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Preface

In May 2015, me and two co-authors were contacted by
Springer’s editor, offering to travel this route. We accepted
with enthusiasm, but at the same time with several perplexi-
ties. We decided to enlarge the group, and started working to
define essential concepts to be considered within the manu-
script. Day by day, the project gathered consistency, and the
path we wanted to offer to readers became clear in our minds.

Nursing care in ICU is complex and requires continuos
competences and knowledges update. As in other contexts,
both basic and advanced competences can be found in ICU care.
The book is directed to students and newly employee
ICU nurses, but also to experienced ones. We aimed to under-
line the importance of basic aspects in ICU nursing, in the past
often disregarded in favor of more technical approaches. In
our advice, today’s ICU nurse is a very complex professional.
Technical, assessment, relational, team working competences
are all required to face daily challenges. This is what we tried
to offer within this book, together with the consciousness that
it only constitutes a part of a larger view.

The author’s group comes from different ICU experiences
around Italy. Trying to get an advantage of it, we networked
each other, giving mutual supervision to the forthcoming
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contents. At the end of this travel, I think we all somehow grew
up from the professional point of view, and learned more.
Our wish is to give a similar feeling to our readers.

Irene Comisso and the Authors’ Group
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Introduction

ICU caring underwent a constant development during the
last 15 years, with the introduction of new standard treat-
ments. At the same time, ongoing problems are challenging
healthcare workers, whilst others are announced as decisive
ones for future years.

In this process, the importance of technology increased,
but at the same time humanising caring and end of life
related dilemmas gathered growing consideration.

Nowadays, ICU generally set themselves up as most
complex specialistic level of care, mainly belonging to sur-
gical, trauma or respiratory pathways. General ICUs devel-
oped within peripheral areas, whilst specialistic ones belong
to second or third level hospitals and are characterised for
advanced treatments, for which they are considered refer-
ral centres (such as for ECMO or solid organs
transplants).

Another visible trend in ICU refers to mortality. In the
past, ICUs were considered as the last possible step during
hospital stay, moving forward the care limit with conse-
quent high mortality rates. Today’s ICUs have often lower
mortality rates, compared to other hospital facilities, but
advancements in diagnosis and organ support claim a struc-
tured reflection about limits of care.

At the same time, mean patients- age increased. Elderly,
previously screened for ICU eligibility, are now usually
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assisted in these contexts, and require specific consider-
ation for age-related problems and needs.

ICU stay often occupies an early stage during hospitali-
sation, followed by less critical and invasive approaches.
Therefore, performances-evaluation should overcome tra-
ditional measurements, such as mortality and length of stay,
and start looking upon specific nursing care outcomes and
quality of life indicators, often disregarded because too
simple.

Care outcomes, including those related to nursing,
became therefore a central issue. In fact, the quality-of-life
concept together with life-saving approaches, spread the
debate about ethical considerations. At the same time,
focus on nursing techniques in critical care settings should
be matched with a renewed scientific approach to basic
care problems.

“Back to basics” becomes therefore the fil rouge of the
entire manuscript, deepening the concepts of basic nursing
applicable in the whole critical care (including High depen-
dency Units). This philosophy, together with the ABCDEF
bundle, approaches a new tendency in patients care, hope-
fully early belonging to the whole care pathway during
hospitalisation.

Modern nursing deals with such development, claiming
for a more specific definition of competences belonging to
the profession and for the development of certification
systems. Consequently, building a professional portfolio of
activities and performances could help to develop and
maintain nurses-education and develop standards of care.

Further considerations concern the role of management
in ICU. Clinical and technological complexities, together
with required knowledge and competences and multidisci-
plinary approaches, solicit an expert management. Within
organisational challenges, the entire set of competences



Introduction XX1

should always be granted. Therefore, a flexible nurse-to-
patient ratio could be one of the mail solutions to guaran-
tee specificclinical interventions in a dynamic organizational
contex.

This manuscript is mainly oriented towards two main
groundings of nursing care: assessment and outcomes.
Patients assessment in ICU cannot forget technological-
based information collection, that, together with clinical
observation, represent the common nursing asset. At the
same time, nursing care approaches are moving toward
definition and evaluation of outcomes-related problems,
thus giving a new dimension and dignity to the nursing
diagnosis concept. In these situations, the border between
medical and nursing competences becomes sometimes very
thin. Nevertheless, the authors defined to approach such
topics mainly from nursing point of view, only briefing
touching upon medical issues. In this paradigm, we choose
to face emerging nursing care aspects, with an evidence
based approach.

The wish is to keep alive and strengthen critical thinking,
and spread curiosity for a novel approach to nursing
problems.

Enjoy reading!

Giovanni Becattini
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Chapter 1
Monitoring Patients: What’s s
New in Intensive Care Setting?

Matteo Manici and Claudio Torbinio

1.1 Introduction

Monitoring (“to monitor”) is a term that involves the observation,
actions, measuring, and understanding of many human activities in
time. The origin of the word “monitoring” comes from the Latin
monitor, -oris, derived from the verb monére (literally, to warn)
and means a continuous or repeated observation, measurement,
and evaluation of health and/or environmental or technical data for
defined purposes, in accordance with predetermined programs in
space and time. Monitoring can be implemented using comparable
methods for the detection and collection of data [1]. The term
originated in industrial environment, to indicate the continuous
control of an operating machine, with appropriate instruments
which measure some characteristic parameters (speed, consump-
tion, production, etc.). The original meaning was later expanded:
from the machine to the whole process, for an operational struc-
ture, and also human resources. Monitoring is widespread used in
technical and in social sciences, with the general meaning of “data
collections” significant for context.

Historically, monitoring started as a physiological measure-
ment problem (Table 1.1) and probably will end up as an overall

© Springer International Publishing AG, part of Springer Nature 2018 3
1. Comisso et al., Nursing in Critical Care Setting,
https://doi.org/10.1007/978-3-319-50559-6_1
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Table 1.1 Short history of physiological data measurements [2]

When Who What
1625 Santorio Measurement of body temperature
with spirit thermometer. Timing
pulse with pendulum. Principles
were established by Galileo.
These results were ignored
1707 Sir John Foyer Published pulse watch
1852 Ludwig Taube Course of patient’s fever
measurement. At this time
temperature, pulse rate, and
respiratory rate had become
standard vital signs
1896 Scipione Introduced the sphygmomanometer
Riva-Rocci (blood pressure cuff)
1900 Nikolaj Sergeevic  Applied the cuff with the stethoscope
Korotkov (developed by Rene Laennec—
French physician) to measure
systolic and diastolic blood
pressures
1900 Harvey Cushing Applied routine blood pressure in
operating rooms
1903 Willem Einthoven  Devised the string galvanometer to
measure ECG (Nobel Prize 1924)
1939-1945 World War II: development of
transducers
1948-1950  George Ludwig, Pioneers of ultrasounds in health
Ian Donald, science
Douglass
Howry, and
Joseph Holmes
1950 The ICU’s were established to meet
the increasing demands for more
acute and intensive care required
by patients with complex
disorders
1953 Danish patients with poliomyelitis

received invasive mechanical
ventilation
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Table 1.1 (continued)

When Who

What

1963 Hughes W. Day

1968 Maloney

Early 1970s

1972 Takuo Aoyagi

1973 Jeremy Swan and
William Ganz

1990s

Reported that treatment of post-
myocardial infarction patients in
a coronary care unit reduced
mortality by 60%

Suggested that having the nurse
record vital signs every few hours
was “only to assure regular
nurse-patient contact”

Bedside monitors built around
bouncing balls or conventional
oscilloscope

Developed a pulse oximeter based on
the ratio of red to infrared light
absorption in blood. After
obtained an US patent, oximetry
became clinically feasible

Pulmonary artery balloon flotation
catheter starts advanced
hemodynamic study

Computer-based patient monitors;
systems with database functions,
report-generation systems, and
some decision-making
capabilities

assessment of intensive care unit (ICU) patient. This chapter has
an introductory function for the first section: the concept of
generality of instrumental monitoring, the monitoring carried
out through applying scales at patient’s bed, to propose a new
monitoring model for ICU patient.

ICUs are very different, such as medical and surgical wards,
because of different staff availability (especially nurses) and
expertise, skills, technologies, and environments. Monitoring
activity involves the entire ICU staff (nurses, physician, respira-
tory therapists and rehabilitation therapists, dietitians) and is
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based on different operational models implemented in several
countries around the world. Nurses, wherever present 24 h a day,
often act as liaison between the various staff components, ensuring
security, continuity, and harmony and coordinating and communi-
cating all aspects of treatment and care the patient needs. Nurses
also provide continuous monitoring and caring for patients and
equipment and for their interactions [3].

1.2 Instrumental Monitoring

Technology is extremely pervasive and is continuously increas-
ing in ICU. It is commonly used in a multitude of tools for
monitoring and supporting patient’s vital functions: the brain,
lung, heart, and kidney. The widespread use of electronic moni-
toring and support to vital function has probably helped to pre-
vent errors and to improve outcomes [4].

The monitoring tools are able to detect multiple parameters,
such as continuous electrocardiogram (ECG), end-tidal carbon
dioxide (EtCO),, various measurements of peripheral oxygen
saturation (SpO,), cardiac output, and intracranial and cerebral
perfusion pressure. The supporting devices can affect the respi-
ratory system (noninvasive mechanical ventilation), circulatory
(pacemakers, intra-aortic balloon pump, ventricular devices),
cardiorespiratory (extracorporeal membrane oxygenation—
ECMO), and kidney (continuous renal replacement therapy
(CRRT) and slow low-efficiency daily dialysis (SLEDD)). All
these supporting systems contextually also provide monitoring
parameters (e.g., the ventilator). Understanding the functions of
the devices commonly used in ICU can help in caring for
patients in critical conditions [5].

The monitoring technique in intensive care has risks and
benefits. Intensive monitoring provides a high data value and
information, but it can increase some risks of complications.
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For example, intensive monitoring could be useful in acute
medical interventions aiming to maintain the essential variables
within a narrow physiological range and improve the outcome
in people with acute stroke [6] (Fig. 1.1).

At the same time, continuous monitoring can increase unnec-
essary medical interventions and limit patient’s mobility, thus
increasing the risk of complications related to forced immobility
as bedsores, stasis pneumonia, deep vein thrombosis (DVT),
thromboembolism (TE), and pain [7].

All recorded data must be evaluated in the clinical context. The
value of data must be compared with the accuracy of the instru-
ment, its need for calibration, artifacts, and fictitious events (such

Best
test
Worst
Less
test
Risk of

complications

Fig. 1.1 Conceptual framework-related value of data
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as a cough during ventilation). As told it is essential to treat patients
and their disease instead of numbers. All monitored parameters
must be considered in relation to the disease as the best method
to treat the same.

In medical literature there are many studies concerning the
false alarm rates in the critical patient monitoring. These studies
show more than 90% of ICU alarms are false flags. In many
cases, these are caused by measurement errors and by patient’s
movement. The majority of ICU alarms have no real clinical
impact on patient care [8].

A too sensitive monitoring can create “panic” within the
team. Staff alarm fatigue can determine inadequate and routine
alarm settings. Alarms settings should be tailored on patients
individual clinical needs and targets [9]. However, the biggest
danger is given by turning off the alarms without understanding
events actually occurring to patients. Alarm management is a
part of the skills that intensive care staff need to learn at the
beginning of their professional careers.

1.3 Monitoring and Scales

Through the use of a variety of assessment scales (mono-dimen-
sional or multidimensional, according to the complexity of the
construct they want to observe), it is possible to obtain measures
of many functional states that cannot be described by any instru-
mental monitoring systems.

Some aspects have been carefully studied by many authors
such as pain, sedation, delirium, and state of consciousness. Other
authors made comparisons between tools to determine their ade-
quacy in psychometric characteristics, becoming recommended in
international guidelines [10].
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An example of the use of scales (and their variations) is rep-
resented by functional evaluation. ICU patients frequently expe-
rience prolonged immobilization and tend to lose their functional
ability. In these patients functional skills assessment during ICU
stay and prior ICU discharge becomes crucial to prevent damage
from immobility. Many scales have been used for the evaluation
of functional abilities, impairments, and/or patients’ disabilities.
The extent of these outcomes includes different measurement
scales. The choice of the right one will depend on the specific
cohort of patients, the diagnosis, the stage of rehabilitation, and
the available measure sets [11]. These scales are summarized in
Table 1.2. Their applicability in ICU environments (including the
follow-up period) is indicated in the last column.

1.4 Bedside Monitoring: An Overview

The ICU monitoring is a component of critical area skill set,
featuring as neurological monitoring, respiratory, hemody-
namic, renal, hepatic, and nutritional. Each function can be both
assessed using validated tools and/or instrumental monitoring
[12-14].

The rating scales are mostly developed in the assessment of
psychosocial functions (neurologic evaluation, pain, sedation,
and delirium) and the instrumental monitoring for detection of
biological parameters (respiration, hemodynamics, temperature,
and metabolism).

The main monitoring variables “to read and feel” are sum-
marized in Table 1.3.

A useful example of the effectiveness of the interpretation of
monitoring takes us outside the ICU with Early Warning Score
(EWS) in the National Early Warning Score (NEWS) variants and
Modified Early Warning Score (MEWS) (Table 1.4). The basic
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principle is the collection of common physical parameters and
variables in a score that allows a fast and shared evaluation of
clinical status. In hospitalized patients, addressing the deteriora-
tion of physiological functions before they precipitate and to
define the intensity of required care can be helpful. In the com-
munity, the numerical values expressed by NEWS provide a clear
indication of the severity level and help to find the limit for refer-
ral to the emergency department and urgent.

In general, the NEWS score provides a universal standard for
the evaluation of the clinical course, with the sole exception of
obstetrical and pediatric cases, and end of life care [22]. The
comparison of the two instruments is reported in Table 1.4.

1.5 A New Monitoring Model

Which point of view can we provide with the monitoring for an
interpretation pace with the expectations of nurses who study, who
approach, and who are eventually working in intensive care? What
we propose with this text is a more holistic view of the event
“monitoring”: a nursing activity that concerns first the person as a
whole and, then, individual organ parameters and vital signs.
Monitoring can be defined in a conceptual area bounded by the
level of invasiveness and objectivity of the systems that we use in the
“measurement.” Increasing the level of invasiveness and objectivity
of the measures will also increase the precision level of the mea-
sured variables. Collected information must be sufficient and neces-
sary to determine the diagnosis, the performance of the clinical
status, and the response to therapies, but, the collection of unneces-
sary data (such as the execution of ECG 12 times a day in people
without cardiac problems, performing unnecessary blood tests, or
even the advanced hemodynamic monitoring in patients with only
slightly altered parameters) worsens costs without improving
outcomes. In a context of limited resources, the selection of the
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right level of monitoring should be based on proven systems that
maximize the cost-benefit ratio [23].

The concept can be expressed in a diagram (Fig. 1.2) in which
the operator is bounded by increasing levels of invasiveness and
objectivity of the measures, resulting in three different monitor-
ing levels:

e Level 1: intuitive observational monitoring
e Level 2: discontinuous monitoring
e Level 3: continuous monitoring

CONTINUOUS

MONITORING \

DISCONTINUOUS N \
MONITORING \

OBJECTIVITY

L— —

INTUITIVE/
OBSERVATION /
MONITORING

v - INVASIVITY +

Fig. 1.2 The MAGIS (acronym of the initials of authors’ names) model of
intensive care nursing monitoring
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The effective observation of hospitalized patients is the first
step to identify the patient’s concerns and the effectiveness of
care management. In all contexts, it is vital for nurses to under-
stand the dataset collected, for a positive impact on outcome of
patients through the prevention of problems, which otherwise
can drive to acute illness, ICU readmission, or death [24].

Poor technology leads to nurse’s feelings play an important
role in the perception of patient’s deterioration, and vital param-
eters are used to support the “gut” feelings [25], that is, highly
complex and influenced by many factor process, including the
experience and preparation of nurses as well as their ability to
relate to the medical staff.

There is a lot of difference in the world regarding “ICU num-
bers”: the number of ICU beds for 100 hospital beds or for 100,000
people and technologies and health staff as well as the level of
education [26]. But feeling and observation are available for all.

The evaluation of EWS facilitated the early identification of
a critical condition. Nurses are called to act professionally and
responsibly, to understand the meaning of the observations col-
lected on patients and recorded during time. With a partnership
approach to problem-solving, nurses can be effective in com-
municating with the multidisciplinary team and in bringing the
most appropriate care [24, 27].

Discontinuous measurements are often carried out with the
rating scales. Continuous ones are instead often obtained with
electronic instruments appropriately alerted. These are a lot of
tools able to ensure the safety and reliability of the monitoring
that arises at the base of support of the ICU quality.

We believe that the nurse who approaches in intensive care can-
not think in terms of machine/scale dualism as happened for many
years. The MAGIS model (Fig. 1.2) is the operationalization of
monitoring construct shown in this text. It suggests a systematic
approach to monitoring that begins by insights and observation of
clinical variables and appearance of the patient and deepens the
clinical trial on rating scales and instrumental monitoring.
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Monitoring is a dynamic process, a set of details that, correctly
linked and interpreted, describe the entirety of the person in rela-
tion to his state of health in the moment of observation and over
time, through the evolution of trends. The multimodal monitoring
offered by different equipments require high levels of expertise
within nursing staff to find answers that are not wasteful and
respect the proper use of resources in terms of cost/effectiveness.

In conclusion, the new monitoring technologies are to be built
up and have to demonstrate a positive impact on the result before
being used. We believe that there is no easy answer to this ques-
tion. Most hospital administrators require outcome data before
purchasing any new and expensive technology. This approach,
however, could delay application of useful technologies.

There are few studies that have analyzed the impact of moni-
toring on results. For example, the oximeter has shown no impact
on patients’ outcomes [28], and the role of intracranial pressure
routine monitoring in comatose patients with acute trauma fails to
provide evidence in support of the operation [29]. Despite of these
results, those systems are considered essential in monitoring.

A more reflective evaluation of clinical indications and the
training of doctors in the area of Swan-Ganz catheter and hemody-
namic management would have avoided many patients the unnec-
essary placement of the cardiac catheter-related damage [30].

Daily challenges will come from deep knowledge of moni-
toring technologies and appropriate choice according to patient’s
condition, available resources, and staff expertise.
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Chapter 2 ®)
Neurological, Pain, Sedation, e
and Delirium Assessment

Gian Domenico Giusti and Giovanni Mistraletti

2.1 Introduction

Altered cerebral state can be defined as “any mental state,
induced by various pathological, physiological, or pharmaco-
logical maneuvers or agents, which can be recognized subjec-
tively by the individual himself (or by an objective observer) as
representing a deviation in subjective experience or psychologi-
cal functioning from certain norms for that individual during
alert, waking consciousness”[1].

A proper neurological evaluation is an ICU doctors and
nurses’ concern [2]. Critically ill patients often show a dysfunc-
tion connected to a primary neurological deterioration, or they
show a secondary damage related to other vital function’s
changes; therefore a neurological assessment can help the clini-
cal judgment in treating the primary pathological event [3].

In ICU a proper neurological evaluation can be affected by
alteration in cognitive state, agitation, delirium, anxiety, pain,
sedation, hypothermia, neuromuscular blockage, intubation and
mechanical ventilation, traumatic injuries, and surgical
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Table 2.1 Indications for neurological evaluation in ICU patients [5]

* Detect early neurological worsening before irreversible brain damage
occurs

* Individualize patient care decisions

* Guide patient management

*  Monitor the response to treatment, in order to avoid any adverse
effects

* Allow clinicians to better understand the physiopathology of complex
disorders

e Design and implement management protocols

* Improve neurological outcome and quality of life in survivors of
severe brain injuries

* Through understanding disease physiopathology, begin to develop
new mechanistically oriented therapies where treatments currently
are lacking or are empiric in nature

interventions [4]. For these reasons and for an accurate and reli-
able assessment, the ICU staff needs validated tools (Table 2.1).

Furthermore, using a validated evaluation scale both with
sedated and nonsedated patients can allow staff members to
evaluate patient condition through the assessment of cognitive
state, presence of pain or delirium [2].

2.2 Neurological Assessment

There isn’t a single brain area responsible for consciousness, but
its neuro-topical localization can be found in the ascending
reticular activating system (ARAS). Whenever this system is
functionally impaired bilaterally, one must anticipate distur-
bances of consciousness ultimately attaining the degree of
coma. The ARAS connects the thalamic and subthalamic nuclei
with the reticular intermediary gray substance of the spinal cord.
The etiology and exact localization of the functional neuronal
disturbance in the ARAS are not especially important: reversible
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metabolic CNS disease in a context of metabolic derangement
is just as well possible as structural lesions along the thalamic
loop structures.

Coma is a common clinical sign in ICU, and it is defined as
a severe disturbance of consciousness, which precludes awaken-
ing and the directed movement of limbs. The comatose person
shows closed eyes and no purposeful reaction to painful stimuli.
The quantitative reduction of wakefulness, or better of arousal
function, is the main feature of this condition [6].

Besides these signs we can also detect other cognitive and
consciousness disorders before leading to a coma. If both events
occur alternatively, or fluctuate, a delirium diagnosis should be
considered. Following several brain damage, some patients can
be awaken (the patient opens and moves its eyes), but still unre-
sponsive (showing no voluntary movement) [7]; this syndrome
is called vegetative/unresponsive state. A patient in this state has
an alternated sleep-wake cycle, can swallow and breathe, and
shows a response to pain stimuli and nonfinalized movement.
However he is not able to voluntarily move his eyes to visual
stimuli and verbal response nor finalize movements. If this state
continues for more than a month, this clinical syndrome, ini-
tially termed ‘“apallic syndrome” or ‘“vigil coma,” will be
defined as “persistent vegetative state” (PVS), although many
neuroscientists prefer to describe this state of consciousness as
“unresponsive wakefulness syndrome” (UWS). This choice is
due to ethical questions about whether a patient can be called
“vegetative” or not [8].

The minimally conscious state (MCS) is an impairment of
consciousness; the patient shows awareness of self and/or the
environment. Both actions and awareness are unstable during
the day. If this condition is detected in acute stage, its outcome
seems to improve.

Patients with MCS open their eyes spontaneously and show
a response to visual stimuli, are able to show aware response to
simple orders or imitate actions, and usually don’t speak and
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pronounce unmeaning sounds instead. Patients are able to show
finalized movement or emotional behaviors, and they usually
swallow properly [8].

ICU nurses are skilled to assess patient’s consciousness; they
evaluate and detect changes of neurological state and report
them to medical staff in case early interventions are needed to
improve the outcome and reduce the long-term sequelae [9].

Nursing care focuses on:

e Evaluation of awaken state using a score tool to define the
level of consciousness and the stimuli needed to achieve a
response from the patient

e Evaluation of the patient awareness of self and environment
(testing orientation, ability to concentrate and speak) and per-
forming test to assess presence of delirium

The most common scoring scale to assess the consciousness
is the Glasgow Coma Scale (GCS) introduced in the 1970s [10].
An updated tool, the Full Outline of UnResponsiveness (FOUR),
is also available (Table 2.2).

The GCS remains the most widely used in critical care set-
tings. The assessment of motor, verbal, and eye responses of the
GCS characterizes the level of consciousness. The picture pro-
vided by these responses enables comparison both between
patients and changes in patients over the time that crucially
guides management. The three components can be scored sepa-
rately or combined in a sum score, ranging from 3 to 15 [11].

This value must be associated to pupil diameter and reactiv-
ity evaluation, arterial blood pressure, heart rate, body tempera-
ture, breathing pattern and, when prescribed, CO, (EtCO)
measurement, intracranial pressure (ICP), and cerebral perfu-
sion pressure (CPP).

Its main limitations are that verbal responses are not assess-
able in mechanically ventilated patients and that brainstem
examination is not directly considered. The total GCS on ED
arrival is a strong predictor of in-hospital mortality (area under
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Table 2.2 Glasgow Coma Scale
UnResponsiveness (FOUR) score

(GCS) and Full Outline of

Glasgow Coma Scale
(GCS)

Full Outline of
UnResponsiveness (FOUR)

Eye response

Motor
response

Verbal
response

Brainstem
reflexes

4 = eyes open
spontaneously

3 = eyes opening to
verbal command

2 = eyes opening to pain

1 =no eyes opening

6 = obeys commands

5 = localizing pain

4 = withdrawal from pain

3 = flexion response to
pain

2 = extension response to
pain

1 = no motor response

5 = oriented

4 = confused

3 = inappropriate words

2 = incomprehensible
sounds

1 = no verbal response

4 = eyelids open or opened,
tracking, or blinking to
command

3 =eyelids open but not
tracking

2 = eyelids closed but open to
loud voice

1 = eyelids closed but open to
pain

0 = eyelids remain closed
with pain

4 = thumbs-up, fist, or peace
sign

3 =localizing to pain

2 = flexion response to pain

1 = extension response to
pain

0 = no response to pain or
generalized myoclonus
status

4 = pupil and corneal reflexes
present

3 = one pupil wide and fixed

2 = pupil or corneal reflexes
absent

1 = pupil and corneal reflexes
absent

0 = absent pupil, corneal and
cough reflex

(continued)
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Table 2.2 (continued)

Glasgow Coma Scale Full Outline of
(GCS) UnResponsiveness (FOUR)
Respiration 4 = not intubated, regular
breathing pattern
3 = not intubated, Cheyne-
Stokes breathing pattern
2 = not intubated, irregular
breathing
1 = breathes above ventilator
rate
0 = breathes at ventilator rate
or apnea

Max—min 15-3 16-0

the ROC curve (AUC) of 0.91) and need for neurosurgical inter-
vention (AUC of 0.87), with the eye score as the weakest predic-
tor and sum score the best. An initial GCS sum score of 3 is
associated with poor clinical outcomes in traumatic brain injury
(TBI) (mortality 50-76%) [12].

The FOUR score, introduced in 2005, provides additional
information not captured by the GCS including details about
brainstem reflexes and respiratory drive and an opportunity to
recognize the locked-in syndrome [13].

It assesses eye response, motor response, brainstem reflexes,
and respiratory pattern. The FOUR score has been tested in a
range of clinical settings and in different countries; moreover it
has been further validated in the medical ICU, in the ED, and
among ICU nurses well experienced in neurological care [12].

Patients with the lowest GCS score can be further differentiated
using the FOUR score: among patients with GCS3, only 25% have
FOUR = 0, while the others show scores from 1 to 8 [13].

The FOUR score showed good interrater reliability and prog-
nostic content in a range of neurological conditions and may
help to differentiate between several conditions when a patient
is unresponsive [14]. However, experience with this instrument
is still limited when compared to the GCS. Current evidence
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suggests that both the GCS and FOUR score provide useful and
reproducible measures of neurological state and can be rou-
tinely used to chart trends in clinical progress [5].

Sedation, major analgesics (e.g., opioids), and neuromuscular
blockage remain a problem for any clinical scale of
consciousness.

2.3 Pain Assessment

Pain remains a common symptom among ICU patients [15]; the
gold standard to assess pain remains the patient reports, because
it’s well known that pain attributed from the staff could easily be
underestimated. A good application of an evaluation tool is very
important, so as proper illustration of its working principles, in
order to understand and evaluate the patient’s response. Nurses
should choose pain assessment scales according to patient’s
conditions and their own confidence level in using each tool:

e Self-reported:

(a) One dimensional (acute and chronic pain—to monitor
and verify the efficacy in pain-relieving treatment)

(b) Multidimensional (chronic pain—long-term evaluation
or for research purpose)

e Behavioral assessment tool (children or adult with compro-
mised cognitive status).

e Information given by the caregiver.

e Alterations in vital signs (breathing rate, blood pressure, and
heart rate) are not valid indicators to assess the presence and
intensity of pain, but they are useful combined with other
informations [16].

With cooperative patients both one- and multidimensional
scales can be applied (Table 2.3).
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Table 2.3 Pain evaluation scales

Scale

Method Validated for ~Comments

One dimensional

Visual Analogue Visual

Scale, VAS

Numeric Rating
Scale, NRS

Visual
and/or
verbal

Acute and It’s the most reliable and

chronic solid tool, but not easy to
pain use

Rheumatic It’s not reliable in patients
disease with cognitive

Children >5 impairment (after surgery,
y.o. dementia). Some patients

are not able to understand
how to represent
graphically the intensity
of pain

Up to 7-11% of adult
patients and more than
25% of elderly are not

able to fill in VAS
Rheumatic Verbal numeric scale is an
disease easy tool to assess pain,
Acute and similar to VAS, which has
chronic a good concordance with
pain NRS is easily understood
Oncological because the patient has to
pain choose a number between
Pain post 0 and 10 to explain its
trauma pain level

Illiterates ~ NRS doesn’t need the visual
and motor coordination
required for VAS, for this
reason can be easily
performed

It’s indicated to assess the
pain after surgery

Failure to complete this scale
is 2%. It’s a very reliable
tool to assess the efficacy
in pain relief treatment

Less reliable in case of older
age and visual, hearing,
or cognitive impairment
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Table 2.3 (continued)

Method Validated for

Comments

Scale
Verbal Rating Visual  *
Scale, VRS and/or
verbal
Facial Pain Scale, .
FPS

Chronic

pain

Bieri:
children
and adults
Wong-
Baker:
children

VRS needs a description of
the level of pain through
adjectives

Even if these scales are easy
and quick to use, they
aren’t able to assess the
intensity of pain since
adjectives used in this scale
could have different
meaning to different people

Furthermore, these adjectives
could not describe exactly
the level of pain

VRS scales aren’t enough
representative in showing
modification in pain level
in case of too few items

Best results could be
achieved if the scale has
at least six different items

Facial Pain Scale is a graphic
tool which represents
different face expressions
hypothetically connected
to the absence or presence
of pain

It’s been used with children
not able to understand an
analogue scale before
5 years old

The main weakness of this
tool is that facial
expressions could have a
correlation with different
variables as anxiety,
depression, anger, and
satisfaction

It’s not affected by cultural
or ethnic differences

(continued)



34 G.D. Giusti and G. Mistraletti

Table 2.3 (continued)

Scale Method Validated for ~ Comments
Multidimensional
Brief Pain Verbal ¢ Oncological This scale assesses location,
Inventory pain intensity and feature of
(BPI) e Rheumatic pain, relief of pain,
disease associated feelings,
affected quality of life
McGill Pain Verbal ¢ Chronic It’s a complex tool requiring
Questionnaire pain 30 min, there is a short
form too requiring only
2-3 min

It assesses location, intensity
and features of pain
provide also an affective
score

For patients unable to self-report, either the Behavioral Pain
Scale (BPS) [17] or the Critical-Care Pain Observation Tool
(CPOT) can be used [18].

The BPS is validated for both intubated and non-intubated
ICU patients and it’s recommended in the new PAD guidelines
[19]. Since it relies on observation by the care provider, the
patient may be in different states of alertness (Table 2.4).

BPS scale is a four-grade scale and includes three items (face
expression, upper limb movement, compliance to mechanical
ventilation); the objective signs (descriptors) define four differ-
ent levels of pain and with text and illustrations. The final score
represents the presence or absence of pain.

The total score ranges between 3 (no pain) and 12 (most
pain). A further tool’s evolution allows pain evaluation in non-
intubated patients (BPS-NI) [20]. In this feature, the item
“Vocalization” replaces the “Compliance with ventilation” one.
The final four descriptors are equally scored in the two tools,
thus allowing a comparison between ventilated and nonventi-
lated patients.
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Table 2.4 BPS scale

Item Description Score
Facial expression Relaxed 1
Partially tightened (e.g., brow lowering) 2
Fully tightened (e.g., eyelid closing) 3
Grimacing 4
Upper limbs No movement 1
Partially bent 2
Fully bent with finer flexion 3
Permanently retracted 4
Compliance with Tolerating movement 1
ventilation Coughing but tolerating ventilation for 2

most of the time

Fighting ventilator 3
Unable to control ventilation 4

The CPOT includes evaluation of four different behaviors
(facial expressions, body movements, muscle tension, and com-
pliance with the ventilator for mechanically ventilated patients
or vocalization for non-intubated patients) rated on a score
between 0 and 2, the total score ranging between 0 and 8. The
CPOT is feasible, easy to complete, and simple to understand
(Table 2.5).

Assessing pain in patients with severe disorders of con-
sciousness such as MCS and UWS is a great challenge, but it
is possible with Nociception Coma Scale (NCS) (Table 2.6)
which assesses similar components to the BPS and CPOT
with good to excellent concurrent validity and interrater
agreement [21]. Recent studies suggest that the visual sub-
scale does not discriminate noxious stimuli, and its exclusion
increased sensitivity from 46 to 73% with specificity of 97%
and accuracy of 85% (NCS-R) [22]. A score of 4 on the
NCS-R was identified as a threshold value to detect a response
to noxious stimuli.
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Indicator

Score

Description

Facial
expressions

Body movements

Relaxed,
neutral
Tense

Grimacing

Absence of
movements
or normal
position

Protection

Restlessness/
agitation

No muscle tension observed

Presence of frowning, brow
lowering, orbit tightening
and levator contraction, or
any other changes (e.g.,
opening eyes or tearing
during nociceptive
procedures)

All previous facial movements
plus eyelid tightly closed
(the patient may present
with mouth open or biting
the endotracheal tube)

Does not move at all (doesn’t
necessarily mean absence of
pain) or normal position
(movements not aimed
toward the pain site or not
made for the purpose of
protection)

Slow, cautious movements,
touching or rubbing the pain
site, seeking attention
through movements

Pulling tube, attempting to sit
up, moving limbs/thrashing,
not following commands,
striking at staff, trying to
climb out of bed
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Table 2.5 (continued)

Indicator Score Description
Compliance with ~ Tolerating 0 Alarms not activated, easy
the ventilator ventilator or ventilation
(intubated movement
patients) Coughingbut 1 Coughing, alarms may be
or Vocalization tolerating activated but stop
(extubated spontaneously
patients) Fighting 2 Asynchrony: blocking
ventilator ventilation, alarms
frequently activated
Talking in 0 Talking in normal tone
normal tone or no sound
or no sound
Sighing, 1 Sighing, moaning
moaning
Crying out, 2 Crying out, sobbing
sobbing
Muscle tension  Relaxed 0 No resistance to passive
Evaluation by movements
passive Tense rigid 1 Resistance to passive
flexion and movements
extension of  Very tense or 2 Strong resistance to passive

upper limbs
when patient
is at rest or
evaluation
when patient
is being
turned

Total __/8

rigid

movements or incapacity to
complete them
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Table 2.6 Nociception Coma Scale

Motor response Localization to noxious stimulation
Flexion withdrawal
Abnormal posturing
None/flaccid
Verbal response Verbalization (intelligible)
Vocalization
Groaning
None
Visual response Fixation
Eyes movement
Startle
None
Facial expression Cry
Grimace
Oral reflexive movement/startle
response
None 0

=N WO =N WO =N WO =D W

The Behavioral Pain Scale (BPS) and the Critical-Care Pain
Observation Tool (CPOT) are the most valid and reliable behav-
ioral 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 [19].

2.4 Evaluation of Agitation and Sedation

Most patients in ICU receive sedative medication, often associ-
ated to painkillers to reduce anxiety and discomfort, improving
the compliance to treatments. Anxiety and agitation are very
common in ICU patients and associated to worsening clinical
outcomes.
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The concept of anxiety has been defined as comprising two
components: trait anxiety and state anxiety. Trait anxiety corre-
sponds to the individual personality trait of anxiety, namely, a
relatively enduring disposition to feel stress, worry, and discom-
fort. State anxiety corresponds to the emotional (e.g., feelings of
fear, worry, and apprehension) and physiological (e.g., tachycar-
dia) manifestations of anxiety when faced with stressful stimuli.
One could think of trait anxiety as chronic and state anxiety as
acute anxiety [23].

Agitation is a state of extreme arousal, tension, irritability,
and/or excessive psychomotor activity. It is described as exces-
sive restlessness, characterized by nonpurposeful mental and
physical activity due to internal tension and anxiety. However,
no clear, concise, and universally accepted definition of agita-
tion in ICU patients exists.

An optimal sedation level suitable for all critically ill patients
doesn’t exist. Daily assessment is required to define the exact
need in every patient, evaluating clinical history, tolerance con-
cerning forced posture and devices indwelled, compliance with
ventilator and invasive procedure performed, presence of anxi-
ety and agitation, and eventually possible side effects of sedative
and analgesic treatments. There is a quite strong level of scien-
tific evidence supporting a mild sedation, with the aim to
improve the compliance to performed procedures and illness
adjustment, keeping an early level of quiet wakefulness.
Constant control in sedation level is associated to reduced mor-
tality, length of stay in ICU, duration of mechanical ventilation,
less hospital acquired infection, and decreasing in cost [24].

There are several scales available discussed in this chapter
and compared in Table 2.7.

The Richmond Agitation-Sedation Scale (RASS) [25] con-
sists of one value with response options ranging from +4 to —5.
A score of 0 is considered alert and calm, while positive values
correspond to increasing agitation and negative values corre-
spond to progressively deep sedation. There are three steps to
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evaluate the patient: observation, verbal stimulation, and then
physical stimulation. More aggressive stimulation results in a
lower score. It has high reliability and validity in medical and
surgical, ventilated and nonventilated, and sedated and nonse-
dated adult ICU patients; nurses described RASS as logical,
easy to administer, and readily recalled. RASS application pro-
cedure is described in Table 2.8.

Bloomsbury Sedation Score (Bloomsbury) [26] contains a
scale with a 7-point range between —3 (unarousable) and +3
(agitated and restless) and a categorization for natural sleep. A
study aiming to develop a risk assessment tool for voluntary
self-extubation in the ICU performed a post hoc analysis to
determine the validity of the Bloomsbury compared with the
Ramsay Scale [27]. Ramsay Sedation Scale (RSS) [28] has six
different levels, according to patient arousability. It is an intui-
tively obvious scale and therefore lends itself to universal use,

Table 2.8 Procedure to perform RASS

Procedure

1. Observe patient. Is patient alert and calm (score 0)?

Does patient have behavior that is consistent with restlessness or
agitation (score +1 to +4)?

2. If patient is not alert, in a loud speaking voice, state patient’s name
and direct patient to open eyes and look at speaker. Repeat once if
necessary Can prompt patient to continue looking at speaker

Patient has eye opening and eye contact, which is sustained for more
than 10 s (score —1)

Patient has eye opening and eye contact, but this is not sustained for 10 s
(score —2)

Patient has any movement in response to voice, excluding eye contact
(score —3)

3. If patient does not respond to voice, physically stimulate patient by
shaking shoulder and then rubbing sternum if there is no response to
shaking shoulder

Patient has any movement to physical stimulation (score —4)

Patient has no response to voice or physical stimulation (score —5)
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not only in the ICU but wherever sedative drugs or narcotics are
given. A disadvantage of the Ramsay Scale is that it does not
provide any definition of the degree of agitation, while there are
occasions when this may be important to record. The Richmond
Agitation-Sedation Scale does take this into consideration.

Motor Activity Assessment Scale (MAAS) consists of a
7-point scale ranging between 0 (unresponsive to noxious
stimuli) and 6 (dangerously agitated, uncooperative). MAAS is
a valid and reliable sedation scale in mechanically ventilated
patients in the surgical intensive care unit. This tool contains
specific descriptors to differentiate between levels of sedation.
It has demonstrated strong psychometric properties [29].

Riker Sedation-Agitation Scale (SAS) [30] is a common
sedation assessment scale that has been validated in ventilated
and nonventilated patients in medical and surgical ICUs. It con-
sists of 7 items ranging between 1 (unarousable) and 7 (danger-
ous agitation).

The SAS scale must be applied following instructions in
Table 2.9.

