ICU care.

Intraoperatively, it is fundamental that the basal measures aimed to preserve 
homeostasis in geriatric surgical patients are carefully implemented. Among them, 
accurate positioning on the surgical table in order to prevent respiratory insufficiency 
(mostly when Trendelenburg position or long-lasting end-expiratory positive pres-
sure are required), use of not too high tidal volumes [3], measures to reduce the surgi-
cal stress response [4], avoidance of too deep anesthesia levels, control of hemodynamic 
balance and fluid intake, normothermia, and early detection of signs of POD are 
crucial. Before ICU admission, it should be ascertained whether the patient expressed 
in his/her anticipate directives the refusal toward intensive care and, in case, his/her 
willingness respected.

The level of care to apply should be discussed inside the team and with the family 
members, in the light of the objective chances of recovery, the expected outcome, and 
available resources. Once the patient has been admitted to the ICU, the highest level 

       . Table 33.1 The ICU admission as a part of  the surgical path

When/where What to do How to proceed

Preoperative 
assessment

Assess clinical history and 
physical examination
Perform CGA
Assess frailty
Assess risk factors for POD

Establish the need for direct ICU 
admission

Intraoperative 
management

Preserve normothermia
Careful patient positioning
Appropriate ventilation
Avoidance of too deep anesthesia 
plans
Maintain hemodynamic 
equilibrium
Minimize surgical stress 
(analgesia, ERAS strategies)

In case of intraoperative unexpected 
events in pts for whom ICU admittance 
was not planned, reevaluate the need for 
IC
Careful handover with the ICU team
inform the family about intraoperative 
course and plans for postoperative care

In the ICU Implement the appropriate level 
of care
Avoid BZDP for sedation
Check daily for delirium
Ensure adequate pain control, 
Environment comfort and a mini-
mum of relational exchanges

Start treatment and observe results
Reevaluate patient’s clinical condition 
with the whole IC team
Decide whether continue or withdraw 
the IC
Inform the family

At the moment 
of discharge 
from ICU

Plan postoperative care in 
accordance with patient’s needs

Individuate the right setting of care 
(intermediate care intensity, surgical 
ward, transitional care or other)
Careful handover with the care team
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of physical, cognitive, and emotional comfort should be ensured in accordance with 
the patient’s vigilance and mental status, the need for sedation, and for invasive treat-
ment such as tracheal intubation.

As soon as possible, conditions should be created aimed to offer at least minimal 
interpersonal exchange with the family members or the caregivers. Signs of POD 
should be checked every day using validated tools (see below), and, in case, appropri-
ate treatment should be promptly implemented [5]. Malnutrition and muscle atrophy 
or damage should be avoided ensuring adequate nutritional support and promoting 
active (whenever possible) or at least passive mobilization. Nursing issues are pivotal 
to prevent pressure sores, positional pain, and depression and to allow early re- 
establishment of interpersonal communication and relational processes.

After a few days and in absence of  signs of  recovery, a team-based discussion on 
how to proceed in terms of  intensity of  vital support is appropriate; this step should 
involve the family members and respect patient’s willingness. Discharge from the 
ICU should be planned on the base of  the clinical recovery and the available 
resources in terms of  intermediate care areas, type of  postoperative wards, and 
hospital services.

After discharge, postoperative care should be planned on the basis of patient’s 
physical, cognitive, and functional status, without neglecting the need for FKT treat-
ment, psychological support, and relational exchanges; visual and hearing support 
should be continuously available.

From the organizational point of view, the anesthesia-surgery-ICU team should 
share in advance some basic methodological issues (what data to collect before sur-
gery, who is in charge for collecting these data) in order to define a reliable patient 
risk and functional profile, including data on FS and QoL. In the case of older surgi-
cal patients, the European Society of Anaesthesia guideline on preoperative evalua-
tion in noncardiac surgery [6] recommends that data from CGA, frailty scoring, and 
risk of POD are collected and registered. Regretfully, these principles are not yet 
routinely implemented in the clinical practice. Adequate handover at any shift, and 
transfer from different hospital wards, are integrated part of the care process.

33.2  Postoperative Morbidity and Mortality in the Very Old 
Surgical Patient

33.2.1  Surgical Risk and Risk of Postoperative Complications 
in the Elderly

It is generally assumed that surgery and anesthesia represent major challenges for older 
patients, due to aging processes that deteriorate organ functions and reduce FS, and 
associated conditions [7]. It is also assumed that patients undergoing high-risk proce-
dures represent a major share of ICU admissions [8]. However, a reliable  estimation of 
the role exerted by age itself in increasing surgical risk remains difficult [9].

First, defining the risk linked to an invasive treatment that it is hard to interpret 
separately from all the other risk factors (patient physical status, surgical team expe-
rience in treating older persons, available resources, and organizational aspects) is 
intrinsically impossible. Even though a number of single-center studies investigating 
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surgical risk and postoperative complications in cardiac, orthopedic, or cancer sur-
gery reported long-term morbidity and mortality in the elderly compared with those 
collected in younger patients, these conclusions cannot represent a guiding principle; 
in fact, a small number of older surgical patients undergoing elective surgery are a 
selected population, not comparable with the general one.

Secondly, wider studies conducted on greater patients’ groups such as register- 
based studies often don’t take into account comorbidity, and this is the main reason 
why such studies do not provide reliable conclusions [10, 11]. Last but not least, 
despite advancements in surgery and anesthesia, in many countries the majority of 
older persons neither receive appropriate preoperative assessment and optimization, 
nor they benefit from suitable geriatric perioperative care [12–14].

As for the surgical procedure, evidence exists that the risk increases in long- 
lasting, invasive ones, with the highest risk in cardiac [15], thoracic [16], cancer sur-
gery [17], and hip fracture repair [18].

33.2.2  Is Age the Main Risk Factor?

Large studies [19–23], agree that geriatric patients have higher postoperative mortal-
ity rate and experience considerable perioperative morbidity when compared to 
younger subjects undergoing surgery. Nevertheless, age per se doesn’t seem to play a 
critical role. In many cases, the general preoperative conditions and patient-related 
factors proved to be more important than the type of surgery in predicting mortality. 
More specifically, severe systemic diseases associated with older age showed to be 
useful preoperative predictors of ICU admission and adverse outcome, such as com-
plications and 30-day mortality rate. Two recent prospective cohort studies investi-
gating the role of frailty in patients >80 years admitted to ICU [24, 25] reported that 
this condition negatively impacted on ICU and 30-day mortality; both studies con-
cluded that, being frailty assessment able to predict short-term mortality in these 
patients, this condition should be systematically evaluated in this patients’ group.

33.3  How to Decide About ICU Admission in the Elderly

33.3.1  Lack of Guidelines and Specific Triage Criteria

In comparison with emergent surgery, postoperative morbidity and mortality after 
planned surgery are lower, and patients are generally more fit and in better condi-
tions [26]. Despite this, deciding what patients should receive postoperative IC after 
planned surgery and quantifying the advantages offered by ICU admission remains 
a challenging task.

Age by itself  never represents a criterion on which to take the decision, being 
chronological age unable to describe the patient’s conditions and being biological 
age difficult to define. Scoring systems such as SAPS II, APACHE, or SOFA do not 
capture any of the specific conditions older patients may present, such as cognitive 
impairment, depression, cachexia, or frailty. On the other side, it is well known that 
the elderly population not only presents its own clinical specificities and needs but 
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also shows a wide interpersonal variability both in general conditions and func-
tional profile.

In its guideline issued in 1994, the European Society of Intensive Care Medicine 
(ESICM) recommended that patients presenting unstable conditions or at risk of 
severe complications should be admitted to ICU; however these recommendations, 
issued 25 years ago in a totally different demographic situation, basically refer to a 
general population and do not take into account the specificities of the geriatric pop-
ulation.

No specific guidelines are available so far, and none of the scoring systems actu-
ally in use aimed to predict clinical outcome has showed to be a reliable predictor. A 
recent review [27] of  risk factors for unplanned admission to ICU after major sur-
gery reported that—due to heterogeneity in the studies design—a comparative, 
quantitative analysis of  the admission criteria was not feasible. The authors con-
cluded that further research is needed to test both sensitivity and specificity of three 
independent risk factors identified in the United States, the United Kingdom, Asia, 
and Australia (age, body mass index, comorbidity extent), in order to ascertain 
whether they can be adopted as a guide to plan critical care admission and reduce 
unplanned admissions rate.

33.3.2  Basic Principles for Appropriate Triage

Even though reliable, evidence-based triage criteria for ICU admission of older sur-
gical patients are not available, some guidance principles can be found on the basis of 
clinical experience, information on patients’ FS, and ethical principles (see 
. Table 33.2).

       . Table 33.2 Principles for appropriate triage

Consider as predictors of ICU 
admittance

Age>=85
Multimorbidity
Heart failure
High ASA Class
Recent need for hospital admission
Major surgery

Assess FS and presurgical QoL Level of independence
Cognition
Emotional status
Nutritional status
Family support
Subjective QoL
Advance directives

Assess frailty Fried Index (phenotype theory)
Rockwood (deficit accumulation)

Assess risk factors for POD See ESA Guidelines on POD [5]

Involve the family in the final decision Clear information about expected results
Pursue genuine dialog and mutual confidence
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However, these elements are not systematically collected in all the institutions, 
because the practice of implementing CGA and FS assessment in the preoperative 
anesthesia consultation is still poorly practiced. Nevertheless, even though often 
neglected in many cases and in many institutions, these elements become of pivotal 
importance after some days of treatment, when a reassessment of the care plan is 
needed on the basis of the obtained results.

It should never be neglected, to conclude, that in the triage process, together with 
the care-team members (anesthetists, surgeons, intensivists) and the patient himself, 
family members too play an important role: clearly informing them about expected 
results, dialoging with them in a genuine way will help in acting in an atmosphere of 
mutual confidence, and avoiding refusal by principle of ICU admission.

33.3.3  Liberal Versus Restrictive Attitude: How This  
Element May Influence the Choice

The pressure on ICUs in growing everywhere due to many reasons, and that exerted 
by older patients is continuously increasing [28]. Facing a worldwide diffuse shortage 
of resources, the patients’ group toward which the principle of reserving the best care 
to those who have the greatest chances of survival is most frequently invoked and is 
the geriatric population.

Balancing between a restrictive attitude (with the risk of denying ICU admission 
to some patients who could benefit from the treatment) and a liberal one (admitting 
older patients without any restriction criteria, with the risk of facing shortly after a 
bed ICU shortage that would exclude from intensive treatment a patient with higher 
probability of surviving) is one of the hardest tasks for the intensivist team. As the 
recent Covid-19 pandemic has dramatically showed, the problem is made even more 
challenging by the overall limited availability of IC beds observable in many coun-
tries and in many institutions. Last but not least, the attitude of intensivists, their 
ethical orientation, and the cultural background of the country where the process 
takes place further influence the final choice.

This dilemma is probably more acute when discussing about ICU admission after 
emergent surgery or due to medical reasons; however deciding about ICU admission 
in frail, compromised or multimorbid surgical patients over 80  years is a circum-
stance that doesn’t occur only in exceptional cases, being planned surgery the main 
reason for critical care admission of older patients aged 80 years and more.

Useful principles to manage such situations are represented by optimal commu-
nication both inside the care team and between the care team and the patient’s family 
members. Optimal communication among the care team members aims to increase 
the interpersonal cohesion, the feeling of working within a well-organized group, 
and avoiding internal discrepancies that ultimately would impact on the quality of 
care provided. Excellent, systematic communication between the care team and the 
patient’s family will be essential in understanding their attitude toward the risk of 
escalating the care and in discussing potential risks related with the ICU admission 
(exposure to nosocomial infections, delirium, increased LOS, restrictive visiting 
hours).
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These ethical issues represent a main aspect in the ICU clinical practice. They 
are excellently analyzed in a review by Nguyen et al. [29] and in an interview to 
B. Guidet [30].

33.3.4  Advantages and Risks of ICU Admission

Results reported in the literature about the effectiveness of ICU admission after sur-
gery in the elderly in terms of improved outcome and reduced mortality are very 
difficult to analyze, due to the great inhomogeneity among the various studies. 
Globally considering these results and overlooking the role exerted by advanced age, 
one could argue that ICU admission after surgery can reduce mortality trough early 
recognition of vital functions deterioration, availability of deep monitoring, respira-
tory and cardiovascular support, and higher staff  density in comparison with surgi-
cal wards.

Nevertheless, weighing up pros and cons—and resources availability apart—ICU 
admission is unavoidably accompanied by elements such as reduced mobility, risk of 
infectious complications, possible fluid overload, vascular events, or delirium [31], 
either occurring as a postoperative complication or as a collateral damage of ICU 
admission, that are extremely dangerous for the older persons. Mostly, delirium in 
the elderly is a severe risk factor for further non-cognitive complications, adverse 
outcomes, and mortality. Moreover, in case of survival, permanent cognitive damage 
with loss of QoL and need for institutionalization are highly probable [5].

33.4  Circumstances for ICU Admission

33.4.1  The Decision Is Taken Before Surgery (Direct Admission)

The preemptive decision to admit to ICU an older surgical patient immediately after 
surgery is usually carried out in subjects who are expected to need organ support, 
close monitoring, and high nurse/patient ratio, or it occurs in accordance with estab-
lished clinical practice, as it is the case of the cardiac surgery [32]. Other factors sug-
gesting ICU admission after planned surgery are high 30-day mortality risk, 
age >80 years, comorbidity, and long-lasting and invasive surgical procedures [33, 34].

The decision to admit an older patient to ICU after planned surgery can also 
occur following unexpected events occurring in the post-anesthesia care unit (PACU) 
or during the postoperative stay in the surgical ward.

33.4.2  The Decision Is Taken in the PACU

At the end of surgery, circumstances that suggest the opportunity of ICU admission 
are represented by unexpected intraoperative events such as massive hemorrhage, 
arrhythmia (mostly tachycardia [35, 36],), need to prolong surgery due to unexpected 
anatomic conditions, severe hypo- or hypertension resistant to medical treatment, 
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hemodynamic instability, respiratory insufficiency, and abnormal delay in recovering 
from anesthesia. In order to allow an early detection of this fearsome complication, 
a first check for POD—to be made in the PACU as soon as the patient recovers from 
anaesthesia [5]—should be made using both validated scores such as CAM or Nu- 
Desc and RASS Score. In those patients who show only signs of POD and no other, 
or minor, troubles in vital functions, ICU admission requires a careful pros and cons 
evaluation, as this event may increase per se disorientation, confusion, and stress.

33.4.3  The Decision Is Taken in the Surgical Ward  
(Indirect or Intermediate Admission)

The occurrence of major postoperative cardiac, respiratory, renal, or septic compli-
cations in the early postoperative period is the main cause of intermediate transfer 
from the surgical ward to the ICU. These events are more frequent in multimorbid, 
functionally impaired and frail patients undergoing long-lasting and invasive surgery 
and find their main causative factors in difficulties in performing appropriate triage, 
poor internal process organization, and resource limitation. Some evidence exists 
that, in comparison with indirect admission, direct ICU admission after surgery is 
accompanied by better outcome; however, a number of studies found significant 
variability in postoperative mortality, length of stay, or cost/benefit ratio. Moreover, 
in many cases the choice is determined by expert consensus, and the way the risk is 
estimated is not specified.

33.4.4  Critical Considerations

There are no data describing the entity of this phenomenon in global terms, and a 
great variability exists among countries and institutions [37] in this area of clinical 
practice. Following some studies [36, 38], indirect admission to ICU after surgery 
seems to increase mortality risk in comparison to direct admission, and this is beyond 
the consequences of comorbidities, age, gender, type of surgery, and emergency sta-
tus. This could be due to different factors: lack of perioperative geriatric care, diffi-
culties in performing appropriate triage, ICU bed availability, clock time and poor 
evaluation of the patient’s status (i.e., by phone [39]), or occurrence of unexpected 
perioperative events. These findings confirm that there is a great need to improve 
perioperative care in older patients.

33.5  Postoperative Complications and ICU Admission

The most frequent perioperative complication requiring ICU admission registered in 
the older surgical patients includes cardiovascular (arrhythmia, myocardial infarc-
tion), respiratory (atelectasis, respiratory failure, pneumonia), acute kidney injury, 
sepsis, and delirium. Following the literature, their frequency widely varies due to 
different case mix or different study protocols, and it is likely influenced by the adop-
tion of preventive strategies implemented before surgery in order to promote preop-
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erative patients’ optimization, such as prehabilitation, correction of malnutrition, 
medication reconciliation, or management of predisposing risk factors for POD.

33.5.1  Cardiac Complications

Cardiac complications are common among older, critically ill patients, mostly after 
cardiac and major noncardiac surgery [40]. The main patient-related risk factor is 
represented by preexisting cardiac conditions (angina, coronary artery disease, con-
gestive heart failure mostly when in active phase [41], arrhythmia, hypertension), 
which all have high prevalence among older patients. Intraoperative hypotension 
unresponsive to treatment is a predictor of postoperative cardiac complications and 
death.

Diastolic dysfunction is frequent in patients undergoing cardiac surgery and is 
associated with poor outcomes in cardiovascular surgery [42, 43]. Female patients 
seem to have higher degree of diastolic dysfunction and present more adverse out-
come, prolonged ICU, and hospital length of stay [44].

Other important risk factors for cardiac complications are represented by asso-
ciation with coexisting diseases (respiratory, renal, diabetes), long-lasting and inva-
sive procedures eliciting severe surgical stress response [45], intraoperative 
hypothermia and alterations in the balance between prothrombotic and fibrinolytic 
factors resulting in increased coronary thrombogenicity [46] (see 7 Box 33.1).

Box 33.1 Independent Predictors and  Risk Factors for  Postoperative Cardiac 
Complications

 5 Preexisting cardiac conditions:
 – Angina
 – CAD
 – CHF
 – Arrhythmia (mostly tachycardia)

 5 Diastolic dysfunction
 5 Comorbidity
 5 Long-lasting and invasive surgery eliciting intense stress response
 5 Hypothermia
 5 Prothrombotic/fibrinolytic imbalance

In a retrospective study [47] on 255 patients aged 80 years and over admitted to ICU 
after surgery, the need for vasoactive drugs in the first two ICU stay days was the 
strongest predictor of hospital mortality.

33.5.2  Respiratory Complications

Advanced age has been consistently identified as a risk factor for postoperative respi-
ratory complications, due to both decline in pulmonary reserve and respiratory func-
tion, and higher prevalence of respiratory comorbidity (asthma, COPD, emphysema, 
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smoking-induced conditions) in this patients’ group. In addition to those mentioned 
above, further patient-related risk factors include functional dependence, congestive 
heart failure, OSA, pulmonary hypertension, malnutrition, and impaired renal func-
tion. Procedure-related surgery include long-lasting surgery (>3 h), surgical site (tho-
racic, abdominal), general anesthesia, hemotransfusion, and residual neuromuscular 
blockade. Preventive measures (smoking cessation, inspiratory muscle training) and 
appropriate intraoperative management (lower tidal volume, appropriate PEEP lev-
els, recruitment maneuvers, neuromuscular blockade reversal) are essential to reduce 
the risk.

The most used risk score for predicting postoperative respiratory complications is 
the ARISCAT (Assess Respiratory Risk in Surgical Patients in Catalonia) [48] (see 
7 Box 33.2).

Box 33.2 Independent Predictors and Risk Factors for Postoperative Respira-
tory  Complications
ARISCAT (Assess Respiratory Risk in Surgical Patients in Catalonia) 2010

 5 Advanced age
 5 Low preoperative SatHbO2 in room air
 5 Respiratory infection in the 30 days prior surgery
 5 Preoperative anaemia (Hb < =10 g/dl)
 5 Surgical site (thoracic, abdominal)
 5 Duration of  surgery
 5 Emergency surgery

In a recent study [49], postoperative respiratory complications in a geriatric popula-
tion accounted for 11% of indirect ICU admission within 5 days after major ortho-
pedic surgery. In a prospective, multicenter cohort study [50] involving 63 European 
hospitals and a total of 5384 patients undergoing surgery under both general or 
regional anesthesia, postoperative respiratory complications accounted for 4.2%. 
Among patients who developed respiratory complications, in-hospital mortality was 
significantly higher. Regression analysis identified seven independent risk factors: 
low preoperative SatHbO2, presence of at least one respiratory symptom, chronic 
liver disease, history of CHF, open thoracic/abdominal surgery, procedure lasting 
more than 2 h, and emergency surgery. The study also individuated three levels of 
severity for predicting postoperative respiratory failure with an 82% accuracy.

33.5.3  Postoperative Delirium

POD can develop during the first three to five postoperative days and may occur in 
the PACU (see above), during the post-surgery ICU stay or in the surgical ward. 
Predisposing and precipitating risk factors for its development as postoperative com-
plication—and ICU issues apart—are widely detailed in a recent ESA guideline 
quoted above [5] ], currently under updating and expected to be published within 
2022. POD is more frequent after cardiac [51] and major noncardiac surgery and is 
associated with increased mortality, morbidity, and long-term cognitive dysfunction 
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[52, 53]. Older patients developing POD have poorer outcome and are more likely to 
have prolonged ICU and hospital stay and longer intubation time.

As fully detailed in 7 Chap. 36, delirium in the critically ill patient has shown to 
be associated with important clinical outcomes including prolonged mechanical ven-
tilation, LOS, cost of care, long-term cognitive impairment, need for post-discharge 
institutionalization, and mortality.

Basically, patients at lower cognitive and physical reserve likely possess decreased 
capacity to maintain normal brain functioning in response to external stressors and 
are, therefore, at higher risk for delirium. Other factors that contribute to increase 
POD risk in ICU are prolonged mechanical ventilation, sepsis, medications (benzo-
diazepine infusion for mechanical ventilation [54], anticholinergics [55], dopamine, 
steroids) altered night-day rhythm, sensory deprivation, immobilization and fasting, 
and environmental discomfort (lights, noises).

Validated delirium screening tools for ICU patients (CAM-ICU, ICDSC) have 
improved diagnosis, and routine delirium assessment is currently recommended as 
standard of care in the ICU. Measures aimed to prevent POD in the ICU and reduce 
its duration and severity include pharmacological prophylaxis (agents to reduce sys-
temic inflammation such as steroids or statins, antipsychotics), choice of non- 
benzodiazepines sedation for mechanical ventilation [56], early mobilization [57], 
sleep hygiene [58], and sedation bundles [59].

POD treatment in the ICU has not yet found its golden standard, as no evidence 
supports a single effective pharmacologic approach. Antipsychotics can cause seda-
tion, respiratory depression, and prolonged QT interval. Evidence currently supports 
the use of dexmedetomidine both for prevention and treatment in a wide variety of 
ICU patients, but further studies are needed. Best results are expected combining 
pharmacological treatment with the non-pharmacological measures [60] shown in 
7 Box 33.3.

Box 33.3 Non-Pharmacological Measures for Delirium Management
 5 Assess, prevent, and manage pain
 5 Choice of  targeted, light sedation avoiding benzodiazepines
 5 Monitor routinely delirium
 5 Sleep hygiene
 5 Early mobility and exercise
 5 Family engagement and empowerment

33.6  Specific Problems Related to the Different Kinds of Surgery

33.6.1  Cardiac Surgery

A study on 646 octogenarians undergoing cardiac surgery reported a 15% incidence 
of cardiac complications, high in-hospital mortality (7.4%) and increased both ICU 
and hospital stay. NYHA Class IV, female sex, and preoperative renal failure resulted 
to correlate with perioperative morbidity [61].
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In another study investigating long-term survival of octogenarians undergoing 
cardiac surgery, risk factors for hospital death were preoperative renal dysfunction, 
postoperative myocardial infarction, cardiac failure requiring intra-aortic balloon 
pumping, acute renal failure, stroke, and ventilatory dependency exceeding 48 hours. 
Postoperative complications and ICU readmission resulted to be stronger risk fac-
tors for hospital deaths, preoperative comorbidities, and procedural variables [62].

Atrial fibrillation is the most common postoperative complication after cardiac 
surgery in the elderly [63]. Off-pump techniques (OPCAB) have been reported to 
reduce this risk in comparison with coronary artery bypass surgery (CABPG) [64, 65].

POD is also frequent in older patients undergoing cardiac surgery. Acute kidney 
injury is another postoperative complication frequently occurring in octogenarians 
undergoing cardiac surgery. In a retrospective study by Ried [66] on a geriatric popu-
lation including 598 patients (299 septuagenarians and 299 octogenarians) undergo-
ing elective bypass, valve or combined bypass, and valve surgery with cardiopulmonary 
bypass, acute kidney injury occurred in 21.7%–21.4% in the two groups, respectively. 
Greatest degrees of renal injury were associated with a stepwise increase in risk for 
death, renal replacement therapy, and prolonged stay both in ICU and hospital. 
Overall 30-day mortality was 6% in septuagenarian and 7.7% in octogenarians.

33.6.2  Abdominal Surgery

Older age and a higher ASA status are recognized as independent variables associ-
ated with postoperative complications after abdominal surgery. Accordingly, a num-
ber of studies report that older patients undergoing abdominal surgery for cancer 
frequently develop major postoperative complications that may require ICU admis-
sion [67]. This is most frequent for patients presenting high preoperative risk due to 
associated conditions, poly-medication, decreased physiologic reserves, frailty, and 
immune system disturbances [68, 69]. Perioperative risk is also increased by the need 
for long-lasting procedures, significant fluid and blood losses [70], use of colloids, 
fluids overload, and need for vasopressors. The presence of these risk factors strongly 
suggests the opportunity to plan direct postoperative ICU admission, mostly in case 
of frailty.

In one of the few studies investigating this issue [71], observed postoperative com-
plications included respiratory (acute respiratory failure, pneumonia, mechanical 
ventilation lasting more than 48 hours), cardiovascular (acute myocardial infarction, 
cardiogenic shock, stroke), infectious complications (septic shock and severe sepsis), 
acute kidney injury, and surgical complications (anastomosis or wound dehiscence, 
surgical wound infection, re-operation). Mortality was due to septic shock (pulmo-
nary, abdominal or multiple origin).

Preventing complications in these patients is of primary importance not only 
because it allows a better outcome and reduces cost; also, complications negatively 
affect QoL and may delay or preclude further cancer treatment.

Preventive measures include identification of predictive modifiable factors and 
patient optimization, preoperative anemia correction, use of goal directed therapy to 
avoid fluid overload or hypovolemia, and whenever possible implementation of 
ERAS strategies.
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33.6.3  Orthopedics

Despite the fact that elective major orthopedic surgery (total knee or hip replace-
ment; shoulder, spine, foot, and ankle surgery) not rarely is performed in older 
patients with multiple comorbidities, literature analyzing the need for ICU admission 
after elective orthopedic surgery in the elderly is not abundant. A review by Taylor 
and Gropper [72] found that pulmonary, embolic, and transfusion-related complica-
tions are the most frequent postoperative complications after orthopedic surgery in 
a general population. A Japanese retrospective study [73] analyzing complications of 
spine surgery in octogenarians found that perioperative complications occurred in 
29% of patients; age > 85, estimated blood loss >500 g and operative time > =180′ 
were significantly associated with major complications.

After total hip arthroplasty, unplanned ICU admission was needed in 7% of cases 
in a study enrolling 1259 patients [74]; significant risk factors where age >75, OSA, 
creatinine clearance<60 mL/min, prior myocardial infarction, ASA class>3, need for 
vasopressor drugs, and obesity. The high rate of unplanned ICU admission testifies 
about difficulties and pitfalls in triage processes in this patients’ group.