Observer’s Assessment of Alertness and Sedation (OAAS)
scale aims to assess the degree of suppression of consciousness
and is widely used in anesthesia research literature to quantify the
hypnotic effects of drugs. The OAAS is a 6-level score. Patients
are considered responsive at an OAAS level of 5, 4, or 3 and are
scored as unresponsive at an OAAS level 2, 1, or 0. Patients are
considered to have loss of consciousness (LOC) at the transition
between level 3 and level 2 [31].

Nursing Instrument for the Communication of Sedation
(NICS) [32] is a 7-level scale ranging between —3 (unresponsive
to deep stimulation) and +3 (dangerously agitated). NICS is a
valid and reliable sedation scale in mixed population of inten-
sive care unit patients. NICS ranked highest in nursing prefer-
ence and ease of communication and may thus permit more
effective and interactive management of sedation.

Recent extensive psychometric testing suggests that both
Richmond Agitation-Sedation Scale (RASS) and Riker
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Sedation-Agitation Scale (SAS) scored the highest for validity,
reliability, feasibility, and relevance [19].

Ensuring patient comfort requires a multidisciplinary
approach in addition to pharmacotherapy. This includes fre-
quent communication and explanation to the patient by all staff
directly involved in their care, both nurses and doctors, and rela-
tives. Physiotherapy plays an important role as prolonged
immobility may be painful, increases muscle catabolism, and
increases the risk for sepsis and deep vein thrombosis. It has to
be reduced by daily assessment and treatment. Basic needs,
such as feeding and hydration, require addressing regularly to
prevent the symptoms of hunger and thirst [33]. Educational
initiatives are necessary to improve ICU practice, particularly
for nurses unexperienced in ICUs [34].

2.5 Delirium Assessment in ICU

Delirium is a complex psychiatric syndrome characterized by
disturbance of consciousness and cognitive functions, with per-
ception deficits and altered sleep-wake cycle; it has a fluctuating
course during time. In critically ill patients, it’s very common
and stressful; from 30% until 80% of ICU patients can show this
syndrome [35]. The variations of the prevalence and incidence
of ICU delirium depend on the criteria for its detection and on
the cohorts of critically ill patients studied.

Delirium is a serious disorder associated with prolonged ICU
and hospital length of stay, higher costs, and increased morbid-
ity and mortality [36].

This syndrome has been studied for a long time in patients
with heart diseases [37], and it has been considered as a priority
in ICU patients from Kornfeld in 1967, with modern ICU [38],
however being still difficult to diagnose and treat.

The current reference standard diagnostic criteria are the fifth
edition of American Psychiatric Association’s Diagnostic and
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Statistical Manual of Mental Disorders (DSM-V) [39] and
WHO’s International Classification of Diseases, 10th Revision
(ICD-10) [40]. According to DSM-V criteria, delirium is
defined as the disturbance in attention and awareness and
change in cognition that is not better accounted for by a pre-
existing, established, or evolving dementia. The disturbance
develops over a short period and tends to fluctuate during the
course of the day, and there is evidence from the history, physi-
cal examination, or laboratory findings that the disturbance is
caused by a direct physiologic consequence of a general medical
condition, an intoxicating substance, medication use, or more
than one cause. According to the WHO criteria, the diagnosis of
delirium requires the following: clouding of consciousness with
reduced ability to focus, sustain, or shift attention, disturbance
of cognition, presence of psychomotor disturbances, distur-
bance of sleep or the sleep-wake cycle, rapid onset and fluctua-
tions of the symptoms over the course of the day, and objective
evidence from history, physical, and neurological examination

Table 2.9 Procedure to perform SAS

1. Agitated patients are scored by their most severe degree of agitation as
described

2. If patient is awake or awakens easily to voice (“awaken” means
responds with voice or headshaking to a question or follows
commands), that’s a SAS 4 (same as calm and appropriate—might
even be napping)

3. If more stimuli such as shaking are required but patient eventually
does awaken, that’s SAS 3

4. If patient arouses to stronger physical stimuli (may be noxious) but
never awakens to the point of responding yes/no or following
commands, that’s a SAS 2

5. Little or no response to noxious physical stimuli represents a SAS 1

This helps separate sedated patients into those you can eventually wake
up (SAS 3), those you can’t awaken but can arouse (SAS 2), and
those you can’t arouse (SAS 1)
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or laboratory tests of an underlying cerebral or systemic disease
(other than psychoactive substance-related) that can be pre-
sumed to be responsible for the clinical manifestations.

Three subtypes of delirium can be distinguished:

1. Hyperactive subtype: the patient is hyperalert or agitated.

2. Hypoactive subtype: the patient is hypoalert or lethargic.

3. Alternating or mixed subtype: characterized by alternating
hyper- and hypoactive symptoms.

The hyperactive subtype, usually associated with delusions,
hallucinations, agitation, and disorientation, occurs in approxi-
mately 1-2% of patients with delirium. The hypoactive subtype,
characterized by lethargy, psychomotor slowing, and inappro-
priate speech or mood, occurs in approximately 35% of patients.
In intensive care patients with delirium, the alternating or mixed
subtype has the highest incidence rate and represents up to
60-70% of all cases of delirium. Especially, the hypoactive
subtype is difficult to recognize, and the incidence/prevalence is
therefore likely to be underreported. Because of the fluctuating
course of delirium, it can be assumed that the alternating sub-
type is also underreported [41]. It’s very important to distin-
guish between ICU delirium and dementia, which is characterized
by a state of generalized cognitive deficits in which there is a
deterioration of previously acquired intellectual abilities.
Dementia usually develops over weeks, months, or even years
with varying levels of cognitive impairment from mild to severe.

2.5.1 Risk Factors for the Development of ICU
Delirium

Some illness and patients have an increased risk to develop
delirium during ICU stay. Risk factors can be divided in predis-
posing and precipitating factors (Table 2.10). Predisposing factors
are present before the admission in hospital and are correlated to
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Table 2.10 Risk factors

Predisposing factors Precipitating factors

Age>70 Restraint devices

History of depression and/or Inability to communicate if connected

dementia and/or stroke to a ventilator

Drug abuse Visual or hearing impairment

Hypo-/hyperthermia Invasive procedures

Hypo-/hypernatremia Catheter indwelled (CVC, urinary
catheter, NGT, orotracheal tube,
etc.)

Hypo-/hyperthyroidism Drug administration

Hepatic and/or renal failure Pain

Septic and/or cardiogenic shock Isolation

Emergency surgery Sleep deprivation

Malnutrition Stress

patient clinical history. Precipitating factors are all the stimuli and
any acute factor during the stay in ICU. After 24 h in ICU, it is
possible to detect delirium in ICU using the PRE-DELIRIC
model [42] or E-PRE-DELIRIC at the admission. The predictors
that build this model are largely consistent with previously
reported risk factors for delirium, including age, pre-existing
dementia, history of alcoholism, and a high severity of illness at
admission [43].

2.5.2 Detection

Early detection of ICU delirium is necessary to limit the
destructive consequences of an untreated delirium: each subse-
quent day of this cerebral syndrome is correlated with a 10%
increase in hospital mortality [41]. The early definition of ICU
delirium referred to DSM-IV is based on which different
evaluation scales have been developed, nowadays not anymore
(Table 2.11).
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Table 2.11 Comparing DSM classification of delirium [44]

DSM-V

DSM-IV

A. Disturbance in attention (i.e., reduced
ability to direct, focus, sustain, and
shift attention) and awareness (reduced
orientation to the environment)

B. The disturbance develops over a short
period of time (usually hours to a few
days), represents an acute change from

A. Disturbance of

consciousness (i.e.,
reduced clarity of
awareness of the
environment) with
reduced ability to focus,
sustain, or shift attention

baseline attention and awareness, and ~ B. A change in cognition or

tends to fluctuate in severity during the
course of a day

C. An additional disturbance in cognition
(e.g., memory deficit, disorientation,
language, visuospatial ability, or
perception)

D. The disturbances in Criteria A and C
are not better explained by a pre-
existing, established, or evolving
neurocognitive disorder and do not
occur in the context of a severely
reduced level of arousal such as coma

E. There is evidence from the history,
physical examination, or laboratory
findings that the disturbance is a direct
physiological consequence of another
medical condition, substance
intoxication or withdrawal (i.e., due to
a drug of abuse or to a medication), or
exposure to a toxin or is due to multiple
etiologies

the development of a
perceptual disturbance
that is not better
accounted for by a
pre-existing,
established, or evolving
dementia

C. The disturbance develops

over a short period of
time (usually hours to
days) and tends to
fluctuate during the
course of the day

D. There is evidence from

the history, physical
examination, or
laboratory findings that
the disturbance is
caused by the direct
physiological
consequences of a
general medical
condition

The Confusion Assessment Method for the ICU (CAM-ICU)
and the Intensive Care Delirium Screening Checklist (ICDSC)
are strongly recommended for delirium assessment by the 2013
PAD guidelines, although there are several scales available to

assess this syndrome [19].
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The CAM-ICU [45] is a part of the neurological evaluation
which accounts different levels. First of all it is necessary to
assess the level of consciousness by a validated scale (authors
recommend the RASS). The second stage is the evaluation of
content of consciousness. If the patient is sedated (RASS = —4
or —5), it is impossible to assess because of patient’s unrespon-
siveness. These levels are defined as coma, and in these cases
we don’t use the CAM-ICU but we describe the patient as not
evaluable.

If sedation is mild (RASS > —3), patients show some respon-
siveness which enables to evaluate their thoughts and the pres-
ence of delirium.

The CAM-ICU analyzes four aspects:

. Acute onset or fluctuating course
. Inattention

. Altered level of consciousness

. Disorganized thinking

AW N =

The ICDSC (Table 2.12) is a scale for delirium stratification,
but it can also be used as a diagnostic scale, and the scale’s
application is easy and quick [46]. The ICDSC consists of eight
observed variables that are compared with the assessment of the
previous day, and increasing values on the ICDSC are compat-
ible with severity stratification. In addition, the ICDSC is useful
in the diagnosis of subsyndromal delirium [47].

If the score is 0, there is no delirium; from 1 to 3, there is
“subsyndromal delirium;” and from 4 to 8, there is presence of
delirium.

The ICDSC has been demonstrated to be a good scale to
assess and monitor for delirium and may be preferred since it
does not score changes in wakefulness and attention directly
attributable to recent sedative medication as positive ICDSC
points.
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Table 2.12 Intensive Care Delirium Screening Checklist (ICDSC)

Category Description Points
Altered level of (a) Drowsy and requires mild to moderate +1
consciousness stimulation for response

(b) Hypervigilant (no points are given for
a sleeping state)

Inattention Patient displays a level of inattention, +1
including distractibility by external
stimuli, difficulty keeping up with
conversations, or difficulty shifting

focus
Disorientation Evident mistake in time, person, or place +1
Hallucination, Any indication of hallucinations +1
delusion, or (grabbing for an unseen object),
psychosis delusion, or gross impairment in
reality testing
Psychomotor (a) Hyperactivity that requires use of +1
agitation or sedative drugs or restraints to control
retardation potential danger to the patient

(b) Hypoactivity or clinically noticeable
psychomotor slowing
Inappropriate speech Patient displays inappropriate speech or ~ +1

or mood mood
Sleep/wake cycle Patient sleeps <4 h during the night, has  +1
disturbance frequent awakenings (not related to

medical staff-initiated awakenings),

or sleeps throughout most of the day
Symptom fluctuation Fluctuation of any of the manifestations  +1

of any item or symptom within a 24 h

period (i.e., between shifts)

Studies have demonstrated that the ICDSC has a high sensi-
tivity (99%) but low specificity (64%) for the diagnosis of
delirium when compared to formalized psychiatric assessment.
The CAM-ICU has a lower sensitivity (93%), but higher
specificity (96%) than ICDSC, and may correlate more strongly
with patient outcome than ICDSC. The use of sedation and
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analgesia in the ICU can lead to diagnose a form of drug-
induced, hypoactive delirium. Despite its better outcome, such
deliric conditions deserves the same attention and promp treat-
ment as other ICU delirium features.

ICU delirium assessment should be performed once per shift
or whenever a mental status change occurs.

It’s important to use validated tools when changes in sedative
or analgesic medication occur, when anesthesia ends its effec-
tiveness, when changes in state of conscience occur, or when
patients show an acute change of their neurological state [48].

2.5.3 Prevention

Delirium management in ICU must be focused in underlying
organic or metabolic cause. There’s the need to restrict precipi-
tating factors in patient with predisposing factors.

Prevention is carried out through nonpharmacological, envi-
ronmental, and orientation strategies. It’s important to optimize
neuroactive therapy decreasing sedative administration.

Finally, after an optimal level in analgesia and sedations is
reached, the suitable pharmacological antipsychotic treatment
to prevent the cognitive and physical worsening should be
considered.

Some acronyms have been created to guide nurses and doc-
tors in case of ICU delirium.

What to THINK about when delirium is present:

e T Toxic situations, CHF, shock, dehydration, deliriogenic
meds (tight titration), new organ failure(e.g., liver, kidney)

* H Hypoxemia

e I Infection/sepsis (nosocomial), immobilization

* N Nonpharmacological interventions (hearing aids, glasses,
reorient, sleep protocols, music, noise control, ambulation)

e K K+ or electrolyte problems



2 Neurological, Pain, Sedation, and Delirium Assessment 51

In case of patient with delirium, attention is given to a series

of condition under the acronym DrDRE:

L]

L]

D Diseases (sepsis, COPD, CHF)

DR Drug Removal (SATs and stopping benzodiazepines/
narcotics)

E Environment (immobilization, sleep and day/night, hearing
aids, glasses)

To perform a differential diagnosis, the acronym I WATCH

DEATH is used:

Infection (HIV, sepsis, pneumonia)

Withdrawal (alcohol, barbiturate, sedative-hypnotic)

Acute metabolic (acidosis, alkalosis, electrolyte disturbance,
hepatic failure, renal failure)

Trauma (closed head injury, heatstroke, postoperative, severe
burns)

CNS pathology (abscess, hemorrhage, hydrocephalus, sub-
dural hematoma, infection, seizures, stroke, tumors, metasta-
ses, vasculitis, encephalitis, meningitis, syphilis)

Hypoxia (anemia, carbon monoxide poisoning, hypotension,
pulmonary or cardiac failure)

Deficiencies (vitamin B12, folate, niacin, thiamine)
Endocrinopathies  (hyper-/hypoadrenocorticism, hyper-/
hypoglycemia, myxedema, hyperparathyroidism)

Acute vascular (hypertensive encephalopathy, stroke, arrhyth-
mia, shock)

Toxins or drugs (prescription drugs, illicit drugs, pesticides,
solvents)

Heavy metals (lead, manganese, mercury)

Every sedative can lead to delirium; especially benziodiaze-

pines increase delirium recurrence more than propofol and
dexmedetomidine. Another way to decrease delirium is to opti-
mize treatment with painkillers: both the pain and excessive
painkiller administration are associated to delirium onset.
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Opioids are the first choice of medication to treat pain in ICU
but have important side effects (hypercapnia, hypotension,
depression in consciousness level).

Antipsychotics are the first choice to treat delirium after ana-
lyzing and solving every possible cause; they must be adminis-
tered very carefully and stopped as soon as possible. Haloperidol
can show different side effects (muscular tension, tremors, dys-
kinesia, drowsiness, thought disorder); other atypical antipsy-
chotics (olanzapine, quetiapine, risperidone, etc.) show the
same efficacy with less side effects.

Early mobilization (which may, in addition to its nonpharma-
cological intervention component, lighten sedation) appears to
be the major beneficial strategy in preventing delirium in the
ICU (Table 2.13) [49]. It has been demonstrated to reduce mor-
bidity and mortality in ICU patients.

Moreover it’s been demonstrated that the use of a protocol of
nonpharmacological intervention in a medical intensive care
unit (MICU) permits to decrease delirium incidence (15.7% vs.
9.4%, P = 0.04).

Finally, taking into consideration circadian rhythm is impor-
tant to promote physiologic sleeping in its peculiar phases
(REM and slow wave) which are usually reduced in case of
critical illness. Literature give us the advice to keep the awake
period during the daytime (i.e., using music or television and

Table 2.13 Nonpharmacological Early mobility
interventions to prevent ICU e Clock

delirium . .
e Reorientation

* Noise reduction

e Medication/procedure
reschedule

*  Open blinds

* Eye mask

*  Dim hallways at night
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discourage sleeping time during the day) and keep silence dur-
ing the night, give the patient earplugs or eye masks, keep lights
off if possible, reduce noise, and avoid unnecessary
procedures.

A qualitative better sleeping is achieved decreasing sedative
administration or giving the patient some melatonin in the
evening.

A correct approach toward sleeping can decrease delirium
prevalence and duration.

Take-Home Messages

e Neurological evaluation is an expertise of ICU nurses and
doctors.

e Subjective pain evaluation is the gold standard; both nurses
and doctors must know how to assess the pain depending on
patient neurological condition and choose the right tool.

e Sedation should be tailored to the individual needs of the
patient.

e Delirium is a common and serious disorder related to morbid-
ity and mortality.
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Chapter 3 )
Respiratory and Ventilatory s
Assessment

Alberto Lucchini, Christian De Felippis, and
Stefano Bambi

3.1 Introduction

The basic treatment of acute and chronic respiratory failure
grounds on the mechanical ventilatory support. However, this
kind of treatment could arouse ventilator-induced lung injury
(VILD [1]. Some recommended evidence-based ventilatory
strategies are available to avoid potential adverse effect, espe-
cially in patient developing adult respiratory distress syndrome
(ARDS) [2, 3]:

— Low tidal volume (TV) (<6 mL/kg of ideal body weight);
plateau pressure (P-plat) <30 cmH,O—to prevent volu-
trauma, barotrauma, and biotrauma

— Recruitment maneuvers—to open the lungs

— Positive end-expiration pressure (PEEP)—to keep lungs
open

— Prone positioning—to improve gas exchanges through
improvement of ventilation in the lung dorsal areas

— Early-assisted mechanical ventilation (MV)—to prevent
the disuse and the weakness of diaphragm

© Springer International Publishing AG, part of Springer Nature 2018 59
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— Sedation and paralysis (in the earliest phases of severe
ARDS)—to ease the patient’s adaptation to MV
— Noninvasive ventilation (NIV)—to avoid intubation

Putting these key points into practice during the treatment of
ARDS requires a continuous monitoring of patient-pulmonary
ventilator interaction, in order to avoid potential adverse effects
and iatrogenic damage. In the next sections, all the basic lead-
ing principles about MV settings and monitoring will be
discussed.

3.2 Basic Monitoring Tools

3.2.1 Pulse Oximetry

Pulse oximetry is a technique to perform a continuous moni-
toring of peripheral oxygen saturation and heart rate. The read-
ing obtained through a probe uses a sensor containing two
different light sources (red and infrared) plus a photodetector
able to read the light wave length, ranging from 650 to
940 nm. Light’s absorption doesn’t rule out between oxygen-
ated and deoxygenated blood and tissue pigmentation. Then,
only the pulsatile wave form will be calculated. Any fluctua-
tions regarding the light’s absorption are related to vascular
bed’s status. The pulsation modifies the amount of arterial
blood during short periods of time. Because the arterial blood
is the only light-absorbing component, it can be isolated and
calculated.

Oxygen saturation can be defined as a ratio between oxygen-
ated hemoglobin (HbO,) and the total amount of hemoglobin
(HbO, + Hb + carboxyhemoglobin + methemoglobin + sulthe-
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moglobin). Red and infrared lights emitted by diodes pass
through tissues, and are subsequently read by a photodetector,
and then converted into electrical signal. Signal is amplified,
processed, and finally showed on a display as a numeric value
of SpO, plus heart rate.

Several anatomical sites fit for a proper reading by the probe.
Main limitations refer to correct positioning of probe’s sides
itself, to the pulsatile arteriolar bed, and the thickness of tissues
crossed by the lights. Common anatomical sites are the finger,
nose, earlobe, and great toe. Different types of probes are avail-
able as wrap style sensor or clip style sensor. It’s fundamental to
apply the right probe for the right site.

Several factors can affect the correct reading of pulse oxim-
etry. Movements of the patient disturb reading, and then a
potential desaturation should be ruled out, discriminating
between reading artifacts and a real desaturation event. In these
cases, the comparison between the heart rate values displayed
from the electrocardiogram trace and from the pulse oximetry
could be helpful. Nail polish could lead to reading artifacts due
to its capability to adsorb different light waves: it should be
removed prior to commence any monitoring actions [4, 5].
Incorrect positioning of the probe could lead to venous stasis
and a lower saturation levels reading due to an increase in the
pulsatile venous bed.

Nevertheless, the reading cannot rule out between hemoglo-
bin and carboxyhemoglobin resulting in an overrated estimation
of the values. Patient suspected for carbon monoxide poisoning
or jaundice should be monitored via arterial blood gas (ABG)
sample tested by laboratory.

Prolonged monitoring time requires a probe’s site swap on a
regular basis (every 4 h or less, according to patient’s skin con-
ditions), to avoid skin and tissue (pressure ulcers, burns)
damages.
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3.2.2 End-Tidal Carbon Dioxide
(EtCO,) Monitoring

EtCO, is defined as the concentration or partial pressure of car-
bon dioxide (PaCO,) measured in “mmHg” (millimeter of mer-
cury), or CO, percentage inside respiratory gases. Usually,
PaCO, ranges from 35 to 45 mmHg. EtCO, reflects cardiac
output (CO) and pulmonary blood flow. As soon as CO, moves
from alveolar capillary network into airways, the capnograph
detects its concentration or partial pressure in the respiratory
gases. During cardiopulmonary resuscitation, the amount of
CO, reflects the pulmonary bloodstream. Capnography is
referred to a visualization of a graphic waveform of CO, con-
centration (Fig. 3.1).

AN Aw

Insp. Exp. . Time
PCO,
c D The physiological capnogram
A-B : Emptyng of the upper dead
space of the airways
A:iB E Time
B-C : Gas from lower dead space
and alveoli
Flow
' 1 ’ \ C-D : Alveolar gas
[ D : End Tidal CO,
Time
D-E : inspiration

Fig. 3.1 Relationship between capnography, airway pressure, and gas flow
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Usually the normal gap between PaCO, and EtCO, is
4-5 mmHg, as expression of ventilatory wasted space known as
“dead space.”

The capnography measurement can be implemented through
two kinds of technologies: “mainstream” and ‘sidestream”
(Fig. 3.2).

The mainstream technology is available for intubated
patients only. A sample cell (“cuvette”) and an adaptor are
located in line on ventilator circuit between the endotracheal
tube and “Y-shaped” connector, so the respiratory gases are
nearly real-time detected and measured. The disadvantages are
additional weight on the airway lines, additional dead space,
and reading failure due to bronchial secretions or excessive
condensation.

The sidestream technology is based on a continuous sam-
pling of gases from the breathing circuit. A tiny gauge-sized
plastic tube positioned via a connector delivers the gas sample
into a sampling cell within the monitor. Lightweight is probably
its best advantage, although it can be easily obstructed by bron-
chial secretions, mouth secretions, or condensation.

Microstream technology is the ultimate evolution of capnog-
raphy’s monitoring. It is suitable for intubated patients.
Advantages are smaller sampling volume needed and accuracy
in detecting CO, levels from low expiratory flows.

Figure 3.2 shows a waveform capnography.

The main indications for EtCO, monitoring are:

e Continuous monitoring about quality of mechanical
ventilation.

e Verification of artificial airway device placement.

e Monitoring of circulation during cardiopulmonary resuscita-
tion. In fact, the sudden and steady increment of PetCO, is an
indicator of ROSC.

Capnography wave changes are induced by some clinical
problems, as illustrated in Fig. 3.3 [6-8].
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3.3 Basic Monitoring During MV

3.3.1 Basic Principles

Modern pulmonary ventilators can be divided into two main
units:

e Control unit, consisting of the display section with the con-
trol section

e Patient unit, consisting of the pneumatic section and the
power section

The basic features of a modern ventilator are showed in
Fig. 3.4. The various components are numbered from 1 to 10
(from 1 to 5, inspiratory line; from 6 to 12, expiratory line).

3.3.2 Ventilator Waveform Monitoring

Monitoring of respiratory mechanics via scalar waves (scalar
plot airway pressure, volume, or flow against time) provides
important information and/or red flags to the bedside nurse in
ICU. Several studies have shown that a better understanding and
interpretation of ventilatory graphic waveforms by ICU nurses
can result in a shorter time of weaning from MV support [9].
Waveform analysis is performed through three different ven-
tilatory aspects: airway pressure, airway flow, and airway vol-
ume versus time. Graphically, time measure is the X-axis, while
the other abovementioned factors are plotted in the Y-axis [10].

3.3.2.1 Pressure-Time Waveform

On volume-controlled mode two different pressures can be dis-
tinguished: peak pressure (Pmax) and plateau pressure. Pmax is
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Expiratory side

From patient Q

To patient

éoé

Fig. 3.4 Ventilator components. (1) Gas inlet for medical air. The connected air
must have a pressure between 2 and 6.5 bar. (2) Gas inlet for oxygen. The con-
nected oxygen must have a pressure between 2 and 6.5 bar. (3) The gas flow
delivered to the patient system is regulated by the inspiratory valves. Generally,
there is one inspiratory valve unit for each kind of gas. The inspiratory valves are
regulated by a feedback control system. (4) The gases are mixed in the inspira-
tory mixing chamber. (5) The pressure of the mixed gas delivered to the patient
(inspiratory pressure—Pmax, Pplat) is measured by the inspiratory pressure
transducer. The transducer is generally protected by an antibacterial filter. (6)
The inspiratory pipe leads the mixed gas from ventilator mixing chamber to the
patient system. The inspiratory pipe also contains the safety valve, a holder for
the O, cell, and the inspiratory outlet. The spring-loaded safety valve will open
in case of a power failure and/or if the inspiratory pressure exceeds 100 cmH,O.
(7) The oxygen concentration inside the inspiratory pipe is measured by the O,
cell. (8) The patient system’s expiratory gas tube is connected at the expiratory
inlet. The expiratory inlet can contain a moisture trap or can be protected by a
warming system. (9) The gas flow through the expiratory limb is measured by
the expiratory flow transducer. Patient trigger efforts, indicated by a decreasing
in the continuous flow, are sensed by this expiratory flow transducer. (10) The
expiratory pressure is measured by the expiratory pressure transducer. The trans-
ducer is protected by a bacteria filter. Patient trigger efforts, indicated by a pres-
sure drop, are sensed by this expiratory pressure transducer. (11) The pressure of
the gas (PEEP) in the patient system is regulated by expiratory valve. The
expiratory valve is regulated by a feedback control system. (12) The gas from
the patient system leaves the ventilator via this expiratory outlet. The outlet
contains a non-return valve, which is a part of the patient triggering system

Inspiratory side
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Airway Volume Controlled ventilation
pressure

. Pmax

Pplat
Pa ] P resistive

P elastic

- PEEP
] PEEP level

Fig. 3.5 Pressure-time waveform. The difference between peak pressure
(Pmax) and plateau pressure (Pplat) defines resistive pressure, whereas the
difference between plateau pressure and PEEP defines the elastic pressure.
Analysis of the airway pressure shape during phase of constant flow infla-
tion (VC mode) can be used to calculate stress index

determined by both pulmonary resistance and compliance,
while the plateau pressure is related only to the static compli-
ance (elastic pressure) of the lung. Stress index factor (indicat-
ing the overstretching of lungs during MV) can be obtained by
analyzing the ascending wave’s shape during a constant flow
phase.

On pressure control ventilation mode, the shape of graphic
wave will be different: the ventilator will provide the inspiratory
peak pressure, keeping it constant throughout the settled inspira-
tory timing (Fig. 3.5).

If the aim of a controlled ventilation mode is a complete
management of patient’s respiratory rate, every spontaneous
breath triggered by the patient should be avoided. Therefore,
strictly monitoring of ventilator graphics becomes crucial to
recognize potential trigger asynchronies. In both controlled
ventilation modes (pressure/volume), these unplanned
spontaneous breaths lead to a modification of the inspiratory/
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Airway pressure Volume controlled ventilation
/‘ No patient trigger
I >
Inspiration Expiration Inspiratiron Expiration
1sec 2 sec

Set up ventilation
Patient’s trigger ;

Inspiration  Expiration  Inspiratiron Expiration
1sec 1sec 1sec 2 sec

Fig. 3.6 Comparison between a machine-based and a patient’s trigger-
based delivery of TV [11]

expiratory ratio, affecting its timing and resulting in a potential
“‘air-trapping” effect (Fig. 3.6).

3.3.2.2 Flow-Time Waveform

The flow-rate scalar wave is made by two distinct parts, the
positive side originated by the ventilator itself (managed by the
machine) and the negative side, or expiratory flow (ruled by
patient’s conditions). From a graphical point of view, time is
shown (seconds) on the horizontal axis (X), while the airway
flow (Lt/min) provided by the machine is showed on the vertical
axis (Y).

On volume-controlled mode, the inspiratory tracing is
shaped by the ventilatory settings. As before mentioned, the
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patient’s related variable on volume-controlled mode is the air-
way pressures (Ppeak and PPlat). The amount of airway flow is
dependent from ventilator settings. The flow is the resultant of
the ventilation settings (e.g., controlled volume, TV 500 mL,
with RR = 20 e Ti = 1'—Flow = 500 mL in 1’). As result, the
trend of waveforms will be square-shaped, keeping it during the
entire inspiratory timing with a quick no-flow step at the end of
it. Then the expiratory timing is split into two parts; the high
initial expiratory peak flow is followed by its gradual
releasing.

On pressure-controlled mode the expiratory wave still
remains the same (lead by patient), while the inspiratory will be
affected by alterations. In order to reach the settled pressure
value as quick as possible, the flow waveform results in a regu-
lar decreasing shape (after the flow peak) due to a progressive
lacking of space available into the lungs. Monitoring of the TV
and minute volume is performed by the visualization of graphic
time-volume waveform.

From a nursing perspective, two factors seem to be crucial in
the monitoring of waveforms.

The presence of bronchial secretions, in absence of collec-
tion condense trap, will result in a “sawtooth” pattern on scalar
trace. According to latest guidelines, the detection of this venti-
latory patient’s status is a lead indicator to perform a bronchial
suctioning [12, 13].

It is possible to recognize this situation also from a different
graphic monitoring, as known as “loop” waveform, a real-time
analysis between flow and volume able to provide the right tim-
ing to commence the suctioning maneuver.

Loops plot pressure and flow against volume (P/V, F/V) and
allow the practitioner to analyze the inspiratory and expiratory
phases of each breath using either flow-volume or pressure-
volume tracings. In flow-volume loop, volume is plotted on the
X-axis and flow on the Y-axis. Positive flow from a positive-
pressure breath often appears above the horizontal axis, with
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expiratory flow below the axis, but this pattern may be reversed,
depending on the ventilator being used (Fig. 3.7).

If the expiratory portion doesn’t return to baseline before the start
of the next breath, “air trapping” or PEEP, could be present
(Fig. 3.8) [14].

Normal flow/volume loop Flow/volume loop with Sawtooth

50:/ \ 501/— ~~

Flow (It/min) Inspiration Flow (I/min) Inspiration

Expiration

Volume (ml)

Fig. 3.7 Normal flow-volume loop (left) and flow/volume loop with saw-
tooth (right)

Flow +

PEEPI

Flow limitation

High initial exp. flow

Inspiration Expiration

Fig. 3.8 Flow-volume waveform in patient with iPEEP
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3.3.2.3 Time-Volume Waveform

Time-volume graphic trace shows on the Y-axis the amount of
gas volume provided. Two relevant aspects are related with this
topic: basically, it allows to monitor the volume as a real-time
checking during volume-controlled ventilatory setting, but at
the same time it provides an evaluation and monitoring of the
real amount of volume on pressure-controlled settings. If at the
end of the inspiratory phase the volume’s amount fails to be
zeroed, a leakage from the tubing should be considered.

3.3.2.4 Other Advanced Respiratory
Monitoring Parameters

There are some other important parameters that can be used by
ICU nurses in their advanced respiratory assessment of critically
ill patients. These parameters require special competencies and
skill to be employed in the clinical practice (Table 3.1).

3.4 Monitoring During Invasive
Spontaneous Ventilation

3.4.1 The Weaning Process

Because of the potential risks related to MV, weaning process
should begin as soon as possible. Nevertheless, an excessive
early planned extubation is not recommended, resulting in
weaning failure and consequent reintubation associated with
poor outcome and increased mortality rates.

In order to prevent delayed weaning and extubation failure,
scientific literature suggests [21]:
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Table 3.1 Advanced ventilatory assessment parameters

Parameter Description

Compliance Compliance is defined as the ratio between
respiratory volume and pressure. Regarding the
system (Cpl,rs pulmonary system, TV represents the volume
or respiratory variable, while delta pressure (plateau pressure
system minus PEEP) is the real pressure generated
compliance) from machine to deliver that gas volume

Auto-positive
end-expiratory
pressure (PEEPi)

Esophageal pressure
(Pes)

Cpl,rs stand for the ventilated lung parenchyma
and stiffness of chest wall, and the normal
physiologic values are 1.2-1.5 mL/cmH,O/kg

Presence of PEEPi is due to an incomplete
emptying of the lungs. PEEPi formula is total
PEEP (pressure at the end of expiration—
measured by performing an expiratory pause
of 3 s with patient on controlled ventilation)
minus set PEEP

PEEPi can be related to clinical findings (COPD,
asthma, etc.) or direct consequence of
inaccurate respiratory setting by clinicians
[15]

In case of flow limitation (COPD patients), PEEPi
can get reduced by low levels of external
PEEP. In case of flow obstruction PEEPi,
(bronchial secretions, ET tube diameter size,
I/E ratio reversed), the external PEEP cannot
affect the PEEPi. PEEPi is strictly related to
the patient’s respiratory pattern

A tight correlation appears to exist between
pressures inside pleural space and esophageal
pressure. The most common way to perform a
bedside measurement is throughout an
esophageal balloon filled with air, with the
balloon-tipped catheter connected to a pressure
transducer kit as a part of a multiparameter
monitoring system (Fig. 3.9—left)

From a nursing point of view, Pes monitoring can
detect patient-ventilator asynchrony in invasive
or noninvasive ventilatory support [16]

(continued)
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Table 3.1 (continued)

Parameter Description
Diaphragmatic Trigger pneumatic signal is based on airway
function pressure, flow, and volume. It represents a

communicative link between machine and
patient’s demand, able to drive, control, and
synchronize both inspiratory and expiratory
cycling. Inspiratory trigger commences the
inspiratory phase of ventilation, while the
expiratory trigger rules the expiratory one.
Lately, a new way of trigger detection appeared
called (by its acronyms) NAVA (neurally
adjusted ventilatory assist) [17-19]. Basically,
NAVA's triggering principle is based on the
electric diaphragm activity (Edi): it’s the best
electrical signal to get analyzed in order to
estimate respiratory drive and trigger off and
cycle off the delivery of mechanical
ventilation; Edi is definitely more accurate,
reliable, and faster compared to conventional
signal before mentioned. Detection of signal is
possible via a dedicated NG tube equipped
with electrodes on its distal end. This dedicated
NG tube able to detect the diaphragmatic
activity and then provide the ventilatory NAVA
supports can be used itself as a valid
monitoring tool for asynchronies when it’s
matched with a graphic monitoring of
ventilation: flow and pressure (Fig. 3.9—right)

Moreover, it could be very helpful to early detect
a multifactor syndrome defined as VIDD
(ventilator-induced diaphragmatic
dysfunction) [20] mainly characterized by loss
of contractile force and muscular mass.
Diaphragmatic dysfunction is common in
patients mechanically ventilated, and it’s one
of the main reasons for weaning failure
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Fig. 3.9 Graphic waveforms with esophageal pressure (left) and with Edi
monitoring (right)

1. Predictive measurement tools for weaning

2. Trial of unassisted breathing (CPAP with tube resistance
compensation or T-tube trial)

3. Trial of extubation

During pressure support ventilation (PSV), the clinical goal
is to best balance the use and abuse of patient’s respiratory
muscles, avoiding functional muscular failure due to excessive
WOB.

The respiratory over-assistance should be prevented [22]
because the only patient-machine’s interaction is related to the
trigger activation, without any other muscular effort. It’s
working like a pressure-controlled ventilation mode set on
patient trigger. On the contrary, inadequate PS with a full mus-
cular involvement could lead to fatigue and finally muscular
respiratory failure.

Therefore, different monitoring tools should be considered in
order to help bedside nurse in titrating the most suitable PSV,
avoiding over- and underestimated PSV, index of muscular fatigue,
and detection of maximum inspiratory pressure. Analyzing all
those elements the ICU nurse can manage an advanced patient’s
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respiratory assessment to get the best respiratory weaning path-
way, from the very beginning (VC ventilation off) until the full
patient recovery (successful extubation) (Table 3.2).

Table 3.2 Weaning process advanced assessment parameters

Parameter Description

P, The airway occlusion pressure (P, ) is a reliable index
of patient’s breath neuromuscular driving correlated
with WOB (work of breathing) as well. P is
defined as the negative airway pressure generated
during the first 100 ms of an occluded inspiration

P, is an estimate of the neuromuscular drive but as
index could be easily affected from external stimuli,
especially from patient’s level of sedation: detection
and measurement should be performed in a very
quiet and relaxed environment. Common range of
values is 1-1.5 cmH,0. Using P, as lead indicator
and avoiding over-assistance or under-assistance,
the pressure support range of values will be settled
according to a P between 2 and 4 cmH,0O. On a PS
ventilation P | index less than 1.5 reflects patient’s
respiratory muscles completely unloaded. P, | index,
according to literature, appears to be not reliable on
patients with major neurological impairment or
severe muscular force deficit (MIP <10 cmH,0)

Maximum MIP index is a marker about the strength of inspiratory
inspiratory muscles, mainly the diaphragm, as reflection of
pressure negative pressure generated against an occluded
(MIP) or airway
negative A bedside calculation example should consider the
inspiratory baseline PEEP plus any possible PEEPi
pressure The clinical procedure for determining this marker is
(NIF) very dependent on patient’s efforts and his/her

previous education: a maximal inspiratory effort is
required from the participant, while the operator is
performing a manual expiratory hold for 30 s at
least. For not collaborative patients, it appears
helpful to extend the apnea time in order to the
maximal effort. Normal range of values is

80/100 cmH, O, but most of the pulmonary
ventilators available cannot read those negative
pressure, usually no more than —45 cmH,0
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Table 3.2 (continued)

Parameter Description

Pressure muscle Pressure muscle index (PMI) represents the pressure
index (PMI) elastic recoil of lungs detected at the end of an
inspiratory occlusion [23]. PMI value is obtained
following this equation:

PMI = PPlat — (PEEP + PS)

In order to perform an end-inspiratory occlusion
maneuver, the operator should switch the ventilator
mode on pressure support mode alone (avoiding
any controlled mode ventilation or synchronized
intermittent mandatory breaths because pressing
the inspiratory hold button results into a delivery of
mandatory breath). This marker allows the
practitioner to assess the inspiratory muscle activity
related to PS setting

Excess of PS should be recognized and avoided
because it leads the patient to a loss of respiratory
muscle mass and contractile force, especially the
diaphragm. If there’s no contraindication, PS level
can be settled in order to obtain a PMI value
between 2 and 6 cmH,0

Good practice suggests to prevent PMI equal or less
than zero, as manifestation of over-support, to
repeat the maneuver three times in a short timing of
minutes to get a reliable value

From a graphic point of view in Fig. 3.10, as a result of
an inspiratory occlusion, the pressure scalar should
increase when the PMI is positive

3.5 Pressure and Flow Monitoring
to Assess Asynchrony

MYV support aims to realize a harmonious patient-ventilator
interaction. Patient-ventilator asynchronies (PVA) can be
defined as a mismatch between patient’s respiratory efforts
and the machine interaction or cycling (Table 3.3—
Fig. 3.13a-f). PVA are frequent during assisted MV, but often
physicians and nurses fail to detect them, especially the less
evident ones. PVA events in ICU can affect patients’ out-
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Table 3.3 Patient-ventilator asynchronies

Kind of asynchrony Description

Ineffective Basically, ineffective inspiratory efforts are
inspiratory defined by a muscular activation drive by
efforts (IIE) patient not followed by a trigger activation

Figure 3.11a shows IIE from a graphic point of
view

Graphically speaking, asynchrony is detectable on
flow and pressure scalar: monitoring the
expiratory flow can show the drop to baseline
for a short time, without a switch to inspiration
phase but simple returning to expiration, plus a
temporary PEEP rising on pressure scalar. This
phenomenon is common when an overrated
pressure support produces a decrease of natural
respiratory drive

Double triggering Double triggering [26] is defined as two ventilator
insufflations delivered within one inspiratory
effort of the patient. Graphically it’s displayed
as two inspiratory efforts split by a minimal,
almost none, expiration. This type of
asynchrony is common when inspiratory
cycling timing is stretched (weaning from
ARDS, poor Cpl,rs). When the machine cycles
into exhalation, the continuing muscular
contraction results in a second effort sense and a
breath delivery, during a prolonged inspiratory
time. Double triggering is shown in Fig. 3.11b

The basic intervention to fix the double triggering
asynchrony is prolonging the time of pressure
support inspiratory ramp (Fig. 3.11c)

Early cycling-off Premature cycling is the reason behind the double
triggering asynchrony but without switching
into a secondary inspiratory cycle [26]

Visually monitoring the exhalation flow waveform
will show a sudden decreasing line before
returning into expiratory phase

On pressure scalar, the detection of pressure drop
(“stacking of breath”) at the end of inspiratory
time will occur behind the PEEP level settled
(Fig. 3.11d)
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Table 3.3 (continued)

Kind of asynchrony Description

Autotriggering Autotriggering on PSV is defined as a delivery of

breath by the machine without a trigger stimuli
performed by the patient [26]. However, this
phenomenon may occur on controlled
ventilation as well: despite the I/E ratio settled,
the ventilator delivers an extra TV

Pressure scalar is the graphic to monitoring for its

detection. On PS, even with high-sensitive
trigger, the patient’s neural demand is a
negative deflection just before the waveform.
The absence of patient’s triggering results in a
square pattern of PS waveform (Fig. 3.11e)

Events which may mimic a false trigger are air

Late cycling-off

leakage (fistula, chest tube on suction), poor
Cpl,rs, water condensation in tubing hoses,
heartbeat transmission due to very poor lung
compliance

A ventilator failure in the cycling inspiration to

expiration detection keeps the inspiratory cycle
while the patient needs to exhale [26]. This
kind of issue is due to the mechanism itself of
triggering during PS ventilation. On normal
respiratory mechanics, the cycle setting is 25%
of peak inspiratory flow; vice versa, in case of
obstructive mechanics (COPD), modifications
in the inspiratory flow curve lead to the 25%
level being reached later. Visually this kind of
asynchrony appears to be different according
to invasive versus noninvasive ventilation

In intubated patients, graphics will show a

pressure increase above the set pressure
support level, resulting into a pressure-cycle
response to the patient’s active exhalation and
efforts (Fig. 3.11f)

On the other hand, air leakage issues produce a

never-ending inspiratory flow, preventing the
expiratory trigger activation
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Fig. 3.10 PMI detection during pressure support ventilation

come, prolong MV and hospital LOS, and increase mortality
[24]. Moreover, several studies have shown a relationship
between asynchronies and poor quality of sleep in ICU
patients [25]. Recognizing PVA is an advanced competence
for nurses.

3.6 Noninvasive Ventilation Monitoring
and Management

Respiratory assessment in ICU patients undergoing NIV requires
to take in account not only the patients’ conditions but also the
interfaces, the management of gas flow, humidification, noise
adverse effects, interface-related pressure ulcers, and the patient-
breathing circuit interactions.

3.6.1 Helmet CPAP

CPAP (continuous positive airway pressure) ventilation princi-
ple is based on a constant positive airway pressure delivered
throughout the whole respiratory cycle. It can be delivered via
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endotracheal intubation (invasive airway) or via facial mask/
helmet (noninvasive interface).

Literature promotes noninvasive CPAP in case of acute cardio-
genic pulmonary edema, ARDS (adult respiratory distress syn-
drome), posttraumatic acute respiratory failure, and postoperative
hypoxemia. Moreover, it appears to be a useful respiratory sup-
port as a bridge to complete weaning after extubation. Nowadays
in immunocompromised patients, it represents the first-line
choice in case of hypoxemic respiratory failure [27, 28].

During the 1980s, noninvasive CPAP therapy was only deliv-
ered via facial mask. The limits were its timing: a short length
of stay in situ (no more than 2 h), due to the high pressures
generated onto facial skin, tissues, and bones structures, result-
ing in an intermittent application of this support [29]. In order
to deal with these limitations, during the early 1990s, a new NIV
delivery interface was developed in Italy: the CPAP helmet. It’s
a reusable, single patient interface, made of a clear plastic hood
on a hard-plastic ring with a multi-sized silicon-polyvinyl
chloride soft collar, to fit a wide range of necks’ dimensions. Its
capability to provide a permanent pneumatic seal keeps a con-
tinuous positive pressure throughout the whole respiratory
cycle. Inlet for fresh gases and outlet for PEEP valve (mechani-
cal or water) should be available. A correct management of the
helmet is helpful to minimize claustrophobia, preserving full
visual contact and communication with healthcare providers
and patient’s significant others [30, 31].

Basic principles of helmet monitoring are related to gas flow
regulation, circuit handling, patient surveillance, noise reduc-
tion, helmet anchorage, and gas humidification [32, 33].

3.6.1.1 Gas-Flow Management

Despite the helmet’s size, the total amount of inlet gas flow
shouldn’t be lower than 30 L/min. Literature has clearly proved



3 Respiratory and Ventilatory Assessment 83

that under the aforementioned gas flow cutoff limit, carbon
dioxide rebreathing occurs inside the helmet [29].

As far as the unplanned disconnection takes place, from the
helmet inlet, after 240 s the CO, level detected is ranging from
50 to 60 mmHg, depending on the size of CPAP helmet in use.
Due to these safety issues, several of CPAP helmets available on
markets are equipped with anti-suffocation or safety valves.
These safety valves remain closed due to the pressure generated
inside the helmet by the PEEP. When any accidental disconnec-
tion occurs, the loss of pressure opens the valve, allowing the
patient to breath ambient air. The PEEP cutoff limit for opening
these valves is 3 cmH,O. These safety valves cannot prevent the
hazardous of unplanned disconnections, but they contribute to
reduce risks as demonstrated 240 s after disconnection: carbon
dioxide value is around 20 mmHg [33].

The use of an ICU pulmonary ventilator to deliver CPAP
through helmets is not recommended. Limitations are, even in
case of high performance pneumatic pressure ventilators,
related to the inability to deliver continuous flows over 30 L/
min, fatally leading to CO, rebreathing [33].

3.6.1.2 Basic Monitoring on CPAP: Patient and Circuit

The basic monitoring of patient on a CPAP helmet should con-
sider as follows [31]:

* Oxygen saturation SpO,
e Heart rate
e Blood pressure

Checking the gastric residual volume represents a key point
as well during CPAP. Airway pressurization can lead to gastric
distention due to bloating of stomach. Even if potential inhala-
tion hazard is far from happening due to free space available in
the helmet, a nasogastric tube placement should be considered,
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especially when CPAP therapy discontinuation is not allowed.
Nasogastric tube placement is mandatory only if the CPAP
therapy via helmet is continued without time breaks allowed.
Otherwise, if discontinuity of therapy (also to orally feed the
patient) is permitted, nasogastric tube positioning should be
avoided.

In healthy subjects, the esophageal valve occlusion is able to
oppose against external pressure until 25-30 ¢cmH,O [33],
avoiding abdominal bloating and gastric distention, but those
pressure levels are not within the CPAP range of pressure deliv-
ering. Instead, nasogastric tube represents the real determinant
factor for the lower esophageal sphincter failure.

3.6.1.3 Noise Reduction

The gas airflow moving through the restricted area of flexible
CPAP tubing hose generates turbulence and, subsequently, noise
levels. This phenomenon is more evident for Venturi-based
devices. For those reasons the use of precautions is essential to
reduce noise levels inside CPAP helmets, especially for long-
term therapy [32, 34].

Several options are available:

* Hose tubing with inner smooth surface. The choice of smooth
interior wall hoses rather than corrugated type allows to avoid
flow turbulence and the consequent reduction of the gas flow
noise.

* HME filter: its usual purpose as a gas humidifier is intention-
ally avoided (absence of reverse flow direction). Basically,
the inner membrane works like an engine exhaust muffler,
resulting in a real noise reduction.

* Earplugs: blocking the noise wave transmission. It’s neces-
sary to educate the patient about experiencing a sort of ear
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pressurization feeling, similar to scuba diving, because it is
not unusual and is related to the pressure generated inside
the helmet.

3.6.1.4 Helmet Anchorage

From a physical point of view, the pressure inside the helmet
results in a vertical thrust of itself. To manage this issue, several
solutions are available [31]:

*  Armpit strap
* Band fastened on bedsides
* Counterbalance system

Armpit straps represent the basics of all possible options.
Extremities of both straps are secured onto the rigid part of the
helmet, while the midportion passes under the patient’s armpit.
Indications for this kind of system are 2 h at least CPAP deliver-
ing and PEEP levels less than 10 cmH,O in order to avoid pres-
sure ulcers, venous stasis, and clotting phenomena in the
axillary region. PEEP levels between 5 and 10 cmH,O generate
a traction force more than 2 kg against each armpit’s tissue,
leading into an axillary discomfort experience.

Bed rails and bedsides can be used as anchorage structure for
band fixing lines (usually with a cross-shaped layout). Despite
its reliability, this choice results in a major limitation for
patient’s freedom of movement. This leads to distress/frustra-
tion and then less collaborative behavior.

The counterweight system requires the armpit straps above-
mentioned but in a modified way of use. In this setting, the
midportion of the strap passes over patient’s shoulders. For each
strap, a 2 kg weight is attached as a counterbalance (e.g., skel-
etal traction counterweight). This kind of anchorage does not
constrain the patient’s freedom of movements (Fig. 3.12).
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Fig. 3.12 Patient with helmet CPAP and counterweight system

3.6.1.5 Airway Humidification

Invasive ventilation (tube or tracheostomy) completely bypasses
the natural process of air filtering and humidification; in the
noninvasive one, those physiological processes are fully active.

However, gases for medical purpose are not equivalent to
natural fresh air: temperature and moisture of natural air are
basically influenced by environment’s climate, while the medi-
cal gases usually have a temperature range of 10-20 °C and a
humidity level lower than 3% [35].
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According to the International Consensus Conferences in
Intensive Care Medicine’s statement about noninvasive positive-
pressure ventilation in acute respiratory failure [36], the mini-
mal water content in 1 L of air, to prevent alterations of
physiological humidification’s process, is 10 mg.

Early detection of patients at risk during NIV via helmet is
necessary. Lately, it has been showed that helmet CPAP performed
by high flow rate of gas delivery (>40 L/min) needs the use of an
active humidifier, especially for a long-term CPAP therapy.

Technical issues are related to the employment of active
humidifiers with high flow delivery: the conventional setup for
invasive ventilation doesn’t fit for this option.

An optimal active humidification setup for a ventilated
patient via ET tube requires a temperature of heater equal to
35 °C plus a relative humidity of 100% and 37 °C for gases on
inspiratory inlet. Those parameters will result in a temperature
of 37° and a relative humidity of 80%.

The air temperature inside the helmet space fueled by raw
medical gas with no moisture and no temperature treatment is
around 29-30 °C [37]. Gas delivery at 37 °C will lead to con-
densation on the inner side of helmet, increasing patient’s dis-
comfort. Due to this technical reason, the clinical goal about
humidification setting for CPAP helmet is to keep a gas relative
humidity of 100%, according to a comfortable temperature of
helmet environment before mentioned (29-30 °C) [32].

Humidifier outlet chamber temperature setting could be
titrated (if NIV option is available) to 28 °C with 100% of rela-
tive humidity, while the distal inlet at the helmet is settled on
30 °C. Those settings provide a proportional amount of water
fitted for the helmet inner temperature, due to a rising of tem-
perature inside the hosing line and reducing the moisture
buildup before the helmet inlet.

If HME filter as noise reduction system is in place, it will be
connected between the medical gas source and the heater cham-
ber inlet. Otherwise the filter itself would be a real block to
moisture due to its technical nature.
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3.6.2 Monitoring During Mask-PSV

NIV can be delivered via different interfaces. The most common
and widespread type remains the full-face mask, a first-line choice
for patients who require urgent rescue respiratory support, no mat-
ter the primary cause (acute or chronic respiratory failure) [38, 39].
Graphic monitoring and delivery of this kind of ventilatory support
differ from the nasal NIV mask, usually a typical interface for at-
home chronic therapy support (e.g., sleep apnea) [40].

The NIV failure rate is equal to 25%, especially in COPD
exacerbation: however, the abovementioned rate can be deeply
affected by timing of commence and quick response to
treatment.

The facial mask represents the most used device in the litera-
ture about studies on NIV, due to its minimal dead space volume
when compared with the inner volume of a CPAP helmet
interface.

Despite being the most available interface, the NIV-PSV
main issues are related to air leakage due to incomplete seal.
Nowadays this problem is not completely solved, even if the
technological achievements are improving the interface device,
especially pneumatic sealing and comfort, thanks to a fully
adjustable facial mask [41-43]. Air leakage itself deeply affects
the expiratory trigger and could lead into a complete loss of
synchrony between patient and ventilator. It’s useful to remind
how triggering influences PSV (Fig. 3.13):

* Inspiratory: provides synchronization between patient and
machine

e Expiratory: provides the switch of inspiratory/expiratory
cycling

A continuous and real-time monitoring of patient-machine
synchrony is required to set a reliable inspiratory trigger and a
performant expiratory trigger. The software standard configura-
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tion is common for both invasive ventilation and NIV, and it
demands an expiratory cycling at 25-30% of inspiratory peak
flow. So, put into practice, for a peak flow of 50 L/min, the
cycling for expiration will run at 12.5 L/min of scalar flow. But
on NIV support, the possible large amount of air leakage (com-
pared to invasive) mimics a fistula that doesn’t allow to reach that
threshold. This condition keeps the inspiratory cycling con-
stantly switched on. This mismatch leads to a full asynchrony
where the natural expiratory reflex of the patient is totally denied
by a closed expiratory valve and a never-ending inspiratory flow
(“inspiratory hang-up” phenomenon). Without interventions, a
paradox situation will occur: the patient’s efforts to exhale
against the flow will result into an increased WOB, neutralizing
all the benefits and purpose of PS ventilation.

All the before mentioned asynchronies, previously analyzed
in Sect. 3.5, are equivalent also for NIV support, mainly as
result of not perfect air leakage management (Fig. 3.14).

Table 3.4 shows most common NIV asynchronies and how to
reduce or eliminate air leakage.

Table 3.5 shows the interventions to prevent the interface-
related complications during NIV [42—44].

The setting of the ventilator during NIV for COPD patients
is often intricate, since the altered respiratory mechanics,
together with the presence of air leaks, can deeply interfere with
the synchrony between the patient and the machine. During
NIV, patient-ventilator mismatching can determine a bad toler-
ance to NIV and, consequently, its failure.

The close observation of the ventilator graphics (i.e., flow
and pressure waveforms) can be used to detect a gross patient-
ventilator mismatching. It has been suggested, but never directly
assessed, that the systematic use of ventilator signals on the
screen may be useful in depicting asynchronies and at the same
time in driving the operator in setting modifications [45].
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Table 3.4 Patient-ventilator asynchronies during NIV with PSV and mask

Asynchrony/problem Signs Actions
Autotriggering Detection of Reduction of air leaks
autotriggering and/or reduction
of inspiratory

trigger sensitivity:

1. Reduce inspiratory
trigger sensitivity

2. Switch to pressure
trigger

3. Improve mask
sealing

Ineffective efforts Individuation of Titration of pressure
ineffective efforts support,

inspiratory and
expiratory
triggers, and PEEP
ext :

1. Reducing PSV

2. Check setting of
expiratory trigger

3. Assess PEEP
settled vs. PEEPi

Late cycling-off Pressure increase at Reduction of air leaks
the end of and/or titration of
inspiratory cycle or expiratory trigger
flow and pressure or setting of
prolonged plateau maximal

inspiratory time:

1. Rising of
expiratory trigger
cycling (>25%)

2. Treat air leakage
(NG tube in place)

3. Tighten mask
sealing

Early cycling-off Convex pattern of Titration of expiratory
expiratory flow trigger:
waveform and Lower the threshold
concavity of expiratory trigger

pressure waveform (<25%)
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Table 3.4 (continued)

Asynchrony/problem Signs Actions

Not balanced PEEPi Expiratory flow that Titration of PEEPext:
does not reach zero As a general rule,

prior to inspiration changes in PS were

or ineffective carried out by steps

efforts of 2 cmH,0 and
changes in
inspiratory and
expiratory triggers

by steps of 5-10%

Table 3.5 Interface-related complications in mask-PSV NIV

Target Action Monitoring
Preventing e Ultrathin hydrocolloid layer ¢ Skin inspection
pressure ulcers  as protective film between ¢ Evaluation of nasal
skin and interface bridge and orbital

Turnover of different mask  region

interface layout

Fill the inflatable cushion

with water instead of air

Wide set of size availability ¢ Detect air leakage

Improving skin

tissue-mask ¢ Wide spectrum of mask e Tvi/Tve
layout sealing shape layout comparison
* Denture should be worn * Flow reading

Volume reading
Patient’s feedback

Improve patient’s ¢ Progressive PS buildup:

comfort CPAP only first * Pain assessment
* Assessment of
synchronization
 Increment PSV step by step
of 2cmH,0
Improve * Gradual commence of PSV ¢ Look for
patient- » Expiratory cycling titration  asynchronies
machine * Inspiratory cycling titration * Check Tvi/Tve
synchrony * Improved mask sealing ratio

Check delivery time of PSV ¢ Pes availability
(Fig. 3.15) may be helpful




94 A. Lucchini et al.

Hypoxic respiratory failure

Hypercapnic respiratory failure

O, Therapy & NIV

ECCO,-Removal ECMO
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Blood flow >
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Fig. 3.15 Indications for extracorporeal life support in respiratory failure

3.7 Monitoring During Extracorporeal
Membrane Oxygenation (ECMO) Support

3.7.1 The Need for ECMO Support

ARDS and ALI are both distinguished by rapid onset and mis-
match in gas exchange, as result of a widespread injury to
vascular-alveolar membrane. Even if recent data showed a
reduction of its incidence, mortality rate seems to be constant,
with a value of 40% [46].

MYV is a mandatory therapy supporting and providing adequate
alveolar ventilation throughout the entire respiratory distress pro-
cess. A lot of studies have shown the potential side effects of MV
(e.g., VILI) requiring different strategies like the protective ventila-
tion: low airway pressure and low TV are associated with a better
surviving rate [3]. Nevertheless, some patients with a badly rapid
onset developing widespread lung injury not manageable with MV
only are far from getting adequate CO, removal and oxygenation to
survive [3]. To improve their survival, several rescue life-saving
therapies are performed as ventilatory recruiting maneuver, prone
positioning, nitric oxide inhalation, high-frequency oscillation ven-
tilation, and extracorporeal oxygenation techniques.

Putting all the abovementioned therapies in place basically
requires access to high-level technology and adequate knowledge
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and know-how, plus a background experience promoted by strong
skills and organizations, usually available in selected referral ECMO
centers. The most effective and challenging supportive technique is
the extracorporeal membrane oxygenation (ECMO) [47].

ECMO support allows to achieve the best protective ventilation
available (TV and respiratory rate can be extremely decreased), due
to its capability to balance O, and CO, blood levels. A recent trial
(CESAR, UK) has shown a greater survival rating for those patients
admitted to a referral ECMO center [48]. Early commence and tim-
ing are crucial for the effective implementation of other rescue
therapies and may positively affect patients’ outcome [49].

Nowadays, in addition to respiratory failure treatment, the
ECMO support appears to be useful in obstructive and restrictive
pathologies and, as advanced treatment, in case of cardiac arrest
or cardiogenic shock [50]. Basic principle of ECMO circuit is
founded on a forced drainage of blood flow via a centrifugal
pump, pushed throughout an artificial gas exchanger (membrane
lung), and then returned oxygenated to patient’s bloodstream.

The veno-venous approach indicated for respiratory failure
management usually drains blood from a great vessel from
venous side and returns it in proximity of the right atrium.
Because only the venous side is affected by extracorporeal cir-
culation, there’s no significant impact to hemodynamics.

VV cannula configuration, according to the type of drainage
cannula (multistage or cannula with conventional design) and to
VV configuration (femoro-femoral or femoro-jugular), is shown
in Fig. 3.16. The returning cannulas normally have holes only in
a short portion near to their tip. There are no issues in choosing
multistage cannulas both for drainage and reinfusion if a femoro-
jugular approach is applied. If a femoro-femoral approach is
chosen, a different kind of venous cannula must be used, because
the side holes will generate a consistent recirculation of oxygen-
ated blood from the returning cannula to the drainage one [51].

Recirculation in the femoro-femoral approach can be mini-
mized maintaining the drainage cannula below the diaphragm
and above the renal veins and the returning cannula in the atrium
(or just below it).
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Table 3.6 VV ECMO versus VA ECMO: Advantages and disadvantages

VV ECMO VV ECMO
High flow Low flow
VA ECMO (>3 L/min) (1-2 L/min)
Pump + + +
Circulatory support + - -
O, delivery + + -
CO, removal + + +
Right ventricular - No effect No effect
loading
Left ventricular + No effect No effect
loading
Arterial thrombosis + - -
risk

In the venoarterial approach (VA ECMO), the drainage areas
remain the same as for the VV one, while the returning cannula
site is femoral artery. This configuration can lead to a lacking
perfusion that can determine ischemia of the limb. To avoid this
problem, a distal perfusion cannula as a comprehensive part of
the circuit can be inserted to revert the ischemic phenomena [52].

Table 3.6 summarizes the main difference between VV
ECMO and VA ECMO approaches.

3.7.2  Circuit Monitoring During ECMO

The latest ECMO circuit is equipped with low resistance and
high-efficiency gas exchange membrane lung. From a theoreti-
cal point of view, the ECMO circuit (no matter what approach)
should be a very linear system, reducing any connection use at
minimum (Fig. 3.17).

In the act of monitoring ECMO, three issues appear to be
essential:

e ECMO flow or blood flow (BF): oxygenation directly derives
from BF rate. Good practice suggests to keep it at the mini-
mal value able to provide adequate patient’s oxygenation.
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* Gas flow (GF): CO, removal depends on sweep gas flow rate
and on ventilatory setting.

* Fraction of inspired oxygen (FiO,) of GF: initial FiO, setting
is equal to 1 of, then gradually reduced according to patient’s
oxygenation improvements.

Daily assessment of ECMO circuit by a perfusionist plus a
continuous monitoring by the ICU bed nurse is strongly
recommended [53-55]. Before any nursing care routine, a visual
inspection is suggested and all the actions described in Table 3.7
at column “Monitoring” as well as Table 3.8.

Table 3.7 Key point for monitoring ECMO performance

Key point Gold standard Monitoring
How is the FiO, equal to 1 should At least once daily sampling
membrane provide a range value of as monitoring comparison
lung PaO, postoxygenator pre- and postoxygenator
performing? greater than arterial blood gas analysis
300/400 mmHg should be performed
What BF is Monitoring venous inlet Pump’s pressure in and RPM
achieved? pressure (P in): related
it should not exceed negative Extreme negative pressure
values of 100 mmHg leads into a BF reduction:
Any withdrawal impairment a typical swinging
should be managed via a movement of the drainage
boost in the RPM causing cannula occurs
augmentation of negative Check fluid balance status
pressure and patient’s position
Any clot An ECMO circuit should be  Visual inspection of circuit
presence in clot-free on a visual with a source of light
the circuit? assessment every shift
A comparison between pre-  All the circuit pressures
and postoxygenator monitored (P in, P Pre,

pressure should not record e P Post)
any sudden spike in gap ~ Sampling for ACT, aPTT, and
values. Keep those platelets every 8 h at least.
reference ranges Daily check of ATIII
ACT =180-220 s
PTTINR 1.5e2
AT III > 70%

P In: pressure before centrifugal pump
P in Membrane Lung: pressure before centrifugal pump
P out: pressure after membrane lung
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Table 3.8 Signs for suspicion about the presence of clots in the ECMO

circuit
Issue Signs Action to take
Clots inside the ~ Changes of pump’s noise ~ Change of centrifugal
pump Recognizable clots pump’s housing or the
visually whole ECMO circuit
Augmentation of Heparin dosage
plasmatic Hb value augmentation
Clots inside the ~ Spikes of pressure values ~ Change of membrane
membrane inside membrane lung or the whole
lung oxygenator ECMO circuit
Postoxygenator PaO, Heparin dosage
reduction and PaCO, augmentation
increment

Visual detection of clots in
the oxygenator

Take-Home Messages

Respiratory assessment of critically ill patients should be per-
formed through clinical and instrumental tools, with a multi-
modal approach. SpO, and EtCO, are both standard in the
basic respiratory assessment.

Potential MV complications and methods to reduce ventilator-
induced lung injury should be considered in all patients
undergoing invasive MV support.

Asynchronies are prevalent in ICU patients and negatively
related to outcome, ranging from prolonged MV, prolonged
ICU and hospital stays, and increased mortality.

Detection of asynchronies mostly relies on a mismatch
between surrogates of the patient inspiratory effort and the
ventilator cycling.

Nursing surveillance is required to provide a safe and effec-
tive level of care for the patient receiving mechanical
ventilation.

Patients undergoing ECMO should be monitored to prevent
artificial lung-related complications.
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Chapter 4 )
Cardiovascular Assessment Check or

Irene Comisso and Alberto Lucchini

4.1 Introduction

In healthy people, cardiovascular system allows blood to reach
the organ and tissues, providing oxygen and nutrients, and
blood flow from peripheral tissues removes toxins and carbon
dioxide (CO,).

In intensive care unit (ICU) patients, cardiovascular function
often results strongly compromised, thus determining the need
for advanced monitoring and support. Instrumental monitoring
is one of the most important components of cardiovascular func-
tion assessment, together with scores (such as the APACHE II
or SOFA) and clinical observation. Since clinical scores and
direct observation are not reliable enough to assess adequately
the changes of patients’ status during time, instrumental moni-
toring systems have found a rapid development in clinical prac-
tice whose main application, in the beginning, has been in
anesthesia practices, where basic monitoring has been assumed
as standard by several societies [1]. During the last three
decades, more and more sophisticated devices to assess cardio-
vascular parameters have been tuned fine, allowing clinicians to
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obtain (even with relatively easy training) complementary infor-
mation, that all together outline the general situation of the
patient. Nonetheless, it has to be considered that cardiovascular
monitoring (CM) is often invasive and expensive and requires
sufficient expertise in device insertion and data interpretation.
Similarly, not all monitoring devices are appropriated in differ-
ent clinical situations. On these bases, a progressive implemen-
tation model [2] for CM monitoring in ICU has been proposed,
defining three levels of complexity for CM, that should be
adopted on a continuum according to the patient condition.

4.2 General Considerations

From a general point of view, you can consider the characteris-
tics of a CM according to its continuity and invasiveness.
According to the system used, the same parameter can be evalu-
ated continuously or intermittently (central venous pressure
obtained via a pressure transducer or a water manometer).
Invasiveness refers to the extent of a barrier violation.
Electrocardiogram is a noninvasive monitoring, while blood
pressure obtained through a transducer is considered invasive
(or minimally invasive), and pulmonary artery catheter repre-
sents the maximal invasivity. Precision and accuracy are also
important variables to be considered. Precision indicates how a
measurement produces the same result each time it is repeated
under the same conditions [3]. Accuracy reflects how close is
the actual measurement to the real value [3].

Basic monitoring includes those parameters recorded in all
critically ill patients, while advanced monitoring comprises
those who are introduced in specific critical conditions
(Table 4.1). As it can be easily understood, cardiovascular
parameters should always be evaluated with the respiratory
ones, since there is a strict interaction between the two systems
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Table 4.1 Characteristics of main parameters monitorized in ICU patients

Basic Advanced
ECG 3-5 leads continuous  12-lead ECG
ECG
Pump function Invasive or Intermittent or continuous
noninvasive blood cardiac output
pressure
Oxygen SpO,, ScvO, SvO,
Volemia/filling PVC PAOP (wedge pressure)
pressures Stroke volume,
intrathoracic blood
volume/global

end-diastolic volume

that is enhanced in critically ill patients undergoing to mechani-
cal ventilation (MV).

Assessment of cardiovascular function in ICU patients con-
sists of four evaluation points:

e Electrical activity

e Pump function effectiveness

e Oxygen transportation and consumption
* Volemia

4.3 Electrical Activity

Continuous ECG monitoring allows nurses and clinicians to
quickly identify arrhythmia and promptly respond to such
events.

The development of electrocardiographic (ECG) monitoring
began during the first three decades of the twentieth century,
with 3-lead ECG recording [4]. Further developments allowed
the diagnosis of bundle branch block and cardiac ischemia, and
in 1954 the standardization of 12-lead electrode positioning was
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released [4]. Current standard for cardiac monitoring within
coronary care units include heart rate and rhythm, ST-segment
analysis, and QT-interval measurement [4].

ECG leads are classified as unipolar, with one registering and
one indifferent electrode (aVR, aVF, aVL, and the six precordial
leads V1-V6), and bipolar, with a positive and a negative elec-
trode (the original Einthoven leads, I, II, III) [5].

Heart contraction is made possible by polarization and depo-
larization of muscle fibers. Evaluation of electrical activity
through a 3- or 5-lead electrocardiogram (ECG) provides easy
and immediate information about stimulus conduction through
the heart, although a more accurate evaluation is only possible
by 12-lead ECG. Cardiac cycle begins with spontaneous depo-
larization of sinus node cells, whose depolarization wave dif-
fuses through the whole myocardial muscle, followed by atrial
contraction (P wave). Atrial contraction allows ventricular fill-
ing. Electrical impulse reaches then the atrioventricular node
(P-R interval) and is then diffused to ventricular cells, who
undergo a depolarization process (QRS interval), with subse-
quent ventricular contraction. Finally, atrial and ventricular
depolarization occur (the first is masked by the second because
of its highest electrical potential) (T wave) (Fig. 4.1) [5].

Normally, ECG analysis is based on six points (Table 4.2):

e Presence/absence of electrical activity. This point may
reflect a simple artifact (due, e.g., to electrodes disconnec-
tion), or highlight the presence of asistolia, or other condi-

Fig. 4.1 Normal ECG visualization
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Table 4.2 Steps for ECG interpretation and features

Normal ECG findings Arrhythmic features

Electrical activity ~Normal ECG
and heart rate features (see
Fig. 4.1)
Normal HR ranges
between 60 and
100 beats per
minute (BPM)

R-R interval Regular interval, its
duration
depending from
HR

P wave P wave present,
sinus rhythm

Relationship Normally, the
between P interval between
wave and QRS P wave and QRS
complex complex is

<0.2 s; a P wave
is always

followed by a
QRS complex

ST-segment ST segment aligned
elevation with the
isoelectric line
P-R interval 0.12-0.2 s

Asystole: no electrical
activity is visible, and
ECG lead reconnection
has been excluded

Pulseless electrical activity:
when electrical activity is
not followed by
mechanical contraction

Bradycardia describes a
HR < 60 BPM

Tachycardia describes a
HR > 60 BPM

In atrial fibrillation (AF), the
most frequent arrhythmia,
electrical atrial activity is
disorganized, and only a
few electrical impulses
reach the ventricles

In AF and in ventricular
tachycardia, P waves are
not identifiable

The relationship between P
wave and QRS complex is
inconstant in second third
degree atrioventricular
block

ST segment alterations may
be related to ischemic
conditions

P-R interval is prolonged in
first and second grade
atrioventricular block and
is absent in third grade
atrioventricular block
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tions in which electrical activity is absent (such as pulseless
electrical activity, i.e., an electrical activity not followed by
cardiac muscle contraction). Electrical activity results in
heart rate (HR), expressed as number of QRS complexes in
a minute

e Cardiac rhythm, highlighted by the R-R interval

e Presence of P wave, defining the presence or absence of atrial
activity

* Relationship between P wave and QRS complex

* QRS width

e ST-segment elevation [6].

Avoidance of artifacts during ECG monitoring includes
checking the correct positioning of the leads, since reversal
between left and right arms or arms and legs can occur, thus
leading to polarity inversion [7]. Artifacts can also be induced
by patient’s tremors [7].

4.4 Pump Function Effectiveness

Heart works as a pump in the circulatory system, being respon-
sible, together with aortic compliance (whatis called “Windkessel
effect”’—see arterial pressure monitoring paragraph) of continu-
ous blood flow through vessels.

4.4.1 Cardiac Output

Cardiac output defines the amount of blood flowing through
heart’s chambers during 1 min and is expressed by the
equation:

CO =HR xSV
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In healthy individuals, cardiac output ranges around 5 L/min.
To easiest compare cardiac output in differently sized people,
values are indexed over body surface area, thus determining the
cardiac index (CI). CO is one of the most important hemody-
namic parameters using in ICU patients, since blood flow
through arteries is one of the determinants of oxygen delivery
toward cells. It is possible to determine CO through Fick’s prin-
ciple or by dye dilution.

Fick’s principle states that blood flow through an organ (or
the whole body) can be measured from three variables:

*  Amount of marker substance taken up by the organ per unit
time

e Concentration of marker substance in arterial blood supply-
ing the organ

e Concentration of marker substance in venous blood leaving
the organ

Therefore, determining oxygen consumption (VO,) per unit
time, and dividing it by arteriovenous oxygen content differ-
ence, provides cardiac output measurements, as expressed in the
formula:

VO, =(COxC,)~(COxC,)

Dye dilution has a wider bedside applicability, if compared with
Fick’s principle, and it is based on the concept that an indicator
injected through a vessel at known volume and concentration can
be detected downstream. Its concentration at detection site depends
on blood flow per unit time. Further application of this principle
consists in using cold normal saline solution and recording blood
temperature variations using a thermistor. This is one of the applica-
tions of Swan-Ganz catheter (also called pulmonary artery cathe-
ter—PAC), originally conceived to determine pulmonary artery and
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wedge pressure. PAC was introduced in clinical practice in 1970 [8]
and, up to the mid-1980s, remained the most advanced cardiovas-
cular monitoring system in ICU. It is a 110 cm catheter, provided
with different lumens (Fig. 4.2):

e Distal lumen opens out in pulmonary artery and provides
continuous pulmonary artery pressure (PAP) reading.

e Proximal lumen opens out in right atrium and provides con-
tinuous central venous pressure (CVP) reading.

e Thermistor lumen provides continuous blood temperature
reading.

¢ Balloon lumen inflates a balloon close to the distal lumen; its
occlusion stops blood flow through the pulmonary artery and
provides a balloon downstream pressure reading (from the
PAP lumen). This pressure reflects on left atrium pressure
and is called wedge pressure (WP).

Cardiac output is determined with the thermodilution tech-
nique, according to the Stewart-Hamilton equation:

where

¢V, =injected volume.

¢ T, =blood temperature (at pulmonary artery).
T, =injected dye temperature.

* K, = density factor.

* K, = computation constant.

To obtain a reliable curve, some issues have to be consid-
ered: the indicator mixing has to be rapid (bolus injection) and
complete; blood flow and baseline temperature have to be
constant; bolus volume should produce an adequate tempera-
ture variation [9].
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Valvular insufficiency (tricuspid and pulmonary) may lead to
CO underestimation, as backward flow might result in dye recir-
culation. Furthermore, flow variations are physiologically
observed during different respiratory cycle phases (both in
spontaneous breathing and mechanical ventilation), thus requir-
ing 3-5 bolus injections.

As other invasive devices, PAC requires maximum sterile
barrier precautions during its insertion. Its use in ICU patients is
limited to situations in which CO monitoring is necessary
together with PAP. Several studies [10-13] evaluated the rela-
tionship between PAC application and patients’ survival, dem-
onstrating no substantial benefit, but a high risk of complications
(arrhythmia, endocarditis, valve damage, pulmonary artery
embolus) related with PAC positioning. PAC positioning also
seemed to be related to higher mortality in ICU patients, prob-
ably depending on strict indications to its positioning that refer
to more severe clinical conditions.

Technologies’ developments allowed introduction of new
devices dedicated to cardiac output monitoring. A modified
PAC was introduced in the early 1990s. This device is pro-
vided with a thermal filament which is warmed at 8 min inter-
vals. Filament’s warming increases blood temperature, whose
variation is detected downstream by catheter’s thermistor:
practically, the catheter works with an inverse thermodilution
curve. This device has the same invasiveness of a traditional
PAC but with some advantages: particularly, inverse thermodi-
lution is a semicontinuous measurement and allows clinicians
to an easier and more prompt identification of clinical condi-
tions changes [14].

Other technologies developed during recent years to deter-
mine cardiac output found wider application in ICU and high-
risk surgical patients. These methods are classified as less
invasive (requiring a femoral or radial artery catheter and a
central venous catheter) [15] or minimally invasive (requiring a
radial artery catheter) and are based on pulse contour analysis
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algorithms. Some of them require calibration, while others do
not. The most important advantage of these methods lays in
continuous cardiac output measurement (which is determined
beat by beat), immediately reflecting changes in hemodynamic
condition. Furthermore, these technologies provide adjunctive
parameters (related to volemia and fluid responsiveness).
Likewise, some limitations for their applications have to be
considered, since minimally invasive methods’ reliability seems
to be affected by hyperdynamic conditions and atrial fibrilla-
tion [16].

Indeed, wider importance and application has been reached
during recent years by noninvasive measurements, including
transthoracic echocardiography [17, 18].

Cardiac output measurements’ methods have been validated
toward PAC (which is considered the gold standard).

Currently, CO measurement is mainly indicated in high-risk
surgical patients (such as cardiac surgery or liver transplant), in
patients with septic shock and acute respiratory distress syn-
drome [16].

4.4.2 Arterial Pressure Monitoring

Arterial blood pressure (ABP) represents the force exerted from
blood on arterial walls and derives from interaction between
three factors: hydrostatic pressure (which, in turn, is related to
the height of blood column and its density), hemodynamic pres-
sure (coming from the strength of heart contraction), and kinetic
energy (related to blood progression within cardiovascular sys-
tem) [19]. In ICU patients, arterial blood pressure is usually
measured using invasive catheters, which are generally inserted
in large vessels (such as radial or femoral artery). The catheter
is connected to an electronic pressure transducer using a tubing
system filled with normal saline solution. The electronic trans-
ducer allows conversion of mechanical pressure wave into an
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electric one. Intra-arterial catheters provide more reliable data,
compared with oscillometric systems. Furthermore, values
obtained using these devices are continuous, providing clinicians
immediate information concerning clinical stability variations
and responses to treatments. Arterial catheters also allow collec-
tion of arterial blood without the need for peripheral puncture.
Finally, analysis of the arterial waveform might highlight
adjunctive information regarding patient’s volemia and predict
fluid responsiveness.