33.7  Discharge

In accordance with the main guidelines on this issue [75], the status of patients admit-
ted to an ICU should be revised continuously to identify patients who may no longer 
need ICU care. Ideally, the transfer from the ICU occurs when the patient no longer 
meets the admission criteria and meets the admission criteria for a lower level of care. 
Despite the illusory simplicity of these statements, patient discharge from the ICU to 
a medical or surgical ward is one of the most high-risk transitions of care, especially 
in the case of the geriatric patient; the decision is made difficult by the lack of clear 
and objective parameters to indicate which patients will continue to benefit from 
critical care and which won’t. Moreover, a great heterogeneity exists in critical care 
discharge practices, often influenced by institutional factors [76].

Organizational aspects can contribute to make the task challenging. First, an 
obvious gap exists between the available resources in terms of monitoring and imme-
diate intervention between the ICU and the different types of postoperative settings; 
secondly, communication barriers among professionals everywhere exist, mostly in 
great institutions or crowded hospitals; finally, a lack of standardization in patient 
transfer processes is not infrequent. Unforeseen events may influence the timing of 
discharge and force toward an “after hours” (nighttime) transfer; however, discharge 
in the evening, night, or weekend has shown to be an independent risk factor for 
increased mortality and readmission [77].

33.8  Outcome

Studies suggest that patients aged 80 and older after planned surgery have “reason-
able” long-term outcomes. In a large multicenter cohort study form the Australian 
New Zealand Intensive Care Society [28], in geriatric patients admitted to ICU after 
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planned surgery, global ICU and hospital mortality were, respectively, 12% and 25%, 
and, among survivors, 72% were discharged home.

A Dutch single-center cohort study [78] found that at one year, three quarters of 
patients living at home before ICU admission were still living at home; of them, only 
10% developed cognitive impairment, even though the reported QoL at a follow-up 
was significantly lower than in the general population.

A more recent Canadian study [79] reported that the median ICU length of stay 
in older surgical patients was 3.8 days, hospital length of stay was 20.1 days, ICU 
mortality was 18.7%, and hospital mortality was 31.6%.

33.9  Final Considerations

The rate of octogenarians is growing quickly, and an increasing number of elderly 
patients are every day admitted to ICU after planned surgery.

Even though not exhaustive and not enough confirmed by large studies or RCTs, 
reference points and general criteria have been so far outlined, and what reported in 
the literature summary here took into account can be considered as a basal guidance. 
Many issues still deserve further research, from a better definition of the triage crite-
ria to methods to minimize ICU side effects, and from the levels of care to deliver, to 
criteria for care withdrawal and discharge.

All these issues present problems ranging from the clinical to the organizational, 
economical, relational, and ethical point of view. A “geriatrization” of anesthesiolo-
gists, surgeons, and intensivists is one of the main elements for a substantial improve-
ment in the quality of care to offer our seniors, applying what here reported and 
following future research results. This requires changes in the study courses, improved 
hospital organization, and farsighted healthcare management. This view is made 
even more compelling by the recent pandemics, at which one should look not as at an 
isolated, tragic event, but as a paradigm of the frailty of the human condition in this 
historical moment and likely in the future, toward which we should be prepared.

Whereas patients’ preferences have a central importance when the discussion con-
cerns the choice about how to close one’s own life and to refuse the perspective of 
ICU admission, on the other hand to all of us healthcare professionals pertains the 
duty of keeping far from prejudice, preconception, and ageism, proceeding in 
research, improving our communication standards, and sharpening process 
 organization.

Take Home Messages
 Pillars of Optimal Perioperative Intensive Care After Planned Surgery
Preoperative Evaluation
Planning for appropriate ICU care in the elderly surgical patient is a process that 
starts since the beginning of  the surgical path, with optimal, comprehensive preop-
erative evaluation. In the older patient, this step should include, together with clini-
cal history and physical examination as routinely performed in adults, also data that 
allow understanding patient’s functional status (CGA) and QoL, the presence of 
frailty and other risk factors for POD, life expectancy, and any advance directive.
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Data Sharing and Co-management
Knowing these data, pivotal in targeting the right surgical approach, will also help 
intensivists in tailoring the level of  intensive care, communicating with relatives, and 
balancing between the need to offer the better chances of  survival and the avoidance 
of  aggressive treatment.

Indeed, the availability of  these data is just one of  the ingredients that allow the 
medical team to optimally operate: other crucial issues are preoperative patient opti-
mization (correction of  nutritional deficits, medication reconciliation, cardiac and 
respiratory prehabilitation, treatment of  depression), appropriate communication, 
and motivation, together with implementation of  team-based strategies such as co- 
management of  the care processes, not only with surgeons and anesthesiologists but 
also with nurses [80] and geriatricians [81].

Prevention of  ICU Admission-Related Side Effects
Forced immobility, prolonged sedation, indwelling catheters, altered sleep-wake 
rhythm, isolation, and environmental discomfort are just the main sources of  adverse 
effects the ICU admission implies [82, 83]. Strategies to reduce ICU-related side 
effects are many, from delirium prevention to optimal nursing, including cognitive 
stimulation, mobilization [28], and occupational therapy [84]. The American College 
of  Critical Care Medicine updated the Clinical Practice Guidelines for the manage-
ment of  pain, agitation, and delirium in IC, focusing on the “ABCDEF” bundle [85]. 
This set includes the following measures:
 A. Assess and manage pain
 B. Breathing trials and spontaneous awakening
 C. Choice of sedative
 D. Daily delirium monitoring
 E. Early mobility
 F. Family engagement and empowerment
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 n Learning Objectives
Emergency surgery procedures are frequent in older patients and are burdened by high 
mortality, complications, and morbidity. Older patients undergoing emergency proce-
dures have a higher risk of complications than those undergoing elective surgery and 
patients of younger age.
Postoperative complications include not only surgical complications but also postop-
erative geriatric syndromes. Mortality is less frequently due to the surgical interven-
tion itself  than to the patient’s comorbidities and occurrence of postoperative geriatric 
syndromes.
The objectives of this chapter are to identify specific postoperative geriatric complica-
tions and to discuss measures to improve postoperative care by using the example of 
the orthogeriatric care model.

34.1  Introduction

The population of patients over 65 years increases disproportionately [1] and is pro-
jected to rise by 15.5% in 2035, comparatively with 2010 [2]. Aging of population has 
an impact on the demand for healthcare services, including surgery. Between 40% 
and 50% of patients undergoing surgery are aged 65 years or more [3]. Additionally, 
surgical demand is expected to increase in the following decades: vascular and cancer 
surgery are predicted to increase, respectively, by 72% and 56% by 2035 [4–6]. The 
proportion of emergency surgery procedures increases with age, comparatively with 
elective surgery. Proportion of urgent procedures can reach up to 72% of surgical 
procedures in patients of 90 years or older [7].

Mortality after urgent surgery is high and varies depending on the type of sur-
gery. A first study on 6968 patients of 85 years and over found that 1-month mortal-
ity was 13% after urgent surgery [8]. In another study including Medicare beneficiaries 
of patients >65 years who underwent urgent abdominal surgery, 1-month postopera-
tive mortality was 20% and 34% 1 year after surgery [9]. Half  of the deaths occurred 
during hospitalization and 90% in the six first months after surgery [9]. In this study, 
factors associated with mortality were having an age over 85 years, comorbidities 
(chronic kidney disease, chronic heart failure, dementia), a previous hospitalization 
6 months prior to surgery and occurence of postoperative complications [9]. Finally, 
in a US retrospective cohort of 32,135 injured older adults, 1-year mortality was 
more than 40% in groups of patients with serious injury (defined using ICISS score), 
or with high degree of comorbidity or functional decline [10]. These results highlight 
the add-on effect of comorbidities and functional status on mortality.

Postoperative complications are more frequent in older adults than in younger 
patients. They are estimated between 16% and 50% in patients of 80 years and older 
[11]. Older adults undergoing emergency procedures have higher complication rates 
than those undergoing elective surgery [12]. The most frequent complications are 
bleeding requiring transfusions, pneumonia, myocardial infarction, wound infec-
tions, sepsis, and respiratory failure [8]. Since occurrence of postoperative complica-
tions is a known factor influencing mortality [9], prevention, quick screening, and 
treatment are major challenges to optimize short- and long-term mortality.

Postoperative care is therefore a key factor that influences outcome. As an 
 example, we shall use hip fracture surgery to illustrate this point.

 S. Thietart et al.



541 34

34.2  Hip Fracture Surgery

Hip fracture is a common and serious injury, with an annual worldwide incidence of 
1.6 million [13]. It is responsible for a high mortality and morbidity rate. According 
to studies, 6-month mortality rate varies from 13% to 23%, and 13% of patients need 
a total assistance to walk 6 months after surgery [10, 14]. Considering all factors 
encountered during hip fracture perioperative period in older patients, we recently 
showed that baseline characteristics could explain 62.4% of 6-month mortality, peri-
operative factors 12.3% and severe postoperative complications 11.9% [15]. Thus, 
optimization of care pathways, prevention, and management of complications are 
cornerstones of hip fracture management.

34.2.1  Orthogeriatric Care: Improving Hip Fracture Outcomes

Most postoperative complications are identifiable and reversible. Prevention, early 
screening, and quick treatment could ameliorate outcome of patients after hip frac-
ture surgery. The aims of postoperative care management are detailed in 7 Box 34.1.

Box 34.1 Goals of Treatment of the Orthogeriatric Care Models
Immediate management

Early mobilization: armchair within 24 h and walking within 48 h
Pain management: emphasize on regional anesthesia, prescribe morphine and 

acetaminophen
Prevention and detection of  delirium: avoid benzodiazepine withdrawal, regular 

screening using the confusion assessment method scale
Detect and prevent stool impaction and urinary retention
Pressure ulcer prevention: detect high risk patients using Braden scale, nutrition, 

and use air-filled mattresses if  needed
Aspiration pneumonia prevention: screen for swallowing disorders and adapt 

food texture
Detection of  anemia and acute kidney injury and correction

Intermediate management
Identify etiology of  the fall (often multiple):
z Search for predisposing factor(s)
z Search for triggering factor(s)
Evaluate the patient’s prescription:
z  Initiate and titrate disease-modifying therapy according to patient 

 comorbidities
z Evaluate risk/benefit of  each medication
z Remove medication which increases risk of  falls
z Remove inappropriate medication according to Beer’s Criteria [16].
Treatment of  malnutrition: nutritionist follow-up
Intensive physiotherapy and rehabilitation
Initiate and titrate disease-modifying therapy according to comorbidities
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Predischarge and long-term management
Organize an evaluation by a social worker if  needed
Elaborate a discharge plan:
z Correct selection of  discharge setting: recovery unit or at home
z Increase help at home permanently or temporarily
z Organize follow-up of  patient
Adapt environment at home
Give to patient and family recommendations about mobilization, nutrition, and 

medication
Prevent early readmission

34.2.1.1  Models of Orthogeriatric Interventions
Models of combined care, integrating both medical and surgical care, have been pro-
posed [17]. These models vary from orthopedic care with geriatric consultation to 
integrated comprehensive orthogeriatric models, as shown in . Fig. 34.1.

Model 1: Routine Orthogeriatric Consultation Models In this model, the care takes place 
in the orthopedic ward, where surgeons are in charge of their treatment. A systematic 
daily geriatric consultation is performed, sometimes associated with physiotherapists, 
social workers, and nurses experienced in geriatrics. The main limitation of this model 
is the absence of control of adherence of the orthopedic team on following the geriatri-
cian’s recommendations, which varies between 57% and 77% [18, 19].

Model 2: Postoperative Geriatric Ward Models The care takes place in the geriatric 
ward, with the surgeon doing punctual consultations [20]. Geriatricians working in this 
ward have an expertise in orthopedic postoperative care.

Daily geriatric consulta�on

Orthopedic ward

Hip fracture 
surgeryHip fracture

Emergency 
ward

Emergency 
ward

Emergency 
ward

Post-opera�ve geriatric ward

Orthogeriatric ward

Discharge at home or
rehabilita�on center

Punctual orthopedic consulta�on

Model 1

Model 2

Model 3

Orthopedic 
ward

       . Fig. 34.1 The three models of  orthogeriatric interventions
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Model 3: Comprehensive Shared Orthogeriatric Models In this model, the patient is 
hospitalized in a specific ward with both orthopedic surgeons and geriatricians [21]. 
Both protagonists share responsibility on the patient’s care [22].

34.2.1.2  Outcome After Integrated Orthogeriatric Care
Many studies evaluating orthogeriatric models have been published, with hetero-
geneous results. This heterogeneity is due to the variability in the evaluated ortho-
geriatric model, the differences in patient characteristics, outcome, and in the 
method of  randomization. Most studies are described as having a high risk of  bias 
[23]. A systematic review evaluating the three orthogeriatric models was limited by 
the high variability between the different studies [17]. In this meta-analysis, rou-
tine geriatric consultation did not significantly reduce in-hospital and long-term 
mortality, nor time to surgery, although length of  hospital stay was shorter. The 
geriatric ward model had a shorter length of  stay, but the high variability of  the 
studies made analysis on mortality impossible [17]. Therefore, there is insufficient 
data to robustly conclude whether these orthogeriatric interventions globally 
impact outcome. However, it is possible that some models may be more efficient 
than others, as some models have shown decreased long-term mortality and mor-
bidity [20, 24, 25].

34.2.1.3  Which Is the Best Model?
It is unclear which is the best model, as few studies have compared the models 
between them.

Clinical trials evaluating routine orthogeriatric consultation models did not result 
in a significant reduction of postoperative mortality or morbidity [19, 26]. However 
this model could decrease incidence of postoperative delirium and cognitive decline 
[18, 27].