When measuring arterial blood pressure, three values are
considered and displayed on the monitor: systolic (SBP), dia-
stolic (DBP), and mean (MBP) pressure. SBP is the peak pres-
sure reached during the cardiac cycle, resulting from interaction
of several factors (EDV, SV, heart contractility force, blood
density, arterial walls compliance); DBP is the trough during
cardiac cycle and is mainly determined by arterial walls compli-
ance [19, 20]. MAP is defined as mean pressure (usually
equated as MAP = (SBP + 2DBP)/3) during cardiac cycle, and
it is considered a hemodynamic target during resuscitation
maneuvers [20]. The difference between SBP and DBP is called
pulse pressure (PP), and it determines the peripheral palpability
of arterial pressure wave (e.g., at radial, pedidial, or femoral
site) [20].

When visualizing an arterial pressure waveform, several
components can be identified [19] (Fig. 4.3):

e Anacrotic limb, corresponding to pressure increase due to left
ventricle contraction; it ends with the top rounded, also called
anacrotic shoulder.

e Dicrotic limb, corresponding to a decrease in pressure; it
ends with the dicrotic notch, which reflects the closure of aor-
tic valve.

e After closure of aortic valve, ABP still decreases until it
reaches diastolic value; time and slope of this curve portion
depend on heart rate and arterial compliance.
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Fig. 4.3 Arterial waveform. A = anacrotic limb; B = dicrotic limb;
C = dicrotic notch

It is important to consider that ABP results not only from
ventricular ejection force but also from the reflection waves
directed toward the heart. Moreover, arterial wall’s structure
works as a reservoir, which is filled during systole, and releases
blood during diastole, thus allowing continuous blood flow over
the whole cardiac cycle (Windkessel effect). Arterial waveforms
significantly differ according to the measurement site, since the
reflection wave effect becomes more evident as more distant
from aortic root the measurement is performed. Furthermore,
reduction in aortic elasticity can result in increased and earlier
reflection wave. Patient’s position during measurement can also
affect measured values, due to the effects of the hydrostatic
column (therefore, in a standing position, arterial pressure mea-
sured at foot level will be higher than the one at neck level).

Analysis of arterial waveform found important implications
during the 1990s, when algorithms considering pulse contour
analysis allowed continuous measurement of cardiac output.
Adjunctive considerations were conducted on pressure and
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stroke volume variation during respiratory cycle. The underly-
ing consideration is that nearly 50% of patients (defined as
preload nonresponders) don’t show a positive response to fluid
challenge during shock resuscitation [21]. Considering that
fluid overload may lead to pulmonary and cerebral edema, it’s
easy to understand the need to develop criteria and parameters
to guide fluid bolus administration and early identify patients
potentially nonresponding to these treatments [22].

After preparing the required supplies (pressure bag, normal
saline bag, monitoring kit), setting an arterial transducer is
detailed in Table 4.3.

During preparation of an arterial line, some important prin-
ciples have to be considered:

e Tube length should not exceed 120 cm; tubes should be stiffer
than the ones used to administer fluids, in order to reduce
pressure wave dispersion through the tube walls.

e Avoid air bubbles within tubing system: small ones can lead
to reduced signal resonance (with falsely high SBP readings),
while large ones will reduce signal amplification (with falsely

Table 4.3 Steps to set the pressure transducer

Action Rationale

Insert aseptically the spike into the Avoid fluid contamination and
bag, and fill almost half of the drip air bubbles into the tube
chamber

Turn the stopcock off to the patient, ~ Priming the tube portion to the

and pull the fast-flush device transducer system

Turn the stopcock off to the Priming the tube portion to the
transducer and pull the fast-flush patient
device

Remote any remaining air bubble Avoid air in the system
keeping the fast-flush device open

Place normal saline bag inside a Keep a small continuous flush
pressure bag, and inflate it to and avoid blood reflux

250-300 mmHg
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low DBP) [19, 21]. Similarly, clots should be prevented by
continuous tube-flushing (obtained through a 300 mmHg
pressurized normal saline bag), and catheter kinking avoided
through adequate dressing.

Accuracy of the measurement requires to apply some prin-
ciples summarized in Table 4.4 [19, 23].

A simple evaluation of dynamic response can be obtained by
performing a square wave test (Table 4.5) and by observing the
resultant oscillations (Fig. 4.4). In order to perform this assess-

Table 4.4 Principles to obtain accurate invasive pressure values

Zeroing

Leveling

Damping

Refers to attributing a “zero point” to the measurement,

above which an invasive pressure is measured; the
“zero point” normally refers to atmospheric pressure;
after zeroing the transducer system, it will be possible
to associate numeric values to the pressure wave

Refers to positioning of the transducer system: when

measuring cardiovascular pressures, the transducer
level should be at fifth intercostal space on the
midaxillary line or the sternal angle (where the sternum
and second rib attach); in first case, the patient is
required to be supine, and in the second, measurements
can be obtained even at 60° elevation

When pulmonary artery pressure is measured, the

phlebostatic axis is defined by the midpoint between
the anterior and posterior surfaces of the chest at the
fourth intercostal space when the patient is supine

When the transducer is under the phlebostatic axis, the

measured value will be higher than the real pressure;
conversely, when it is over the phlebostatic axis, the
measured value will be lower than the real pressure

Refers to the dynamic response of the system to a sudden,

high pressure (obtained releasing the transducer’s
fast-flush valve). Underdamped systems overestimate
systolic pressure and underestimate diastolic pressures.
Conversely, overdamped systems will underestimate
systolic pressures and overestimate diastolic pressures
(Fig. 4.4)
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Table 4.5 Square wave

g Step Action
testing

1 Activate snap or pull tab on flush
device
2 Observe square wave generated on
bedside monitor
3 Count oscillations after square wave
Observe distance between the
oscillations

Square

wave test - Optimally Damped : 1-2 oscillations

Before returning to pressure waveform.
Values optained are accurate

. Underdamped : >2 oscillations
Overstimated systolic pressure, diastolic
pressure may be understimated

. Overdamped : <1.5 oscillations
Understimation of systolic pressure,
diastolic may not be affected

Fig. 4.4 Square wave test with optimally damped signal, underdamped
and overdamped signal, during arterial invasive monitoring

ment accurately, a flush device that can be activated rapidly and
then released is required. A flush device that does not close
rapidly after activation (squeeze or press type) may not close the
restrictor quickly and may produce erroneous results.

The same consideration can be applied for other blood pres-
sure measured using a transducer (pulmonary artery pressure
and central venous pressure).
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Fig. 4.5 Pulmonary artery pressure waveform

4.4.3 Pulmonary Artery Pressure

PAP values are detected through the distal lumen of a PAC. PAP
wave is in some way similar to the systemic arterial pressure
one, but values are lower, ranging between 20 and 30 mmHg for
systolic pulmonary pressure and 5 and 10 mmHg for diastolic.
PAP monitoring aims to identify and manage pulmonary hyper-
tension (PH), a threatening condition that may lead to increased
cardiac workload [23, 24] (Fig. 4.5).

Usually, PH is defined as a mean arterial pressure >25 mmHg
at rest, measured by right heart catheterization [25]. Precapillary
pulmonary artery hypertension (PAH) requires the measurement
of wedge pressure and can be induced from lung diseases. The
diagnostic criteria pointed out during the fourth World Symposium
on Pulmonary Hypertension keep the pulmonary artery wedge
pressure cutoff for the definition of precapillary PAH at
<15 mmHg [25]. Several conditions (both congenital and disease
related) have been associated with PAH [26].

PAH pathogenesis derives from an imbalance between vaso-
dilators and vasoconstrictors molecules and can be enhanced by
the reaction with some drugs.

4.5 Oxygen Transportation and Consumption

Oxygen is used by cells during metabolic processes, being
transported by blood hemoglobin to peripheral tissues. Blood
oxygen content is expressed by the equation:

Ca0,=(1.34xHbxSa0,)+(0.003 x PaO,)
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It is therefore easy to understand how alteration of a single or
multiple factor may affect oxygen availability. Anemia correc-
tion, oxygen fraction increasing, and cardiac function improve-
ment are all interventions aiming to increase the amount of
available blood oxygen. Oxygen extraction from cells depends
on several factors, such as cells perfusion and metabolic activity.
In ICU patients, some factors (fever, burns, shivering, and infec-
tious and inflammatory reactions) may increase oxygen extrac-
tion, while other conditions (neuromuscular blockade, deep
sedation, microvascular thrombosis, shunt) might decrease it.

Venous oxygen saturation is defined as the percentage of
venous hemoglobin saturated by oxygen; venous oxygen satura-
tion values normally range between 60 and 80% and vary
according to measurements’ districts. It can be measured col-
lecting a blood sample from distal lumen of a central venous
catheter (which is called central venous oxygen saturation—
Scv0,) in jugular or subclavian vein or Swan-Ganz catheter
(which is called mixed venous oxygen saturation—SvO,) [27].
Accurate ScvO, measurement might depend from distant posi-
tioning of catheter’s tip from right atrium.

SvO, is considered as most accurate, since it reflects oxygen
consumption at whole organs, including coronary and pulmo-
nary circulation, while ScvO, provides an index of oxygen
consumption at higher portions of the body. Studies have shown
a good correlation between ScvO, and SvO,, the first generally
overestimating the second by 3-8% [28], but in patients with
septic shock, the bias between the two measurements might be
significantly higher, leading to misinterpretation of falsely high
oxygen availability [29, 30] and suggesting that trends are more
helpful than single values in estimating patients response to
treatments. Venous oxygen saturation has been evaluated as
consistent endpoint in studies [31] evaluating fluid challenge
resuscitation in severe sepsis and septic shock, showing a con-
sistent mortality reduction, particularly when treatment was
initiated prior that severe organ damages emerge.
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Decreased venous oxygen saturation (<60.8% [32]) may
depend from insufficient oxygen delivery or increased oxygen
extraction at cellular level [33]. Increased venous oxygen satu-
ration (>77.4% [32]) usually reflects a decreased consumption
(e.g., during general anesthesia or in severe hypothermic condi-
tions) or a delivery exceeding cells requirements [33].

4.6 Volemia

Determination of patient’s volemia might be crucial to manage
a cardiovascular dysfunction condition and may help in differ-
entiating the most appropriate therapeutic choice, particularly
targeting the administration of fluids and inotropes.

4.6.1 Filling Pressures: Central Venous Pressure
and Pulmonary Artery Occlusion Pressure

Central venous pressure (CVP) is defined as the pressure mea-
sured through a venous catheter whose tip is positioned close to
the right atrium. CVP can be defined as the pressure resulting
from the interaction between venous return and cardiac func-
tion. CVP has been widely used as a surrogate indicator of the
volemic status of patients, according to the principle that a
larger volume reflects on a higher pressure inside atrium. This
principle is normally true in healthy subjects, nonetheless, it
cannot be always considered true in ICU patients, in which
many factors interact, determining alterations in CVP measure-
ments. For example, several conditions common for ICU
patients (such as pneumothorax, pericardial tamponade, heart
failure) can result in high CVP readings, who often do not really
reflect a normovolemic status.
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CVP can both be measured using a transducer or a water
manometer (in this case the observed value won’t be continu-
ous). As for any invasive pressure, leveling and zeroing proce-
dures are required (Table 4.4). The transducer should be
positioned at right atrium level (with patient supine on a flat
position, or with head of bed elevated by 30°, 45°, or 60°, since
the right atrium is anterior and round, and its midpoint remains
at the same vertical distance below the sternal angle). The
atrium position on the chest is normally identified by intersec-
tion of midaxillary line and fourth intercostal space (more eas-
ier, 5 cm below the sternal angle) [20].

CVP waveform (Figs. 4.6 and 4.7) is composed of three
prominent positive waves (a, ¢, and v) and two prominent nega-
tive waves (x and y descents). The “a” wave is generated by
atrial contraction; the “c” wave is due to backward closure of the
tricuspid valve (onset of systole), and “v’ wave reflects atrial

oV

Fig. 4.6 Central venous pressure waveform. Dotted line shows the ideal
site for measurement

Fig. 4.7 Central venous pressure waveform pooled together with the ECG
waveform. Observe waves a (right after the P wave and before the QRS
complex on the ECG, expression of atrial contraction) and v (corresponding
to the descent T on the ECG, expression of atrial filling)
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filling during diastole; the “x” descent comes from the fall in
atrial pressure during atrial relaxation, while the “y” descent
comes from a fall in atrial pressure (onset of diastole, emptying
of atrium in the ventricle) [34]. To obtain a more reliable mea-
surement, CVP should be obtained at the end of expiration, in
order to reduce the effects of transmural pressure. The preferred
site for measurement is the leading edge of the “c” wave (gener-
ally approximated by the base of the “a” wave) [35].

Pulmonary artery occlusion pressure (PAOP), also known as
pulmonary artery wedge pressure (PAWP), is obtained performing
right heart catheterization using a Swan-Ganz catheter. During its
positioning, the Swan-Ganz catheter balloon is inflated in the right
atrium until it reaches the wedging position that means the occlu-
sion of a pulmonary artery branch. Balloon’s inflation should fol-
low some simple principles, to avoid severe complications: the air
volume used should range between 1 and 1.5 mL. Recent sum-
marized recommendations report that repeated inflations and
deflations of the balloon should be avoided, since they have been
associated to pulmonary artery’s rupture [25]. PAWP values nor-
mally range between 5 and 12 mmHg, with a slight increase (up to
15 mmHg) related with age. Its measurement should always be
standardized to an ideal position, with patient lying supine and the
transducer at mid-thoracic line, halfway between the anterior ster-
num and the bed surface (left atrium) [25].

PAWP has been considered for a long time a surrogate
marker of left ventricular preload, according to the principle that
under normal (and static) conditions it is equivalent to left atrial
pressure, which, in turn, equates to left ventricular end-diastolic
pressure (LVEDP) [36]. This assumption remains actually true
only in the absence of particular conditions, such as mitral valve
and left ventricular wall pathologies, and when the effect of
intrathoracic pressures is minimized (that means at end of expi-
ration). Such criteria strongly limit the effective applicability of
this measurement as preload index; therefore the association
with other measurements is required [36].
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4.6.2 Volumetric Indicators

The need for assessing volemia in critically ill patients gave
course to development of the so-called “volumetric indicators”
that usefully guide clinicians in fluid replacement. Volemia is
defined as the total blood flowing through the circulatory sys-
tem. Hypovolemic conditions can be both absolute and relative.
The first is characterized by an important circulating volume
loss (hemorrhage or dehydration due, e.g., to fever, burns, renal
failure, vomiting, or diarrhea). The second is attributable to
redistribution of volume in third space (such as in capillary leak
syndrome) or in body cavities (such as in pulmonary edema,
ascites, pleural effusion). In relative hypovolemia, an imbalance
of fluid homeostasis between capillary and interstitial space
(which is normally controlled by electrolytes and protein con-
centration) is observed.

Recent developments in hemodynamic monitoring devices
offer relatively easy-to-use solutions to assess blood volumes at
the bedside. The principle on which these measurements are
based refers to dilution of a thermal indicator (in the past, it was
a colorimetric one) injected at a known temperature through a
central vein and detected though a thermistor placed in arterial
catheter. This technique is known as transpulmonary thermodi-
lution. The analysis of the thermodilution curve provides the
so-called “mean transit time” (MTt) that defines mean time
needed for passage of every indicator’s molecule. After injec-
tion, thermal indicator distributes to intrathoracic thermal vol-
ume (ITTV), clinically represented by global end-diastolic
volume (GEDV), extravascular lung water (EVLW), and pulmo-
nary blood volume (PBV) (Table 4.6).

In healthy subjects, intrathoracic blood volume (ITBV)
(resulting from summation of GEDV and PBV) represents
approximately 26% of global blood volume. ITBV can be math-
ematically derived from GEDV [37] (Table 4.6).
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Table 4.6 Volumetric measurements

Intrathoracic thermal ITTV = MTt x CO Total amount of blood
volume (ITTV) and water inside
chest
Total pulmonary Total amount of blood
volume (TPV) and water inside
lungs
Global end-diastolic  ITTV-TPV Sum of the volume of
volume (GEDV) the four cardiac
chambers
Intrathoracic blood 1.25 x GEDV [37] Sum of the volume in
volume (ITBV) cardiac chambers

and pulmonary
vascular bed
Extravascular lung ITTV-ITBV Amount of water
water (EVLW) within the lung
interstitial space

GEDYV, whose normal values range between 600 and 800 mL/
m?, includes the volume of the four cardiac chambers and the
blood volume between the injection site (via a CVC at the supe-
rior vena cava) and the thermistor (femoral artery) [38]. As for
CO measurement, uneven dye mixing (aortic aneurism, intracar-
diac shunt, vascular pulmonary bed reduction) may lead to
incorrect volumetric esteem.

ITBV and GEDV (indexed on body surface area, ITBVI, and
GEDVI) are used as preload indexes in several ICU and anes-
thesia conditions (sepsis, solid organ transplant) and have
shown a better performance in guiding fluid and inotropic ther-
apy, compared to previously used CVP and PAWP.

During lung transplantation, ITBVI showed a good correla-
tion with stroke volume index (SVI), while only poor correla-
tion was found between ITBVI and PAOP [39]. Similar results
were obtained in hyperdynamic patients undergoing liver trans-
plantation [40]. ITBVI was also found to be a better preload
indicator than cardiac filling pressures (CVP and PAOP) in
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patients with sepsis or septic shock [41]. Extravascular lung
water (EVLW) is a bedside measurement of the amount of lung
water outside the vascular compartment. Practically, it is a mea-
surement of the amount of pulmonary edema (defined as the
difference between PTV and ITBV), previously assessed by
radiologic imaging (such as chest X-ray, computerized tomog-
raphy, and magnetic resonance imaging) [42].

The gold standard for EVLW measurement is the ex vivo
gravimetry, obtained weighting lungs before and after their dry
out [42]. Obviously, this method is inapplicable in alive patients.
Dye dilution methods allowed bedside measurement of EVLW
from the 1980s, and further thermal dilution had a wide diffu-
sion [43]. Recently, estimation of EVLW has also been con-
ducted by using the chest ultrasound, showing good performances
in terms of sensitivity (81%) and specificity (90.9%) [44],
although pulmonary edema detection may be limited from the
lung region where it is performed [45].

The initially fixed cutoff value indexed on body surface area
of 7 mL/kg body weight [46] has been recently increased to
10 mL/kg [47]. Recently, indexation of EVLW (EVLWI) to
predicted body weight (rather than actual body weight) has been
proposed, to avoid underestimation of EVLW in obese patients,
and in those who develop positive fluid balance, it has been
introduced, showing a better correlation with lung injury scores
and oxygenation. Also, EVLW indexed on predicted body
weight had a better correlation with patients’ outcome [48].
Other authors also suggested EVLW indexation to patient’s
height, as it is considered the main determinant of lung volume
[49]. EVLWI measurement using transpulmonary thermodilu-
tion might be overestimated by lung resection and underesti-
mated by pulmonary embolism [45].

Currently, EVLW is not included in ARDS as defined by Berlin
criterion, although diagnosis might be improved by using it [45].
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EVLW guides clinicians when acting fluid, diuretic, and
inotropic therapy, in addition to organ support treatments, such
as mechanical ventilation and continuous renal replacement
therapy. EVLW demonstrated prognostic power, because its
mean value is higher in non-survivor critically ill patients [50].
Fluid therapy oriented on EVLW values seems to reduce ICU
length of stay and mechanical ventilation duration [51].
Recently, EVLW has been investigated in patients with acute
postoperative hypoxemic respiratory failure treated with nonin-
vasive ventilation (NIV). Before starting NIV, EVLW was found
to be significantly lower in patients who did not later require
intubation (8.6 £ 1.08 vs. 11.8 + 0.99, P < .01) [52]. Similarly,
after 1 h from beginning NIV treatment, EVLW significantly
decreased in patients who did not require intubation (8.6 + 1.08
vs. 6.2 +0.96, P < .01) [52].

Take-Home Messages

1. Cardiovascular monitoring provides data to adequately frame
hemodynamic condition, but it cannot itself change patient’s
outcome.

2. Proper treatment decisions need reliable data. Therefore,
appropriate technique (particularly concerning transduc-
er’s leveling, zeroing, and signal’s damping) has to be
applied.

3. No single data should be used to implement clinical deci-
sions: every measurement should be considered together with
other available ones and with global patient’s condition
(including other vital functions’ assessment). Similarly, trend
values should be considered to assess patient’s responses to
treatments.

4. Monitoring devices should be chosen according to patient’s
condition and staff confidence with their use and
interpretation.
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Chapter 5 ®)
Early Mobility, Skin, and s
Pressure Ulcer Risk Assessment

Gian Domenico Giusti, Angela Peghetti, Irene Comisso,
and Stefano Bambi

5.1 Introduction

Bed rest is one of the main therapeutic prescriptions in many
diseases. Nonetheless, in ICU, prolonged bed rest and immobil-
ity are associated with many complications, including muscular
atrophy, pressure ulcers (PUs), atelectasis, and bone demineral-
ization [1]. Moreover, a meta-analysis about the effects of bed
rest in 15 different conditions and medical procedures showed
that bed rest is not always effective and may be associated with
different damages, especially toward rehabilitative purposes [2].

In recent years, the increase of critically ill patients’ survival
rates highlighted the need to focus on the quality of life and the
sequelae related to ICU stay and in hospital stay. Moreover,
there is the necessity to implement all the preventive and reha-
bilitative interventions aimed to avoid physical, social, and
psychological limitations [3]. For this reason, it’s fundamental
to prevent the events that may worsen the outcomes of ICU
patients.

In this chapter, we will consider some of the complications
that may occur during the prolonged bed rest, analyze the
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benefits of early mobilization interventions, and discuss the
main pressure ulcer issues in ICU (definition, assessment,
treatment).

Hospital-acquired pressure ulcers (HAPU), also known as
“pressure ulcers,” “pressure sores,” “pressure injuries,” or “‘bed-
sores,” are one of the top five adverse events (AE) currently
being reported among patients during their hospital stay [4]. The
weakness in ICU patients can persist for many years after dis-
charge from hospital [5], and although the etiology of weakness
is multifactorial, early mobilization in ICU can help to reduce
the muscular atrophy, the weakness itself, and the decondition-
ing associated with prolonged bed rest.

5.2 Intensive Care Unit-Acquired Weakness
(ICU-AW)

In the past few years, critical illnesses in ICU (from myocardial
infarction to surgical complications) required a mandatory com-
plete immobility. ICU staff believed that bed rest could reduce
the oxygen consumption, improve the tissue oxygenation, main-
tain the correct alignment of spine and bones, and decrease to a
minimum the effects of trauma. However, the adverse effects of
prolonged immobility are now well known and concern all the
body systems (Fig. 5.1). Early mobilization may help to reduce
some of these adverse effects [6].

ICU-AW is defined as a “syndrome of generalized limb
weakness that develops while the patient is critically ill and for
which there is no alternative explanation other than the critical
illness itself” [7]. The etiology of ICU-AW is multifactorial,
with several studies establishing independent risk factors for its
development [1].

The reported incidence of ICU-AW varies according to the
different definitions given to this syndrome, the diagnostic



139

5 Early Mobility, Skin, and Pressure

[£] uondwnsuod
uagAx0 O 41op1osIp ssans onewnen-1s0d ‘qSLd omssard A1orendsur WnWIxew A ssauyeam paimboe-0) ‘AV-NDI
‘Kroeded [e)IA padIo) ‘DA SSOU[I [BONLIO JI9AAS JO UpINgG 9y} pue uonezijiqowwl jo seonbos [eo13ojoisAyd 'S *S1g

(a)s uopasul
wnuieq e aqny Buipsayisayo ‘Ba) uled e
Raixuy o Aypgowwr juior e
uoissaida( e Ayredosanu uswdenuy e
uleJls [eloueul o swiredw) aAubo) e anblie e
jnouing Janibaie) e asld e yibuais HIng ajosSNA| 1
I | [
sanss| 100 48410 _ _ Aupgesiq reoisAyd-uon _ _ Auligesiq rearsAyd

SSau||| |Ba1}MD 819ASS JO uaping

ONYeed 1 e
$1a0|n aInssald o Ajsuap suogt e uonounysAp
opndad onainuyeu S2INJOBJJUOD JUION © @ouapuadap Je|NOSBAOIOIN o
|elye pasealou| e Aydouye sjosnwi o A101e|]UBA [EOIUBYOD| Qouejsisal

ujual ewse|d AyredoAwoienuhjod o ONd PUB N T o Jejnosen [esaydiiad 1 e
puUe 8U0IBISOPIY 1 AyredoAw o BlUOWNSUY o indino oeipie) 1 e
90UB)SISal UlINSU| e AyredosanuAjod o SISEl09|alY ° OWN|OA 93OS 1 o
wsljoquioiy] e MVNDI ® eIxodAH e | | @ouelS|OIUI O1E}ISOYLQ *
[ [ [ [
[SLEN=NETITe) _ _ Je|nosnwoInaN _ _ Aioyesdsay __ Je|noseAolple)
uonezijiqowwy] pabuojo.id jo suueH |eaibojoisAyd




140 G.D. Giusti et al.

modalities used, and the specific population studied. A key issue
in determining the incidence of ICU-AW is the struggle in
ascertaining the development of neuromuscular weakness dur-
ing the ICU stay, as opposed to weakness due to a preexisting
condition (e.g., myasthenia gravis) and/or a specific etiology
(e.g., new cerebrovascular accident). ICU-AW may be unrecog-
nized in general critically ill populations, but it is prevalent in
the chronic critically illnesses and in patients requiring pro-
longed MV [8].

Among the risk factors for the development of the ICU-AW,
there are the disease severity, the presence of systemic inflam-
matory response syndrome (SIRS), and an organ failure associ-
ated with neuromuscular disorders. Also, MV duration,
ICU-LOS, blood biochemical alterations (such as hypo- and
hyperglycemia), and the administration of total parenteral nutri-
tion (TPN) increase the risk of ICU-AW development.
Furthermore, using of potentially myotoxic or neurotoxic medi-
cations, such as corticosteroids and non-depolarizing neuromus-
cular blocking agents, has been associated with neuromuscular
abnormalities [1].

Mechanisms leading to the ICU-AW are complex and
involve many physiopathological processes. On healthy sub-
jects, for example, bed rest leads to a reduction in quadriceps
force of around 1-1.5% a day [9], and this percentage increases
significantly in sick or elderly subjects. In addition to the immo-
bility, critical care patients often show signs of malnutrition
during their ICU stay, because of malabsorption due to primary
pathology, hypercatabolic and hypermetabolic stress, leading to
protein loss [10]. Malnutrition is considered as a contributing
factor to the occurrence of ICU-AW. Therefore, nutritive sup-
port in ICU is essential to correct nutritional deficits.

Patients with ICU-AW have an increased duration of MV and
LOS. After 7 days of MV, 25-33% of patients experience clini-
cally evident neuromuscular weakness [1].
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5.2.1 Prevention and Treatment of Immobility

There are few treatment options to prevent or treat the [ICU-AW. A
proper glycaemia control seems to be the only intervention related
to the decrease in the onset of this syndrome [11]. Minimizing
patient’s exposure to corticosteroids and/or neuromuscular block-
ing agents may be prudent until future studies will clarify the role
of these medications in the development of ICU-AW [12].

A potential therapeutic option to reduce ICU-AW is the
avoidance of bed rest via early mobilization in the ICU setting.
Mobility is a basic nursing care, which is essential in maintain-
ing patients’ safety and prevention of bed rest induced compli-
cations. Mobility can improve gas exchanges, decrease incidence
of ventilator-associated pneumonia and the occurrence of MV
support, and decrease ICU and hospital LOS [12].

Physiotherapy carried out in ICU varies from hospital to hos-
pital and among different typologies of ICUs. Furthermore, there
is a wide range of interventions that can be carried out ranging
from passive physiotherapy to kinetic therapy, or transferring the
patient from bed to chair. In some case, patients are helped to
brief walk within the ICU [8]. Usually more challenging physio-
therapy (e.g., walking) is rarely performed in ICU because of the
huge nurses’ workload and the reduced number of physiothera-
pists dedicated to this activity [8].

Physiotherapy is also affected by the level of sedation: criti-
cal care patients are often deeply sedated especially if mechani-
cally ventilated. Deep sedation is related to the increasing
number of MV days that prevents their participation to the
activities [13]. Periodic interruptions of sedation and the imple-
mentation of awakening tests can improve an early mobilization
(see Chap. 17). Also, a multidisciplinary focus to perform an
early mobilization program after the physiologic stabilization
(Fig. 5.2) from cardiological, respiratory, and neurological
impairments is desirable [14].
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Mobility Assessment for Readiness

Perform initial mobility screen w/in 8 h of ICU admission
Reassess mobility level at least every 24h
(recommended at shift)

* PaO,/FiO, > 250

Peep < 10

O, Sat > 90%

RR 10-30

HR > 60 <120

MAP > 55 <140

SBP > 90 <180

RASS > -3

No new onset arrhythmias or ischemia
No new or increasing vasopressor
infusion

Fig. 5.2 Assessment of patients’ readiness for mobility. Modified from
Asfour [6]

5.3 Skin and Pressure Ulcer Risk Assessment

5.3.1 Definition

ICU patients are exposed to an increased risk for PUs’ develop-
ment due to circulatory impairment, hemodynamic instability,
vasopressors, diminished sensory perception, and organ failure
[15]. PUs are “ulcers caused by a prolonged pressure exerted on
the epidermis, the dermis and the underlying tissues, up to
engage in more serious cases the muscles and bones when the
same position is maintained for a long period of time, such as,
for example, in case of the bedridden patient” [16]. Body areas
corresponding to bone protrusions are most frequently affected
and become ischemic when pressure is maintained constant for
a period that varies from person to person. Moreover, PUs’
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development depends on age and underlying diseases, as well as
on a series of intrinsic and extrinsic factors discussed later.

The term pressure injury (PI) replaces pressure ulcer in the
National Pressure Ulcer Advisory Panel Pressure Injury Staging
System, according to the NPUAP (Table 5.1).

Table 5.1 New definition and classification of PIs [17]

Pressure injury

A pressure injury is a localized damage to the skin and/or underlying soft
tissue, usually over a bony prominence or related to a medical or other
devices. The injury can be present as intact skin or an open ulcer and
may be painful. The injury occurs as a result of intense and/or prolonged
pressure, or pressure in combination with shear. The tolerance of soft
tissue for pressure and shear may also be affected by microclimate,
nutrition, perfusion, comorbidities, and conditions of the soft tissue

Stage 1. Pressure injury: non-blanchable erythema of intact skin

Intact skin with a localized area of non-blanchable erythema, which may
appear differently in darkly pigmented skin. Presence of blanchable
erythema or changes in sensation, temperature, or firmness may
precede visual changes. Color changes do not include purple or
maroon discoloration; these may indicate deep tissue pressure injury

Stage 2. Pressure injury: partial-thickness skin loss with exposed dermis

Partial-thickness loss of skin with exposed dermis. The wound bed is
viable, pink or red, moist, and may also present as an intact or
ruptured serum-filled blister. Adipose tissue (fat) is not visible and
deeper tissues are not visible. Granulation tissue, slough, and eschar
are not present. These injuries commonly result from adverse
microclimate and shear in the skin over the pelvis and shear in the
heel. This stage should not be used to describe moisture-associated
skin damage (MASD) including incontinence-associated dermatitis
(IAD), intertriginous dermatitis (ITD), medical adhesive-related skin
injury (MARSI), or traumatic wounds (skin tears, burns, abrasions)

Stage 3. Pressure injury: full-thickness skin loss

Full-thickness loss of skin, in which adipose (fat) is visible in the ulcer
and granulation tissue and epibole (rolled wound edges) are often
present. Slough and/or eschar may be visible. The depth of tissue
damage varies by anatomical location; areas of significant adiposity
can develop deep wounds. Undermining and tunneling may occur.
Fascia, muscle, tendon, ligament, cartilage and/or bone are not
exposed. If slough or eschar obscures the extent of tissue loss, this is
an unstageable pressure injury

(continued)
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Table 5.1 (continued)

Stage 4. Pressure injury: full-thickness skin and tissue loss

Full-thickness skin and tissue loss with exposed or directly palpable
fascia, muscle, tendon, ligament, cartilage or bone in the ulcer.
Slough and/or eschar may be visible. Epibole (rolled edges),
undermining, and/or tunneling often occur. Depth varies by
anatomical location. If slough or eschar obscures the extent of tissue
loss this is an unstageable pressure injury

Unstageable pressure injury: obscured full-thickness skin and tissue loss

Full-thickness skin and tissue loss in which the extent of tissue damage
within the ulcer cannot be confirmed because it is obscured by slough
or eschar. If slough or eschar is removed, a stage 3 or stage 4 pressure
injury will be revealed. Stable eschar (i.e., dry, adherent, intact
without erythema, or fluctuance) on the heel or ischemic limb should
not be softened or removed

Deep tissue pressure injury: persistent non-blanchable deep red,
maroon, or purple discoloration

Intact or non-intact skin with localized area of persistent non-blanchable
deep red, maroon, purple discoloration, or epidermal separation
revealing a dark wound bed or blood-filled blister. Pain and
temperature change often precede skin color changes. Discoloration
may appear differently in darkly pigmented skin. This injury results
from intense and/or prolonged pressure and shear forces at the
bone-muscle interface. The wound may evolve rapidly to reveal the
actual extent of tissue injury, or may resolve without tissue loss. If
necrotic tissue, subcutaneous tissue, granulation tissue, fascia,
muscle, or other underlying structures are visible, this indicates a full
thickness pressure injury (unstageable, stage 3 or stage 4). Do not use
DTPI should not be used to describe vascular, traumatic, neuropathic
or dermatologic conditions

5.3.2 Epidemiology

Elderly and ICU patients are the populations most affected by
PIs. These dimensions are important both for the number of
patients involved and for time and resources required to treat it.
As concomitant comorbidity, PIs, in fact, negatively influence
the quality of life and drastically worsen the prognosis [18-20].
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A review carried out in this area showed that among IV° stage
injuries the incidence of osteomyelitis was around 32%, while
another study has reported that severe stage infections evolved
very often in severe sepsis with mortality rates at 6 months, up
to 68% [21].

Only a few studies investigated PIs’ prevalence in ICU. Some
researches showed that over 15% of ICU patients developed a PI
during their stay, while the elderly was the highest-risk
population of patients. In general, from 34% to 81% of the PIs
arise within the first 10 days of hospitalization [22-24].

5.3.3 Physiopathology and Main Risk Factors

Most PIs develop when compression of soft tissues occurs for a
prolonged time, as for tissues placed between a bony protuber-
ance and a surface, such as the bed mattress. When the constric-
tive force between body surface and mattress is more intense
than blood pressure relative to the compressed arteriolar capil-
lary, it determines a condition of permanent ischemia [25].
Among the main risk factors, there are nurses’ workload,
patient’s gender, albumin blood level, and hemodynamic insta-
bility during positioning, vasopressor administration, and previ-
ous surgery [15].

5.3.4 Risk Assessment

An accurate clinical evaluation is crucial to identify the patients
at risk for PIs’ development [26], particularly for those with
previous PIs’ history, who are considered at risk irrespective of
the assessment score [27]. PIs’ risk is established combining the
clinical judgment with the use of a reliable scale. The use of
assessment tools to predict individual patient risk factors for
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PIs’ development is routinely recommended in PIs’ prevention
guidelines [15]. Studies suggest the adoption of the Braden
scale that has been tested and validated in various settings of
care (including ICUs) [28, 29]. The Braden scale takes into
account six items scored from 1 to 4 points (sensory perception,
moisture, activity, mobility) and is identified as the scale with
the best combined sensitivity and specificity in predicting risk
of PIs in general wards.

The lowest the score, the highest is the PIs’ risk, with a risk
cutoff <16 points [30]. Despite its wide validation, a case-
control study [31] suggested a low implementation rate in ICU
(only 11.26% of hospital days), also highlighting a low to
moderate positive predicting performance. Interestingly, a
lower-risk cutoff (<13) balanced the highest sensitivity and
specificity (0.75 and 0.47, respectively). Similar results were
found a few years later [32] in a large retrospective study,
indicating a poor accuracy of the Braden scale in predicting
PIs, mainly related to the lack of consideration for ICU-
specific risk factors such as MV, hypotension, cardiovascular
instability, and ICU-LOS.

The Braden scale does not identify hemodynamic instability
as a risk factor for PIs” development. This kind of clinical condi-
tion is common in the ICU. One consequence of hemodynamic
instability that may contribute to PIs’ development is the impos-
sibility to accomplish patient repositioning [15].

Another available tool for PIs’ assessment is the Cubbin-
Jackson scale, originally introduced in 1991 [33]. The first ver-
sion of this scale was composed of ten items (age, weight, skin
conditions, mental conditions, mobility, hemodynamics, respi-
ration, nutrition, incontinence, and hygiene) [33]. Each item
was scored from 1 to 4, and highest scores were associated with
lower risk. Further improvements introduced oxygen require-
ments, past medical history, and detrimental factors (surgery,
transport for diagnostic imaging, need for hemotransfusion, or
hypothermia) [34]. The risk cutoff, previously stated at 24
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points, was moved on to 29. As for other tools, the Cubbin-
Jackson scale showed an unsatisfactory performance in ICU
populations, reaffirming the importance to use clinical judgment
together with stratification tools [35] (Fig. 5.3).

Age (years) Score Hemodynamics Score
point point
<40 4 Stable without inotropes 4
40-54 3 Stable with inotropes 3
55-70 2 Unstable without inotropes 2
>70 1 Unstable with inotropes 1
Weight/tissue viability Respitation
Average weight BMI 18-25.9 kg/m? 4 Spontaneous 4
Obese 26-39.9 kg/m? 3 Non-nvasive, CPAP/BiPAP 3
Cachectic <18 kg/m? 2 Mechanical ventilation 2
Any of the above plus severe edema or >40 kg/m> 1 Mechanical ventilation. 1
No spontaneous breathing
Past medical history Oxygen requirements
None 4 Requires <40% O,, stable on movement 4
Mild 3 Requires 40%-60% O,, stable on movement 3
Severe 2 Requires 40%-60% O,, stable ABGs but 2
desaturates on movement
Very Severe 1 Requires 60% O, or above.Inability to 1
maintain ABGs/desaturates at rest
General skin condition Nutrition
Intact 4 Full diet + fluids 4
Red skin affecting areas prone to pressure 3 Clear 1V fluids only 3
Grazed/excoriated superficial skin areas 2 Light diet, oral fluids, enteral feeding 2
Deep wounds, necrotized or heavily exudating wounds 1 Parenteral feeding 1
Mental condition Incontinence
Awake and alert 4 None/anuric/catheterized (urine and/or feces 4
catheter)
Agitated/restless/confused 3 Urine/profound sweating 3
Apathic/sedated but responsive 2 Feces/occassional diarrhea 2
Coma/unresponsive/paralyzed and sedated 1 Urine and feces/prologed diarrhea (=3 1
times/day)
Mobility Hygiene
Walks with help 4 Independent 4
Very limited, chairbound 3 Needs assistance 3
Immobile but tolerates change of position 2 Needs much assistance 2
Unable to tolerate moverment, nursed prone 1 Fully dependent 1

Deduct points

Deduct 1 point, if patient has been in surgery or transported to CT, MRI or HBOT during the last 48 hours
Deduct 1 point, if patient has required blood or clotting factors during last 24 hours

Deduct 1 point, if patient has hypothermia of 35°C or under (core temperature)

Revised sections (marked as bolded) of the Jackson/Cubbin risk scale' Utilized in this program to improve the clarity and reproducibility of the scale.
The maximum score is 48 (low risk) and the minimum score 9 points signifying high risk.

BMI = body mass index: CPAP= continuous positive airway pressure: BIPAP = bilevel positive airway pressure: ABQs = arterial blood gases: CT = com-
puterized tomography: MRI = magnetic resonance imaging: HBOT = hyperbaric oxygen therapy

Fig. 5.3 Cubbin-Jackson pressure ulcer risk scale [35] “used with

permission”
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Recently, the development and implementation of the
COHMON (conscious level, mobility, hemodynamics, oxygen-
ation, nutrition) index opened a new opportunity in the evaluation
of PIs’ risk. This tool includes five items (level of consciousness,
mobility, hemodynamic, oxygenation, and nutrition) scored from
1 to 4 points (the higher is the score, the higher is the risk). When
compared with traditional scoring systems, the COHMON index
showed a better sensitivity and specificity, positive and negative
predictive values, and very good reliability both for single items
and the global index [36]. When compared with Braden, Norton,
and Waterlow scales, this index also showed the highest inter-
rater reliability and agreement [37].

Irrespective of the chosen PIs’ risk assessment tool, use of
vasopressors (vasopressin and norepinephrine), mean arterial
pressure <60 mmHg, cardiac arrest, and prolonged MV (>72 h)
has been associated with PIs’ development [38], thus suggesting
the need for a higher vigilance in patients with those clinical and
treatment features.

Currently, there is no strong evidence regarding optimal PIs’
risk reassessment intervals. Widely accepted and published clini-
cal standards suggest a weekly revaluation. However, in certain
clinical situations, risk assessment scales may have limits, since
they don’t consider PIs’ risk associated with the use of devices.

5.4 Conclusions

The intensive care unit-acquired weakness is an important adverse
effect due to bed rest in critically ill patients. This kind of complica-
tion is a hindrance to implement a fast recovery of patients. For these
reasons, nurses during their clinical practice should keep in mind the
eventuality of its emergence and early activate the search of its clini-
cal signs. Moreover, one of the new aims to pursue is to implement
the ICU-AW prevention through an active collaboration in early



5 Early Mobility, Skin, and Pressure 149

patients’ positioning, progressive mobilization, and active collabora-
tion during physiotherapy interventions. These activities should
become nursing priorities in the ICUs’ dynamic frameworks, since
there are scarce contraindications to start progressive mobility pro-
grams during acuity conditions. These are hemodynamic instability,
intracranial hypertension, and severe multiple bone injuries. Another
major positive consequence of early mobilization is the pressure
ulcers (pressure injuries—PIs) prevention in ICU.

Currently the use of Braden scale for PIs’ risk assessment in
critical care patients seems not to be further recommended because
it has a poor accuracy in predicting PIs, mainly related to the lack
of consideration for ICU-specific risk factors such as MV, hypo-
tension, cardiovascular instability, and ICU-LOS. Even the
Cubbin-Jackson scale seems to have important limitations in some
ICU populations. Recently, a new scale, called COHMON (con-
scious level, mobility, hemodynamics, oxygenation, nutrition)
index for PIs’ risk assessment in ICU, seems to be promising.

Take-Home Messages

e JCU-AW is one of the most underrated complications in ICU
patients.

» Early mobilization programs and optimal nutritional support
are the main interventions to prevent the development of
ICU-AW.

e Prevention of PIs is an established nursing quality indicator.

e Multidisciplinary approaches to reduce the risk of ICU-AW
and HAPU are needed.
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Part 11
Basic Care in ICU



Chapter 6 ®)
Interventional Patient Hygiene g
Model: New Insights in

Critical Care Nursing, Starting

from the Basics of Care

Stefano Bambi

6.1 Introduction

The modern ICUs are widely diffused from the 1970s, with the
introduction of the positive-pressure mechanical ventilators to
support the respiratory function and the advanced hemodynamic
monitoring performed with pulmonary artery catheters [1].
After a first phase characterized for the healthcare profes-
sionals’ attention focused on the technologies supporting and
monitoring the vital function and the organs/systems of patients,
the appearance of evidence-based medicine and nursing, about
20 years ago, has deeply modified the approach to the patients
and environments. The evidence-based practice (EBP), together
with other tools of clinical governance as clinical risk manage-
ment and health technology assessment, has shifted critical care
medicine toward a more proactive patient-centered approach.
Moreover, we have assisted to the introduction of critical think-
ing about the risk-benefit balancing related to the employment
of vital support technologies, the medical humanities move-
ment, and the liberalizing of the visiting policies in the ICUs [2].
Lastly, ethical issues related to the limitations of care delivering
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and to the availability of resources are exerting an important
influence on the choices made by the ICU teams [2].

At present, the new mantra of healthcare is “to ensure safety, be
proactive.” Behind this simple rule, there is the professionals’ atten-
tion focused to reach patients’ health outcomes while preventing
iatrogenic complications.

Hospital-acquired conditions (HAC) are a set of unanticipated
complications occurring during patients’ stay in hospital [3]. These
are air embolism, blood incompatibility, catheter-acquired urinary
tract infection (CAUTI), pressure ulcers (PUs), vascular catheter-
associated infections, surgical site infections (SSI), falls and
trauma, and objects left during surgery [3]. A special subset of
HAC is the hospital-acquired infections (HAIs), defined as infec-
tions that are acquired by a patient during a hospitalization [3].
HAC and HAI determine an increasing of hospital LOS, mortality,
and costs. It’s esteemed that every year 1.7 million of HAIs con-
tribute to 99,000 patients’ deaths [3].

Nursing care is strongly involved in the development and, so, in
the prevention of HAC and HAI [3]. Lots of nursing-sensitive
outcomes showed how this statement is true, and it’s mainly related
to the quality of delivered basic nursing care (e.g., incidence rates
of PU, failure to rescue rate, HAP, ventilator-associated pneumonia
(VAP), CAUTI, CLABSI, patients falls, patients restraints) [4].

6.2 From Evidence-Based Nursing
to Interventional Patient Hygiene Model:
The Conceptual Framework

About 10 years ago, some authors introduced a new school of
nursing thought called “get back to the basics” or “get back to
the fundamentals of care.” This movement is centered on the
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concept of “patient’s safety—do not to harm”, focusing on the
prevention of errors during the delivering of critical care nurs-
ing [5]. Most nursing interventions that produce patients out-
comes are basic, as mobilization and hygiene [5]. According to
some authors, nurses seem to have missed their attention to the
basic of nursing in favor of advanced competences and dele-
gate the basic care interventions to nursing aids or non-
licensed staff [3]. Actually these two approaches are not
mutually exclusive, and the value of nursing basic interven-
tions needs to be rediscovered [3].

Evidence-based (basic) nursing intervention can heavily affect
patients’ outcomes (also when included in bundle of care) [6]
contributing to the prevention of HAC and HAI In Table 6.1 there
are some examples of evidence of basic care interventions related
to patients’ sensitive outcomes. Currently, a simple saving life
action as hand hygiene has a poor compliance by healthcare per-
sonnel (almost 40%) [8].

Kathleen Vollman, a nurse with large experience in critical
care and a great spirit of professional innovation, has made criti-
cal reflections about the link between safety, patients outcomes,
and basic nursing care. On this basis, she has designed a new
model for critical care nursing: the Interventional Patient Hygiene
Model (IPHM) [5]. Vollman used the term hygiene in its wider
meaning, that is, “the science of establishing and maintaining
health” [5].

This model considers a systematic approach to implement
evidence-based basic nursing intervention on patients hygiene
(bioburden reduction) and mobility strategies to proactively
prevent HAI and skin injuries [5]. The components of IPHM
were originally bed bathing management, oral care, wound
dressing, mobilization, incontinence management, and urinary
catheter care [27]. Later, hand hygiene and skin antisepsis have
been included in the model [28] (Fig. 6.1).
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Table 6.1 Interventional Patient Hygiene Model issues and evidence-

based nursing basic care interventions

Issue Intervention

References

Hand Hand hygiene technique
hygiene Surgical hand preparation

Selection and handling of hand
hygiene agents

Skin care

Use of gloves

VAP HOB elevation 30°-45°

Sedation daily interruptions and
weaning readiness evaluation

Peptic ulcers prevention

DVT prevention

Chlorhexidine rinse for oral care

Endotracheal tubes with subglottic
drainage lumen

CAUTI Appropriateness of urinary catheter
insertion criteria (indications)

Early removal of urinary catheters

Use of urinary catheter in
perioperative period, only if
there is a real need (not routine
insertion)

Insertion of urinary catheter through
aseptic technique, when
performed in hospital setting

Adequate fixation of the catheter to
prevent urethral traction and
movement

Use of urinary closed systems

The urine collection bag should not
lay on the floor

Change of the urinary catheter and
collection bag only in presence
of clear clinical indication (not
routine changes)

Routine hygiene of periurethral area
without antiseptic solutions

CDC guidelines [7]
WHO guidelines [8]

Wip and Napolitano,
2009 [9]

Bouadma et al.,
2012 [10]

NHS epic3
guidelines [11]

HICPAC guidelines
[12]
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Table 6.1 (continued)
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Issue Intervention References
CLABSI  Early removal of intravascular NHS epic3
catheters that are no longer guidelines [11]
needed CDC guidelines [13]
Hand hygiene technique Shah et al., 2016 [14]
Surveillance on aseptic technique
maintenance
Adoption of alcohol-based
chlorhexidine solutions >0.5%
Wound dressing
Infusion set and transducers’
interval of change
Daily patient bath
with chlorhexidine
2% solutions
SSI Preoperative bath or SHEA/IDSA practice
showering recommendations
No routine preoperative hair [15]
removal NICE guidelines
If hair removal is necessary, use [16,17]
clipping Dayton et al., 2013
No routine mechanical [18]

bowel preparation unless
mandatory
Aseptic technique/no touch for
wound dressing change
Normal saline for cleaning the
surgical wound
Postoperative bath or
showering

Karki et al., 2012
[19]

Cochrane systematic
review [20]

(continued)
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Table 6.1 (continued)

Issue Intervention References
Skin injury Incontinence-associated dermatitis ~ Beeckman et al.,
Use skin cleanser with 2009 [21]
adequate pH instead of water and  Sullivan and
soap Schoelles, 2013
Skin protectant agents [22]
Polymer diaper or underpads ~ AHRQ PU bundle
are better than non-polymer tools [23]
to prevent dermatitis Duncan et al., 2013
Pressure ulcer bundle [24]
Comprehensive skin Powers et al., 2012
assessment [25]
Pressure ulcers risk Johnson et al., 2009
standardized assessment [26]

Nursing planning and
implementation on skin areas at
risk of ulcer

Skin care/hygiene

The kind of cleanser or soap
affects the skin pH

Alkaline cleanser determines a
significant increasing of skin pH

Cleanser agents with pH > 5.5
should not be employed in ICU

Bed bathing

98% of basin for patients
hygiene with soap and water are
prone to develop biofilm

Hygiene performed through
chlorhexidine reduces the
contamination of the basins




6 Interventional Patient Hygiene Model 163

/s N < & VAP/HAP
D ¥
2
SRS 1
N -

3 SIeep/Rest\ \®
€ " deprivation | 8 8 [ CLABSI 3
15 ) ke
g re, Mg, :
IS ‘ri 3 T s g ::/ £
2 ' B ( Patients \ 3% 2 . o
3 l T o Safety T o I | Mobility |- 2
5 | - s | 2 b CAUTI 2
2] o5 o5 © $
B - is 5\ |2
— K=} ke} o
@ 2 = . <
E} IConsllpatlon'[ i m Bathing 2]
z =]

\ ) W z

\ I 7
<z

Fig. 6.1 Interventional Patient Hygiene Model [5, 28]. Dot line: potential
development of the model. CAUTI catheter-associated urinary tract infec-
tion, CLABSI central line-associated bloodstream infection, HAP hospital-
acquired pneumonia, HASI hospital-acquired skin injury, SS7 surgical site
infection, VAP ventilator-associated pneumonia

Vollman suggests the implementation of IPHM according to
the Deming Cycle (PDCA—plan—do—check—act) [5]:

* Assessment about the level of evidence of routine nursing
practices should be first performed.

e Devise of a bundle of nursing intervention to implement the
IPHM.

e Pre-intervention measure of nursing-sensitive outcomes.

e Selection of processes and products to ease the changing,
with a shared decision-making approach.

* Implementation of the bundle.
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e Post-intervention measure of nursing-sensitive outcomes and
comparison with the baseline data.

e Celebration of the obtained improvement.

e Trimestral assessment of the compliance levels to the bundle
till it will be routinely implemented.

The support to the changing of nursing practices is based on
three main cornerstones: knowledge and skills, attitude and
accountability, and resources and system [5].

6.3 The Priorities of Intensive Care Nursing

The implementation of a nursing model is based on the basics of
care as the IPHM needs to be matched with a deep reflection
about the nursing priorities in the critical care setting. The reason
is that the hygiene process is active and needs high-level priority
among the tasks routinely performed by critical care nurses [3].
Traditionally, the concept of priorities in the healthcare frame-
work is related to the well-known lifesaving ABCDE resuscita-
tion approach, deriving from the advanced trauma life support
guidelines and education courses, since the 1980s [29]. The
ABCDE is a vertical-order approach to the evaluation and resolu-
tion of lifesaving problems applied in all kinds of emergency
codes inside and outside the hospital. This simple and mnemonic
method is very useful and effective to establish the priorities of
medical and nursing interventions [30].

In ICU the concept of priority takes on a wider meaning than
in the emergency settings and involves all the team of care and
all the nursing care activities [31]. In fact, the nursing care plans
can be frequently modified by the changes of the patients’ clini-
cal conditions and the sudden emergence of new diagnostic or
therapeutic needs. These variations can considerably affect the
sequence in which the medical and nursing activities are accom-
plished [31]. Therefore, some nursing care interventions should
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be delayed, or even deleted from the scheduling in the work-
shift. The multitasking nature of the nurses’ work in ICU is
characterized for a mix of basic and advanced assessments and
interventions continuously rearranged [31]. For example, the
sudden medical order of a computed tomography scan can over-
come the scheduled oral care and wound dressing of a patient.
As a result, the referral nurse for that patient has immediately to
prepare him for in-hospital transfer to radiological department,
rearranging the plan of care [31]. This way to perform the tasks
is beyond the question. Nevertheless, the real strength of nurs-
ing basic care interventions lies in their continuity. Lots of nurs-
ing interventions as oral hygiene, HOB elevation, controlling
the cuff pressure of endotracheal tubes, regular repositioning,
and scrubbing the vascular catheters’ hubs before access, affect
positively the patients’ outcomes only if carefully performed
and frequently repeated [31]. The task-time imperatives tradi-
tionally featuring the work shifts [32], together with the current
increasing in workloads and the lack of resources [33], induce
critical care nurses to make “triage” decision about their sched-
uled activities, even if based on effectiveness evidence coming
from clinical research. A large multicenter cross-sectional study
performed on 33,659 medical and surgical nurses from 488
hospitals in 12 European countries, has revealed that the nursing
tasks left undone due to lack of time were mainly “comfort talk
to patients” (median 47.5%, range 36%-81%), “educating
patients and family” (median 47%, range 24%-61%), “oral
hygiene” (median 30.5%, range 23%—-62%), and “‘patient sur-
veillance” (median 25.5%, range 15%—-56%) [33]. Observational
studies have showed that the missed nursing care is significantly
lower if the number of hours per patient day is higher [34].
Nevertheless, critical care nurses recognize high priorities to the
basic nursing care. A survey, performed in two ICUs in the UK,
asked nurses to rate the priority given to basic nursing care on a
scale from 1 (lowest) to 10 (highest). “Eye care,” “oral care,”
“bowel care,” and “personal hygiene” obtained mean scores
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from 7.81 to 8.61, compared to the score of 9.76 given to the
“care related to the reason for admission” [35].

The driving force to maintain high levels of priority for basic
nursing care should rely upon outcomes measuring systems.
Nurses should be informed about the incidence and trends of the
major and minor complications that they contribute to prevent
through their basic care interventions. In a survey performed by
American Association of Critical Care, 80% of respondent nurses
stated that they didn’t know the VAP incidence rate in their insti-
tution [36]. In the same study, only 47% of nurses rated oral care
as high priority, and only 48% have sufficient time to perform oral
hygiene to patients every 4 h [36].

6.4 Experiences About the IPHM
Implementation

Despite a strong rationale coming from evidence-based nursing
interventions, at the present there are few published studies
about the implementation of IPHM in clinical practice.
McGuckin et al., in a survey performed to determine the
knowledge about the components of IPHM on nurses who
attended at the Association of Critical Care Nurses Annual
Meetings and Association of Professionals in Infection Control
and Epidemiology Annual Meetings (in years 2004-2000),
found high percentages of knowledge base: hand hygiene (96%),
oral hygiene (95%), early preoperative skin preparation (70%),
bathing/skin care (94%), and incontinence care (93%) [28].
However, the survey revealed that nurses were much less
informed about the outcomes related to the IPHM and about the
presence of IPH policies in their institutions (less than 50%)
[28]. Nurses should be aware about the economic impact of
IPHM implementation, beyond the “lonely” healthcare outcome
affected by the model. McGuckin et al. reported that the removal
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of prepackaged bath towel product from an ICU, in favor of the
adoption of standard basins and towels for daily bathing of
patients, produced the increasing of UTI rates from 9 infections
per 1000 device days to 15 infections per 1000 device days, dur-
ing 9 months of surveillance [28]. A projection about the costs
determined by these changes, taking in account the increased
LOS due to the higher rates of UTIs, showed a redoubled health-
care expense if compared with the “prepackaged bath towel”
product period [28].

After only 2 years from the introduction of the “daily bathing
with an antibacterial soap” practice in a US hospital, the inci-
dence rates of MRSA, VRE, Klebsiella, and quinolone-resistant
Escherichia coli were lowered nearly to 0%, saving over 2 mil-
lions of dollars [37].

Carr and Benoit implemented an IPH program integrating
patients’ bathing and incontinence protocols in a surgical ICU in
the USA [38]. The aims of this evidence-based program were to
reduce the incidence of PUs, improve the clinical knowledge in
non-licensed staff, and enhance their communication with the
ICU nurses. The improvement program was performed through
six areas: staff empowerment, early identification of skin
changes, assessment of patient risk, implementation of quality
improvement initiatives, task delegation to non-licensed staff,
and communication among staff members [38]. The program
was successfully implemented: PUs’ incidence decreased from
7.14% to 0%. The knowledge of non-licensed staff improved
completely in all areas, and a better communication with nurses
was reached [38].

Mahanes et al. described the implementation of the advanced
practice nurse-led nursing rounds in a Neurosciences ICU in the
USA, with the aim to sustain the IPHM and the introduction of
evidence-based nursing practices, maintaining the view on nurs-
ing care multiple priorities [39]. The core concept behind the
implementation of the rounds was “to highlight nursing indica-
tors for each patient and provide a time for sharing of ideas to
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improve outcomes.” Nurses discussion focused mainly around
the patients’ vulnerability, management of constipation, inconti-
nence care, pain management, and mobility [39]. Even if, at
present, there are no available data about their effectiveness, the
APN-led nursing rounds were found “extremely valuable” by
over 60% of surveyed nurses, finding an extensive implementa-
tion in other hospital’s acute care areas [39].

6.5 Potential Developments of HPIM

Initially the IPHM included oral care, patients’ mobility,
wound dressing, bathing, catheters’ management, and inconti-
nence management [27]. Later, skin care and hand hygiene
were introduced into the model, giving it a wider spectrum of
view in terms of complication prevention through the imple-
mentation of nursing basic care [28]. Given that HPIM turns
around the central concepts of patients’ safety and outcomes,
we hypothesize that bowel constipation management, and sleep
and rest promotion, could be gathered in the model. Currently,
nursing interventions to manage these two kinds of problems
need more evidences from researches, pointing at a potential
weakness for the model. Nonetheless the care about these kinds
of patients’ needs can heavily affect the outcomes in critical
care settings, and we think that these issues should be addressed
in the IPHM.

Constipation, defined as failure of the bowel to open from 3
to 9 days [40, 41] affects up to 83% of ICU patients [41].
Despite its high prevalence, only 3.5% of ICU seems to have
dedicated protocols to identify and manage the problem.
Constipation impacts both on minor (nausea, vomiting, abdomi-
nal pain) and major (ICU-LOS, MV duration) outcomes for ICU
patients [42, 43].
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Moreover, constipation is an independent risk factor for mor-
tality in critically ill patients [43]. Data from observational stud-
ies revealed the significant increasing of 12% (p < 0.001) in
mortality, and of 32% (p < 0.001) in acquired bacterial infec-
tions between mechanical ventilated patients with late opening
of bowel (after the fifth day of ICU stay) [44].

At present, constipation in critically ill patients remains an
open issue due to the lack of studies evaluating the efficacy of
bowel management protocols implementation, and the impor-
tant limitations of the published research, often related to small
samples or to inclusion criteria [45]. Furthermore, some authors
speculated that bowel management protocol failure could be due
to the lack of adherence clinicians [46]. Hence, this issue
assumes a high value in term of nursing outcomes and interven-
tions, requiring energies to spend in the research and in clinical
practice improvement.

Currently, as for bowel management, there are no evidence-
based practice guidelines to optimize the conditions of sleep and
rest for patients in ICUs [47]. Nevertheless, promoting sleep and
rest for patients remains an open issue for ICU nurses because of
the important consequences and complications caused by sleep
deprivation [48], and it should have a place in the IPHM. The
sleep in critically ill patients is mainly characterized by severe
fragmentation, equally distributed between day and night,
increased time in stage 1 sleep, decreased time in stages 2, 3, 4,
REM stage, and increased arousals and awakenings [49]. From an
epidemiologic point of view, sleep disturbance in critically ill
patients is difficult to estimate, due to the variation in its definition
provided in literature. However, studies from literature suggest
that high percentages of ICU patients are affected by poor sleep
quality, prolonged sleep latency, and frequent arousals/awaken-
ings [50]. Some authors report that 38% of ICU patients had dif-
ficulties to fall asleep, and almost 70% of cancer patients admitted
in ICU had serious sleep disturbances [50].
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Factors affecting the architecture and quality of sleep in ICU
patients are [48, 49, 51, 52]:

¢ Environmental noise, i.e., staff conversations and monitoring
alarms

e Prolonged exposure to low levels of artificial light, lighting
practices

e Pain or illness and consequent psychosocial stress

* Anxiety

e Psychosis

 Patient care activities, i.e., vital signs, medication administra-
tion, and diagnostic testing

e Dyssynchrony with mechanical ventilation

¢ Inflammatory mediators

¢ Pharmacological agents, i.e., sedative, opioids, benzodiaze-
pines, and inotropes

e Increased cortisol release

e Decreased endogenous melatonin levels

e Preexisting sleep disorders

At present there is no clear evidence about the relationship
between sleep deprivation and mortality in ICU. Researches per-
formed on animals showed that lack of sleep was associated with
increasing in mortality rates, offering the basis to hypothesize an
association to be proved by large observational studies [51].

However, sleep deprivation produces multisystem conse-
quences in critically ill patients, summarized in Table 6.2.

The approach to prevention of sleep disturbance in ICU is
clearly multi-professional and needs a strong contribution from
nurses, with simple basic interventions [53].

Some authors have developed a clinical practice guideline
(CPG) to promote sleep and rest in ICU patients, using the
consultation with healthcare personnel to overcome the lack of
evidence from research [47]. The CPG leading principles were
provide optimal conditions for nighttime sleep, optimize circa-
dian rhythm, manage pain well, and provide a daytime rest
period [47]. The components of rest and sleep CPG were
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Table 6.2 Consequences of sleep disturbance on ICU patients [53]

System Consequences
Neurological Agitation
Delirium

Respiratory

Cardiovascular

Immune

Post-traumatic stress disorder

Continued sleep disruption

Reduced tolerance of pain

Neurocognitive disfunction

Weakness of upper airway muscles

Delayed ventilator weaning

Apnea and hypopneas

Decreased hypercapnic and hypoxic
responsiveness

Arrhythmias

Nocturnal hypertension

Worsening heart failure

Death

Delayed healing

Reduced ability to fight infections

Altered tissue repair

“optimize the environment,

ELINT3

rest and sleep interventions,’

and, only at last, “consider sleep-promoting medication” [47].
The nursing interventions provided for the “optimize the envi-

ronment” were [47]:

e Report faulty equipment and fittings.

¢ Quiet shoe rule.

e Environmental cleaning during daylight hours only.

e Quiet conversation.

» Lightings appropriate for the time of day.

The “rest and sleep interventions” were [47]:

e Manage pain well.

* Optimize normal circadian rhythm.
e Rest period during daytime hours.
* Provide optimal conditions for nighttime sleep.
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The keyword emerging from this project was “sleep hygiene”

[47]. Therefore, this issue seems naturally to claim the right to
enter in the Interventional Patient Hygiene Model.

Take Home Messages

Basic nursing care interventions, if constantly performed, can
exert a positive influence on patients outcomes and prevent
complications.

At present, the components of [IPHM are bathing and inconti-
nence management, patient mobility, oral care, dressing
change, surgical site infection care, hand hygiene, skin anti-
sepsis, and urinary catheter care.

HPIM provides for evidence-based nursing interventions and
nursing-sensitive outcomes assessment.

HPIM gives a conceptual framework to strengthen the nurs-
ing priorities.
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7.1 Introduction

The basic care involves all those activities performed in each
context of care and in intensive care units that characterize the
nurses’ job, drawing attention to sensitive outcomes such as
infection prevention and patients’ safety. For this reason, pri-
mary care in this context becomes really important to prevent
infections and to safely manage the patients [1].

The study of the importance of basic nursing care has created
a school of thought called interventional patient hygiene model
(IPHM), extensively treated in Chap. 6, which highlights the
patient safety importance, by drawing critical care nurses on the
prevention of errors and risks associated with nursing care
activities [2].

In this chapter, we will discuss how the basic nursing care to
the person in the intensive care unit (ICU) is widely different if
compared to other departments, and, especially, the eye, mouth,
and skin care management and the bed bath will be
highlighted.
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7.2 The Eye Care in ICU

In the past, ICU medical and nursing staff concentrated the
majority of their efforts on life-threatening problems, lacking
attention to other serious issues [3].

Considering this activity with a low level of priority can lead
to complications to the eye level in ICU patients. This situation
is promoted by a treatment focused on the organ failure manage-
ment while delivering a marginal attention to the ocular surface
[3-5].

The nursing team should deliver holistic patient care, paying
attention to possible factors that may trigger related risk factors
or the aggravation of pathologies resulting from ICU hospital-
ization. Nurses must predict complications and prevent risk
factors from advancing to actual problems whenever possible by
promoting health within the ICU environment [6].

Ocular disorders in ICU depend on the damage of systemic
and ocular protection systems caused by metabolic impairment,
multiorgan dysfunctions, invasive and noninvasive mechanical
ventilation (MV), reduced level of consciousness, hypotension,
and high volemic filling [7-10].

In a healthy individual, the eyelids act as a mechanical bar-
rier that protects the eyes from trauma, dehydration, and adhe-
sion of microorganisms. The cornea’s reflex is needed for an
adequate distribution of tears on the ocular surface. Corneal
moistness is maintained by a lipid film, also when eyes are
closed during sleep. Tears contribute to maintain the integrity of
ocular surface and to remove noxious and potentially patho-
genic stimuli due to their antibacterial properties, being the
vehicle for the transit of leucocytes.

The corneal and conjunctival epithelium enhances the main-
tenance of tears in the eyes. Their constant evaporation allows
the conjunctival sac to preserve an adequate temperature to
avoid bacterial proliferation. The conjunctival epithelium also
furnishes a physical barrier that protects from physical damages
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and microorganisms. Corneal reflex is a defense from physical
menaces, and the REM (rapid eye movements) are essential dur-
ing sleep to ensure the distribution of the watery humor behind
the closed eyelids, thus preventing anoxia corneal epithelium
and breakage [5].

The incidence of eye problems is significantly related with
intensive care unit length of stay (ICU-LOS), concurrent dis-
eases, and gastrointestinal or respiratory problems (p < 0.01)
[11]. Furthermore, it significantly relates with the patient’s level
of consciousness, use of artificial airway, tracheostomy, positive
end-expiratory pressure (PEEP), presence of bronchial secre-
tions, and use of sedatives and muscle relaxants (p < 0.01) [11,
12]. The risk of developing eye problems increased 2.8-fold in
patients with ICU-LOS longer than 7 days, 7.0-fold in patients
with state of depressed consciousness, 10.8-fold in comatose
patients, 2.9-fold in patients with PEEP, 4.2 times in sedated
patients, and 2.3 times in patients treated with myorelaxants [5,
11, 12].

7.2.1 Main Ocular Complications in ICU

Exposure keratopathy (3.6%—-60%), conjunctival chemosis
(9%—-80%), and bacterial keratitis (unknown incidence) are the
major ocular complications in ICU [8, 9], while the abrasions
reach their peak incidence between the 2nd and 7th day of hos-
pitalization [13].

The exposure keratopathy is caused by the lack of physiolog-
ical mechanisms of corneal protection (as the wink), depending
on the underlying disease, use of sedatives, and myorelaxants.
Among the risk factors, there are the use of noninvasive ventila-
tion masks, prone position, and lagophthalmos (incomplete
eyelid closure). The exposure keratopathy causes microlesions
that can evolve from major lesions up to the complete loss of
sight [14, 15].
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The conjunctival chemosis is a common complication mainly
related to MV. The positive pressure during MV and the endo-
tracheal tube (ETT) fixing clamps can compress the jugular
vein, affecting the venous return to the eye structures, causing
the ventilator eye [16].

The bacterial keratitis has unknown incidence, also because
the prevention of infections in ICU is focused on ventilator-
associated pneumonia (VAP), catheter-associated urinary tract
infection (CAUTI), and central line-associated bloodstream
infection (CLABSI), disregarding the study of eye infections.
The exposure keratopathy increases the risk of microbial
infections.

About 20 years ago, some practices were identified as lead-
ing to an increased infectious risk [17]:

e Using the same applicator for ocular instillation (artificial
tears and/or drugs) for both eyes.

* Touching the surface of the eye with the applicator.

e Using the patches on the open or partially open eyes.

e Apply patches on the eyes with the presence of secretions.

e Proceed to the tracheal suction without adequate coverage of
the eyes.

* Contact lenses not removed.

With the name “red eye” is meant a recurring complication,
including local edema, conjunctival hyperemia, subconjunctival
bleeding, and local corneal opacities [18], if not adequately
treated it can affect the sight.

7.2.2 Prevention and Treatment

Sight is a very important aspect of the quality of life; therefore,
this should never be neglected. Sedated or unconscious patients
are at high risk to develop eye complications. Attempts to stan-
dardize eye care in ICU through staff education, utilization and
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implementation of eye care algorithms, and development of
general guidelines for eye care should be performed [16].

Literature recommendations for eyes’ complication preven-
tion include:

e Assess each patient to identify risk factors for iatrogenic oph-
thalmologic complications.

e Perform daily assessment of the patient’s ability to maintain
eyelids closed.

e Run at least once a week the evaluation of ocular micro-
epithelium complications (e.g., using the instillation of fluo-
rescein and a pen with a blue light).

e Close eyelids for all patients unable to keep them closed.

* When necessary, maintain the closure of the eyelids with
mechanical methods.

e In patients not able to close the eyelids, unconscious or heav-
ily sedated, perform eye care every 2 h (with gauze soaked in
physiological solution or specific lubricants) [13].

Figure 7.1 shows a protocolized eye care approach.

Complications management and treatment include instilla-
tion of ointments and/or ophthalmic drops, more effective in
preventing corneal abrasions then saline solutions drops, and the
application of a polyethylene films to prevent corneal lesions,
when available [16]. Polyethylene film is transparent and thin
and adheres easily to the surfaces. It is very resistant to water
and other solutions. Once applied by the upper eyelid up to
cheek, it forms a humid chamber resulting from the lacrimal
fluid that preserves the integrity of the cornea [6, 20].

The ointments have a prolonged effect compared to topical
treatments, protecting the cornea for long periods; if the staff is
properly trained, ointments may be replaced by polyacrylamide
hydrogels dressings. Made of 96% of water, their main use is
directed to the treatment of cutaneous lesions but not the eye-
piece. To be safely used, the eye should not present lagophthal-
mos [21, 22].
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Sedated and/or ventilated patients
OR
Patients unable to close eyelids

Administred lubricant to both eyes at
least four times a day*

Continue assessing eyelid position
every two hours

Every two hours Yes
Assess eyelid position with flashligth: is
closure complete in both eyes?

¢No

Administer copius Lacrilube to both eyes, then close the lids using hydrogel dressing.
Ensure lids closure is complete underneath dressing

Y

Successful lid closure v \ Lids not closing fully
Continue assessing eyelid position every
two hours throug the dressing Refer to ophthalmology

Repeat lubricant instillation and replace
old hydrogel dressing with new one*

- Every four hours

Or - if dressing looks dry prior to four
hours

Or - if lids open underneath dressing after
successful closure

* Every time lubricant is instilleted > Refer to ophthalmology

check:

- Is the eye red?

- Is there any haziness or opacity
on the cornea

Yes to either

Fig. 7.1 Proposed universal protocol for prevention of eye complications
in critically ill patients [19]. Adapted with permission

7.3 Oral Care in ICU

The role of oral hygiene in the ICU is unquestionable both
because most patients cannot perform it by themselves and
because intubated and sedated patients have an alteration of the
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physiological mechanisms such as hydration, salivation, chew-
ing, and tongue movements, necessary to maintain the oral cav-
ity intact [23]. However, the importance of oral hygiene relates
to the general concept of health, since the oropharyngeal colo-
nization is associated with cardiovascular and respiratory dis-
eases and bacteremia [24, 25].

About 48 h after ICU admission, the oropharynx bacterial
flora significantly changes, and Gram-negative bacteria begin to
proliferate and can migrate to the respiratory tract causing
pneumonia.

Coughing reflex is often inhibited in intubated patients.
Furthermore, the ETT obliges the person to keep the mouth
open with a decreased salivation (xerostomia), also worsened by
several drugs.

In ICU, the interest for oral hygiene arises as preventive
intervention for VAP. “Oral health, which includes accumula-
tion of dental plaque, oral microbial flora, and local oral immu-
nity, influences the number of organisms, including pathogens
that may cause VAP, in the oral cavity. Thus, oral care interven-
tions that prevent the accumulation of plaque and stimulate local
oral immunity during the early period of hospitalization may
reduce development of VAP” [26].

Oropharynx colonization is one of the main factors in VAP
development. The growth of potentially pathogenic bacteria in
dental plaque is seen as a source of infection. Dental plaque
gives to other microorganisms the possibility to adhere and
move toward pharyngeal portion. Dental plaque can be removed
by toothbrushing [27].

A proper oral hygiene management requires mouth, mucosa,
and gum assessment to be performed at early stage in ICU and
daily after to plan care. It is suggested to use a tongue depressor
and a light source and remove oropharyngeal cannulas, bites,
and dental prostheses, if present.

Several assessment tools are available (Oral Assessment Tool
and Oral Assessment Checklist, Mouth Care Assessment Tool,
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Beck Oral Assessment Scale) but none validated. It is recom-
mended to choose the most simple and easy to apply, properly
translated, and culturally adapted.

7.3.1 Management of Oral Hygiene

Several oral hygiene procedures are described in the available
literature, with protocols often contradicting each other [28]. To
date, optimal oral care frequency has not been determined, but
the implementation of programs for its systematic application
improves the mouth care [23].

The mechanical interventions are directed to remove plaque
and clean the oral cavity. Toothbrush and toothpaste are the
most suitable tools. These should be used to brush teeth, tongue,
and gums at least twice a day, possibly using a soft brush with
pediatric bristles [27]. Swabs are ineffective in removing debris
between teeth and gum [29].

Patients with coagulative disorders or undergoing the admin-
istration of anticoagulant medications (e.g., in presence of con-
tinuous renal replacement therapy, extracorporeal membrane
oxygenation, or intra-aortic balloon pump supports) require
special attention during oral care procedures to prevent acciden-
tal bleeding. Toothbrush requires mandatory extra-soft bristles,
and, if disposable kit of suctioning cannula plus sponge is
adopted, nurses should pay attention to avoid direct contact
between the suction tip and the oral tissues.

Before performing the procedure, nurses should inform the
patient, if aware, to obtain the maximum collaboration by valo-
rizing the autonomy. Once controlled the ETT cuff pressure or
tracheostomy cannula, if not contraindicated by underlying
disease, patient should assume semi-Fowler or a supine position
(in anti-Trendelenburg), with head rotated sideways to facilitate
the removal of saliva and liquid used for the hygiene [23].
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Great importance is given to mouthwashes and their use in
VAP prevention: chlorhexidine gluconate (CHG) mouthwash is
an antiplaque agent with potent antimicrobial activity that is
effective at low concentrations (0.12%) without causing
increased resistance of oral bacteria. CHG mouth rinse or gel
has been used in many clinical trials, primarily in cardiac sur-
gery patients, to improve gingival health and to treat oral infec-
tions [28-30]. Routine use of CHG in ICU patients is not
recommended [31]. Some studies show that using CHG at least
three times a day decreases the frequency of VAP, but there are
no differences with those who used a placebo in terms of mor-
tality and survival [32]. Furthermore there are low efficacy trials
related to combined use of CHG and toothbrush, compared to
only use of mouthwash in reduction of VAP [32]. Using tooth-
brush and mouthwash together decreases the oral cavity lesions
and ulcers [33].

Sodium bicarbonate rinse can dissolve mucus and loosen oral
debris, but no trial confirmed this theory nor demonstrated its
superiority toward the CHG mouthwash [29].

Hydrogen peroxide was used in the past to clean the oral cav-
ity, but when not properly diluted, it can cause mouth burns, and
sometimes patients have reported a bad taste and refused to use
it [29].

Saline solution (NaCl 0.9%) may cause dry mouth, and for
this reason, patients consider it unpleasant, while tap water,
although readily available and free, can be a source of nosoco-
mial infections in hospitals [29].

There is some weak evidence that povidone-iodine mouth
rinse is more effective than saline in reducing VAP [32].

Factors influencing quality in oral care can be organized in
“rejecting” and “facilitating.” Rejecting factors refer to the
working organization (little time available due to the many
activities, excessive workload) and the absence of adequate
equipment. Also, a number of physical barriers, such as ETT
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fastening devices, temperature probes, and enteral feeding
tubes, can decrease oral care quality. Inadequate equipment
includes toothbrushes with bristles for adults, too large to proper
brush teeth and tongue. Facilitating factors are adequate trained
staff and experience in ICU [34, 35].

Oral care in ICU plays a great deal of interest among the staff
because of the attention required (use of time and resources)
[36]. Despite numerous guidelines refer to it as a VAP prevention
method, there is not yet a common procedure. There is also a low
adherence to standards from those indicated, if they are not dis-
seminated and implemented on institutional base [37, 38].

Oral care effectiveness not only relates with mortality or
VAP rates. It should be considered a standard to increase
patient’s comfort.

7.4 Body Care and Hygiene in the ICU

During ICU stay body care and hygiene are generally fully sup-
ported by nurses and nurses’ aides.

The skin is normally colonized by a permanent and transitory
bacterial flora. The first mainly consists in cocci bacteria, Gram-
positive bacilli, and lyophil yeasts; the second includes germs
accidentally on the skin or for contiguity (periorificial zone).
Skin flora changes depend on the level of personal hygiene and
activity, mental state and underlying disease, and environment.

ICU patients acquire within a few hours environmental
microorganisms, some of which represent a risk for infection.
Moreover, despite skin defensive mechanisms against the multi-
plication of resident microorganisms (integrity of the corneal
stratum, physiological hydro-lipid film, immunological defense
system), it must be pointed out that these mechanisms may be
altered and the person may be more exposed to the attack of
saprophytes/pathogens microorganisms.
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Bedridden patients’ skin undergoes several complications
such as ulcers and colonization by pathogens with the subse-
quent skin (e.g., mycosis) and/or systemic infections.