The postoperative geriatric care model has shown that it ameliorated mobility 
4 months after hip surgery (using short physical performance battery) in a random-
ized trial comparing it with hospitalization in an orthopedic ward [28]. In a prospec-
tive study of 203 patients with hip fracture hospitalized in a postoperative geriatric 
ward, 6-month mortality was decreased by 40%, 6-month readmission decreased by 
50%, and proportion of patients who lost ability to walk decreased by 70%, in com-
parison with 131 patients hospitalized in an orthopedic ward [20]. To finish, a meta- 
analysis evaluating the effect of implementing the postoperative geriatric model on 
1072 patients found that it reduced mortality risk with an odds ratio of 0.62 (95% 
confidence interval 0.48–0.80) [25].

The comprehensive integrated orthogeriatric care model seems more efficient 
than the orthogeriatric consultation model [29]. It has been shown that this model 
decreases time to surgery (an important factor influencing outcome), length of hos-
pital stay, and incidence of complications [30]. Middleton et al. compared a consult-
ing geriatrician model with a comprehensive orthogeriatric ward model and found 
that the orthogeriatric intervention decreased 30-day mortality by 22% and length of 
stay by 23% [24].
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34.2.2  Postoperative Geriatric Complications

Medical complications occur more frequently than surgical complications: Three to 
five complications will occur in older patients hospitalized for hip fracture surgery, 
whereas surgical revision or infection will occur in less than 2% of patients [15].

 z Delirium
Delirium incidence greatly varies according to methodology. In older patients under-
going hip fracture surgery, delirium occurs in 30–40% of patients aged 75 years and 
older [31]. Postoperative delirium is independently associated with 6-month mortal-
ity, and each additional day with postoperative delirium is associated with increased 
mortality [31]. Postoperative delirium is also associated with morbidity, longer length 
of hospital stay, increased risk of postoperative cognitive disorders, and limitations 
in activities of daily living [3, 11].

In order to prevent poor outcome, early screening by using the Confusion 
Assessment Method several times daily and immediate treatment are key features of 
postoperative care [3, 32]. A clinical trial evaluating the effect of a multicomponent 
intervention to prevent delirium in 426 hospitalized patients with a mean age of 
80 years showed a decreased risk of delirium with an odds ratio of 0.60 (95% CI 
0.39–0.92). Although this trial was not performed specifically in postoperative 
patients, one could also use this intervention after hip fracture surgery [33]. To help 
the clinician, guidelines on prevention and treatment of postoperative delirium have 
been published by the European Society of Anaesthesiology [3].

 z Loss of Functional Status
Prevention of loss of functional ability should be a priority when managing hospital-
ized older patients. It is a frequent (almost systematic) severe and costly complication 
and is highly related to previous functional status. Patients which suffer postopera-
tive functional decline have higher rates of hospital readmission, length of stay, and 
live less often at home 30 days after the procedure [11]. Among patients who were 
independent before the fracture, only 66% required help in at least one activity of 
daily living 1 year after the fracture [34].

The most crucial interventions to prevent loss of functional status are to allow 
early mobilization and walking recovery after surgery. This should be performed 
daily and involves patients, physicians, nurses, and physiotherapists. Early mobiliza-
tion is part of the enhanced recovery after surgery protocol, which is a multimodal, 
multidisciplinary approach that is shown to decrease length of stay, complications, 
readmission rates, and costs [35, 36]. Then, one must optimize anemia, hydration, 
and pain management and adapt medication in order to prevent orthostatic hypoten-
sion or other drug-related complications.

 z Pain Management
Pain can be underdiagnosed, as some patients will not spontaneously declare it. 
Communication disorders due to cognitive impairment, deafness, aphasia, or dysar-
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thria are barriers to detecting pain. Poor pain management is associated with 
increased risk of delirium and slower recovery [37]. Postoperative pain management 
should emphasize on regional anesthesia, multimodal analgesia including non- 
pharmacological measures, cautious morphine administration, and acetaminophen 
[38]. No association has been found between morphine consumption and postopera-
tive delirium, even among patients with preoperative dementia [39].

 z Other Complications
Constipation can result in paralytic ileus and fecal impaction, resulting in nausea and 
vomiting. It occurs in up to 40% of patients after hip fracture surgery [40]. It is asso-
ciated with poor outcome after hip fracture surgery. Postoperative urinary retention 
is a risk factor of delirium and occurs in 25% of patients undergoing hip fracture 
surgery [40].

Pressure ulcers are frequent after hip fracture surgery and can occur in up to 12% 
of patients [41]. They occur particularly among patients with low albumin levels and 
with comorbidities. Pressure ulcers were associated with higher risk of 6-month mor-
tality [41].

34.3  Generalization of the Postoperative Geriatric Model: 
An Unmet Need

The use of a geriatric model of care in postoperative situations is recommended by 
the guidelines from American, Australian, English, French, Irish, and New Zealand 
societies [38, 42–47].

According to their complexity, management of older patients must be based on a 
structured care pathway: from the emergency room, to operating room, postopera-
tive unit, and rehabilitation unit, with close collaboration for management of comor-
bidities, complications, and treatments. Efforts should be made in order to generalize 
the orthogeriatric postoperative model to other types of surgery, such as cardiac, 
abdominal, or urological surgery. Bundles of care including preoperative, intraopera-
tive, and postoperative care for urgent abdominal surgery are under evaluation [48]. 
Use of enhanced recovery after surgery programs after colorectal surgery in older 
patients decreased incidence of postoperative complications, duration of hospital 
stay, and hospital costs [36, 49]. However these programs did not include a systematic 
geriatric expertise.

 Conclusion
To conclude, older patients often undergo urgent surgery. Postoperative complications 
are frequent but are often easily identifiable and reversible. The use of postoperative 
orthogeriatric care models in orthopedic surgery has proven efficacy in decreasing 
mortality, complications, and length of stay and ameliorating mobility. There is a need 
to generalize postoperative care models to other kinds of surgery where incidence of 
complications and mortality is high.
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 Practical Implications

Clinicians should be aware that urgent surgery among older patients is burdened with 
a high risk of complications and death. This knowledge implies that:
 1. Early screening of postoperative complications using: daily evaluation of delirium 

using the Confusion Assessment Method, regular pain evaluation, close monitor-
ing of hemoglobin level, kidney function, acute cardiac failure, constipation, uri-
nary retention, and aspiration pneumonia.

 2. Early rehabilitation should be performed in order to prevent loss of functional 
status.

 3. Caregivers of all specialties should acknowledge patient comorbidities and poly-
pharmacy, decide on continuing or temporarily discontinuing medication, and pre-
cociously evaluate the risk/benefit of all medication.

 4. After hip fracture surgery, patient care should take place in a postoperative geriat-
ric ward or in a comprehensive orthogeriatric ward.

 5. Postoperative geriatric wards for other kinds of surgery are missing, and there is a 
need for creating and organizing such structures.

 6. For other kinds of urgent surgery, patients should benefit of recovery programs 
and geriatric expertise, either with regular geriatric consultations or by transferring 
the patient in a geriatric ward.

Take-Home Messages
 5 At least 40% of  patients undergoing surgery are 65 years old or over. Among 

those performed after the age of  90 years, at least 70% are emergency procedures.
 5 Postoperative mortality and complications are high after urgent surgery in the 

geriatric population.
 5 The main postoperative geriatric complications are: delirium, loss of  functional 

status, pain, constipation, urinary retention, and pressure ulcers. These complica-
tions are associated with an increased risk of  mortality and a longer length of 
stay.

 5 Some postoperative orthogeriatric care models decrease mortality and morbidity.
 5 There is a need to generalize the postoperative geriatric care models to other 

kinds of  surgery.
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 n Learning Objectives
 5 Learn the relevance of delirium in terms of epidemiology, prognosis, and mortality, 

particularly after hospital admission and during the intensive care unit (ICU) stay
 5 Understand the pathophysiological basis of delirium, including the importance of 

risk and precipitant factors
 5 Recognize the clinical features of delirium, especially on elderly, and the major dif-

ferential diagnoses
 5 Appropriately investigate the causes of delirium and identify specific treatments
 5 Learn the differences between nonpharmacologic and pharmacologic management 

of delirium

35.1   Introduction

Delirium represents a common medical condition which affects the old and very old 
patient in a hospital setting, particularly with cognitive impairment. It is charac-
terized by disorganized thinking, inattention, and an altered level of consciousness. 
Delirium shows a fluctuating course during the acute phase. It might be underdi-
agnosed, due to the variability of its clinical features. In fact, it can manifest as an 
overactive or as an underactive form. Physicians could also observe a mixed form.

The onset of a confusional state in hospitalized older people is derived by the 
interruption of their daily routine, environmental modifications, and loss of orienta-
tion. Sleep deprivation, untreated pain, drugs, and medical devices, including blad-
der catheters, are precipitating factors for delirium.

Considering the complicated assessment of all risk and precipitating factors and 
the consequent delay of its resolution, delirium can lead to a longer stay and a higher 
risk of mortality [1], particularly on ICU.

Preventing delirium should be a fundamental goal for clinicians who approach 
this issue. Early mobilization, reduction of physical restraints, use of hearing and 
visual aids, and environmental actions to avoid sleep deprivation could represent 
some strategies in the nonpharmacological management of delirium.

Pain assessment is an important step in the process of care. Finally, treatment 
with neuroleptic drugs is often mandatory in the acute phase of delirium.

35.2   Definition and Classification

Delirium could be imagined as a cerebral insufficiency, with a fluctuating course, that 
occurred to people affected by an acute clinical illness, especially with cognitive disorders.

According to fifth edition of the Statistical Manual of Mental Disorders (DSM-5), 
delirium is based on:

 5 Disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift 
attention) and awareness (reduced orientation to the environment). The distur-
bance develops over a short period of time (usually hours to few days), represents 
an acute change from baseline attention and awareness, and tends to fluctuate 
during the course of a day.

 5 An additional disturbance in cognition (e.g., memory deficit, disorientation, lan-
guage, visuospatial ability, or perception).

 S. Giovannini et al.



553 35

The disturbances are not better explained by another preexisting, established, 
or evolving neurocognitive disorder and do not occur in the context of a severely 
reduced level of arousal, such as coma.

There is evidence from the history, physical examination, or laboratory findings 
that the disturbance is a direct consequence of a medical condition.

Delirious patients also present behavioral disorders. Although not essential crite-
ria for the diagnosis of delirium, psychomotor activities, emotional disturbances, 
and sleep interruption are common features of a confusional state. The two delirium 
phenotypes are the hyperactive patient and the hypoactive one [2].

The hyperactive delirious patient shows euphoria and agitation, with psychomo-
tor manifestations. He is not collaborating and does not respond easily to medica-
tions. This kind of confusional state is associated with hospitalization, environmental 
modification, untreated pain, and medical devices.

The hypoactive delirious patient tends to exhibit lowers levels of attention, even 
if  he is awake. It is usual to see daytime sleepiness. The typical trait is the exhausted 
ability to react to external stimuli. Hypoactive delirium derives from an acute illness. 
It does not require medications, but the management of the underlying acute disease 
is fundamental for the resolution of delirium, especially because this form of confu-
sional state is associated with higher risk of mortality.

The mixed form includes both positive and negative symptoms. Emotional mani-
festations concern hallucinations, fear, and delusions.

35.3   Epidemiology

Confusional states are mainly observed during hospitalization. Delirium determines a 
longer stay than usual and consequent increase of the costs [3]. Potentially, all hospi-
talized patients present high risk of delirium, especially after surgery [4]. Among very 
old patients admitted at hospital, one third of them might develop confusion during 
the stay. The incidence of delirium on elderly changes from 25% after major elec-
tive surgery to 50% after hip fracture repairing surgery or other high-risk procedures 
[2]. Approximately, 10–15% of older persons presenting to emergency departments 
manifest delirium in association to the main illness [5]. The rate of delirium mostly 
increases in the intensive care unit (ICU), and this issue often persists during the ICU 
stay [6]. Moreover, delirium in the ICU is associated with worse short-term outcomes 
[7] and three-times increased risk of death both during and after the ICU stay [8].

About long-term care, such as post-acute and end-of-life care settings, in which 
the majority of patients are frail, delirium is a frequent and very frequent complica-
tion, respectively.

35.4   Pathogenesis

The pathophysiology of delirium is partially clear, but there are some theories con-
cerning the etiology of this issue. We can explain how delirium develops with three 
mechanisms: alteration in neurotransmission, inflammation, and the connection 
between risk and precipitating factors.
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Neurotransmitters act both on subcortical and cortical brain areas. Neuroimaging 
and somatosensory evoked potentials have shown the role of subcortical zones (such 
as pontine reticular formation, basal ganglia, and thalamus) in the onset of confu-
sional state. In fact, attention and arousal are mediated by truncus encephali. 
Moreover, persons affected by clinical conditions associated with lesions on subcorti-
cal areas, like Parkinson disease or subcortical stroke, are susceptible for delirium. 
On the other side, electroencephalography (EEG) shows that delirium is associated 
with altered cortical function, that is, the slowdown of the dominant alpha rhythm 
and the onset of slow-wave activity, which is not physiological. Attention is governed 
by cortical functions, particularly in the frontal lobes. Thus, we can suppose that 
delirious patients with inattention might have altered pathways on these regions.

Acetylcholine seems to participate in the pathogenesis of delirium. We know how 
this neurotransmitter plays a fundamental role in Alzheimer disease, in which there 
is loss of cholinergic neurons. Some neuroleptic and cardiovascular medications, 
such as clozapine, olanzapine, and atropine, exhibit anticholinergic activity; at thera-
peutic doses, their serum concentration on elderly is likely to increase [9]. These con-
siderations might explain why polymedicated older people affected by Alzheimer 
disease are at high risk to manifest delirium. Moreover, in some precipitating condi-
tions for delirium, such as hypoxia and hypoglycemia, the acetylcholine synthesis 
decreases. Nevertheless, anticholinergic inhibitors do not prevent delirium [10].