7.4.1 The Hygiene of the Person

The basic hygiene care is an integral part of the nursing plan and
represents a valuable opportunity for an overall assessment of
the patient.

The first programming phase provides the assessment for
hygiene need through consultation of clinical documentation
and the evaluation of the general conditions to define times and
way to perform hygiene program.

It is necessary to perform daily observation of integrity, com-
plexion, skin temperature and color, and nail integrity (e.g.,
inflammation, injuries, seborrheic or dehydrated skin) also to
prevent skin lesions and PUs.

The daily evaluation allows to plan the more suitable hygiene
care for the clinical conditions of the singular patient. However,
the general hygienic principles should always be guaranteed
despite the critical conditions and the intensive care environ-
ment [39].

Besides increasing the general comfort, body hygiene must
be focused on the skin colonization that can lead to hospital
infections, on the correct use of the materials, and any complica-
tions that can arise during the nursing activities.

7.4.2 Issues Related to the Bowel Incontinence

Bowel management, probably due to its “low technology”
nature, seems to be a little neglected compared to other nursing
aspects with greater technical and technological content [40].
Constipation and diarrhea (see Chap. 15) are very frequent and



188 G.D. Giusti et al.

require a careful management [41]; especially liquid feces may
be related to problems linked to the skin, with increased risk of
PUs, infection, morbidity, and LOS [42].

Diarrhea is associated with dehydration, impaired electrolyte
balance, bedsores, and catheter-related infections, and increases
the burden of nursing care and related investigations. In the
daily clinical practice, the onset of diarrhea frequently leads to
discontinuation of enteral nutrition (EN), with consequent
energy and protein deficit, resulting in undernutrition and poor
clinical outcome [43, 44].

The perianal area is most at risk of PU and irritative derma-
titis development. Contact between feces and ulcer increases the
risk of infections, thus complicating the care and causing pain.
It would be therefore appropriate to implement interventions in
order to reduce fecal incontinence and consider the use of
devices to avoid the contact between skin and feces (Fecal
Management Systems) [45].

7.4.3 Dermatitis Associated to Incontinence

Incontinence often leads to a skin integrity damage, with the
onset of lesions of the perineal skin (IAD, incontinence-
associated dermatitis). IAD can be defined as the appearance of
erythema and edema, sometimes with blisters, exudate, erosion,
or infection of the skin area in the perineal zone. Generally, in
the past, IAD were underestimated or confused with superficial
pressure ulcers. IAD is secondary to prolonged skin exposure to
humidity due to stools or urine, when the skin is not adequately
protected [46].

IAD represents the damage extending from skin surface
toward the underlying layers. IAD risk is enhanced by tissue
alterations related to age, inadequate feeding, and exposure to
fecal material. In acute care settings, fecal incontinence affects
up to 33% of the patients [47].
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A recent systematic review and meta-analysis confirmed
incontinence (and humidity in general) and the IAD as major
risk factors for PU development [48].

Perineal skin cleansing must be carried out with products
complying with the acid pH (5.4-5.9) of healthy skin. Increased
skin pH may lead to colonization by microorganisms potentially
pathogenic, which can block the skin barrier function and expose
it to the aggression of external agents. It should be recalled that
the pH of a normal soap is alkaline and varies from 9.5 to 11.0.

Cutaneous detergents provide an alternative to water and soap
when washing perineal area and the peri-genital skin. They can
reduce the negative effects of the soap and help to maintain an
adequate pH. Many detergents without rinsing have a “balanced
pH” to ensure that their pH is closer to that of healthy skin.

Many products are indicated for hydration, protection, and
safety of skin barrier function. Many skin protectors contain
occlusive substances, as for Vaseline and oils, but no evidence
supports their use. Protective agent currently used includes oint-
ments based on petroleum jelly, dimethicone, creams, oils, and
oxides. Products based on zinc oxide showed a good protection
against irritant substances but poor hydration of skin and poor
barrier properties to prevent maceration [2].

7.4.4 Hemodynamic Alterations
and Hygiene Care

Hygiene care in critical patient represents a particularly intense
and important moment of nursing care. These maneuvers can
cause problems such as accidental extubation, disconnection
from ventilator, or alteration of vital signs due to stimulation,
manipulation, and postural changes [49].

The most critical maneuver is the side rotation to change bed
sheets, also, as a result of possible interruptions in the adminis-
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tration of drugs determined by the accidental kinking of vascu-
lar catheter or the mobilization of bronchial secretions induced
by postural variation [49].

Sponging may cause modifications in vital signs, due to the
changes of body temperature despite the control of water
temperature.

Systolic blood pressure is more influenced by bedpan posi-
tioning to perform the perineal hygiene and by side rotations
[50]. Also, respiratory rate significantly alters, since an effort
might be requested to lift the pelvis and the perineal hygiene
may have psychological implications that can exacerbate
anxiety.

Tidal volume is substantially stable, with significant altera-
tions after moving the endotracheal tube from one side of the
mouth to the other, probably due to the induced airways irrita-
tion [50, 51] .

7.5 Bed Bath in Intensive Care

Bathing is both a nursing ritual and fundamental therapeutic
nursing intervention [51]. For bedridden patients that are unable
to perform personal hygiene because of acute illness or chronic
debilitation, bed bath improves hygiene and comfort [52]. The
bath of the critical patient requires proper planning because of
its characteristics and peculiarities.

7.5.1 Procedure for the Bed Bath

All areas of the body must be cleaned with the aim to remove
microorganisms, dirt, and sweat. Particular attention should be
given to patient face, oral cavity, hands, armpits, and perineum
to prevent PUs, bad smell, and patient discomfort.
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Prior to bathing the patient, it is important to consider the
clinical conditions, the presence of dressings, plasters, and/or
external fixation.

The bath can be performed with wet wipes impregnated with
detergent or antiseptic, which contain a solution that evaporates
quickly (no need to rinse), or with soap-containing knobs that
must be wet with water or detergent solution and used for
cleansing and massaging the affected area.

To reduce contamination, it is suggested to use disposable
material and trays instead of reusable ones [52, 53].

7.5.2 Hygiene Care in Patients
Undergoing ECMO

Daily routine basic nursing care in critically ill, as hygiene, could
markedly affect the vital signs of patients [54, 55]. Specific inter-
ventions like mouth care, bed bathing, and management of airway’s
fixation devices are recognized as the most influencing factors [49,
56]. Nevertheless, cardiovascular alterations are not the only poten-
tial side effects of nursing care: even vascular lines displacement
and unplanned extubation are described [57]. Changing the
patient’s body positions (alongside, flat, etc.) could also modify the
intravenous delivery of vasoactive drugs [58]. As an external source
of stimuli, during nursing care, patients’ sedation level may become
lighter. All these mentioned issues are potential adverse events, and
the ECMO support could only amplify these side effects [59].

Daily nursing care activities in these fragile patients distin-
guished by poor oxygenation, high dependence from ECMO’s
blood flow, and continuous anticoagulation treatment are chal-
lenging the nurse staff to deliver the care at its best.

Basically two nursing care goals seem to be crucial:

* Avoid any alterations in the BF.
* Avoid any risks of maneuver-related bleeding.



192 G.D. Giusti et al.

Blood flow itself sometimes on VV-ECMO approach may
represent the only prime factor providing patient’s oxygenation.
On low BF values, a portion of the entire amount of oxygenation
is performed via mechanical ventilation. However, a loss equal
to 0.5 Lt/min (BF = 2 Lt/min) due to a repositioning on the side
of the patient results in a reduction of 25% of total amount.

In case of higher BF range (4-5 Lt/min), the loss of flow (0.5
Lt/min) will cause a reduction in the total amount of BF from
1/6 to 1/8.

Higher blood flow range (i.e., 4-5 L/min) usually requires a
higher volume status to ensure an adequate venous drainage with-
out hemolysis. Thus, patients with higher blood flow had fewer
episodes of dropping in BF and, consequently, fewer desaturation
events and reduction in SvO, values. Veno-venous ECMO
improves arterial oxygenation through elevation in mixed venous
saturation. Thus, BF level and SvO2 and SpO?2 are strictly depen-
dent. So despite the patient’s BF value, it is paramount to mini-
mize manual handling, especially logroll on sides and hip’s lifting
(e.g., bedpan positioning). While experiencing a BF drop, a slight
reduction in RPM could be tested as a technique to stabilize it.
Lately, Redaelli et al. have performed a prospective observational
study about BF’s alterations during nursing care [59]. According
to protocol, to avoid any rolling on sides, daily nursing was car-
ried out using a combination of hoister plus a stiff board [59].
Despite the aim of lifting approach as strategy for manual han-
dling, it has appeared unsuitable: data have shown to be the main
factor affecting the BF. Then authors’ suggestion was to perform
manual handling and rolling of patient through a less invasive and
minimal rolling plus a shifting of the body inside the bed [59].

A second main issue affecting BF was the sponge bath
patient’s hygiene.

Sponge bath, the first step usually performed, was mostly
associated with hypertensive and tachycardic events, probably
due to an inadequate level of sedation [59]. Despite the use of
warm water during the sponge bath, the average increase in sys-
tolic pressure was 31% of baseline, which lasted for slightly less
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than half an hour [59]. Indeed, in spite of a good sedation plan
before nursing, additional bolus was often required [59]. Thus,
the sedation status should be carefully assessed before and during
nursing care and deepened if necessary. In VV-ECMO patients,
an inadequate sedation plan may lead also to oxygen consump-
tion increase, elevation in cardiac output (CO), and subsequent
arterial desaturation. In spontaneous breathing patients, mobiliza-
tion and painful stimulation may increase their work of breathing,
leading to a critical elevation in minute ventilation.

The exit site of cannulae requires a daily-based monitoring,
like any other vascular access, to early detect and prevent any
signs of infections and bleeding.

In the absence of bleeding, semipermeable transparent film
dressing represents the first-line option with a length of stay in
situ until 7 days would be the better option (as highlighted in
Chap. 11). In the process of choosing the most suitable dressing,
two aspects should be ruled out: blood clot presence and ability
to keep the cannula in place.

In case of blood clots, before to commence any interventions,
a chat with the ECMO consultant in charge and a proper coagu-
lation assessment of patient is mandatory. Regarding antiseptic
wound treatment, please see Chap. 11.

Daily care of ECMO dressing (check or change) should be
also focused and accurate about the cannulae distance from their
exit site, because even minimal alterations from the original
placement site will bring into a potential increasing of re-
circulation or air embolism.

7.6 Hygiene Care and Infections Preventions

ICU patients are extremely prone to infections, including those
caused by antimicrobial-resistant bacteria (AMRB). Main infec-
tions are caused by MRSA, VRE, and Acinetobacter
baumannii.
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Nosocomial infections with AMRB are associated with a
delay in administration of appropriate medication, failure in the
therapeutic approach, and increased LOS with consequent
increase of mortality [60], since this kind of infections often
require a long and complex treatment period. The Center for
Disease Control and Prevention (CDC) recommends hand wash-
ing and isolation precautions, but these strategies are not easy to
achieve, because a lots of healthcare workers should be consis-
tently adherent to them and continuously sustaining them [61].

CHG is a cationic biguanide developed in the UK around
1950. It is a water-soluble antiseptic preparation with broad activ-
ity against Gram-negative and Gram-positive organisms, faculta-
tive anaerobes, aerobes, and yeasts [62]. Its bactericidal action is
based on drastic increase of bacterial cell membrane permeability
by altering the protein structure. This causes the precipitation of
various cytoplasmic macromolecules and subsequent cell death
for lysis. In recent years this antiseptic obtained a renewed suc-
cess in the prevention of infections, and its use has been tested
both for the disinfection of the intact skin, oral, and body hygiene.
CHG is available in different concentrations and presentations
(alcoholic/aqueous, rinse/non-rinse solutions and impregnated
cloths). It is indicated to prevent infections from AMRB in ICU
patients. It is available in a variety of formulations, such as bulk
solution that can be diluted in water or alcohol, and with prepack-
aged, 2% aqueous CHG-impregnated wipes.

Bathing with wipes soaked in CHG 2% solution is more
effective in preventing bloodstream infections caused by MRSA
and VRE compared to traditional bath. Lower effectiveness in
reducing Gram-negative antibiotic-resistant bacteria infections
(ARGNB) has been reported [53]. Wipes soaked in CHG com-
pared to traditional bath in two recent RCT [63, 64] showed no
difference as regards to the infections incidence. Nonetheless,
they are disposable and charge a constant CHG amount, may not
be rinsed, and can be used by disabled or patients with bathing
contraindications (e.g., external fixation or surgical dressing)
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[65, 66]. According to manufacturer’s instructions, they cannot
be used to wash mucous membranes.

The effectiveness of body hygiene with CHG has been stud-
ied in adults (>18 years) hospitalized in various types of
ICU. To date, no severe adverse events have been reported when
bathing with CHG. Cutaneous rush or skin reactions not well
specified may occur [67]. The comparison between products
(e.g., CHG vs. traditional bath) highlighted that all hospitalized
patients should be bathed with CHG to prevent and reduce
infections’ transmission [68], while it is not possible to have the
same efficacy trials for children.

Although body hygiene with CHG has no influence on ICU-
LOS [62], comparison between studies is complicated by lack of
standardized protocols and different approaches concerning tim-
ing of interventions, patients’ illness and comfort needs, available
time, number of dedicated staff, and the typology of ICU [65].

Take-Home Messages

e Development and implementation of oral care assessments
and evidence-based oral care protocols help prevent infec-
tions or complications during intensive care treatment.

e The importance to constantly monitor vital signs during all
maneuvers is highlighted because they were identified critical
factors relating to individual maneuvers of hygiene care.

e Using CHG for body hygiene allows to reduce the transmis-
sion of infections, but it is still debated if it contributes com-
pletely to the reduction in infections in ICU.
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Chapter 8 ®)
Positioning the Critically Il Sreckie
Patient: Evidence and Impact

on Nursing Clinical Practice

Stefano Bambi and Stefano Elli

8.1 Introduction

Changing position during bedrest is a basic daily life activity for
every human being. This action allows to maintain the human
body in a permanent condition of comfort and prevention of a
large number of complications ranging from pressure ulcers to
venous thromboembolism. During sleep, healthy persons change
their position on average every 11.6 min [1].

Critically ill patients lay in bed since the beginning of the
acute clinical condition. Often they are forced to bedrest for
long periods, due to lifesaving treatments and technologies sup-
porting organ/system failures. Both for the presence of sedation
and neuromuscular blocking agents and for their clinical condi-
tions affecting the cognitive and neuromuscular status, patients
lose their ability to reposition by themselves, meeting the risk of
complications reported in Table 8.1. Consequently, patient repo-
sitioning represents the umpteenth high-priority task for critical
care nurses.

Patient repositioning in critical care is strongly linked to the
interventional patient hygiene model (IPHM) concerning
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Table 8.1 Complications of prolonged bed rest [2-5]

Organ/system Complications

Cognitive Depression
Anxiety
Delirium
Disorientation
Psychosis
Respiratory Hypoxemia
Atelectasis
Pneumonia
Impaired pulmonary maximal volumes and
capacities
Circulatory Venous thromboembolism
Reduced venous compliance in the lower
extremities
Reduced cardiac size
Impaired tolerance to orthostatic positioning,
syncope
Deconditioning
Reduced cardiac output and peripheral vascular
resistance
Reduced response to carotid sinus stimulation
Hematological Anemia
Gastrointestinal Hospital-acquired malnutrition
Anorexia
Constipation
Fecal impaction
Urinary Infections
Calculosis
Nephritis
Endocrine Reduced insulin sensitivity
Reduced activity of aldosterone and renin
Augmented levels of atrial natriuretic peptide
Metabolical Negative nitrogen balance
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Table 8.1 (continued)

Organ/system Complications

Musculoskeletal Reduced bone density; osteoporosis
Muscle atrophy and loss of lean muscular mass
Reduced muscular strength
Reduced exercise capacity and resistance
Shortening of connective tissue
Joint contractures; loss of normal range of motion

Skin Pressure ulcers

pressure ulcer (PU), ventilator-associated pneumonia (VAP),
and immobilization syndrome prevention. At the same time,
patient positioning is the antecedent of patient mobilization and
early physiotherapy, which are part of the ABCDE bundle, dis-
cussed in Chap. 17. So, repositioning becomes an important link
between a nursing model and a nursing outcomes-oriented
bundle of care. Finally, the answer to this basic human need,
beyond being an active part in patients respiratory treatment and
increasing the level of comfort and sleep, involves important
ergonomic issues for the healthcare workers. The conceptual
framework is shown in Fig. 8.1.

This chapter will discuss the rationale and evidence for patient
positioning in critical care units. Moreover, the therapeutic advan-
tages and limits for every position will be showed (Table 8.2, Fig.
8.2). Lastly, this chapter will provide some suggestions for the
repositioning of hemodynamically unstable patients.

8.2 Overview About Patients’ Turning
Frequency in Intensive Care Setting

In the view of critical care nurses, the main targets of patients posi-
tion changing are to prevent PUs and VAP and improve comfort
and oxygenation, secretion mobilization, and postural drainage [6].
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PU
Prevention

Comfort
Pain
Exgoseny Sleep/Rest

Staff

Fig. 8.1 Conceptual framework for patient positioning in critical care
settings

Table 8.2 Patient positions in critical care settings and key points

Position Main key points

Head of bed * HOB elevation can influence hemodynamic
elevation parameters and their measurement

e 45° HOB can improve the respiratory muscles
unloading

¢ HOB in patients with cerebral vascular issues does
not alter the CBF

» Tissue-interface pressure increases with the
increasing of the HOB elevation degrees

¢ There is a lack of nurses’ compliance to the
prescription of HOB elevation maintenance
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Table 8.2 (continued)

Position Main key points
Lateral e The “good lung down” generally produces increases
position in PaO, when implemented in patients affected by

mono-pulmonary diseases

* In ARDS right lateral position determines light
improvements in PaO, in the presence of pulmonary
infiltrates mainly in the left lung or bilaterally

» Lateral positioning does not cause hemodynamic
effects compared to supine positioning

e Lateral horizontal position is associated with higher
rates of ventilator-free days than HOB elevation
position

* Some reported adverse events associated with lateral
positioning are agitation, reduced SpO,, and
increased pressure in dialysis catheter placed in the
subclavian vein

Prone position ¢ PaO, in V-V ECMO can be improved till 6 h after

patient supination

* Recruitment maneuvers performed in prone position
through pressures of 50 cmH,O maintained for
30 seconds produce sustained increase of PaO,

* Prone position is feasible even in patients with open
abdomen

e Air mattresses limit the increase of endoabdominal
pressure in prone position

e Prone position combined with HOB elevation and
20° lowering of the foot end of the bed determines
increase of PaO,/FiO, at least for 8 h

* Prone position combined with anti-Trendelenburg
25° and administration per NGT of erythromycin
250 mg every 6 h allows higher volumes of
administered EN

* Prolonged prone position (mean > 48 h) is associated
with better gas exchanges and no major
complications

* Prone position in patients with intracranial pressure
issues can determine increase of PaO, and ICP and
reduction of CPP if MAP is not adequate
In head-injured patients, prone position is associated
with more frequent events of ICP > 20 mmHg and
PPC <70 mmHg, compared to supine position
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Kind of position

Image

Supine 0°

Semirecumbent 30° (supine 30°)

Semirecumbent 45°

Fig. 8.2 Most common critically ill patient positions
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Kind of position Image

Semi Fowler 30°

Lateral position with 30° rotation

Lateral position with 90° rotation not lying
on the shoulders

Fig. 8.2 (continued)
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Kind of position

Image

Lateral position with 90° rotation lying
on the shoulders

Prone position (hands under forehead)

Prone position (arms next to the body)

Fig. 8.2 (continued)
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Kind of position Image

Prone with anti-Trendelenburg

Fig. 8.2 (continued)

One of the most critical issues related to patient positioning
is the optimal turning frequency, in order to prevent PUs.
Currently, the standard time interval accepted by all the nursing
community is 2 h. However, at this moment, there is no strong
scientific evidence to support this indication [7].

A 4 h turning frequency combined with viscoelastic foam
mattress in geriatric patients staying in nursing home showed a
significant reduction of PU occurrence when compared to
standard institutional mattress combined with a turning interval
of 2 h [8]. Nonetheless, a systematic review published in 2008
revealed only limited evidence about the equivalence between a
4 h turning regimen combined with appropriate pressure redis-
tribution mattresses and the standard 2 h turning frequency in
preventing PUs [8].This lack of clarity deserves more research
to identify which is the best approach in the clinical setting and
particularly in critical care units.

Some studies have investigated the different behaviors
adopted by critical care nurses among the world toward the
patient repositioning issue. The results show a wide variability
of working habits.
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Data from a longitudinal study performed in the USA
showed that only 2.7% of patients were repositioned every 2 h,
while only 57% nurses thought that this standard was observed
in their intensive care unit (ICU) [9]. Another survey from a
community hospital in Idaho (USA) reported that 64% of
patients at risk of PU underwent a 2-3 h interval repositioning
schedule [10]. A descriptive study conducted on a large number
of Australian ICUs revealed that about 50-60% of nurses usu-
ally repositioned their patients every 2—4 h for all the kinds of
positions, except for supine (46%) and prone (maintained >4 h
by 44% of respondents) [6]. The frequency of patient reposi-
tioning in a Saudi ICU was every 2 h in 41.6% and every 3 h in
38.4% [11]. Lastly, a prospective study performed in the UK
found that 42% of ICU patients underwent a change in their
position within 2 h from the last time [12].

8.3 Effects of Different Positions
in Critically Ill Patients

Although no absolute contraindication for specific positions in
ICU patients exists, supine and Trendelenburg position should
be used only in limited exceptions. The first, producing an
important decrease in function residual capacity, should be
required only in cases of elevated hemodynamic instability and
merely for the time required to improve patient’s vital signs. The
positive effects of Trendelenburg position on arterial systemic
pressures in patients with hypovolemic shock have been ques-
tioned since 15 years ago, being a maneuver with potential
complication, especially in obese patients and those affected by
intracranial hypertension [13]. Moreover, a recent review high-
lighted the brevity of its effect on patients’ cardiac output (CO)
(about only 1 minute), versus the passive leg-raising maneuvers,
which seem to have a more sustained effect [14].
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Currently, the trend characterizing the positioning of patients
in ICU is to maintain the head of the bed (HOB) with some
degrees of elevation for all kinds of achieved position.

8.3.1 Semi-recumbent Position
and Head of Bed Elevation

HOB elevation higher than 30° has become a modern mantra in
ICUs, since it has been recognized as a low-cost intervention to
prevent VAP. The underlying rationale is to prevent micro-
inhalation of gastric content. This problem can be more easily
triggered by the presence of a gastric tube for enteral nutrition
(EN) administration. In fact, gastric tubes alter the functionality
of the low esophageal sphincter, making easier the occurrence
of gastroesophageal reflux.

Nevertheless, a descriptive study showed how nurses’ com-
pliance to HOB > 30° is generally scarce and does not depend
on EN administration. Seventy percent of ICU patients is main-
tained in supine position, with intubated patients in higher rates
than those not intubated [15]. Given that nurses tend to underes-
timate the degree of HOB elevation [16], angle monitoring
systems, either inside the critical care bed structure or through
the suitable adaptation of a pressure transducer, can be solutions
to a better achievement of the target [17]. Moreover, educative
programs alone seem not to be sufficient to increase nurses’
compliance toward accomplishing of semi-recumbent position
with HOB > 30° [18].

A 45° semi-recumbent position can help to unload respiratory
muscles, it produces some reduction of intrinsic positive end-
expiratory pressure (PEEPi), and it is comfortable for patients
during difficult weaning from mechanical ventilation (MV) [19].
Other authors showed that this position does not negatively affect
gas exchange and hemodynamic parameters after 30 min in
patients ventilated more than 48 h, during weaning phase [20].
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However, the research results about the hemodynamic impact
of HOB elevation are rather various. Seventy percent of CO
measurements performed with pulmonary artery catheter in 45°
semi-recumbent position provides lower values by a mean of
11%, than in supine position [21].

HOB elevation of 45° is associated to a diminishing mean
arterial pressure (MAP) and central venous oxygen saturation
(Scv0,), especially in patients treated with pressure-con-
trolled ventilation [22]. In septic patients maintained with
HOB at 30°, an increase in stroke volume variation (SVV)
values and, contemporarily, a reduction in cardiac index (CI),
stroke volume index, and global end-diastolic volume values
have been recorded [23]. Concerning vascular brain issues,
the elevation of HOB from 0° to 45° does not produce danger-
ous alterations of cerebral blood flow in patients with cerebral
vasospasm [24].

Tissue-interface pressures (TIP) increase with increasing
HOB elevation, especially in the sacral area [24]. Since HOB
elevation at 45° causes the higher sacral TIP, combining a 30°
HOB elevation with a slight reverse Trendelenburg position and
air loss mattresses allows to obtain the desired HOB target, limit-
ing the values of TIP, even if shear forces due to progressive
sliding in the bed cannot be completely avoided [25]. A descrip-
tive study performed in the UK reported that ICU patients stayed
with their heads up for the 97.4% of the observations [12].

Currently a great concern inside the scientific community
remains unresolved, since the guidelines on PU prevention indi-
cate the need to limit shear forces, maintaining HOB < 30°,
while recommendations for prevention of VAP require HOB
elevation at 30°, even if this intervention is not evidence based
[26, 27]. Therefore, authors recommend to use semi-recumbent
position in MV patients if it is not in conflict with nursing or
medical tasks, or with the patients’” will [28].
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8.3.2 Lateral Position

The rationale underlying the change of patient position from
one side to the other is based on some physiology assumptions
[29]:

* In patients with healthy lungs, different positions seem not to
significantly affect gas exchanges.

*  When positioning aims to improve gas exchanges, the venti-
lation/perfusion (V/Q) mismatch is the central element.

e Patients with healthy condition or bilateral lung pathologic
processes can take advantage from right lateral position,
improving the V/Q ratio, because the right lung is heavier and
more vascularized than the left one,

e The “good lung down theory” can be adequate for unilateral
lung pathologies, except for hemothorax, interstitial emphy-
sema, and pulmonary abscess.

Concerning major outcomes, ICU patients in horizontal lat-
eral position showed higher numbers of ventilator-free days
than those in semi-recumbent position, whereas the rate of gas-
tric content aspiration was equal [30].

One study reported the occurrence of adverse events associ-
ated to lateral position in 21% of cases: oxygen desaturation,
agitation, and increase of pressure inside the dialysis catheter
placed in the subclavian vein [31].

There is a large amount of scientific literature with contradic-
tory results about the respiratory, hemodynamic, and skin
effects of lateral repositioning. A recent systematic review con-
cludes that there are no clear evidence about the risk-benefit
balance related to the use of lateral repositioning in critically ill
patients. So, more methodologically strong researches are
needed to explore the effects on major outcomes (mortality,
morbidity, clinical adverse events) [32].
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The “good lung down” position showed better partial pres-
sure of oxygen (Pa0O,) values in unilateral right or left patholo-
gies in one study [33], while other authors found no differences
in PaO,/FiO, measurements between lateral and supine position
[31]. Another study performed on acute respiratory distress syn-
drome (ARDS) patients with main left or bilateral infiltrates
revealed slight increases of mean PaO, in right lateral than in
supine position [34].

Concerning the hemodynamic effects, as above, there are not
univocal results: while some studies highlighted some increas-
ing in CI and arterial blood pressure (ABP) in left and right
lateral positions if compared with supine position [31], other
researches have revealed no significant differences between
supine and lateral positions of critically ill patients in terms of
respiratory rate, heart rate, peripheral oxygen saturation, CO,
arterial oxygen content, lactate levels [35], and stroke volume
and SVV [23]. In healthy patients, heart rate, ABP, and oxygen
consumption were found lesser in lateral than in sitting and
supine positions [36].

Even lateral positioning involves an important risk of PU
development. Lateral position combined with 30° HOB eleva-
tion significantly increases the TIP >32 mmHg [37]. This condi-
tion is present even if air loss mattresses are employed [37].
Moreover, the use of wedge in place of pillows to achieve lateral
position worsens these effects [37].

8.3.3 Prone Position

Prone position is a rescue therapy employed in ARDS patients
with hypoxemia refractory to high levels of FiO, and positive
end-expiratory pressure (PEEP).

The physiologic effects of prone position on pulmonary ven-
tilation and gas exchanges have still to be completely explained.
However, the ventilation improvement provided by prone posi-
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tioning is due to the fact that the heart and other anterior ana-
tomical structures do not compress the lungs [38]. Moreover, in
prone patients, the abdominal content does not compress the
posterior-inferior portion of lungs region, and there is a reduc-
tion of the vertical gradient of pleural pressure. These factors
determine higher parts of obtained recruited lungs than in
supine position [38]. In ARDS the V/Q is matching, since the
flow distribution seems not to change between supine and prone
position. Therefore, in prone position, the oxygenation is
improved [38].

There are some conditions that increase the probability on
oxygenation improvement [38]:

e Early increase of oxygenation after initiation of prone posi-
tion (PaO, > 10 mmHg, within 30 min)

e Lower patient’s thoracic compliance in prone position than
supine

e Increase in intra-abdominal pressure

¢ Diffuse pulmonary edema

e Collapsed of alveoli in lung-dependent regions

e Extrapulmonary causes of ARDS.

Prone position should be early started in patients with PaO,/
FiO2 < 150, FiO2 > 0.6, and PEEP >5 cm H,O [39]. Reported
contraindications to this position are high intracranial pressure
(ICP), decreased cerebral perfusion pressure (CPP), immediate
need of surgical treatment, recent thoracic surgery, recent tra-
cheostomy, presence of pacemaker, hemodynamic instability,
maxillofacial injury or surgery, pregnancy, abdominal compart-
ment syndrome, and unstable fractures of pelvis, femur, or ver-
tebral column [39]. Probably such conditions do not represent
an absolute contraindication but require an accurate evaluation
before definitively deciding if implement or not the pronation.

A recent systematic review about the effectiveness of prone
position in ARDS patients showed a short-term relative risk
(RR) of mortality of 0.84 (95% CI 0.69-1.02) if compared with
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supine position and for the long-term a RR of mortality of 0.86
(95% CI1 0.72—-1.03), even if these results were both not statisti-
cally significant [40].

The patients’ subgroups that most benefit from prone posi-
tion were patients enrolled within 48 h from the presence of
inclusion criteria (RR of 0.75; 95% CI 0.59-94), patients more
hypoxemic at the moment of pronation (RR 0.77; 95% CI
0.65-0.92), and patients maintained >16 hours/day in prone
position (RR 0.77; 95% CI 0.61-0.99) [40].

Prone position is affected by some kind of complications: PU
(RR 1.37; 95% CI 1.05-1.79) and endotracheal tube obstruction
(RR 1.78; 95% CI 1.22-2.60) [40].

Moreover, loss of venous access displacement of endotra-
cheal tube or thoracotomy tube occur in more than 30% of
patients’ repositioning [41].

Concerning the prevention of traditional and device-related
PUs, beyond the standard precautions to limit the contact areas
at risk, currently, there is the need to conduct more research to
say a definitive word about the employ (or not) of advanced
wound dressing to prevent PU.

Prone position can be safely performed through manual repo-
sitioning or special kinetic beds able to completely rotate the
patient, maintained aligned and secured by the presence of spe-
cial foam pillows and belt [42].

Optimal number of healthcare workers needed to accomplish
the task can vary according to patient’s clinical condition,
weight, number and typologies of invasive devices (especially
extracorporeal supports), and the availability of local resources.
However, a minimum of five persons should take part in the
procedure.

Even if a large part of published studies was performed on
limited numerical samples, some findings deserve to be deep-
ened through better designed researches.

During prone position in septic patients, some hemodynamic
changes can occur, as an increase in SVV and reduction of CI [23].
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Prone positioning has a good feasibility even in patients with
open abdomen, treated with continuous renal replacement ther-
apy (CRRT), [43] and in patients with post-cardiac surgery
ARDS without reported complications [44]. Using air mat-
tresses instead of traditional foam mattresses limits the increase
of endoabdominal pressure during prone position [45].

Some authors found improvements of PaO,/FiO, in patients
enduring at least 8 hours of combined prone position with 20°
HOB elevation and lowering of the foot end of the bed [46].

The enhancement of gas exchange without complications has
been also found in patients maintained in prone position for
prolonged time (mean 78.5, SD + 61.2 h) [47].

After 6 h from the beginning of pronation, performing a
recruitment maneuver using pressure of 50 cm H,O for 30 s can
induce an improvement of oxygenation in patient affected by
extrapulmonary ARDS [48].

A recent pilot study has shown the potential benefit for oxy-
genation of prone position in non-intubated ARDS patients
treated with helmet CPAP [49]. The median prone position
cycle duration was 3 h (IQR 2—4 h), and the patients’ tolerance
was very good: only 2 on 43 (4.6%) procedures were interrupted
for discomfort [49].

Since prone position is usually maintained for several con-
secutive hours, the problem of safe EN management arises.
While higher gastric residual volume and vomit episodes are
present in the first 4 days with consequent smaller volume of
administered EN [50], the combination of 25° anti-Trendelenburg
position with erythromycin 250 mg every 6 h allows the admin-
istration of higher EN volumes without complications [51].

Concerning one of the most apparently controversial issues
in prone position, which is performing it in patients affected by
intracranial hypertension patients, gas exchanges are improved
even if ICP values significantly rise, but CPP remains strictly
dependent on the mean arterial pressure [52, 53]. However, as
expected, in head-injured patients, prone position, if compared
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to supine position, is associated with a larger number of epi-
sodes of ICP > 20 mmHg and CPP < 70 mmHg [54].

8.3.4 Tissue-Interface Pressure Induced by
Different Positions

The threshold value of TIP to develop PUs is widely accepted
as 32 mmHg, even if some authors have distrusted it [55].

Research results showed that semi-Fowler’s and prone posi-
tions provide lower levels of TIP. In healthy human subjects, the
30° inclined lateral position produces less TIP levels than 90°
lateral position (both lying and not on shoulder), since this posi-
tion recorded the highest values of TIP [55].

Sacral TIP increases with increasing of HOB elevation. 30°
HOB position is a compromise between the need to reduce the
PU risk in the sacral area and the need to prevent VAP occur-
rence [56].

Usually anti-Trendelenburg position decreases the levels of
TIP [56], even if it determines some risk of shear forces exertion
due to the natural patient gliding in the bed. Likewise, air loss
mattresses reduce the sacral TIP in all the positions [56].

Some recent studied interventions to prevent PU in ICU set-
tings, beyond the usual implementation of interval turning and
air-mattresses, are:

* A PU prevention bundle of care, including the scheduled
patient turning frequency every 3 h alternating right lateral,
supine, and left lateral positions [56]

e Special electronic mapping system incorporated in a cover
put over a mattress, even if this system can interfere with the
air loss of the mattress [25]

e Implementation of PU prevention team, to ensure on-time
patient turning every 2 h [57]
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8.4 Special Issues About Patient Positioning
in Critical Care Setting

8.4.1 Positioning the Morbidly Obese Patients

Morbidly obese patients (body mass index >40 Kg/m?) are a
population with particular physiopathological features, requir-
ing special precaution in their repositioning management.

Obese patients maintained in supine position undergo hypox-
emia, due to the reduction of pulmonary volume induced by the
increasing of endoabdominal pressure [58].

Extreme consequences are reported in literature, such as
some cases of death during the supine positioning of obese
patients with acute respiratory failure needing to perform radio-
logical examinations [59]. Under this rationale basis, the anti-
Trendelenburg should be completely avoided in this category of
patients [58].

Lateral positioning should be performed but with frequent
alternation between the right and left sides, for the risk of atel-
ectasis in the dependent lung and/or unilateral pulmonary
edema [58].

The “beach chair” sitting position and, in alternative, 45°
anti-Trendelenburg are the best positions to achieve an optimal
breathing condition in obese patients [60]. The sitting position
diminishes airflow limitations and the auto-PEEP levels, provid-
ing a drastic lowering of alveolar pressures and improving the
respiratory mechanics [61].

Concerning prone positioning in patients with morbid obe-
sity affected by ARDS, a recent case control study showed its
feasibility and safety, in terms of invasive device displacement,
pressure ulcers, and cardiac arrests, when compared with non-
obese patients [62].
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A typical limitation to the movement of morbidly obese
patients is provided by the inadequacy of hospital beds and lift-
ing devices for these patients. Bariatric bed, holding up till
about 400 kg, should be used, instead of standard bed, capable
to hold a maximum weight of 150-170 kg [63].

Moreover, a consistent number of healthcare operators should
be employed during patient repositioning, to prevent workplace
accidents. Some authors have proposed to use the Trendelenburg
position with the aim to aid nurses during obese patient reposi-
tioning and prevent some degree of occupational risks. A 6°
Trendelenburg can reduce 49% of work while a 12° reaches a
reduction of 67%. Unfortunately, at least for critically ill obese
patients, this kind of position constitutes a danger, as previously
showed, which is the reason why it should be avoided [64].

8.4.2 Positioning Spinal Cord-Injured
Patients

A recent systematic review about PU prevention in spinal cord-
injured patients showed that [65]:

* A 30° semi-recumbent position, with raised feet, can dimin-
ish the interface pressure on the heels, but the effects on the
sacrum are still not clear.

* A 90° lateral position is associated with higher pressures on
the trochanter.

* During tilting and sitting positions, the pressures are linearly
redistributed.

e In reclined sitting positions, shearing forces are exerted on
tissues.

e There is lack of evidence about optimal turning interval time.

Concerning the respiratory effects of positioning, the use of
thoracic optimization with physiokinesitherapy during



8 Positioning the Critically I11 Patient 223

Trendelenburg position in patients affected by low cervical
spine injuries seems to have positive effect on ventilation and
weaning through spontaneous breathing trials [66].

8.4.3 Positioning the Patient with Extracorporeal
Membrane Oxygenation (ECMO)

Currently, there is not much published literature about the repo-
sitioning of patients during venous-artery (V-A) or venous-
venous (V-V) ECMO.

The use of prone position in ARDS patient with V-V ECMO
is associated with an improvement of gas exchange lasting >6 h
after the return to supine position [67]. Rare occurrence of com-
plications, among which are bleeding from cannula site, hemo-
dynamic instability [68], and the need of V-V ECMO cannula
reposition, is reported [43].

However, there are no particular contraindications to the
repositioning of V-V ECMO patients for any kind of position,
except for the limitation imposed by the cannula site of inser-
tions (femoro-jugular, femoro-femoral, double-lumen cannula
in the jugular vein) and by the possibility to bend some parts of
the body. The availability of adequate aids or pillows to achieve
a stable position with sufficient comfort for the patients is
important. Particular care should be adopted in the assessment
of the cannula sites for the risk of dislodgment and/or bleeding,
the influence of the achieved position on the ECMO blood
flow, and the sufficient level of sedation to guarantee the
patient compliance to the procedure. The presence of cannulas
increases the risk of device-related pressure ulcer; therefore,
special precautions should be employed to their prevention in
the points of contact between devices and the skin determined
by the change of position (see Chap. 14). Once the position has
been changed, ECMO performance, vital signs, and arterial
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blood gas analysis should be performed simultaneously, to
evaluate the influence on the gas exchange and the clinical
conditions of the patient.

8.4.4 Treatment and Care Conditions Affected
by Patient Repositioning

Patient positions can affect patient monitoring, mechanical ven-
tilation modes, hemodynamic invasive supports, and nursing
care, requiring some precautions during bedside activities.

Patient position can widely affect intra-abdominal pressure
(IAP) measurement, with the risk of misleading in the treatment
decisions about the critically ill patients. IAP biases vary with
the degrees of HOB elevation: mean bias between 0° and 15° is
1.5 mmHg (1.3-1.7), and mean bias between 0° and 30° is
3.7 mmHg (3.4—4.0) [69]. More importantly, a study revealed
that the differences in mean IAP can largely change from almost
normal condition (9.84 + 3.581) at 0° of HOB elevation to the
point of intra-abdominal hypertension “erroneous diagnosis” at
30° of HOB elevation (13.95 + 3.600) and at 45° of HOB eleva-
tion (16.56 + 3.862), almost reaching the values of a “fake”
abdominal compartment syndrome [70].

Neurally adjusted ventilatory assist (NAVA) is a promising
new mode of ventilation, based on the synchronization between
the ventilator and the patient’s diaphragmatic electrical activity
(EAdi), detected through a special nasogastric (NG) tube
equipped with electrodes. During NAVA, EAdi detection is
affected by the lateral-45° semi-recumbent patient position, but
the numerous electrodes compensate the alteration in signal
reading, as long as NG tube is adequately placed [71].

In patients supported through intra-aortic balloon pump, during
30° semi-recumbent position, the aortic MAP is lowered by 10%
and blood flow toward the left ascending coronary by 15% [72].
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Some studies showed that Trendelenburg and anti-
Trendelenburg positions do not produce significant changes in
patients’ gas exchanges [73] and hemodynamic status [74].

Critical care nurses have to manage accurately the cuff pres-
sure of endotracheal device, especially after patient change of
position. In particular, median values of cuff pressure drop
below the threshold of 30 emH,O during (left or right) lateral
flexion of the head, (left or right) lateral rotation of the head,
supine position, semi-recumbent position at 10° or 30°, and
Trendelenburg position at 10° [75]. Moreover, it is advisable to
suction the patient’s oral cavity before his/her repositioning,
since this intervention produces a RR reduction of 0.32 (95% CI
0.11-0.92) for VAP [76].

Finally, the effectiveness of music therapy before and during
repositioning in reducing patients’ discomfort and anxiety cur-
rently has not still been proven [77].

8.4.5 Kinetic Beds

Currently, there is no full clarity about the concept of bed for
kinetic therapy (KT) and continuous lateral rotation therapy
(CLRT). Some authors refer to beds for KT, those which rotate
in a turn of at least 40° and for CLRT lesser than 40° [78], while
others state that CLRT beds can rotate up to 60°, with setting
varying in speed, degree, and duration [79]. However, the imple-
mentation of CRLT and KT aims to prevent and treat respiratory
complications due to immobility and bed rest in ICU [4].

There is a wide variability in literature about the employ
modes of kinetic beds: rotation degrees ranging from 30° to 72°,
rotation intervals ranging from 2 to 8 rotations per hour, and
duration till 16-24 h per day [4].

Even if CLRT and KT were studied in order to identify
their effects on prevention of pneumonia, transport of airways
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secretions, hemodynamic consequences, intrapulmonary
shunt, urine output, and ICP, the meta-analysis showed their
effect on lowering the incidence of pneumonia but not on
hospital deaths, duration of ICU stay, and mechanical ventila-
tion days [4, 80]. Moreover, there is no clarity regarding the
most effective therapy parameters to set [4]. Complications
reported with the use of KT and CLRT beds are intolerance,
increasing ICP, intravascular catheter disconnections, and
arrhythmias [4].

Recently, some authors performed laboratory tests on cadav-
ers, to explore the safety of KT implementation in patients with
unstable cervical spinal cord injuries (with cervical collar in
place) [81]. When compared with manual log rolling, KT pro-
duces less motion in flexion-extension, lateral bending, and
axial dislocation [81].

The main indications and mode of use of KT and CLRT beds
are [82, 83]:

e Manual lateral repositioning, differently to automated reposi-
tioning, produces changes in MAP, pulse pressure, and HR,
sustained up to 45 minutes after the maneuvers.

e Suggested thresholds to start with automated therapies are
P2102/Fi02 < 300, increasing level of PEEP, atelectasis, and
infiltrates showed by chest X-rays.

e Consistent implementation of CLRT using the same degrees
obtained with pillows in manual turning, till the maximum
level of patient’s tolerance and at least 18 h per day.

e Use of progressive mode.

 Inthe occurrence of hemodynamic or oxygenation instability,
stop the automated therapies just for the time required to
resolve the problems.

e CLRT does not eliminate the need for respiratory and skin
assessments and manual repositioning every 2 h.
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8.5 Implementing Early Repositioning

in Critically I1l Patients

The correct approach to be held in ICU is to try the repositioning in
all patients as early as possible, leaving the patient’s clinical
response to pose the limitation to the maneuver, in place of the
healthcare staff dread that patient could be excessively unstable [84].

Recently, a consensus paper has been published, with some

meaningful recommendations about the management of early
repositioning in clinically unstable patients [84]. The key points
are listed below [84]:

The first assumption is that there is no shared set of vital signs
defining hemodynamic instability, but, undoubtedly, hemo-
dynamic instability produces change and/or impairment in
neurological, respiratory, and cardiovascular systems.

Every positioning should be preceded by vital signs record-
ing and the first reevaluation performed after 10 min from the
baseline.

In the presence of instability, do not position the patient if
there is a life-threatening arrhythmia, actual volemic resusci-
tation, and active bleeding, vital signs do not return to base-
line values within 10 min, or there is no expected outcome
related to patient’s clinical diagnosis.

Do not reposition patients with unstable vertebral injuries or
pelvic fractures with active bleeding.

Do not reposition patient in presence of supraglottic
airways.

Use CLRT and/or prone position in presence of oxygenation
instability.

CLRT should be deserved in all patients that do not tolerate
the 30° lateral manual repositioning.
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Patients with ARDS, chest injuries, and pulmonary contu-
sions should be reassessed after 20 min from the baseline,
before deciding if the procedure has failed or not.

CLRT in unstable patients should be performed 18 h per day,
with interruptions every 2 h and manual repositioning on
right and left side, each one lasting 30 min.

In patients who cannot tolerate lateralization, it is necessary
to begin with 15° and then reevaluate before going to 30°
(target).

The frequency of position changing in stable patients that tol-
erate the reposition varies from 1 to 4 h, depending on the
kind of bed mattresses and on individual basis.

If a patient cannot tolerate any change of position due to his/
her instability, perform a new repositioning trial at least every
8 h; in the meantime, passive mobilization strategies should
be implemented in any case.

Take-Home Messages

There is a lack of evidence for the “2-hourly turning” of
patients lying in beds.

Literature suggests that a “4-hourly turning” regimen associ-
ated with a pressure-relieving surface can be as effective as
2-hourly turning to prevent pressure ulcers.

Trendelenburg position in critically ill obese patients can be
deadly.

Prone positioning in severe ARDS patients reduces the over-
all mortality rates and produces better effects if prolonged
beyond 10 h per session.

Rotational bed therapy can prevent pneumonia but has no
influence on mortality, length of stay, and duration of mechan-
ical ventilation.

Critically ill patients too unstable to be repositioned should
be reviewed at least every 8 h for a positioning trial.
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Chapter 9
General Considerations About oo
Infection Prevention

Irene Comisso and Stefano Bambi

Infections in the critically ill patients are challenging and
increasing length of stay in ICU, subsequent morbidity, and
mortality. It is widely recognized that all patients in ICU are
prone to develop infections, both because of the severity of ill-
ness and treatments’ invasiveness. A prevalence study [1] found
a 51% prevalence of infection in ICU patients, with lungs being
the most frequent site of infection (64%), followed by the abdo-
men, bloodstream, and urinary tract. Several factors increase the
risk of infection for ICU patients (including length of stay,
mechanical ventilation, medical or emergency surgery admis-
sion), and infection by itself is related to increased mortality and
ICU and hospital length of stay. The infection prevalence varies
significantly between continents and appears to be higher when
the percentage of gross domestic product devoted to healthcare
systems is low.

As for other critical care problems, the need to assess an
infection risk became mandatory. At the same time, several fac-
tors may contribute to an infection development and mask other
underlying conditions. A first attempt to predict infection in
critically ill patients was tuned fine in 2003 [2], with the infec-
tion probability score (IPS). This simple tool (Table 9.1)

© Springer International Publishing AG, part of Springer Nature 2018 237
1. Comisso et al., Nursing in Critical Care Setting,
https://doi.org/10.1007/978-3-319-50559-6_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-50559-6_9&domain=pdf

238 1. Comisso and S. Bambi

Table 9.1 IPS scoring

IPS points 0 1 2 3 6 8 12
BT, °C <375 <37.5

HR, beats/min <80 81-140 140
RR, breaths/min <25 <25

WBC, x10%/mm? 5-12 <12 <5

CRP, mg/dl <6 <6

SOFA score <5 <5

considers six variables commonly used in ICU daily care (heart
rate, respiratory rate, white blood cells count, blood tempera-
ture, C-reactive protein, and SOFA score), whose total score can
range between 0 and 26. Although fever is often suggestive for
an ongoing infection, pooling together all of these variables
provides clinician and nurses an adjunctive information to
decide which patients should receive further diagnostic proce-
dures, in order to quickly identify an infection. The validation
process of this score reached high reliability (area under the
ROC curve 0.962, with a 95% confidence interval between
0.806 and 0.923; sensitivity 90.0%, specificity 88.8%; positive
predictive value 72.2%, negative predictive value 95.9%) with a
cutoff value of 13.

IPS showed a higher prediction performance toward BSI in
hematology-oncology patients, compared to APACHE II and
Karnofsky score [3]. Comparisons between IPS and SOFA or
APACHE 1I and III score showed a better performance of
APACHE I1I score in predicting need for mechanical ventilation
[4]. Despite these considerations, this tool could represent an
adjunctive evaluation opportunity to intercept patients at higher
risk of infection and decide concerning the antimicrobial ther-
apy discontinuation [5].

Just as early identification of patients with high risk of infec-
tion is crucial, proper diagnosis should be obtained. Recently, an
international consensus revised sepsis and septic shock defini-
tions [6], overcoming the initial concept of sepsis as the
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presence of an infection together with at least two SIRS criteria.
The new proposed definition describes sepsis as “life threaten-
ing organ dysfunction caused by a disregulated host response to
infection,” where “organ dysfunction can be identified as an
acute change in total SOFA score > 2 points consequent to the
infection.”

Major efforts in fighting infections should tend first of all
toward prevention, thus reducing the global cost of infections
and other complications (such as increasing antimicrobial resis-
tance). Guidelines for infection prevention [7] pointed their
attention not only on correct patients’ and devices’ management
but also on healthcare workers’ behaviors and education.

Horizontal precautions embrace hospital environment and
hand hygiene and staff and patients’ education. A clean environ-
ment and proper selection of disinfectant agents for environ-
ment and shared equipments are recommended. Hand hygiene
is widely known as one of the most important factors in reduc-
ing infections and cross infections, and therefore several cam-
paigns (WHO) to increase adherence to this simple practice
were undertaken. Traditional handwashing (water and soap) is
only recommended when body fluids visibly or potentially con-
taminate hands or when caring for patients with diarrhea or
vomiting. Hand rubbing with alcohol-based solutions is proba-
bly more advantageous, since it is easier to be performed and
more effective in terms of hands contamination reduction. Staff
and patients’ education concerns both preparation and manage-
ment of devices used for care, who’s invasiveness (endotracheal
tubes or intravascular catheters) is sometimes high and therefore
predisposing to microbial invasion. When inserting such devices,
proper aseptic technique (including maximum barrier precau-
tions, when indicated) should be adopted, so as when devices
are accessed (for blood sampling or endotracheal suctioning).

Great progresses on infection prevention came from bundles’
introduction. Bundles are defined as a small group of interven-
tions, aiming to provide patients with similar problems the best
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available care. Bundles differ according to the considered prob-
lem, but they generally consider the need to keep in the device,
handwashing, and interventions for the device maintenance.
More detailed information about bundles are provided in spe-
cific Chaps. 10, 11, and 12.
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Chapter 10 ®)

Prevention of Hospital- e
Acquired Pneumonia

and Ventilator-Associated Pneumonia

Stefano Bambi

10.1 Introduction

Healthcare-associated infections (HAIs) belong to hospital-
acquired conditions (HACs) and account for patients’ mortality
ranging from 5% to 35% [1]. Their prevalence in ICUs ranges
from 9% to 37%, with a mortality rate up to 50% [2].

In 2005, the American Thoracic Society published guidelines
for management of three kinds of pneumonia in hospitalized
patients: hospital-acquired pneumonia (HAP), ventilator-
associated pneumonia (VAP), and healthcare-associated pneu-
monia (HCAP) [3] (Table 10.1).

HAP is the most frequent hospital infection after UTI, while
it is at the first place in ICU [4]. Actually, a HAP in ventilated
patients is a VAP. Consequently, the frequency of HAP in ICU
can be split into VAP (86%) and non-VAP (14%) [5]. In general,
VAP has an incidence rate of 8-28% [4]. HAP and VAP increase
hospital LOS and costs [5]. VAP mortality rates vary from 20%
to 76% [6].
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Table 10.1 Definitions of patients’ respiratory infective complications
acquired during hospitalization [3]

Typology of

pneumonia Definition

Hospital-acquired Pneumonia that occurs 48 h or more after admission,
pneumonia which was not incubating at the time of
(HAP) admission

Ventilator- Pneumonia that arises more than 48—72 h after
associated endotracheal intubation
pneumonia
(VAP)

Healthcare- Includes any patient who was hospitalized in an
associated acute care hospital for 2 or more days within
pneumonia 90 days of the infection; resided in a nursing
(HCAP) home or long-term care facility; received recent

intravenous antibiotic therapy, chemotherapy, or
wound care within the past 30 days of the current
infection; or attended a hospital or hemodialysis
clinic

About 30%-50% of the deaths related to HAP seem to be
directly due to pneumonia [7]. The mortality rates of early- and
late-onset HAP or VAP are comparable [5].

This chapter will focus mainly on the definitions, pathogen-
esis, risk factors, and prevention of HAP and VAP in ICU adult
patients, with particular attention to the critical care nurses’
contribution. The discussion about the treatment of pneumonia
goes beyond the aims of this review.

10.2 Hospital-Acquired Pneumonia

HAP is classified as early onset (<96 h from admission time)
and late onset (>96 h) [3, 5].
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HAP development is due to the impairment in the balance
between patients’ immunologic defense and the microorganism
inclination to penetrate and colonize the lower airways [3].

The pathogenesis of HAP is through the spreading of micro-
organisms in the patient’s lower airways and the overcoming of
his/her defenses. Otherwise, the lowering of immunologic state
can ease the infection by pathogens [5].

Responsible microorganisms can be exogenous or endoge-
nous. HAP can develop more frequently from endogenous
infection given by pathogens colonizing the airways, or through
micro-aspiration of oropharyngeal secretions [5]. Staff and
medical devices are responsible for the exogenous infection,
especially in ICU. Lastly, bacteremia can be spread from other
infection sites, or intravascular or urinary catheters through the
bloodstream [5].

HAP is suspected when at least two of the following signs are
detected: body temperature > 38 °C or <36 °C, leukopenia or
leukocytosis, purulent airway secretions, or reduction in PaO, [5].

The inadequacy of initial antibiotic treatment of HAP (22%—
73%) is the most influential factor on patients’ prognosis [7].
The establishment and implementation of appropriate antibiotic
treatment protocols and algorithms are fundamental for patients’
survival [7].

10.3 Healthcare-Associated Pneumonia

Healthcare-associated pneumonia definition was formulated by
the American Thoracic Society [3] (Table 10.1) to include the
pneumonia acquired in healthcare environments outside of the
traditional hospital setting, which have specific risk factors [8].
The concept of HCAP stands between CAP and HAP concerning
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to the causative pathogens and mortality rates (about 20% [9])
and mainly affects aging patients in healthcare facilities [10].
One of the principal physiopathologic mechanisms of pneumo-
nia recognized in this category of patients is aspiration [10].

HCAP encompasses several conditions, and researches about
HCAP have been performed on highly variable populations [9].
Later, another category was included in the HCAP: immunosup-
pressed patients (corticosteroid treatment, HIV infection, trans-
plant, recent radiation or chemotherapy, inherited or acquired
immunodeficiency) [9].

HCAP was originally treated with the same medical approach
as CAP. Later studies suggested that HCAP could differ from
CAP in terms of pathogens and prognosis while being similar to
HAP and VAP [8], needing initial treatment with broad-
spectrum antimicrobial agents [9].

A recent meta-analysis showed that HCAP was associated
with increased mortality, compared with CAP [11]. HCAP was
not a good predictor of resistant pathogens [11]; therefore, the
higher mortality seemed to be due to higher mean age and
comorbid illnesses associated with HCAP [9, 11].

As HCAP concept does not cover patients staying in critical
care units, further discussion of this issue is beyond the aim of
this chapter.

10.4 Ventilator-Associated Pneumonia

VAP is pneumonia that developed in MV patients 48—72 h after
the time of intubation [12, 13].

Their classification is based on the onset time. Early VAP
develops <96 h from intubation and has better prognosis, and
the etiologic agents are usually community microorganisms
[12]. Late VAP can occur >96 h after intubation and is often
caused by multidrug-resistant pathogens [12].
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VAP incidence rates represent a quality of care indicator in
critical care [12, 14].
The use of incidence density of VAP is recommended over
the simple incidence rate to perform optimal surveillance pro-
grams and benchmarking.

10.4.1 Pathogenesis of VAP and Risk Factors

There are two kinds of risk factors for development of
VAP. Host factors are related to the patients’ response to intu-
bation and ventilation, while intervention factors come from
the treatment and care provided to the patient by healthcare

staff (Table 10.2) [15].

Table 10.2 Risk factors for development of VAP [12, 15]

Host factors

Intervention factors

Oropharyngeal colonization
Gastric colonization
Thermal injury (burns)
Post-traumatic

Head injury®

Postsurgical

Neurosurgery*

Impaired consciousness
Immunosuppression

(Multi-) organ failure®
Sinusitis

Severity of underlying illness
Old age (=60 years)*

Sex — male®

Presence of comorbidities
Preexisting pulmonary disease®
Coma*®

Gastric overdistension

Emergency intubation®

Re-intubation*®

Tracheostomy®®

Bronchoscopy

Nasogastric tube/enteral nutrition®

Duration of hospital stay/ICU stay®

Multiple central venous line insertions®

Sedatives®

Stress ulcer prophylaxis®

Prior antibiotics/no antibiotic
prophylaxis

Immunosuppressive medications
(corticosteroids)

Supine head position

Contamination of ventilator circuits

Frequent patient transfers

Low endotracheal tube cuff pressure

“Nonmodifiable risk factors
*Independent risk factors
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The etiological agents determining VAP can vary among differ-
ent patient populations, hospitals, and countries [6]. These micro-
organisms can be endogenous or exogenous (coming from other
patients, medical devices, and healthcare environment or staff) [6].
Bacteria frequently involved in the genesis of early VAP are
Streptococcus pneumoniae (and other streptococcus species),
Haemophilus influenzae, methicillin-sensitive Staphylococcus
aureus, antibiotic-sensitive enteric Gram-negative bacilli,
Escherichia coli, Klebsiella pneumoniae, Enterobacter species,
Proteus species, and Serratia marcescens [13]. Late-onset VAP is
generally caused by multidrug-resistant bacteria, such as methicil-
lin-resistant S. aureus, Acinetobacter, Pseudomonas aeruginosa,
and extended-spectrum beta-lactamase-producing bacteria [13]. A
percentage of VAP ranging from 30% to 70% is caused by multiple
microorganisms [6].

Pseudomonas, Acinetobacter, and methicillin-resistant S. aureus
pneumonia are associated with higher rates of VAP mortality [6].

Infective agents reach the lower respiratory tract, adhere to
the airways mucosa, and determine infections [16]. The mecha-
nisms of airway contamination by pathogens are [6, 16]:

e Aspiration of microbes loaded secretions around the cuff of
endotracheal tube (or tracheostomy tube). These secretions
come from the nasopharynx and oropharynx or by gastro-
esophageal reflux.

e Presence of infective processes from contiguous anatomical
structure.

¢ Contaminated medical aerosol or ambient air.

¢ Contaminated medical devices (e.g., bronchoscopes, breath-
ing circuits, humidifiers, and suction catheters).

e Contaminated hands.

e Contaminated uniforms or gowns (e.g., from contact with
other patients, taps, trolleys, etc.).

e Microorganisms from other remote sites of infection, e.g.,
intravascular catheter-related BSI.
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10.4.2 Diagnosis

Currently, there is no gold standard for VAP diagnosis. The
present clinical methods do not have the optimal sensitivity
and specificity to identify VAP [13]. Chest radiography
added to patient clinical assessment is not able to completely
define VAP but only to be suggestive of it [13]. Up to about
one third of VAP can be disregarded by clinical diagnostic
criteria [13].

The clinical suspicion of VAP is given by new or persistent
radiographic infiltrates or consolidation and at least two of the
following elements [6, 13]:

* Body temperature > 38 °C

¢ Leukocytosis (WBC count >12,000 cells/mm?) or leukopenia
(WBC count <4000 cells/mm?)

e Presence of purulent secretions

Since only about one third of clinically diagnosed VAP cases
were confirmed by microbiological analysis results, the Clinical
Pulmonary Infection Score has been designed to overcome this
problem [6]. CPIS evaluates six items, each one ranging from 0
to 2 points: body temperature, leukocyte count, quantity and
purulence of tracheal secretions (subjective visual scale), oxy-
genation status (PaO,/FiO,), type of radiographic abnormality,
and results of endotracheal aspirate culture [6, 13]. A score of
>6 showed a worthy correlation with VAP occurrence [16].
Currently, the diagnostic validity of this score is still debated
because of interobserver variability [13].

Airway secretion samples for Gram stain, culture, and sensi-
tivity can be obtained through [13]:

* Endotracheal aspirate. It is the simplest method.
e Bronchoalveolar lavage, performed under bronchoscopic
guidance.
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e Mini-bronchoalveolar lavage, performed without broncho-
scopic guidance, in “blind” fashion.

e Protected specimen brush, through a brush at the tip of the
catheter.

The American Thoracic Society 2005 HAP/VAP guidelines
specified the need for lower airway tract samples for (qualitative
or quantitative) microbiological culture and analysis of secre-
tions [3].

10.4.3 From Ventilator-Associated Pneumonia
to the Concept of Ventilator-Associated
Conditions

The lack of gold standard in VAP diagnosis and the consequent
difficulties in the surveillance programs and benchmarking
processes, brought USA healthcare organs to make some
changes aiming to improve the quality of data collection and
analysis.

The Centers for Disease Control and Prevention recently
drafted some new surveillance definitions, introducing a tiered
classification of ventilator-associated events (VAEs) for adult
patients [17].

The VAE concept is represented by a progressive and sus-
tained augmentation of MV settings, coming after a clinical
stability period [14]. VAEs include ARDS, pulmonary edema,
atelectasis, and VAP (Table 10.3) [14]. VAE algorithm aims to
identify different MV complications, improve surveillance and
benchmarking, and reduce the risk of gaming [13]. CDC
believes that VAE algorithm could reveal a more truthful VAP
rate, despite some institution reports of (almost) zero VAP rate,
probably due to economic and healthcare penalty reasons [13].
CDC clearly specified that “the VAE definition algorithm is for
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Table 10.3 CDC definition tiers for ventilator-associated event in adults
[14,17]

Tier Definition

Ventilator-associated “VAEs are identified by using a combination of
event (VAE) objective criteria: deterioration in respiratory
status after a period of stability or
improvement on the ventilator, evidence of
infection or inflammation, and laboratory
evidence of respiratory infection”
“Patients must be mechanically ventilated for
more than two calendar days to be eligible for

VAE”
Ventilator-associated “VAC is defined by greater than or equal to 2 days
condition (VAC) of stable or decreasing daily minimum

positive end expiratory pressure (PEEP) or
daily minimum fraction of inspired oxygen
(FiO,) followed by an increase in daily
minimum PEEP greater than or equal to 3
c¢mH,O or daily minimum FiO, greater than or
equal to 0.20 points sustained for greater than
or equal to 2 calendar days”

Infection-related “IVAC is triggered by the presence of possible
ventilator- infection indicators concurrent with VAC
associated onset, namely, an abnormal temperature
complication (below 36 ° C or above 38 ° C) or white blood
(IVAC) cell count (less than or equal to 4000 or

greater than or equal to 12,000 cells/mm?) and
1 or more new antibiotic starts that continue
for greater than or equal to 4 days”

Possible VAP “Possible VAP is defined as Gram stain evidence
of purulent pulmonary secretions or a
pathogenic pulmonary culture in a patient with
IVAC”

Probable VAP “Probable VAP is defined as Gram stain evidence

of purulence plus quantitative
or semiquantitative growth of a pathogenic

organism beyond specified thresholds.
Probable VAP can also be triggered by
positive tests for respiratory viruses,
Legionella species, pleural fluid cultures, and
suggestive histopathology with or without an
abnormal Gram stain result”
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use in surveillance; it is not a clinical definition algorithm and
is not intended for use in the clinical management of patients”
[17].

The Society for Healthcare Epidemiology of America with
the Infectious Diseases Society of America (SHEA/IDSA)
paper specifies that the definition of VAC and IVAC was
designed for public reporting or benchmarking, but more evi-
dences about preventability and comparability are needed
before their implementation [14]. On the contrary, possible and
probable VAP definition should be employed only for quality
improvement in single units or institutions. In fact, there are
many differences in the methods used by clinicians to collect
samples from patients under MV [14].

Finally, some study results indicate that the VAE definitions
do not optimally perform in identifying many VAP cases [18].
Moreover, VAEs can detect many events without real hospital
complications and are at risk of report artifacts [18].

10.4.4 VAP Prevention Strategies: What Works
and What Does Not

In 2014 the SHEA/IDSA, the American Hospital Association,
the Association for Professionals in Infection Control and
Epidemiology, and the Joint Commission published an update
of the recommendations about the strategies to prevent VAP in
acute care hospitals, previously issued in 2008 [14]. The inter-
vention levels of evidence were assessed through the Grades of
Recommendation, Assessment, Development, and Evaluation
(GRADE) [19] and the Canadian Task Force on Preventive
Health Care [20].

This document covers two main issues: VAP surveillance
strategies and VAP prevention interventions [14].
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Currently, VAP preventive interventions focus on three
areas: reducing the time at risk, preventing endotracheal tube
colonization and minimizing contaminated, modulation of
colonization [21].

Taking in account the current problems related to the accu-
racy and reproducibility of VAP diagnoses, SHEA/IDSA drafted
their recommendations on the basis of published evidence on
“hard” outcome as days of MV, ICU or hospital LOS, and mor-
tality. Moreover, the authors assessed the balancing among
costs, harms, benefit, and feasibility of interventions, distin-
guishing the interventions in four categories [14]. Basic prac-
tices collect all the interventions improving the hard outcomes
with low risk of harm. Special approaches are interventions that
can improve the outcomes with some risk of detriment for
patients or reducing the VAP rates without data about the main
outcomes and should be considered when basic practices fail to
reach the desired outcomes [14]. Interventions generally not
recommended for prevention are those able to reduce the VAP
rates but with no influence on the “hard” outcomes [14]. Lastly,
interventions without positive impact on VAP rates and outcomes
are neither recommended nor discouraged [14]. SHEA/IDSA
recommendations are summarized in Table 10.4, with a special
column to show which interventions are under the complete
commitment of nurses.

Some VAP interventions, especially those directly pertinent
to nurses, deserve additional considerations.

NIV is a consolidated treatment to prevent intubation, find-
ing its application in all hospital settings and increasing the
evidence of effectiveness in lots of clinical conditions [22].
Given that NIV is a tool to avoid intubation, it prevents the main
pathogenic mechanisms of VAP.

Five of the SHEA/IDSA basic practices (daily sedation inter-
ruptions, daily assessment of extubation readiness, spontaneous
breathing trial performed with no sedatives, early mobilization)
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Table 10.4 Quality of evidence for VAP preventing strategies according to
Society for Healthcare Epidemiology of America and Infectious Diseases
Society of America (Modified from Klompas et al. [14])

Recommendation

Intervention

Quality of
evidence
(GRADE)

Nursing
care
preserve

Basic practices

NIV in selected
populations
Manage patients
without sedation,
whenever possible
Daily sedation
interruptions
Daily assessment of
extubation
readiness
Spontaneous breathing
trial performed
with no sedatives
Early mobilization
Endotracheal tubes
with subglottic
drainage systems in
patients requiring
more than 48 or
72 h of MV
Change of ventilator
breathing circuits
only when visibly
soiled or in case of
malfunctioning
HOB elevation to
30°-45°

High

Moderate

High

High

High

Moderate
Moderate

High

Low

< < <

\/

(continued)
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Table 10.4 (continued)
Quality of  Nursing
evidence care
Recommendation Intervention (GRADE) preserve
Special approaches Selective oral or High
digestive
decontamination

Regular oral hygiene Moderate
with chlorhexidine
oral rinse

Ultrathin polyurethane Low
endotracheal tube

cuffs

Automated control Low
systems of
endotracheal tube
cuff pressure

Saline instillation Low
before tracheal
suctioning

Mechanical tooth Low
brushing

Generally not Silver-coated Moderate
recommended endotracheal tubes

Kinetic beds Moderate

Prone positioning Moderate

Stress ulcer Moderate
prophylaxis

Early tracheotomy High

Monitoring residual Moderate
gastric volumes

Early parenteral Moderate
nutrition

No recommendation  Closed system/in-line ~ Moderate
endotracheal
suctioning
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clearly belong to the ABCDE bundle [23]. These interventions
aim to reduce MV duration and intubation and decrease
LOS. An in-depth discussion about the ABCDE bundle is issued
in Chap. 17.

The employment of endotracheal tubes with subglottic drain-
age systems represents a cost-saving intervention with high
efficacy for VAP prevention in patients requiring at least 48 (or
72) hours of intubation [14]. These special tubes can be man-
aged through intermittent or continuous suctioning, or mixed
modes. The suction pressures reported in literature widely range
from —20 to —110 mmHg for intermittent mode and from —20
to —30 mmHg for continuous mode [24]. A recent meta-analysis
showed that subglottic secretion drainage is effective in prevent-
ing VAP (RR =0.56, 95% CI 0.45-0.69, p < 0.00001) and early
VAP (RR = 0.23, 95% CI 0.13-0.43, p < 0.00001) [25].
Subgroup analyses suggested a better reduction in incidence of
VAP through intermittent vs. continuous suction system
(RR =0.49, 95% CI 0.34-0.71, p = 0.0001 vs. RR = 0.61, 95%
CI10.46-0.79, p = 0.0003) [25].

Data about possible adverse effects of these systems are still
lacking. Moreover, there are no studies about the effectiveness
of tracheostomy tubes with subglottic suction ports.

The scheduled change of ventilator breathing circuits can
only increase the healthcare costs, since it has no impact on the
VAP rates [26]. Hence, the recommendations to change the
breathing circuits are only when visibly soiled or in case of
malfunctioning [14].

Head of bed elevation to 30°—45°, even if devoid of evidence
about positive impact on VAP rates or other major outcomes [27],
is a simple and low-cost intervention to implement [14]. The
underlying rationale is to prevent the micro-inhalation of gastric
content. The real problem, instead, lies in the conflict between
VAP guidelines recommending the HOB elevation to prevent
VAP and PU guidelines recommending the maintenance of HOB
under 30° to limit the gliding of patients and the generation of
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friction forces [28]. Experts recommend to give priority to the
HOB elevation upper than 30°, unless it conflicts with nursing
tasks, doctors’ interventions, or patients’ desires [27].

Selective digestive and oral decontamination mainly by topi-
cal application of nonabsorbable antibiotics is a medical inter-
vention with high level of evidence related to lowering mortality
rates [14, 21]. However, the principal hindrance to the wide
implementations of these practices is the potential occurrence of
bacterial resistance [14, 21].

Oral hygiene with chlorhexidine is well discussed in Chap. 7.
Chlorhexidine has a long-lasting effect, and a recent meta-
analysis showed its dose-effect characteristics [29]. The sub-
group analysis showed that the 2% concentration solution was
associated with a significant reduction of RR of VAP, compared
to 0.2%-0.12% solutions [29]. Moreover, the cardiosurgical
patients showed better VAP prevention effects from oral anti-
sepsis with chlorhexidine [29].

Low-level evidence is available for ETT with ultrathin poly-
urethane cuffs. However, the rationale for their implementation
is the reduction of secretion gliding around the cuff. In fact,
ultrathin polyurethane cuffs seal against the tracheal mucosa
better than other kinds of tubes [14].

Similarly, the use of automated control of endotracheal tube
cuff pressure for VAP prevention is based on a scant number of
studies [14]. The tube cuff pressure should be maintained
between 25 and 30 cmH,O [30]. Pressures higher than 30
cmH,O for more than 15 minutes determine ischemic damages
on the tracheal mucosa [31]. Pressure values lower than 20
cmH,O are associated to more than the double increase of VAP
rates [31]. Although there is still no consensus about the optimal
frequency of cuff pressure monitoring [31], it seems reasonable
to perform it more than once during the work shift. Furthermore,
patient’s oral hygiene, repositioning, and HOB momentary
dropping should be preceded by the control of cuff pressure to
prevent the risk of micro-aspiration. It’s mandatory to use a
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manometer to control the cuff pressure, while the minimal
occlusive volume or minimal leak technique should be limited
only in emergency settings.

Saline instillation before endotracheal suctioning is another
large controversial issue. While the recommendation of this
intervention by SHEA/IDSA finds its evidence in a single RCT
on oncological patients admitted in ICU [14], American
Association of Respiratory Care guidelines on suctioning of
MYV patients currently suggest that “...routine use of normal
saline instillation prior to endotracheal suction should not be
performed.” This is another case of conflict between different
guidelines, making difficult the choice of the better (or less
harmful) practice for patients [32].

Toothbrushing is also an intervention lacking of evidence. A
recent meta-analysis showed that toothbrushing was not associ-
ated with the reduction of VAP rates nor any improved major
outcome [33]. Nevertheless, the mechanical action of tooth-
brushing remains unique in the prevention and removal of the
oral biofilm (dental plaque) [34]. Therefore, in spite of the
decreased effectiveness of toothbrushing actions in orotracheal-
intubated patients, nurses should perform this technique to
eliminate as much dental plaque as possible.

Silver-coated endotracheal tubes can contrast the develop-
ment of biofilm in their inner surface [21]. A recent Cochrane
systematic review showed limited evidence that this kind of
device reduces the risk of VAP, particularly during the first
10 days of MV [35].

The use of kinetic beds (continuous lateral rotational therapy
and oscillation therapy) can reduce the incidence of VAP but
does not affect patients’ mortality [36]. Nonetheless some
authors suggest that costs and feasibility can hinder the imple-
mentation of kinetic beds [37].

Similarly, prone positioning of critically ill patient as preventive
measure of VAP, even if positively affecting its incidence, should
consider the risk-benefit balance, before its implementation [36].
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Stress ulcer prophylaxis is suggested to prevent gastrointes-
tinal bleeding but has no impact on VAP rates or other major
outcomes as LOS and mortality [14].

A Cochrane systematic review comparing the effectiveness
and safety of early tracheostomy (performed <10 days after
patient intubation) with late tracheostomy (performed >10 days
after patient intubation) showed no difference in pneumonia
rates but a significant reduced mortality rate in the early trache-
ostomy group [38]. These results are from a moderate level of
evidence [38].

Although no consensus exists about gastric residual volume
tolerance, some authors suggest that EN should be stopped with
a GRV >500 mL. Adequate assessment and treatment should be
undertaken to resolve this problem [39]. In MV patients, it
seems prudent to not overcome the threshold of 250 mL [40].
Furthermore, the timely assessment of GRV should be always
guaranteed, in spite of the results of a RCT showing that the
absence of GRV monitoring was not associated with a higher
VAP incidence than the routinely assessment [40]. In this study,
the episodes of vomiting were 39.6% in the no GRV monitoring
group, whereas only 27% in the routinely GRV monitoring
group (difference 12.6%, 90% CI 5.4%-19.9%) [40].

Concerning the parenteral nutrition in critically ill patients,
higher risks of mortality and infections are associated to an early
start (< 48 hours from admission in ICU), than after 8 days [41].

SHEA/IDSA does not suggest any recommendation about
the use (or not) of in-line suctioning system in intubated
patients, since there is no evidence of lower association to VAP
development or other major patient outcomes, compared to
open suction system [14, 42]. However, closed suctioning sys-
tems have some points of strength that should be considered.
There are some cost-effective evidences showing that in-line
suctioning systems can be changed only when visibly soiled or
malfunctioning [43]. Moreover, their adoption is suggested by
AARC in adult patients ventilated with high levels of FIO, or
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PEEP [32]. Finally, closed suction systems offer a valuable bar-
rier toward exposure to respiratory infective agents during the
suctioning maneuvers in patient with serious illnesses as
tuberculosis.

There are other kinds of VAP prevention interventions that
SHEA/IDSA document did not take in account: PEEP, chest
physiotherapy, probiotics, iseganan, and intermittent or continu-
ous suction of oral secretions. The application of prophylactic
PEEP in non-hypoxemic ventilated patients showed a RRR of
63% for VAP rates but no impact on mortality, ICU and hospital
LOS, and duration of MV [21]. None of the four studies evalu-
ated in a recent literature review affected any major outcome
[21]. Only a clinical trial revealed a RRR of 79% for VAP rates
[44]. Probiotics are living microbial agents of human origins
conferring a health benefit on the host if administered in ade-
quate amounts. Probiotic administration determined a RRR of
47% for VAP rates but no effects on ICU LOS and duration of
MYV [21]. The employment of iseganan, a large specter antimi-
crobial peptide for oral care, failed to demonstrate any positive
result on VAP rates and major patient outcomes [21]. Suctioning
oral secretion before repositioning of patients seems to reduce
significantly the VAP rates (2.6% in the studied group vs. 11%
in the control group) and duration of MV [45]. However, this
pilot study was performed with a before-after design and with a
relatively small sample size (227 patients in the studied group,
237 in the control group) [45]. A pilot randomized controlled
trial was performed to assess the effectiveness of a low-cost
device (saliva ejector) on the reduction of VAP incidence. The
device was inserted in the patients’ oral cavity, between the
cheek and teeth [46]. Suctioning was set to 100 mmHg to guar-
antee continuous drainage of saliva. The authors found a large
difference in VAP rates between the studied and control groups
(23.1% vs. 83.3%, p = 0.003), but this study was affected by a
very small sample size (25 patients) [46]. Even if no damage to
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patients was reported, the safety of this device on ICU patients
requires more studies [46].

Even if humidification of inspired gas is not considered as a
tool of VAP prevention, it has been studied to evaluate which
method, between passive (heated and moisture exchangers,
HME) and active (heated humidifiers, HH) systems, is safer in
terms of VAP incidence. A systematic review performed by the
Cochrane Collaboration reported little evidence on the overall
difference between HMEs and HHs [47]. However, hydrophobic
HMEs may reduce the risk of pneumonia [47]. Unfortunately,
the employing of HMEs has several limitations, due to the large
differences in humidification performances among the make
and models in the market (minimum standard 30 mgH,O/L) and
the contraindications (e.g., body temperature < 32 °C, low tidal
volume ventilation, thick or copious airway secretions, sponta-
neous minute volumes >10 L/min) [48].