The altered serum concentrations of other neurotransmitter, such as dopamine, 
gamma-aminobutyric acid (GABA), glutamate, melatonin, somatostatin, endor-
phins, serotonin, histamine, and norepinephrine, have been seen. Drugs that act 
against these molecules can develop delirium-like symptoms. The most described 
pathophysiological mechanisms for these neurotransmitters are: increased synthesis 
of dopamine, glutamate, or norepinephrine; reduced melatonin availability; and 
excess or deficiency, depending on symptoms presentation, of GABA, serotonin, and 
histamine concentration [11].

None of these altered pathways might develop the clinical manifestation of delir-
ium alone. It is more reasonable that more than one abnormal mechanism is involved 
in the pathogenesis of delirium.

Inflammation develops in specific clinical situations, such as infections, cancer, 
surgery, or after falls. The interleukins and tumor necrosis factor-alpha levels increase 
during the onset of delirium, especially with hyperactive forms. Moreover, inflamma-
tion may alter the blood-brain barrier, and consequently it can promote the activity 
of cytokines and drugs on central nervous system.

Different clinical factors can participate in the pathogenesis of confusional states. 
At first, we must consider those risk factors (7 Box 35.1) which expose patients to 
major vulnerability. The most common chronic diseases associated with delirium are 
dementia, other cerebral disorders, and advanced cancer. Among acute illnesses, we 
must mention stroke, hip fracture, and dehydration. Depression, drugs, and alcohol 
addiction represent other risk factors for confusional states. Advanced age, if  inter-
ested with multimorbidity and polypharmacy, makes a person more prone to compli-
cations. Malnutrition and sarcopenia can worsen the functional state. Generally, frail 
people present reduced tolerance to exogenous factors, which determines adverse 
health outcomes, including delirium.

Risk factors, if  connected with precipitating factors, cause the onset of delirium. 
In 7 Box 35.2 we can mention all the recognized precipitating factors among very 
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older people, both out or during the hospital stay. Drugs represent the most common 
reason for the onset of delirium. Antipsychotics are effective in the resolution of 
acute psychomotor disorders, but they can also increase the risk of delirium. Sedative- 
hypnotics, skeletal muscle relaxers, and opioids can cause confusional states. 
Generally, the risk of delirium increases as much as the number of prescribed medi-
cations augments. Among acute disorders, we can include fever, infections, heart fail-
ure, hypoxemia, and electrolyte disorders. If  pain is untreated or undertreated, it 
might precipitate delirium. Hospitalization exposes to alteration in daily routine, 
particularly for people with reduced autonomy and cognitive impairment. 
Environmental modifications are fundamental in the onset of delirium. Sharing 
room with other patients and sleep deprivation should be considered. Finally, but not 
less important, physical restraints and all medical devices, such as urinary catheters, 
nasogastric tubes, central and peripheral venous catheters, oxygen devices, and tra-
cheostomy, precipitate delirium.

Box 35.1 Risk Factors for Delirium
Aging
Cerebral disorders
Dementia
Brain cancer
Stroke
Multimorbidity
Polypharmacy
Reduced functional state
Malnutrition
Sarcopenia
Frailty
Advanced cancer
Hip fracture
Dehydration
Depression
Drugs or alcohol addiction

Box 35.2 Precipitating Factors for Delirium on Very Old Patient
Drugs

Analgesics (opioids, NSAIDs)
Antibiotics and antivirals (cephalo-

sporins, penicillins, fluoroquinolones, 
linezolid, metronidazole, aminoglyco-
sides, isoniazid, rifampin, sulfonamides, 
acyclovir)

Anticonvulsants (carbamazepine, 
levetiracetam, phenytoin, valproate)

Antidepressants (mirtazapine, selec-
tive serotonin reuptake inhibitors, tricy-
clic antidepressants)

Antihistamines
Antipsychotics
Cardiovascular drugs (atropine, beta 

blockers, antiarrhythmics, clonidine, 
digoxin, diuretics)

Corticosteroids
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Diphenhydramine
Dopamine agonists (levodopa, prami-

pexole, ropinirole, amantadine)
Gastrointestinal drugs (antiemetics, 

loperamide, scopolamine, histamine-2 
receptor blockers)

Hypoglycemics
Sedative-hypnotics (barbiturates, 

benzodiazepines)
Skeletal muscle relaxers
Other drugs (lithium, disulfiram, phe-

nothiazines, cholinesterase inhibitors)
Drugs side effects
Hyperammonemia from valproic acid
Serotonin syndrome
Drugs of abuse and poisons
Ethanol
Hallucinogens
Heroin
Others (carbon monoxide, methanol, 

ethylene glycol)
Pain
Fever
Infections
Pneumonia
Urinary tract infections
Sepsis

Encephalitis
Meningitis
Abdominal infections
Hypoxemia
Electrolyte disorders
Hypoglycemia
Hypovolemia
Myocardial infarction
Acute organ failure
Head injury
Major trauma
Hospitalization
Hip surgery
Major surgery
Environmental modifications
Sleep deprivation
Physical restraints
Medical devices
Urinary catheters
Peripheral venous catheters
Central venous catheters
Nasogastric tubes
Oxygen devices
Tracheostomy
Monitoring devices
Urinary retention
Fecal impaction

35.5   Clinical Presentation

The diagnosis of  delirium is not self-evident, due to the complex variety of presenta-
tion, as it can manifest in different ways, and often requires an experienced clinician. 
Among younger people, an underlying illness is more likely to be found; on elderly, 
an acute disease might not manifest itself  except for behavioral disorders. As dis-
cussed before, delirium can manifest with hypoactive or hyperactive form [12]. The 
first one is the most common phenotype on very old people, and it is characterized 
by lethargy, inability to be alert when awake, and reduced psychomotor functions. 
These alterations can be confused with depressed mood or fatigue; for this reason, 
it is often not recognized. On the other side, the hyperactive form manifests itself  
with symptoms of agitation, increased alertness, and often hallucinations. Moreover, 
patients may fluctuate from the hypoactive to the hyperactive phenotype (mixed 
motor type). The mixed form represents a critical diagnostic challenge for physician, 
to differentiate it from psychotic illnesses and mood disorders. The hallmarks of 
delirium are the acute onset and the disturbance of attention. One of the first mani-
festations of delirium is an altered level of  consciousness and the inability to main-
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tain attention (e.g., easy distractibility). However, assessing the delirious patient’s 
attention is not simple, especially if  the cognitive status before the acute event is 
unknown. The role of caregivers is often necessary, to assess what the patient’s func-
tional level was before delirium has started. The onset of this confusional state is 
generally abrupt, occurring within hours or days. A critical aspect is the fluctuating 
course, with symptoms having significant variations within 24 hours, with alternat-
ing moments of lucidity and severe exacerbation of delirium. The worst moments 
for the onset of symptoms are the evening or nighttime hours, while during daily 
hours a normal and lucid state is typical. These fluctuations do not help the clinician 
during the assessment of delirium. A delirious patient also shows easily distraction, 
fails to perform complex tasks, and does not follow the thread of a conversation. He 
may present with disorganization of thought, which evolve into non-fluent, incoher-
ent, and disorganized speech. Other signs might include temporospatial disorienta-
tion, memory alterations, psychomotor agitation, perceptual alterations, sleep-wake 
cycle alterations, and emotional instability. Perceptual alterations might be visual, 
auditory, or somatosensory hallucinations, with little insight or misinterpretations 
of objects or people (i.e., mistaking one person or an object for another). Delirium 
can be often preceded by a prodromal phase, including easy irritability, mood altera-
tions, restlessness, alterations in sleep-wake rhythm, and hypersensitivity to sound 
or light.

35.6   Diagnosis

Detecting the clinical history of delirium is fundamental in the process of diagnosis. 
During the first evaluation, preexisting cognitive status and changes of mental status 
must be investigated. It is critical to search for a possible cause of delirium and evaluate 
every acute reported symptom, such as pain or dysuria. It is important to investigate 
those symptoms/signs appeared during the last hours or days, medications or their 
recent changes, and the previous history, evaluating any previous episode and comor-
bidities. In an estimated 70% of cases, the clinician does not recognize delirium. The 
diagnosis of delirium is primarily clinical, and it is often difficult to do a history col-
lection and a careful cognitive assessment. Evaluation scales might help on this phase.

35.6.1  Physical Examination

The physical examination will investigate any detectable causes, such as signs of 
infection, dehydration, focal neurologic changes, or thermal changes. It may be com-
plex to make a completely objective assessment in a patient who is poorly cooper-
ating. Furthermore, it is important to pay attention on the physiological changes 
among elderly, which might alter the clinical presentation of common diseases. Some 
examples are infections, such as sepsis, which can manifest with a temperature lower 
than 38.5°, acute coronary syndrome that might arise without chest pain, or pneu-
monia with any auscultatory or radiographic changes. Moreover, older persons with 
delirium are unable to report pain. Neurological objective examination, although it 
may be altered and tainted by the presence of inattention and altered consciousness, 
may reveal focal neurological signs of new onset, such as cranial nerve or visual field 
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alterations, or multisegmental disorders, such as myoclonus or tremor. Some specific 
signs, such as multifocal myoclonus, asterixis, or postural action tremor, are usually 
associated with a metabolic/toxic cause of delirium.

35.6.2  Evaluation Scales

In order to obtain a correct diagnosis, the various aspects of delirium must be consid-
ered. For this purpose, the use of evaluation scales can be helpful. There are several 
assessment scales, both for identification of delirium and identification of its sever-
ity. Among identification scales, the most known one is the Confusion Assessment 
Method (CAM) [13], of which some variants have been validated depending on the 
setting where it is performed (e.g., CAM-ICU in the intensive care unit, CAM- ED 
and B-CAM in emergency rooms, and NH-CAM in nursing homes). The 3D-CAM 
takes 3 min to perform it and evaluates the cardinal and accessory clinical features 
of delirium. Another quick and simple test is the 4AT scale that is based on four 
items, and its purpose is to identify the presence of delirium. Tools for assessing the 
severity of delirium include the Delirium Index, the Memorial Delirium Assessment 
Scale, and the Delirium Rating Scale. Each scale has strengths and limitations, so it 
is important that the choice of a scale is made by experienced clinicians.

35.6.3  Searching for Precipitating Factors

As part of the initial evaluation of a patient with delirium, it is critical to search 
potential causes of delirium. It is important to identify life-threatening conditions 
and exclude confounding factors or possible alternative diagnoses. The most com-
mon causes of delirium are postoperative status, infections (e.g., respiratory inflam-
mation, urinary tract infection), pain syndromes, alterations in hydro-electrolyte 
balance, metabolic disorders (e.g., hypoglycemia, uremia, liver failure), hypoperfu-
sion states such as shock, and withdrawal or toxicity of certain medications.

35.6.4  Laboratory and Instrumental Tests

Nowadays, there is no specific diagnostic test for delirium. The choice to perform 
specific tests depends on clinical picture. They might be useful to identify the under-
lying cause of delirium. We can mention some common laboratory and instrumental 
tests, usually performed to achieve the diagnosis of the underlying illness: complete 
blood count; renal, liver, and pancreatic function; serum electrolytes; blood glucose; 
inflammatory markers; chest x-ray; electrocardiogram (EKG); urinalysis; and arte-
rial blood gas test. Culture tests should be requested only in the suspicion of an 
ongoing infectious state. Other blood tests should be considered patient by patient, 
and they might include vitamins (e.g., B12), thyroid and adrenal hormones, blood 
ammonium, plasma drug assays, and screening for specific infectious diseases (e.g., 
syphilis). In selected cases, such as a patient with febrile delirium or neurologic signs, 
some tests like brain imaging, lumbar puncture, or electroencephalogram (EEG) 
might be performed.
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35.7   Differential Diagnosis

It is not easy to differentiate a chronic confusional state, as dementia can be, from 
delirium alone or delirium superimposed on dementia. However, delirium differs 
from dementia in some clinical features (. Table 35.1). Cognitive impairment has a 
more progressive and insidious onset, where fluctuations are, if  present, very nuanced. 
The Lewy body dementia has more pronounced fluctuations in attention, but visual 
hallucinations (especially animal images) are more frequent and typical. Some psy-
chiatric disorders might enter in differential diagnosis with delirium, such as acute 
psychosis or depressive disorder. A particular phenomenon, still poorly understood, 
is sundowning, typical of patients with dementia, in which the deterioration occurs 
in the evening hours and it can be confused with delirium.

35.8   Prevention

Prevention is a fundamental aspect to avoid the onset of delirium, particularly for 
very old people, admitted on hospital setting. A wide set of nonpharmacologic 
measures and individualized approaches might reduce the risk of confusional state. 
These strategies aim to provide supportive and regenerative care, prevent cognitive 
and physical decline, and minimize or eliminate precipitating factors. Some of the 
interventions that can help to reduce the risk of delirium are descripted below, and 
they can be applied also during the ICU stay.

Several procedures are specific to hospitalized patients which include reducing the 
length of stay in the emergency room, preventing falls in patients with a reduced 
functional state, and creating specialized spaces for hospitalized patients with delir-

       . Table 35.1 Main clinical differences between delirium and dementia

Delirium Dementia

Onset Acute (hour/days)a Progressive, insidious (months/years)

Attention Impaired (fluctuating)a Stable

Orientation Impaired (but fluctuating) Normal until late stage (less fluctuating)

Course in a 
day

Fluctuating No major changes

Consciousness Variable, from lethargic to 
hyperalert

Normal until late stage

Hallucination Visual (auditory) Sometimes

Memory Impaired commonly Prominent impairment

Speech Disorganized, illogical, incoherent Aphasia, anomia

Delusions Common Common

aHallmark of  delirium
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ium (delirium room). Furthermore, the activation of geriatric counseling in some 
contexts (e.g., postoperative states after hip fracture surgery) could be important in 
the process of recovery. No medications have shown to prevent delirium. Currently, 
several classes of drugs could be effective in preventing delirium. Some of these 
include antipsychotics, dexmedetomidine, melatonin and melatonin agonists, gaba-
pentinoids, and cholinesterase inhibitors. Nevertheless, we suggest focusing on mul-
ticomponent, nonpharmacologic interventions to modify risk factors and reduce the 
incidence of delirium [14].

 Practical Implications

To prevent delirium, we can suggest some strategies:
 5 Try to avoid exposure to some instrumental devices that may contribute to the 

development of delirium (e.g., indwelling bladder catheters)
 5 Remove precipitating factors, physical restraints, indwelling catheter, conditions of 

impaired visual or auditory function, and treat pain as soon as possible
 5 Limit immobilization as much as possible (as in postoperative bedding), encourag-

ing early mobilization (even from the first postoperative day), with the activation of 
motor rehabilitation services

 5 Limit sleep deprivation and promote physiological sleep, particularly in hospital-
ized patients, by limiting medical and nursing interventions at night and reducing 
noise and any source of sleep disturbance

 5 Avoid or monitor closely categories of drugs or substances that may facilitate the 
onset of delirium (e.g., benzodiazepines, opioids, antidepressants, dopamine ago-
nists)

 5 Ensure adequate hydration
 5 Promote moderate cognitive stimulation through regular family visits, especially 

for patients with cognitive impairment (but overstimulation is not recommended)
 5 Use reorientation procedures, such as providing tools like clocks and calendars
 5 Ensure the availability and easy access to non-threatening personal effects

35.9   Management

The management of delirium consists into two main components that happen simul-
taneously: supportive therapy and assessment of the underlying cause.

35.9.1  Etiological Treatment

Once the potential cause of delirium is identified, therapy is needed. The treatment 
of the underlying condition might be pharmacologic or nonpharmacologic, and that 
is specific to each hypothesized cause, such as analgesics for pain, antibiotic therapy 
for infections, fluid replacement for dehydration, drug removal, or antidote for drug 
toxicity.
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35.9.2  Supportive Therapy: Nonpharmacological Treatment

Nonpharmacologic treatment is the first-line choice in the management of  delir-
ium itself. This type of  intervention includes reorientation and behavioral prac-
tices, for example, allowing as soon as possible family members to be close to 
the patient, or showing calendars, clocks, objects from the patient’s home. It is 
important that the patient with hearing or visual impairments has hearing aids or 
glasses. Communication with the delirious patients is also critical: reassure and 
calm them, attempt reorientation, and explain where they are and what is happen-
ing. These patients could be able to appreciate specific aspects of  the communica-
tion: a calmly and quietly speech, nonverbal language, sitting close to the patient, 
maintaining eye contact, smiling, and appearing friendly. On the other hand, 
superficial, hostile, hasty, heedless, or surly attitudes will most likely be counter-
productive. Temporary use of  physical restraints is allowed if  they are the only 
available way to ensure the patient’s safety. Therefore, it is advisable to promote the 
patient’s mobility and autonomy as much as possible, reducing bedridden time and 
placing personal belongings. Other relevant factors to consider are good ambient 
illumination, preferably natural, during  daylight hours, whereas it is important to 
limit light sources and noise during nighttime hours. Other strategies to improve 
sleep quality in a nonpharmacological way are music and bright light therapy. To 
achieve these objectives, “delirium rooms” are increasingly common and specifi-
cally created for this type of  patient. Although there are conflicting data, it seems 
that nonpharmacological interventions can reduce the duration and occurrence of 
delirium [14, 15].

35.9.3  Supportive Therapy: Pharmacological Treatment

Pharmacologic management is based on symptomatic treatments (. Table  35.2). 
Drugs need to be administered in the hyperactive delirium. On hypoactive delirious 
patients, there is no agreement on the use of antipsychotics or psychostimulants.

kAntipsychotic Medications
The use of these medications for the treatment of delirium is off-label. This class 
of drugs is effective in delirium and psychomotor agitation to prevent the patient 
from harming themselves. The most frequently used drug is haloperidol [16], which 
can be administered orally or parenterally, either intramuscularly or intravenously; 
however, the latter is to be reserved in patients in whom the rapid onset of drug 
effect is required, paying attention to the risk of polymorphic ventricular tachycardia 
and sudden death. The initial haloperidol dose must be low (0.25–10.5 mg), repeat-
able every 30 min, until sedation is achieved or up to a maximum of 5 mg per day. 
However, older patients never treated with antipsychotic treatment require a maxi-
mum initial daily dosage of 3–5  mg. A maintenance dose, corresponding to half  
of the loading dose, should be administered in the course of the next 24 h. Then, it 
might be scaled up over the next 48 h as agitation resolves.

Continuous or prophylactic administration of haloperidol is not advisable. In 
any case, the time of haloperidol administration should be as short as possible 

Delirium



562

35

       . Table 35.2 Main antipsychotic medications for delirium in older adults

Phar-
maco-
logical 
treat-
ment

Dose Mechanism 
of action

Focus on Geriatric 
consider-
ations

Halo-
peridol

PO: Initial 
0.5–0.1 mg (may 
repeat every 
30 min)
IM/IV: 0.125–
0.25 mg (may 
repeat every 
30 min)
Max: 5 mg/day
Maintenance 
dose: Half  
loading dose in 
multiple doses 
over the next 24 h, 
with subsequent 
tapering in 
48–72 h

Blockade of 
brain 
dopamine 
receptor D2

Extrapyramidal syndrome 
(dystonia, dyskinesia, 
parkinsonism, akathisia, 
dysphagia) is dose related
QT prolongation, cardiac 
arrhythmia, and cardiac arrest
Pneumonia
Leukopenia and thrombocyto-
penia
Neuroleptic malignant 
syndrome
Seizures
Glycemic and lipid parameters 
and weight gain
Electrolytes (hyponatremia/
SIADH)
Sexual dysfunction
Hypothermia
Not indicated in Parkinson 
disease and Lewy body dementia

Beers 
criteria: 
High risk 
medication 
(increased 
risk of 
cerebrovas-
cular 
accident, 
cognitive 
decline, and 
mortality)

Ris-
peri-
done

PO: 0.5–1 mg 
every 4 h, max 
2–3 mg/day

Antagonism 
of 5-HT2, 
dopamine-
 D2, alpha 1, 
alpha 2 
adrenergic 
and 
histaminergic 
receptors
Low affinity 
for 5-HT1a, 
5-HT1c, 
5-HT1d and 
dopamine-
D1

Extrapyramidal syndrome 
(dystonia, dyskinesia, 
parkinsonism, akathisia, 
dysphagia) is dose related
QT prolongation, cardiac 
arrhythmia, and cardiac arrest
Pneumonia
Leukopenia and thrombocyto-
penia
Neuroleptic malignant 
syndrome
Angioedema
Glycemic and lipid parameters 
and weight gain
Orthostatic hypotension, 
syncope, falling
Sexual dysfunction
Hypothermia

Beers 
criteria: 
High risk 
medication 
(increased 
risk of 
cerebrovas-
cular 
accident, 
cognitive 
decline, and 
mortality)
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       . Table 35.2 (continued)

Phar-
maco-
logical 
treat-
ment

Dose Mechanism 
of action

Focus on Geriatric 
consider-
ations

Que-
tiapine

PO/nasogastric 
tube: Initial 
12.5–25 mg once/
twice daily. 
Increase gradually 
based on response

Antagonism 
of 5-HT2, 
dopamine-
 D2, alpha 1, 
alpha 2 
adrenergic, 
histaminergic 
receptors, 
dopamine- D1

Extrapyramidal syndrome 
(dystonia, dyskinesia, 
parkinsonism, akathisia, 
dysphagia) is dose related
QT prolongation, cardiac 
arrhythmia, and cardiac arrest
Leukopenia and thrombocyto-
penia
Neuroleptic malignant 
syndrome
Orthostatic hypotension, 
syncope, falling
Sexual dysfunction
Glycemic and lipid parameters 
and weight gain
Anticholinergic syndrome 
(constipation, urinary 
retention, xerostomia, blurred 
vision)

Beers 
criteria: 
High risk 
medication 
(increased 
risk of 
cerebrovas-
cular 
accident, 
cognitive 
decline, and 
mortality)
May be 
used with 
more safety 
in 
Parkinson’s 
disease

Olan-
zapine

PO/IM: 2.5 mg 
once daily

Strong 
antagonism 
of 5-HT2a, 
5-HT2c, 
dopamine-
D1–4, 
histamine 
H1, 
alpha1-
adrenergic 
receptors. 
Moderate 
antagonism 
5-HT3, 
muscarinic 
M1–5

Extrapyramidal syndrome 
(dystonia, dyskinesia, 
parkinsonism, akathisia, 
dysphagia) is dose related
QT prolongation, cardiac 
arrhythmia, and cardiac arrest
Leukopenia and thrombocyto-
penia
Neuroleptic malignant 
syndrome
Orthostatic hypotension, 
syncope, falling
Sexual dysfunction
Glycemic and lipid parameters 
and weight gain
Anticholinergic syndrome 
(constipation, urinary 
retention, xerostomia, blurred 
vision)
Hypersensitivity reactions

Beers 
criteria: 
High risk 
medication 
(increased 
risk of 
cerebrovas-
cular 
accident, 
cognitive 
decline, and 
mortality)
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because of the increased risk of mortality and stroke in patients with dementia. 
Strong antipsychotics, such as haloperidol, expose to an increased risk of extrapyra-
midal effects and acute dystonia. These effects are dose-dependent and occur for 
doses greater than 4–5 mg per day. In addition, especially in elderly patients, this 
drug can accumulate on the body, and side effects can develop with submaximal 
doses. Also, its use in patients with Parkinson’s disease is not recommended. Atypical 
antipsychotics such as quetiapine, risperidone, and olanzapine have been shown to 
have fewer side effects and similar efficacy [17]. However, haloperidol remains the 
most widely used drug because of the greater clinical experience with its use [18]. 
Some evidence, however, seems to indicate that antipsychotics might prolong the 
duration of delirium.

kBenzodiazepines
This class of drugs is not recommended as a first-line therapy for delirium. 
Benzodiazepines, such as lorazepam, have a rapid onset of pharmacologic effects. 
However, they can cause worsening delirium, paradoxical agitation, and excessive 
sedation, particularly on elderly. An exception is delirium caused by alcohol or drug 
withdrawal, seizures, or when antipsychotics are contraindicated. In this case, we 
suggest to consider low-dose lorazepam (0.5 mg). It is important to remember that 
benzodiazepines are chronically used by older patients, and we need to pay attention 
to the risk of withdrawal syndrome when modifying such therapy.

kOthers
Other drugs have been studied in the past, such as cholinesterase inhibitors, propo-
fol, dexmedetomidine, selective serotonin reuptake inhibitors, and clonidine. Studies 
conducted have shown conflicting results, and there is no consensus on their use in 
delirium treatment.

35.9.4  Special Circumstances: End-Life Patients

Delirium in palliative care is common; more than 80% of terminally ill patients develop 
delirium, either in the hyperactive or hypoactive form. It is essential to involve both 
patient and family on establishing the goals of treatments, assessing the needs of the 
patient and his family, and discussing together the intensity and appropriateness of 
possible medical treatments. As already mentioned, the cause of delirium is often 
identifiable and removable, but in some cases, particularly in palliative care settings, 
it may result in the practice of invasive procedures. Nonpharmacological treatment 
is the first-line recommended approach also on these patients [19]. Sedation should 
be considered, but it will affect the interaction with family members. Medications 
used in this context are primarily antipsychotics, especially haloperidol. If  sedation 
is required, lorazepam is the first-line agent, with a starting dose of 0.5–1 mg, either 
orally or parenterally, which is short-acting and easily titrated.
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35.10   Prognosis

Older and very older adults are highly susceptible to worse outcomes from delirium: 
increased risk for mortality, cognitive decline, institutionalization, and prolonged 
hospitalization. Delirium appears to be an independent marker of mortality at 
6–12 months after hospitalization [20]. In addition, delirium sequelae may persist 
for a long time. Some studies have shown that some degree of cognitive dysfunction 
was present even at 12 months, especially if  an underlying cognitive impairment was 
present. Furthermore, although delirium has always been considered a transient and 
reversible condition, in some cases, delirium can persist for a prolonged time, even 
for months, while some studies indicate that about 20% of patients have complete 
 resolution of symptoms within the first few months after the acute event. Finally, a 
clear correlation between the severity of the clinical picture and outcomes has not yet 
been demonstrated. However, a report indicated that patients with severe delirium 
following femoral fracture surgery have a higher mortality rate and a subsequent 
admission to a nursing home [21].

 Conclusion
Delirium represents a common complication for the elderly patient with an acute dis-
ease. It is associated with worse outcomes and higher risk of mortality. Older and very 
older persons are more susceptible to delirium due to the higher incidence of dementia, 
reduced functional state, or multimorbidity. Preventing delirium among people with 
those risk factors for the onset of confusional state should not be underestimated. 
All the probable precipitating factors for the onset of delirium must be investigated to 
perform an appropriate approach to this issue. Some interventions to reduce the risk of 
delirium can be applied in every hospital department, including ICU. Management of 
delirium concerns the resolution of precipitating factors and the treatment of delirium 
itself  both with nonpharmacological and pharmacological therapies.

Take-Home Messages
 5 Delirium mainly affects hospitalized older people with previous cognitive impair-

ment.
 5 Delirium is associated with a longer stay and increased risk of  mortality.
 5 Untreated pain, infections, and major surgery might precipitate delirium. The 

use of  medical devices is less tolerated by vulnerable people.
 5 Management of  the underlying cause is fundamental in the process of  care, both 

for community dwelling and hospitalized patients.
 5 Treatments with drugs for delirium itself  must not be the only strategy for the 

recovery of  old delirious patients.
 5 Preventing delirium is fundamental for clinicians who approach the old and the 

very old patient. Environmental actions to facilitate orientation, physiologic 
sleep, avoiding physical restraints, and promoting early mobilization should be 
considered, also on ICU.

Delirium
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 n Learning Objectives
 5 To discuss the major challenges hospitals and ICUs are faced with during pro-

longed periods of increased morbidity and demand.
 5 To discuss the importance of flexibility in resource allocation during increasing 

and decreasing demand.
 5 To understand the importance of prioritization at a national, regional, and institu-

tional level.
 5 To discuss options for increasing availability of personnel and equipment
 5 To understand the importance of staff  safety, protection, and reducing burnout
 5 To increase pre and post ICU capabilities
 5 To improve triage decisions in the elderly population
 5 To plan for future events based on past experience

36.1   Introduction

We define a “disaster” in the medical sphere as any situation in which the number of 
casualties or cases exceeds the available resources to deal with them [1]. Twenty victims 
of a bomb blast on a bus may represent a sudden emergency, while many cases present-
ing with respiratory failure due to viral pneumonitis caused by COVID-19 may repre-
sent a more gradual emergency [2, 3]. Health system planners are very familiar with 
planning for acute surges in cases as may occur after a natural occurrence (earthquake 
or flooding) or a terrorist attack, and although such an occurrence may temporarily 
overwhelm the healthcare system, it is soon over (in a matter of weeks or days) [1, 4]. 
What we are less used to dealing with, and which we have now unfortunately been 
schooled in, is planning for and dealing with a situation where medical resources are 
inundated and indeed overwhelmed for a prolonged period of time (weeks and months) 
[5]. This chapter will address some aspects of the logistic challenges in the practice of 
intensive care medicine under pandemic conditions and how they have been dealt with. 
. Table 36.1 summarizes the major challenges and suggested solutions.

       . Table 36.1 Summary of  major challenges and suggested solutions

Challenges Suggested solutions

Flexibility Sudden and quick/exponen-
tial increases in patient load
Fluctuating load according 
to surges and lockdown 
measures
Changing requirements for 
equipment and personnel
Availability of PPE
Extended period of 
uncertainty

Flexibility in admitting changing number of 
patients in a short period of time
Expanding and decreasing number of dedicated 
beds and human resources depending on surges
Quick planning by management and regular 
multidisciplinary meetings, updates, and oversee-
ing implementation
Integrating new knowledge about disease 
mechanisms and evidence (e.g., requirement for 
invasive interventions, updating treatment proto-
cols)

National 
prioritization

Protecting the healthcare 
system

Lockdown measures
Vaccination programs
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(continued)

       . Table 36.1 (continued)

Challenges Suggested solutions

Regional 
prioritization

Providing adequate care for 
Covid-19 and non-Covid-19 
patients
Adjusting load

Dedicated Covid-19 wards or hospitals
Transferring patients to less overloaded centers

Institutional 
prioritization

Dedicated area for Covid-19 
patients
Providing adequate care for 
Covid-19 and non-Covid-19 
patients

Expanding intensive care facilities, beds, 
equipment, and personnel
Deciding which services to maintain and which 
to reduce

Equipment Purchasing and producing a 
large number of equipment 
in a short period of time
Competing with other 
centers/countries
Costs

Quick decision-making
Dedicated funds (government support, national 
funds, diversion of hospital funds, donations)
Planning future needs

Personnel 
and burnout

Shortage in critical care 
nurses and doctors
Maintaining standard of care
Mixed teams having to work 
together
Long working hours
Difficult working conditions
High patient load
High mortality

Planning additional training programs and 
continuous updates and refresher courses (e.g., 
ESICM online training programs)
Mixing ICU nurses with non-ICU nurses
Recruiting and training non-ICU physicians 
and nurses
Reducing nurse/patient ratio
Support groups
Psychological support
Changing teams regularly
Childcare arrangements
Positive feedback and acknowledgment
Overtime and bonuses

Staff safety High risk for staff  and their 
families
Absences due to exposure 
and fatigue/burnout

Providing constant and adequate PPE
Regular staff PCR testing
Priority in vaccinations

Pre- and 
post-ICU 
care

Large patient load in the 
community
Reducing hospitalizations
After loading acute care beds

Increased home care capabilities
Increased post Covid-19 respiratory and 
physical rehabilitation programs

Elderly 
patients

Improving triage to intensive 
care of elderly patients with 
uncertain reserve and 
prognosis

Incorporating multi-morbidity and frailty in 
triage decisions
Considering a time-limited trial in the ICU
Admission to high dependency units

Limited 
resources

Increased demand during 
ICU shortage

Development and implementation of institu-
tional and national triage guidelines based on a 
broad consensus and within established legal 
and moral frameworks

Logistic Challenges and Constraints in Intensive Care During a Pandemic
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36.2   Flexibility

It is true of any emergency that no amount of planning will foresee all eventualities, 
as described by the old adage that in times of war the best laid plans do not survive 
the first bullet fired. One of the first lessons for the healthcare system is to heed warn-
ings and to be flexible in the response to the perceived load of cases expected [6, 7]. 
The warning period may be short (a few hours) in the event of a bomb blast before 
the cases start arriving at the hospital. It may also be longer, as we have seen during 
the COVID-19 pandemic, when we were able to see what was happening in the rest of 
the world and plan accordingly in the areas where we provide services. The healthcare 
system also needs to accommodate for increasing and decreasing morbidity, as surges 
come and go and thus be able to expand and reduce resources as required [8, 9].

In the case of the COVID-19 pandemic, we all had weeks to prepare for what was 
to come. What was uncertain was the scale of what we would have to deal with, espe-
cially during the first wave of the pandemic in Spring 2020. This brings us to the 
second important point—the healthcare system has to be flexible to be able to cope 
with the situation [10, 11]. We may have planned to deal with thousands of ventilated 
patients and only received hundreds, or vice versa. However, we had to deal with 
what we got. The uncertainty caused by the unknown morbidity of the disease 
resulted in, for instance, a run on mechanical ventilators around the world where 
suppliers were not able to meet the demand and factories were repurposed for the 
manufacture of these devices in several countries [12–15].

36.3   Prioritization

To provide and plan for the cases during the pandemic, there had to be a system of 
prioritization. This occurred at all levels. At the national level there had to be a deci-
sion to limit the spread of the disease with a system of lockdowns and curfews versus 
keeping businesses open and the economy vibrant [16]. Strict lockdown measures 
had severe economic consequences in most countries, especially in countries where 
citizens work as day laborers and depend on their daily income to feed their families 
[17]. In some countries this process was politicized, with demonstrations against 

Challenges Suggested solutions

Future Learning from the Covid-19 
experience
Planning for the next 
pandemic

Defining successes and failures
Implementing conclusions
Stressing the importance of intensive care, 
increasing ICU beds
Increasing pool of trained medical and nursing 
staff
Regular training programs and refresher courses
Public relations work—Limits of what intensive 
care can achieve

       . Table 36.1 (continued)
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lockdown measures [18]. Nations also had to deal with issues such as border closures, 
who to let into the country, and how to deal with new arrivals, such as place and 
duration of quarantine. Countries that were successful in reducing patient numbers 
placed their resources in strict lockdowns, limiting entry to the country and extensive 
“test and trace” procedures to identify cases and their contacts. All of these measures 
required resources or had an economic cost but resulted in less burden on the health-
care system and less lives lost, these all being economic upsides of this approach [19]. 
Other countries took a different approach and favored keeping the economy going at 
the expense of a greater burden on the healthcare system and subsequent greater loss 
of life.

Another, perhaps less welcome, aspect of national prioritization seen during the 
pandemic was increased nationalism in the management of resources, such as wealth-
ier nation states paying a premium for medical equipment, such as mechanical venti-
lators, personal protection equipment (PPE), and vaccines, at the expense of those 
countries not able to pay high prices. The converse of this was the willingness to 
transfer critically ill patients from one country (with less available resources) to 
neighboring countries with more, as was seen with the transfer of cases between 
France, the Netherlands, and Germany, for instance, at the height of the pandemic.

There have also been excellent examples of resource prioritization on the interna-
tional level, such as the rapid development of vaccines against COVID-19, where 
huge economic resources were diverted for this purpose, for the benefit of humanity 
in general.

Regional prioritization concerns planning on the city or state/provincial level, 
where decisions were made to concentrate resources for the care of COVID-19 
patients, that is, not every hospital had to be able to receive patients requiring strict 
barrier isolation and intensive care services [20]. Some hospitals could be set up as 
COVID-19 hospitals, with the required equipment and staff  to receive high numbers 
of these cases, while its other services could be moved to nearby hospitals [21]. This 
approach made the logistics of providing oxygen, medications, and PPE to fewer 
locations easier but placed a burden on patient transport systems in order to get 
patients to regional COVID-19 centers from further away. In some instances, new 
COVID-19 hospitals were set up de novo, such as the example of a 1000 bed hospital 
being set up in Wuhan, China, in a matter of weeks to deal with COVID-19 cases. 
The advantage of this approach, besides concentrating resources, is the ability to 
continue providing regular services at “unaffected” hospitals, this being of benefit to 
the populace (e.g., not cancelling elective surgery or cancer treatment) and providing 
ongoing income for the institutions, depending on the funding model.

The focus of this chapter is the local or institutional prioritization of  resources to 
deal with the COVID-19 pandemic. There was involvement of hospital management, 
divisional reorganization and departmental (intensive care) reorganization, and 
expansion within each institution dealing with COVID-19 patients [22].

Hospital management had two main priorities, deciding on which services to 
retain during the pandemic and then providing the resources to expand the intensive 
care services in the hospital. Intensive care services benefited from the recognition 
they received by hospital management and the general population at large, as being 
essential to the care of critically ill COVID-19 patients, who require a high degree of 
monitoring and vigilance, all forms of supplemental oxygen therapy, including 
mechanical ventilation and extracorporeal membrane oxygenation (ECMO) and 
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additional organ support [23]. Providing the infrastructure, space, beds, and equip-
ment to provide these services was expensive and paid for out of existing funds, diver-
sion of funds from other services, or new budgets provided by funding bodies such as 
state or national funding bodies [24]. There were many instances of misuse and mis-
appropriation of these funds around the world in health systems usually chronically 
underfunded and then suddenly having access to “excess” funds. Management also 
had to oversee many aspects of the clinical management of COVID-19 patients, for 
example, setting up a committee to specifically review changing information from 
around the world and advise on current and acceptable therapeutic approaches.

In terms of providing the equipment, such as monitors and mechanical ventila-
tors for newly established intensive care services, besides finding the means to pur-
chase the equipment, hospitals also had trouble finding suppliers able to provide the 
equipment due to the increased worldwide demand [25]. Purchases also had to be 
made, not only with the immediate needs in mind but also with some thought to “the 
day after,” that is, how the equipment would be utilized in the future after the pan-
demic had passed, and so purchase equipment responsibly and not in a panic. It has 
to be recognized that in many instances ICUs had to be set up de novo or existing 
ICUs had to be rapidly expanded. This required equipment and manpower.

A common realization at the institutional level, based on personal experience and 
a survey of European intensive care units (personal communication) was that, once 
the equipment needs had been satisfied, the major resource missing was trained 
intensive care nurses. Although nurses used to dealing with acute medical cases (such 
as recovery room and operating room nurses) were drafted in to help with COVID-19 
cases, they were not initially able to provide the same level of service to the critically 
ill patients as their intensive care-trained colleagues. It took time for their integration 
into the intensive care therapeutic teams and for them to become familiar with equip-
ment and procedures [26]. This deficit was much more pronounced when non-acute 
nurses (e.g., from dermatology) were drafted into intensive care units. It was difficult 
to provide intensive care services at the same level as pre-pandemic times for two 
more reasons related to nursing staff. Often the number of patients cared for by each 
nurse at any one was increased (less time per patient, staff  exhaustion), and intensive 
care nurses may have been taken from their regular units to care for COVID-19 
patients. This reduced the level of care to non-COVID-19 patients, resulting in so-
called “collateral” damage to these patients.

Most hospitals coped with the nursing shortage, in addition to drafting in nurses 
from other areas and reducing the nurse to patient ratio in the intensive care units 
(ICUs), by also instituting urgent training schemes (courses and on-the-job training) 
for non-intensive care nurses, as well as rehiring nurses who had left or retired from 
the profession. There was also an increased use of support staff  to reduce the work-
load on nurses, such as student nurses and aides [27]. A major realization was the fact 
that developing teamwork between new intensive care team members takes time 
before there is smooth functioning of the team, that is, all the elements of the team 
may be in place, but it takes time until the team works well together. The lesson from 
this is that nursing staff  need to be continuously trained and refreshed in their knowl-
edge of critical care, even in non-pandemic times, so that there is a known reservoir 
of trained nursing staff  that can be called upon in times of emergency/disaster. 
Between refresher courses, they can be deployed to their usual places of work.
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The shortage of intensive care medical personnel was also brought into sharp 
relief  by the pandemic, resulting in longer shifts, more patients per doctor, use of 
nonspecialist doctors, and more use of support staff, such as medical students. In 
many institutions resident medical staff  from all other specialties were required to 
work in the intensive care units.

Hospitals had to provide additional support services to medical and nursing staff  
to cope with the stressful working conditions and high morbidity and mortality 
among the COVID-19 critically ill patients, such as counseling services for burnout 
and post-traumatic stress [28–30]. Staff  had to cope with a much higher death rate 
among patients (e.g., 50% of ventilated COVID-19 patients died, many more than 
regular intensive care patients), often while being exposed to an increased risk of 
being infected with the virus as well as witnessing their family, friends, and colleagues 
also getting sick [31].

There was a definite evolution of the use of resources at the institutional level 
during the pandemic [32], ranging from uncertainty about how many cases would be 
received and what resources would be needed to deal with them to eventually recog-
nizing that resources supporting frontline staff  had to be provided, such as counsel-
ing services and other psychological support.

Special areas had to be set up either in existing ICUs or newly established ICUs 
to be able to care for COVID-19 patients while working with full barrier precautions. 
Working in full PPE gear for any length of time is challenging for anyone. It also 
requires additional attention to everyday infection control procedures for non- 
intensive care trained staff  as well as for intensive care doctors and nurses dealing 
with invasive procedures such as central line insertion and maintenance and tracheal 
intubation or tracheostomy [26]. It also demanded additional special resources, such 
as communication equipment to allow communication between the “inside” and 
“outside” environments of closed COVID-19 intensive care units.

Additional ancillary staff  had to be enrolled to deal with the large numbers of 
critically ill patients and their distressed relatives, such as clergy, social workers, and 
psychologists [31, 33]. These additional human resources all came at an economic 
cost and sometimes to the detriment of their regular services. Additional support 
services such as laboratory personnel, clerical staff, medical engineering staff  to deal 
with medical equipment, respiratory technicians, and others were all unexpected 
human resources that had to be found and enrolled in the service of patients affected 
by the pandemic.

All of the human resources mentioned above were subject to sudden and signifi-
cant absences that had to be managed and covered, either due to illness or due to the 
need to isolate because of exposure at work or outside of the work environment. This 
required extreme flexibility in managing the human resources, as well as expending 
more resources in the regular polymerase chain reaction COVID-19 (PCR) testing of 
the staff  [34, 35].

Several more issues arose from the management of human resources, which were 
unexpected and difficult to plan for:

 5 Expecting medical staff  from different specialty backgrounds to work together in 
the care of COVID-19 patients and the time it took to build effective medical 
teams
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 5 Childcare arrangements, especially for nursing staff  who had to work while chil-
dren were at home due to closure of schools or kindergartens

 5 The need to recognize the additional hard work of staff, for example, by paying 
occasional bonuses, such as occurred in several European countries.

The practical day-to-day management of patients in the COVID-19 ICUs was 
and is a challenge, requiring more time, patience, and resources, for example, 
obtaining specialist consultations (more time for outside specialists to attend to 
 consultations), or performing bedside investigations such as echocardiography 
(needing a separate machine or delaying the investigation until the end of the day 
when the machine could be cleaned and decontaminated).

36.4   Pre- and Post-ICU Care of COVID-19 Patients

The healthcare system as a whole also had to find resources to deal with three other 
special groups of patients affected by the pandemic:

 5 Patients who became sick at home and who either could not or would not come 
to the hospital for treatment. Many such patients were cared for by home carers 
and visited by doctors and nurses at home. They also required resources such as 
oxygen therapy (supplied via cylinder or oxygen concentrator), medications, and 
radiology and laboratory tests [36]. It was estimated that at the height of the third 
wave of the pandemic in Israel, there were more than 1000 such patients being 
cared for at home.

 5 Patients who have recovered from acute COVID-19 and required prolonged 
mechanical ventilation and rehabilitation, either in hospital or dedicated institu-
tions [37, 38].

 5 The relatively large number of patients who remained extremely hypoxemic 
despite best-practice mechanical ventilation and were treated with ECMO [39]. 
This is an extremely resource-intense activity.

None of these groups of patients were anticipated when planning for the pan-
demic.

Critically ill patients also clearly require support before admission to the ICU and 
after discharge from the ICU. This treatment falls to the regular wards in the hospi-
tal, be they medical or surgical wards, placing an additional burden on them also.

36.5   When Resources Are Limited

This chapter is not focused on the issue of patient triage (see chapter on “ICU 
decision- making under constraints”); however, the subject warrants a mention in the 
context of resources. When there is no possibility of increasing resources to meet 
demand, then in extreme cases the demand has to be reduced to meet the current 
resources. This is done by instituting a system of triage, where the patients most likely 
to benefit from intensive care are selected above those with a more limited prognosis 
[9, 40, 41]. In this light many national institutions or peak bodies in the specialty of 
intensive care drew up triage guidelines for use during the pandemic [42, 43]. There 
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was some debate in the popular press not to base these guidelines on factors such as 
age or disability. We await political and legal review of these guidelines.

The Elderly Patient with Uncertain Prognosis
Even in non-pandemic times, the decision whether to admit elderly patients to inten-
sive care is challenging; however, evidence has shown that there may be an increased 
benefit from intensive care in this population in comparison to younger cohorts [44]. 
It has also been shown that chronological age in itself  is not the most precise predic-
tor to determine benefit from intensive care [45]. Increased age is associated with 
multi-morbidity which is associated with increased mortality [46]. Frailty is another 
important parameter for assessing vulnerability and functional reserves during criti-
cal illness and is also associated with increased mortality [47–49].

During pandemic times, when resources are limited and younger patients are 
competing for the last bed, the issues of  age, multi-morbidity, and frailty become 
even more important for triage decisions [50, 51].

A possible solution for such dilemmas may be a time-limited trial, where patients’ 
response to critical care is reassessed at certain time points and the level of  further 
support is then determined accordingly [52].

In periods of  severe resource constraints, however, time-limited trials in ICU 
might not be feasible anymore, and treatment in other units, such as high- dependence 
units, should be considered.

36.6   “The Day After”

In many jurisdictions, the pandemic is now abating, in some countries due to contin-
ued lockdown measures and in some countries due to extensive vaccination. Vaccines 
are another valuable resource that needs to be managed, for example, prioritizing 
which sector of the population to vaccinate first, sourcing sufficient vaccines, trans-
portation, and rolling out the vaccination process in each country [53, 54].

Human nature being what it is, it will be tempting to put the pandemic down to a 
bad experience, which is or soon will be behind us and look to the future. Clearly, this 
is not the lesson to be learned. We should take the lessons in management and 
resource allocation of high acuity services as outlined above and plan for the next 
pandemic, which is inevitable [55].

Take-Home Message
Logistic challenges in the practice of  intensive care medicine under pandemic condi-
tions include flexibility of  the healthcare system, hospitals, and intensive care units 
to increasing and decreasing demand, protecting the national and regional health-
care systems, making sure care is provided for both COVID-19 and non-COVID-19 
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patients and allocating enough equipment and personnel to meet demand. Triage 
decisions in elderly patients need to include multi-morbidity and frailty. Training and 
protecting the staff  is crucial, and increased burnout must be dealt with. Planning for 
the future based on past experience is crucial.
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       . Fig. 37.1 Figure one shows the results from a PubMed search on publications on the very old ICU 
patients

 » We cannot solve our problems with the same thinking we used when we created them. 
–Albert Einstein

37.1   Introduction

There is a rapid growing focus on the old and very old ICU patients, and this is 
reflected in the number of published papers on the subject. Looking at publications 
listed in PubMed that includes old and intensive care in title or abstract illustrates a 
very rapid increase from 2010 and onward (. Fig. 37.1) demonstrating an exponen-
tial increase about this topic.

Naturally not all these publications are pure scientific reports but include all types 
of publications including editorials, state of the art, and reviews but nevertheless 
illustrate the increased focus on the very old ICU patients. With increase in the num-
ber of elderly ICU patients, it is easy to be a wizard and predict that this trend most 
likely continues in the coming decades. We still have a lot to learn and improve about 
providing intensive care in this group.

37.2   Future Organization: Intensive Care for the Very old

At present, care of  the critical ill elderly patients is with only few exceptions orga-
nized within general intensive care units throughout the world, although there 
have been published experiences from alternative organization [1]. This discussion 
was recently raised again, but for many reasons, it is not easy to change current 
routines to admit the elderly patients to general ICUs since there are not many 
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       . Table 37.1 Advantages and disadvantages of  different models for geriatric intensive care 
A traditional ICU, B hybrid ICU, C pure geriatric ICU

Type Advantages Disadvantages

A Well-known
Equal competence at all levels
Simple solution
No reorganization

Suboptimal competences
Need external consultation (geriatric 
physician and nurse)
Less focus and development
Need a dedicated program for the old 
patients within the ICU

B Can be established within existing infrastruc-
ture, no separate unit
A special competence group of nurses, 
physicians (including daytime geriatrician), 
and others may be present at least during day 
time

Probably not feasible in smaller units (< 
20 beds)
Need a separate dedicated area within 
the ICU
Vulnerable for lack of competent 
personnel 24/7 with geriatric competence

C Can focus on the elderly only
Area for both intensivists and geriatricians 
working together
Can be designed solely with the elderly in 
mind

If only manned by geriatrician, they need 
training in general intensive care or 
receive continuous support from 
intensivists
May be less attractive to work in 
compared to A and B for “traditional” 
ICU personnel

alternatives in most hospitals [2]. There are several options that can be applied in 
order to cover the specific requirement this group presents, and separate intensive 
care units are just one.

. Table 37.1 illustrates three different concepts with aims to improve quality of 
care to this specific group. Type A represents the traditional organization with a total 
integration within a general adult ICU. Type B illustrates treatment in a “sub-unit” 
within a general ICU where elderly ICU patients are treated in a dedicated area 
partly with dedicated personnel. This is probably feasible only in larger units where 
space and human resources may allow such an organization. Type C is a completely 
stand-alone geriatric ICU. The table reveals advantages and disadvantages of these 
three models.

A special consideration must be paid to post-intensive care. Regardless of how 
intensive care for elderly will be given, there must be a dedicated track for geriatric 
rehabilitation, probably within an acute geriatric unit. Maybe this development 
should be priority one if  one starts to reorganize geriatric intensive care within a 
hospital (see 7 Chap. 28).

We have enough information and knowledge from treating critical ill elderly dur-
ing the last two decades that a transition from the traditional type A ICUs to either 
B or C should feasible in most hospitals. Just the share number of elderly patients 
admitted today and in particular in the coming decades should be an additional rea-
son to initiate such change now. When expansion of ICU capacity is planned within 
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a hospital, maybe a dedicated geriatric ICU could be an attractive option since soon 
approximately one third of all ICU patients will be above 70.

37.3   Cooperation with Who and When

Intensive care has developed to be a “melting pot” of different areas in medicine. Since 
the start, often from within anesthesiology and internal medicine, most acute specialities 
are engaged in these patients, and lately also interventional radiologists have been proven 
valuable. Formal cooperation with geriatricians is seldomly reported, although in-depth 
knowledge on how this is solved or not solved within units and across countries is largely 
missing. This also extends to the inclusion of geriatric nurses and physiotherapists in the 
ICU. In particular, elderly ICU patients in the end of their ICU stay should have estab-
lished a contact with a geriatrician while still in the ICU [3]. Regardless of where the 
rehabilitation is continued, it starts in the ICU, and important guidance for the post-ICU 
track may be decided before discharge.

Also, from the ICU admission, important contribution to pharmacotherapy in the 
elderly may be given from geriatricians and pharmacists. Elderly patients frequently are 
multimorbid and use many medications. Data from the VIP2 study illustrates the bur-
den of comorbidities and number of daily medications prescribed to elderly patients at 
ICU admission [4]. In that study, 40% had five comorbidities or more, and 68% had five 
or more drugs prescribed at daily basis illustrating the huge burden of co-existing dis-
ease and polypharmacy in this group. This is an area where geriatricians possess spe-
cific competency and can be of invaluable help to intensivists.

37.4   Research Agenda from 2017, Where Are We Now?

In 2017, we published a paper on the status of research in this group of patients and 
found in particular ten areas where high-quality data was poor or missing [5], briefly 
summarized in . Table 37.2. As can be seen, only frailty and sepsis can be said to be 
studied in several independent research papers, but the rest have been insufficiently 
studied and some not studied at all. Hence the list may still guide to important areas 
for research in the coming decade.

Some of these unanswered research items are indirectly illustrated in . Fig. 37.2, 
where the trajectories of the very old ICU patient and their caregivers are described 
as it is usual today and how one could hope it could be in the future. However, very 
few of these proposed actions are studied in-depth and create a huge opportunity for 
research in the coming decade.

37.5   Future Changes in Critical Care of the Elderly

We propose a change in how the elderly patients can be treated from pre-ICU until 
post hospital discharge, a change from usual practice today to future care and hope-
fully improved care (. Fig. 37.2). Shortly, the changes consist of the following:

 5 Broad anchored guidelines for ICU admittance, from evidence-based medicine to 
acceptance in potential patients and caregivers, politicians, and ICU personnel.
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       . Table 37.2 Research areas specified in 2017 [5]

The occurrence of frailty and sarcopenia and effects on 
outcome

Covered in several studies in particular 
frailty

The opinion of octogenarians on ICU admission Not covered

Effects of including geriatricians in assessment and 
discharge

Not covered

Delirium, effects of non-pharmacological interventions Poorly covered

The burden of post-intensive care in caregivers Poorly covered

Development of prognostic tools specifically for the 
very old

Partially covered

Sepsis in the very old Covered in several studies

Dementia development post-ICU in survivors Poorly covered

Sedation and pharmacokinetics in the very old Poorly covered

End of life trajectories in the very old Poorly covered

 5 Increased involvement of caregivers in the admission process.
 5 Use of time-limited ICU trials in cases of uncertainty.
 5 Use of specific treatment protocols for critical ill elderly patients.
 5 Involvement of geriatric competence, at least in the transition from intensive care 

to ward and rehabilitation.
 5 Dedicated support for patients and caregivers after hospital discharge.

Many of these steps need to be developed, evaluated, and some also tested in clini-
cal trials and will add to the list previously discussed research items from 2017 
(. Table 37.2).

In particular, the first bullet point could prove vital in order to really increase the 
focus on treatment of critical ill elderly in the future. All stakeholders in this “chain” 
illustrated in . Fig. 37.2 need to come together for collaboration in all levels. First 
and foremost, in the actual treatment of these patients, but as important is the devel-
opment of multi-professional guidelines in close cooperation with important stake-
holders like the potential patients (very old persons), their relatives and caregivers, 
and politicians. We are far from this goal, and even discussions between intensivists 
and geriatricians are lacking in most ICUs.

Each of these steps requires much, both with regard to research but also produc-
tion of guidelines for multi-professional cooperation within this field, and as stated 
previously we need evidence from different organization models of care.

In summary, we have challenges enough for the next decade and can join a con-
clusion set forward nearly 20 years ago: “Critical illness in the elderly remains a fertile 
area for future research” [6].

Future Challenges for Geriatric Intensive Care
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