10.4.5 Bundle of Care: From the Evidence
to Good Sense

In 2004, during the “save a 100,000 lives campaign,” the
Institute of Healthcare Improvement (IHI) introduced the “ven-
tilator bundle,” aimed to maximizing the critically ill patients’
safety and outcomes [49]. The IHI bundles of care evidence-
based interventions were four: HOB elevation over 30°, daily
sedation interruptions and readiness to wean assessment, peptic
ulcer disease (PUD) prophylaxis, and deep vein thrombosis
(DVT) prophylaxis [49]. The concept at the basis of bundle of
care is to implement a little cluster of evidence-based interven-
tions (3-5) to improve the patients’ outcomes [50]. Gathered
interventions reach greater effectiveness than individual ones in
obtaining the desired outcomes [49].
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Bundles of care are useful tools for ICU staff, easing deci-
sional processes, diminishing the risk of errors in medical rea-
soning, supporting an outcome-oriented care, and offering
simple and solid interventions in ambiguity zones of clinical
practice [51].

Even if the implementation of IHI ventilator bundle was
associated with a decrease in VAP rates, some of the bundle ele-
ments (sedation interruptions and readiness to wean assessment,
PUD prophylaxis, DVT prophylaxis) are not directly involved in
reaching this outcome [50]. Therefore, some authors suggested
the addition of two evidence-based practices to the bundle: oral
hygiene with chlorhexidine antiseptic and ETT with subglottic
secretion drainage [50, 52].

After the introduction of the IHI ventilator bundle, a large
number of observational studies were performed using different
combinations of interventions to prevent VAP (Table 10.5). The
number of interventions included in the different VAP bundles
ranged from 4 to 11. Almost all studies showed a significant
reduction in VAP rates [49], but only one research showed
reduction of mortality [53].

The authors of a recent systematic review about VAEs rec-
ommend some key actions to improve the design and implemen-
tation of bundles [49]:

e Gathering the bundle with evidence-based interventions

e Choosing the bundle interventions on the basis of local avail-
ability of resources

e Increasing the adherence of healthcare staff through team-
based strategies

e Considering that compliance to the interventions is more
critical than the number of interventions to include in the
bundle

e Using adequate education programs for the implementation
phase, process and outcome indicator measurements, and
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Table 10.5 Different kinds of VAP bundles implemented in the studies
from 2005 to 2014 [49]

Number of

Interventions Outcomes studies
IHI ventilator bundle, composed by VAP rates | 11
HOB elevation over 30° Mean ventilation
Daily sedation interruptions and days |

readiness to wean assessment ICULOS |
PUD prophylaxis Mortality rate |
DVT prophylaxis
HOB elevation 30° VAP rates | 1
Oral care ICULOS |
Hand hygiene
Glove use
Change/empty condensation in tubing
IHI ventilator bundle VAP rates | 1
Oral care every 2 h ICULOS |
Turning every 2 h
IHI ventilator bundle VAP rates | 2
Oral care ICULOS |
Hand hygiene
HOB elevation 30° VAP rates | 1
Oral care with chlorhexidine ICULOS |
Hand hygiene
Glove use
Tracheal cuff pressure maintenance

>20 cm H,O
Use of orogastric tubes
Avoidance of gastric overdistension
Elimination of nonessential tracheal

suction
HOB elevation 30° VAP rates | 1
Oral care

Daily sedation vacation and readiness
to wean assessment

(continued)
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Table 10.5 (continued)

Number of
Interventions Outcomes studies

HOB elevation 30° VAP rates | 1
Oral care
Hand hygiene
Condensation in ventilator tubing
checked
Daily assessment of readiness to wean
DVT prophylaxis
PUD prophylaxis
HOB elevation 30° VAP rates | 1
Oral care
Daily sedation vacation and readiness
to wean assessment
NIV use and duration minimization
Use of orotracheal intubation
Maintenance of endotracheal cuff
pressure > 20-cm H,O
Removal of the condensate from
ventilator circuits
Change of the ventilator circuit only
when visibly soiled or
malfunctioning
Avoidance of gastric overdistension
Avoidance of histamine receptor 2,
(H)-blocking agents and proton 2
pump inhibitors
Use of sterile water to rinse reusable
respiratory equipment
Oral care VAP rates | 1
Hand hygiene ICULOS |
No ventilator circuit changes unless Duration of MV |
clinically indicated
Daily sedation vacation and readiness
to wean assessment
Intra-cuff pressure control

(continued)
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Table 10.5 (continued)

Number of
Interventions Outcomes studies

IHI ventilator bundle VAP rates | 1
Oral care
Maintenance of endotracheal cuff
pressure > 20-cm H,O
Removal of the condensate from
ventilator circuits
Change of the ventilator circuit only
when visibly soiled or
malfunctioning
Avoidance of gastric overdistension
Avoidance of histamine receptor 2,
(H)-blocking agents and proton 2
pump inhibitors
Use of sterile water to rinse reusable
respiratory equipment
HOB elevation 30° VAP rates | 1
Oral care
PUD prophylaxis
DVT prophylaxis

scheduled feedback briefing to show the improvements and
the goals still to reach
* Planning realistic aims

A cost-effectiveness analysis about the implementation of a
ventilator bundle versus standard care was performed in a
Danish ICU [54]. The ventilator bundle was composed of eleva-
tion of the head, a sedation protocol, an extubation protocol,
oral decontamination, and DVT prevention. Authors found that
the ventilator bundle, compared with standard procedures, was
associated with an additional cost per avoided VAP case of EUR
4451 (95% CI 910-11,333) or an additional cost per avoided
death of EUR 31,792 (95% CI 9,032-80,949) [54]. Setting a
cost-effectiveness threshold of EUR 20,000 per avoided death or
VAP case, the cost-effectiveness of the bundle was calculated in
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more than 50% of simulations per avoided death and more than
80% per avoided VAP case [54].

Recently some authors draw their attention on the potential
conflict coming from the absence of effectiveness evidence
about a bundle intervention and the need to implement it,
emerging from the common sense, as the case of 30° HOB ele-
vation [51]. However, it seems reasonable to adopt practices not
based on evidence, only after having excluded any kind of harm
for patients, and well balanced between risk and benefit [51].
Nurses should be aware that in similar circumstances, perfor-
mance indicators could not represent adequate measures of
quality of care [51].

10.4.6 Implementation Strategies
of VAP Prevention

Appropriate strategies to change doctors and nurses’ behaviors,
and to encourage the adoption of new ones, are central issues to
obtain the desired patient outcomes.

Four main categories of quality improvement (passive or
active) strategies can be implemented alone or mixed [1]:

¢ Professional interventions

— Educational material diffusion

— Educational outreach visits

— Educational meetings

— Local opinion leaders

— Local consensus processes

— Patient-mediated intervention

— Audit and feedback and reminders

* Organizational interventions

— Multidisciplinary teams
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— Modification of professional roles
— Skill mix changes

» Financial interventions
e Regulatory interventions

Even if the effectiveness of bundles is still controversial, due
to the lack of randomized studies, lower infection rates seem to
be associated with hospitals implementing policies, monitoring
compliance, and with high compliance to care bundles [1].

Guideline implementation strategies can be passive (e.g., dif-
fusion of educational materials, posters, toolkits, visual aids) or
active (interactive workshops, academic detailing, audit and
feedback, and reminders) [1]. Passive strategies cannot sustain
long-lasting behavioral change, while active ones result in
higher effectiveness [55].

Active educational interventions such as tutorials seem to be
effective to increase adherence to VAP bundle [56].

Strategies involving at least two active educational interven-
tions, with repeated administrations, seem to be effective in
VAP prevention [1]. Single-time-administered and short educa-
tional interventions (an hour or less) did not show positive
effects [1].

Finally, educational interventions conducted by specialized
professionals, as evidence-based oral hygiene performed by
dentists/dental auxiliaries, showed good results in preventing
VAP [1].

A recent systematic review found moderate strength of evi-
dence related to the effectiveness in lowering infection rates
provided by the implementation of reminder systems or audit
and feedback alone added to organizational change and provider
education [57].

Nonetheless, some authors underline that, in addition to edu-
cational programs, the behavioral change process should con-
sider the search of current practice gap and barriers to change
and a behavior change model [1]. Moreover, institution should
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implement a new intervention at a time, to clearly understand its
effectiveness without biases provided by simultaneous interven-
tions [1].

The SHEA/IDSA recommendations identify the ‘“account-
ability” and a top-down approach as the key elements for a suc-
cessful implementation of an HAI prevention program [14]. In
addition, there are other basic factors to facilitate the implemen-
tation of these programs: “engagement” (multidisciplinary
team, involvement of local champions, use of peer networks),
“education” (education sessions, educational materials), “exe-
cution” (standardization of care processes, creation of redun-
dancy), and “evaluation” (performance measuring, feedback to
staff) [14].

Even if lots of international studies reported compliance rates
to VAP bundle implementation above 70% [49], except for a
multicenter observational research performed in Spain with
percentages <30% [58], a recent experience of VAP bundle
implementation in ICU showed low compliance to the bundle
application both in the pre-education and in the post-education
period (36.5% and 41.2%, respectively, p > 0.05) [58]. When
the researchers asked about the causes, more than 90% of nurses
answered the lack of rigid monitoring of VAP care bundle
adherence. Authors recommended frequent recall and continu-
ous supervision of ICU staffs [59].

Some common obstacles to the implementation of VAP pre-
venting strategies and bundles can be lack of resources, elevated
costs, low levels of knowledge or trust in the evidence-based
recommendations, nursing convenience, and worries about
damages to patients [51].

Lastly, more studies are needed to estimate the effectiveness
of interventions aimed to reduce the utilization of indwelling
devices and the timely reassessment to the early removal [1].
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Take-Home Messages

HAP in ICU can be split into VAP (86%) and non-VAP
(14%).

The Centers for Disease Control and Prevention recently
drafted some new surveillance definitions, introducing a
tiered classification of ventilator-associated events for adult
patients. VAEs include ARDS, pulmonary edema, atelectasis,
and VAP.

VAE algorithm aims to identify different MV complications,
improve surveillance and benchmarking, and reduce the risk
of gaming.

The number of interventions included in the different kinds of
VAP bundles ranges from 4 to 11. Almost all published stud-
ies reported a significant reduction in VAP rates.

There is a potential conflict coming from the absence of evi-
dence of effectiveness about some bundle interventions and
the need to implement them, as sustained by the common
sense (e.g., 30° HOB elevation).

Passive strategies for guideline implementation cannot sus-
tain long-lasting behavioral change, while active strategies
result in higher effectiveness.
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Chapter 11 ®)
Hospital-Acquired s
Catheter-Related Bloodstream
Infection Prevention

Irene Comisso and Alberto Lucchini

11.1 Introduction

Intravascular catheters are widely used in ICU patients, both for
monitoring (central venous pressure, arterial and pulmonary
pressure) and treatment purposes (fluids, blood components,
parenteral nutrition and drug administration, hemodialysis, and
renal replacement therapy). According to a European survey, up
to 70% of patients admitted to ICU undergoes arterial and cen-
tral venous catheterization [1]. Although these devices are con-
sidered fundamental for ICU care, their use and indwelling
remain affected by complications, one over all is infection.
Regardless of hospital ward, central line-associated bloodstream
infections (CLABSIs) account for an excess in variable costs of
33,000 US$ and a fourfold increased risk of death [2].

Throughout the years, infection incidence and prevalence
strongly decreased, especially due to guidelines editing and dis-
semination [3, 4], although it still remains a challenge in some
particular patient categories (onco-ematologic, hemodialyzed,
burned, pediatric, critically ill).
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11.2 Definition and Diagnosis

A bloodstream infection (BSI) defines the recovery of microbial
pathogens due to infection, and it is therefore different from a
sample contamination [5].

Catheter-related bloodstream infection’s (CRBSI) definition
changed over the years, but it is generally assumed that a bacte-
remia deriving with an intravascular catheter (venous, arterial,
umbilical, or pulmonary) defines a CRBSI. A clinical suspicion
for CRBSI can occur in patients with infection signs and symp-
toms (fever, shivering), without other infection localizations.
CRBSI is diagnosed by quantitative culture of catheter tip [5] or
when the same phenotypic microorganism is isolated from an
intravascular catheters and a peripheral blood culture sample
(considering differences in growth) [4]. On the opposite, local
skin infection arises with signs of inflammation (erythema,
swelling), together with purulent secretions at the insertion site.
Culturing the catheter exit-site might reflect the extraluminal
colonization of the catheter, but its routinely use is not recom-
mended [6].

CRBSI is suspected in a patient with an intravascular catheter
presenting systemic inflammation signs and symptoms (such as
fever, chills, hypotension) and without other possible infection
localizations. Central line-associated bloodstream infection
(CLABSI) describes a CRBSI subgroup and is defined as “a
primary BSI in a patient with a central line within the 48 hours
period before the development of the BSI and is not blood-
stream related to an infection at another site” [7] (National
Healthcare Safety Network). CLABSI also includes infections
appearing within 48 h of CVC removal [5].

CRBSI and CLABSI are diagnosed keeping the catheter in
place or culturing the catheter suspected for infection after its
removal [6, 8]. Paired blood cultures (BC) (collected simultane-
ously from peripheral vein and from the intravascular catheter)
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should be obtained whenever a clinical suspicion for CLABSI is
present. CRBSI diagnosis is confirmed when [8, 9]:

— The same microorganism is isolated (meaning both spe-
cies and antibiogram).

— Microbial growth arises at least 2 h earlier in blood
obtained from the CVC.

— The colony-forming units (CFU) are at least threefold
higher in blood obtained from the CVC.

As any diagnostic test, BC are prone to false-negative and
false-positive results. Mean contamination rates (i.e., the ratio
between number of contaminated blood cultures and total
blood cultures [10]) are around 3% [11]. Nurses are usually
responsible for BC drawing. Ahead from general consider-
ations, such as indications for obtaining BC, collection timing
and number of sets collected, and antibiotic neutralization [10,
12], specific healthcare workers’ behaviors have been associ-
ated with BC contamination and its reduction (Table 11.1). At
the same time, as for many other situations requiring high
adherence to a well-defined behavior, education strategies,
feedback provision, dedicated phlebotomy teams, and compli-
ance monitoring have been addressed as contributing to BC
contamination reduction [10].

To date, it is well established that both endoluminal and
extraluminal routes can have an impact on CRBSI occurrence
but at different times: extraluminal route seems to have a heavier
role during catheter insertion and soon after it, while endolumi-
nal routes are more strongly involved in late catheter dwelling
[9, 19].

When a CLABSI is suspected, the differential time to posi-
tivity between centrally and peripherally collected samples can
help in diagnosing, with sensitivity and specificity higher than
90% when a 120-minute cutoff is used [20].

When CRBSI is suspected, a “watchful waiting approach”
[21] can be safely adopted, reducing unnecessary catheter
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Table 11.1 Blood culture contamination sources and reduction strategies

Intervention

Discussion

Skin antisepsis

Sterile gloving

Masks

Rubber sept
disinfection

Number of sets,
proper blood
volume, and
blood
distribution

Irrespective of chosen disinfectant agent
(aqueous povidone iodine, iodine tincture, or
2% chlorhexidine gluconate with 70%
isopropyl alcohol), proper skin antisepsis
conducted by a trained phlebotomist team can
significantly reduce BC contamination (overall
rate 0.76%) [13]

Alcohol provides an immediate antiseptic activity
and can be therefore safely used (both
alone or combined with other agents) to obtain
BCs [14]

When collecting BC, both sterile and clean
gloving have been described. Routine sterile
gloving allows palpation of the venipuncture
site even after skin disinfection, and when
routinely used, it demonstrated a lower
contamination rate compared to its optional
use [15]

Currently, no evidence suggests to wear masks
when collecting BC [10]

Guidelines recommend to disinfect the rubber sept
of BC bottles with 70% isopropyl alcohol [16],
since it may significantly reduce BC
contamination [17]

Current recommendation is to collect 2-3 sets
per episode (i.e., 1 bottle for aerobic and 1
bottle for anaerobic pathogens) to increase
the number of pathogen recovery rate [16].
The amount of growing pathogens is
directly proportional to the blood volume
collected. CLSI guideline recommends
20-30 ml from at least two separate
venipunctures. When a small volume of
blood is available, aerobic bottles should be
inoculated first [16], since anaerobic
bacteremia is rare (5%) and seems to be
have been decreasing [16] during time [18]
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removal and avoiding subsequent complications related to new
vascular catheterization. A prospective observational study
revealed no statistically significant difference in mortality rates
according to decision of, or timing of CVC removal, and irre-
spective of a suspected or confirmed CRBSI [22].

11.3 Epidemiology, Risk Factors, Etiology,
and Pathogenesis

Several surveillance reports investigated CRBSI incidence,
showing different rates through years, countries, and hospitals
within the same country. Different incidences can be related to
patients’ case mix and severity of illness. Nevertheless, one
must consider the role of different microbiologic testing proce-
dures and healthcare workers adherence to samples collection
and storage (pre-analytic phase) in determining different
incidences.

In four European countries’ ICUs, CRBSI incidence rate
ranged between 1.23 and 4.4 per 1000 catheter days [23]. The
NNIS (national nosocomial infection surveillance system)
described varying incidence according to ICU’s type, the high-
est (30.1/1000 catheter days) being recorded for burn units [24].
Arterial catheter-associated bacteremia was found to be 3.4/1000
catheter days [25]. For arterial catheters, the incidence in radial
insertion site was more than double of femoral site (3.8/1000
catheter days vs. 1.65/1000 catheter days) [25, 26]. Pulmonary
artery catheters seem to have a high colonization rate (15.5/1000
catheter day), although bacteremia was not diagnosed during an
observational study [27].

Coagulase-negative staphylococci were found to be the most
common pathogen in catheter-related BSI (arterial, venous, and
pulmonary artery catheter) [25, 26, 28], followed by entero-
cocci, Gram-negative bacilli, and yeasts [5].
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Several factors, including catheter type, frequency and num-
ber of manipulations, and patient’s characteristics, may lead to
increased risk for catheter infection [29]. Evidence suggests that
peripheral venous, arterial, midline, and PICC (peripherally
inserted central venous catheters), as well as tunneled and
totally implantable catheters, are less prone to BSI than central
venous catheters and pulmonary artery catheters. According to
a literature review, major controllable risk factors for CVC-
related BSI include the inserter inexperience, jugular or femoral
vein insertion site, catheter replacement over guidewire, limited
use of sterile barriers, heavy colonization of the insertion site,
hub contamination, and prolonged dwelling (>7 days) [29]. For
pulmonary artery catheters, prolonged (>3 days) catheterization
seems to have a high impact on catheter colonization and infec-
tion [27, 28].

Contamination routes play different roles in increasing the
infection risk during catheter dwelling. In a prospective cohort
study exploring the pathogenesis of CVC-related BSI, 45% of
them were extraluminally acquired, 26% were intraluminal, and
29% had unclear origin [26]. For arterial catheter-related BSI,
63% were acquired extraluminally, 27% were intraluminal, and
9% had indeterminate origin [25]. Definitions used in both stud-
ies are summarized in Table 11.2.

When considering duration of catheter dwelling, endolumi-
nal contamination (by healthcare worker’s hands or skin flora)
seems to be the most common for long-term (>10 days) cathe-
ters, while skin contamination appears as most frequent for

Table 11.2 Contamination routes definition [25, 26]

Extraluminally acquired ~ Only isolates from the skin or catheter

BSI segment coincide with blood cultures
Intraluminally acquired Only isolates from catheter hub or infusate

BSI coincide with blood cultures
Indeterminate route of Both or neither routes of infection can be

CRBSI involved in BSI pathogenesis
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short-term catheters [19, 26]. Rarely, catheter contamination
may occur from hematogenous migration from other sites or
contamination of fluids (including PN and blood components)
or drug incorrect preparation, storage, or management during
administration [5].

Considering routes of colonization, it’s easy to understand
how most frequently contaminating organisms come from
patient’s or healthcare worker’s skin (bacteria, mainly Gram-
negative, or yeasts, mainly Candida spp.).

After accessing the device through its intraluminal or
extraluminal surface, pathogens causing CRBSI adhere to it by
forming a biofilm, in which microorganisms are irreversibly
attached to the catheter’s surface and produce extracellular poly-
meric substances [30]. Biofilm formation is also facilitated by
catheter’s inner surface imperfections or infusate residuals [31].
Biofilm allows bacterial growth and dissemination [26], and
extracellular polymeric substances may have an important role
in antimicrobial resistance [30].

11.4 Common Preventive Strategies

Intravascular catheter management is recognized as a nurse’s
responsibility. Despite this general consideration, diffusing a
safe cathetrs’ management culture within the entire healthcare
workers involved in patients’ care proved to be one of the most
important approaches to significantly reduce catheter-related
complications [32, 33]. The Keystone Intensive Care Unit
Project [34] was developed at Johns Hopkins University School
of Medicine, to implement a group of five evidence-based inter-
ventions (hand washing, full barrier precaution during central
line insertion, skin disinfection with 2% chlorhexidine, femoral
site avoiding, and removing of unnecessary catheters) to reduce
CRBSI. One hundred three ICUs in Michigan provided data
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over an 18-month study period, including over 375.000 catheter
days. During the study period, the incident-rate ratios signifi-
cantly and continuously decreased, from 0.62 at 0-3 months to
0.34 (p < 0.001) at 16—18 months after intervention implemen-
tation. Basing on these successful results, a similar project
(Bacteremia Zero project) was conducted in Spanish ICUs,
leading to an approximative 50% CRBSI risk reduction (95% CI
0.39-0.63) and a statistically significant decrease (median 3.07
vs. 1.12 episodes per 1000 catheter days, p < 0.001) after
16—18 months from implementation [35].

Recommendations for catheter-related infection prevention
are listed in detail in international guidelines [3, 4] and com-
pared in Table 11.3.

11.4.1 General Precautions (Choice of Insertion
Site and Device, Maximal Barrier
Precautions, Skin Disinfection)

Recommendations from international guidelines also provide
indications concerning general behaviors to be adopted before
the catheter is inserted.

Catheter positioning should prefer upper-body sites, since
they are more visible and accessible and generally considered
cleaner than the lower-body ones. For non-tunneled central
venous catheterization in adult patients, it is recommended to
avoid femoral positioning and prefer subclavian vein (unless the
patient needs a hemodialysis device or when medically contra-
indicated). Subclavian insertions have been associated with a
lower risk for colonization when compared with jugular and
femoral accesses, the latter being more prone (especially in
obese patients) to bacterial colonization with subsequent
increase of infection risk. Nonetheless, infection risk represents
only one of several factors guiding the choice for an intravascular
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access site insertion. Healthcare workers should also consider
patient’s comfort and the risk for other complications (such as
bleeding, thrombosis, occlusion) [36, 37]. When choosing a
device, guidelines recommend to select central lines with the
lowest lumen number, in order to reduce possible access ports
for bacteria. In selected situations, antibiotic or silver-coated
catheters might be chosen to reduce the infection risk. In any
case, polytetrafluoroethylene (Teflon) and polyurethane cathe-
ters have shown a significantly lower infectious risk than poly-
urethane and polyvinyl chloride catheters.

Maximum barrier precautions (MBP) (sterile gown and
gloves, cap, and full body drape) should be adopted when a
central venous (including PICC and PAC) or a femoral artery
catheter is placed, or guidewire exchange is performed. Insertion
of a peripheral line does not require sterile gloves, unless a “no-
touch” technique is adopted, while for peripheral artery inser-
tion, cap, mask, and a small fenestrated drape should be used
(although studies suggesting these conclusions are older than 5
years). Moreover, it has to be considered that arterial catheter
colonization incidence did not significantly decrease with MBP
and was similar to the CVC one [4].

Adequate skin preparation is required to reduce skin coloni-
zation (the density of skin flora), since it is considered the most
important factor for CRBSI. When inserting a CVC or an arte-
rial catheter, or anytime catheter dressings are renewed, the skin
should be disinfected with chlorhexidine alcohol-based solu-
tion; other alcoholic or iodine disinfectant can be used when a
peripheral catheter is positioned. A recent RCT demonstrated a
higher power in reducing catheter colonization when using
chlorhexidine compared to povidone and did not confirmed the
need for skin scrubbing prior to skin disinfection [38]. A recent
systematic review highlighted the important action of alcohol
(both alone or combined with chlorhexidine or povidone), in
reducing skin colonization. Particularly, alcohol has an immedi-
ate effect, while chlorhexidine and povidone provide persistent
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activity, with chlorhexidine showing a more prolonged activity,
compared to povidone [14].

11.4.2 Catheter Dressing

Catheter dressing is important for several reasons: it provides a
barrier between the insertion site and external environment; it
helps securing the device to patient’s skin; it provides an oppor-
tunity to evaluate insertion site’s conditions. Insertion site’s
conditions should be reported within clinical documentation
whenever they are inspected, in order to rapidly detect changes
that might suggest an ongoing infection.

Both transparent polyurethane and gauze dressing can be
used, without significant changes in infection rates [39],
although a recent systematic review had showed a significant
increase in CRBSI with transparent dressing application [40]. In
addition to patient’s preferences, the main criteria to guide a
dressing’s choice are related to insertion site evaluation: particu-
larly, when there is bleeding, moisture, and purulent (or leaking)
discharge, an absorbent dressing is recommended (gauze),
while all other conditions suggest to use a transparent dressing,
allowing a most frequent insertion site evaluation.

Transparent dressings should be renewed at least every
7 days (or whenever clinical judgment suggests it as necessary),
while gauze dressings can stay no longer than 2 days and should
be turned to transparent ones as soon as possible. A systematic
review pooled the results of five studies and found no clear evi-
dence to suggest longer (5-15 days) vs. shorter (2-5 days)
dressing interval regimens [41]. In a prospective, single-center
randomized controlled trial, catheter dressings were changed
prior to 7 days when dressings’ edges peeled off, thus inducing
a lower securement and sealing of the catheter [42].

Guidelines [4] suggest to avoid topical use of antibiotic oint-
ments, but choosing local application of chlorhexidine-impregnated
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sponge can be an option when other strategies fail in reducing
CLABSI rates. Moreover, recent guideline updates [43] suggest
the application of chlorhexidine-impregnated gel or sponge dress-
ings to reduce skin and catheter colonization and CRBSI inci-
dence. Despite this, a recent systematic review with meta-analysis
found no statistically significant difference in CRBSI risk reduc-
tion comparing standard polyurethane and chlorhexidine gluco-
nate-impregnated dressings [39].

11.4.3 Lines Replacement

Lines are connected to a central catheter hub for different pur-
poses (administration of fluids, blood components, drugs, and
total parenteral nutrition). Safety precautions are adopted to
avoid common complications, such as interactions between
molecules, catheter kinking, and occlusion. Periodic line
replacement is required to avoid internal colonization, which
might occur mainly when accessing and manipulating hubs.
During the last two decades, several studies investigated the
optimal frequency for line replacement, providing changes
over time. Guidelines suggest to replace administration sets
(used continuously) not earlier than 96 h but at least every
7 days for fluids and drugs [4, 44]. A recent retrospective
observational study found no statistically significant differ-
ence in CRBSI occurrence between central venous and arterial
catheters, and a significantly decreased incidence for pulmo-
nary artery catheters with a 7-day interval replacement, thus
suggesting that an increased interval is safe and may lead to
cost reduction [45].

Adjunctive considerations concern blood and blood prod-
ucts, and fat emulsions, for which the administration set substi-
tution should be provided 24 h after the infusion starts. Propofol
sets should be changed every 6-12 h, in accordance to manufac-
turer indications [3, 4].
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Total parenteral nutrition (TPN) represents the only alterna-
tive to administer nutrients when oral assumption or enteral
nutrition (EN) is contraindicated. Current nutritional guidelines
[46] suggest to avoid TPN in the first 7 ICU days, in the absence
of preexisting malnutrition. BSI can reach high rates (up to 39%)
[47] in patients receiving parenteral nutrition (PN). PN has been
recognized as an independent factor for BSI. Particularly, multi-
chamber bags showed a significantly lower risk for BST when
compared to compounding PN (both outsourced and pharmacy-
prepared). Furthermore, increasing PN-days was associated with
increased BSI risk [48]. Lipids are an optimal support for bacte-
rial growth [49]. Interestingly, their role in increasing the risk for
BSI has been recently reconsidered in a retrospective observa-
tional study, where similar BSI incidence in patients receiving
premixed PN with or without lipids, after adjusting for the poorer
health status of patients receiving PN with lipids [50], was found.
Improved catheter care has also been recognized as a factor that
may have reduced CRBSI associated with the use of PN [51].

11.4.4 Hubs Management

Catheter hubs are recognized as a source of contamination and
therefore of possible infection development. As a general precau-
tion, the number of catheter accesses should be reduced as much
as possible, and a closed system (through a diaphragm) should be
preferred to open ones (through a stopcock). Whenever accessing
a catheter, hand hygiene with water and soap or with an alcoholic
solution is recommended. Hub disinfection and scrubbing (with
gauze and alcoholic solution) or alcohol-impregnated pads)
reduces bacterial density and is therefore recommended by inter-
national guidelines [4], with a minimum recommended contact
time of at least 5 s [52-54]. Nonetheless, recent systematic review
highlighted the paucity of well-conducted randomized controlled
trials.



294 I. Comisso and A. Lucchini
11.4.4.1 Use of Needleless Devices

Stopcocks are widely used to increase hub number available for
fluid and drug administration, in addition to blood samples col-
lection. Needleless systems allow access to a catheter or an
infusion line, without the use of needles, thus avoiding the
needlestick injury risk for healthcare workers. Needleless con-
nectors have different characteristics; particularly, simple con-
nectors don’t have internal moving parts, while complex
connectors allow fluid flow by the presence of mechanical
components (valves). In turn, fluid displacement within the con-
nector is described as positive, negative, or neutral. Positive
displacement connectors are provided with a fluid reservoir that
avoids blood reflux when the administration set is disconnected.
Negative displacement connectors allow blood to reflux and to
be pulled back when they (or the administration sets) are con-
nected or disconnected. Neutral displacements connectors pre-
vent blood from moving into the catheter lumen upon connection
or disconnection [55]. Precautions suggested for hub manage-
ment can also be applied to needleless connectors. Needleless
devices should be changed together with infusion lines. Several
studies investigated the effectiveness of these devices in reduc-
ing hub, line, and catheter contamination, with conflicting
results. Particularly, mechanical valve connectors are associated
with a higher infection risk compared to split-septum devices.
Adequate disinfection time and scrubbing appear as the most
relevant factors in contamination reduction, although a defini-
tive consensus about the best scrubbing time (described as rang-
ing between 5 and 60 s) has not been reached [56]. Isopropyl
alcohol has a dehydration action on bacterial cells and therefore
acts immediately after its application, while alcoholic chlorhexi-
dine has a more sustained effect and performs better than povi-
done iodine or sodium hypochlorite [57]. The combination of
both agents showed superior effect when compared to a single-
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agent action. Furthermore, user expertise and knowledges about
connector management relate with contamination and infection
outbreak, underlining the need for adequate staff education.
Recently, antiseptic-barrier caps have been introduced in the
market. These plastic caps are placed over the needleless con-
nectors after use, remain in place until next access, and contain
a 70% isopropyl alcohol-impregnated sponge. Their purpose is
both mechanical, protecting hubs from environmental contami-
nation, and antimicrobial, providing a considerable reduction of
microorganisms’ density on connector’s surface. Disinfection
caps have been studied on hematology-oncology patients, dem-
onstrating a significant reduction in CLABSI rates among high-
risk oncology patients [58]. Interestingly, a significant reduction
in BC contamination rates was also observed.

11.5 Selected Preventive Strategies

Some adjunctive intervention can be acted to maximize the
infection prevention. Compared to standard interventions, an
accurate evaluation of risks and benefits (with cost-effectiveness
perspective) and patient selection are required.

11.5.1 Lock Therapy

In selected patients (premature neonates; hemodialysis, neutro-
penic patients), the injection of antimicrobial solutions (single
or associated molecules) through the catheter lumen and their
further lock and dwelling have been used to reduce internal
colonization. The rate of CRBSI significantly decreased in
hemodialysis and pediatric oncology patients, whose catheters
were locked with antibiotics. Lock therapy seems to have a
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greater preventive effect than catheter flushing alone, and for
certain molecules (such as trisodium citrate), collateral effects
due to rapid injection of a great amount of solution are avoided.
At the same time, lock therapy impedes a lumen access for the
entire lock duration, thus requiring accessory devices position-
ing, or, when possible, delaying drug administration.

11.5.2 Antimicrobial and Antiseptic-Impregnated
Catheters

Using impregnated or coated catheters should be designated
to selected situations, mainly when education, the use of
maximal barrier precautions, and skin antisepsis with
chlorhexidine prior to catheter insertion do not result in a
concrete CLABSI rate reduction. Disinfectants used to coat
catheters (silver/sulfadiazine or platinum/silver, the latter
only available in US market) are applied both on the external
and internal surface and allow a prolonged release of such
molecules. These devices showed a consistent reduction in
CLABSI rates compared to standard catheters. Similarly,
antimicrobial-coated catheters (minocycline/rifampin) proved
a consistent effectiveness in reducing infection rates. A
recently published systematic review [59] confirmed a signifi-
cant reduction of CRBSI and catheter colonization rates using
impregnated CVCs, particularly in ICU patients. In ICU
patients, minocycline/rifampin CVCs have shown a signifi-
cant CLABSI rate reduction compared to chlorhexidine/sulfa-
diazine CVCS [60]. Although their costs are significantly
higher than the ones of a standard catheter, the real dwelling
cost results reduced, due to infections rates decrease.
Nonetheless, the decision to apply this kind of device should
be weighed with considerations about general CLABSI rates,
supposed dwelling time, and possible patient reactions to
antimicrobials and disinfectants agents.
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11.6 The Role of Bundles and Protocols

A bundle consists in a small group (3-5) of evidence-based rec-
ommendations, aiming to provide patients with similar problems
or risks the best available care. According to the IHI (Institute for
Healthcare Improvement), CVC bundles consist in five indica-
tions (hand hygiene, maximal barrier precautions, chlorhexidine
skin antisepsis, optimal catheter site selection, daily review of line
necessity), which might be integrated with other scientific recom-
mendations [61]. Bundle adoption significantly reduced CLABSI
rate in an emergency department [62], but experiences in ICU
patients may differ between countries and patients (adults vs.
pediatrics) [63]. Some [64, 65] also introduced bundle inherent
catheter insertion, with promising results in CLABSI reduction.

Take-Home Messages

e Intravascular catheter-associated infections are threatening
for ICU patients and account for increases in patient LOS,
morbidity and mortality, and healthcare costs.

e Prevention still remains the best way to control catheter-
related infections.

e Although evidence-based recommendations are widely dis-
seminated and adopted, decisions about catheter manage-
ment should always be personalized on patient conditions
and weighted on staff and environmental resources.

e Provision of continuous education helps healthcare workers
to update knowledges. Epidemiological surveillance keeps
the attention on incidence and emerging resistance.
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Chapter 12 ®)
Catheter-Acquired Urinary e
Tract Infections

Irene Comisso and Alberto Lucchini

12.1 Introduction

Indwelling bladder catheters are widely used on intensive care
unit (ICU) patients to monitor hourly urine output, thus allow-
ing prompt identification and treatment of potentially life-
threatening situations. As for other invasive procedures, bladder
catheterization is prone to several complications, such as infec-
tions. In the United States, catheter-acquired urinary tract infec-
tions (CAUTIs) are considered a “never event,” which means
they are preventable and require creation and implementation of
prevention programs [l]. In-hospital patients are frequently
catheterized (15-25%), but catheterization is often unappropri-
ated, and a survey [2] demonstrated that a high percentage of
catheterized patients so as duration and discontinuation of the
catheterization are not monitored. Urinary catheterization is
frequent both in hospital and community settings (including
patient’s home), and a 30-day cutoff is used to differentiate
between short- and long-term (or chronic) catheterization [3].
Guidelines suggest to adopt different approaches for insertion
and management of urinary catheter (UC) according to the
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context where the procedure is performed. This chapter will
only consider interventions related to acute settings. Although
CAUTIs have a strong impact on hospitalized patients’ out-
comes, studies concerning the prevention of this problem are
generally affected by poor-quality evidences and methodologi-
cal issues. Therefore several research questions remain
unresolved.

12.2 Definition

In 2009, the National Healthcare Safety Network (that refers to
CDC safety surveillance system) narrowed the CAUTI defini-
tion (Patient Safety Component Manual) [4], excluding asymp-
tomatic bacteriuria. CAUTISs are currently defined as “infections
involving the urinary tract (including kidney) that develop in a
person with an indwelling UC, thus not including Urinary Tract
Infections (UTIs) developing when an alternative urinary drain-
age system (intermittent catheterization or external catheters) is
adopted.” The Infectious Diseases Society of America guide-
lines defined CAUTI as “the presence of symptoms or signs
compatible with UTI with no other identified source along with
>10° colony-forming units/mL...” with the symptoms and signs
including ““...new onset or worsening of fever, rigors, altered
mental status, malaise, or lethargy with no other identified
cause; flank pain; costovertebral angle tenderness; acute hema-
turia; pelvic discomfort...” [3]. According to CDC reports,
CAUTIs are the most common (30%) type of healthcare-
associated infections and are related to an increase in morbidity
(as leading cause of secondary bloodstream infection, increased
length of stay, costs, and antimicrobial use) and mortality (esti-
mated 13,000 attributable deaths annually) [5].

Several definitions have been used from researchers when
analyzing CAUTIs’ incidence. It is fundamental to consider that
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a large portion of catheterized patients develops asymptomatic
bacteriuria (ASB), a condition not requiring antimicrobial treat-
ment, which, on the opposite, may lead to selection of resistant
germs. ASB might evolve in a symptomatic UTI (SUTI). The
recent changes in CAUTI definition provided by CDC substan-
tially decreased CAUTI rates [6], since positive urine cultures
were deemed as CAUTIs only when the patient was symptom-
atic or a bacteremia was present.

12.3 Epidemiology and Risk Factors

As for other infections, the incidence of CAUTIs widely varies
between countries and hospitals, even according to resources’
availability. It is estimated that in the United States, CAUTIs
account for 36% of all hospital-acquired infections (HAIs) [7],
and surveillance programs showed UTI as the most frequent
infections in critically ill patients [8]. Recent data [9] confirmed
that CAUTIs represent 23% of HAIs in ICU. Nonetheless, sur-
veillance and educational programs seem to reduce CAUTI
incidence only in non-ICU patients, while in critical care set-
tings, incidence revealed an increasing trend from 2009, even if
CAUTI definition change, and catheter use did not decrease
[10].

CAUTIs are considered the leading cause of secondary
acquired bacteremia, with an associated mortality of approxi-
mately 10%. In a cohort study, 21% of bloodstream infections
derived from urinary infection [11]. ICU patients show different
CAUTI rates, depending on ICU specialty (more frequent in
burn and neurosurgical ICU) [12].

General risk factors indicate catheterization duration as the
main responsible for CAUTI, since daily risk of bacteriuria
acquisition when an indwelling catheter is in situ is of 3-7% [3].
While it is widely recognized that women have a greater risk for



308 I. Comisso and A. Lucchini

UTI, a recent case-control study highlighted a higher predispo-
sition for men. In fact they are more likely to develop urinary
tract-related bloodstream infections [13]. In ICU patients,
female gender (hazard ratio—HR 2.67, 95% CI 1.03-6.91; p
0.043) and duration of urinary catheterization (HR 1.07 (per
day), 95% CI 1.01-1.13; p 0.019) were identified as risk factors
for CAUTTI acquisition alone [14]. Other independent risk fac-
tors identified in patients with other nosocomial infections are
the presence of immune suppression and previous antibiotic
usage [14]. In specific ICU populations (neurosurgery, cardiac
surgery), CAUTI risk was significantly increased by older age,
blood sugar >200 mg/dl, anemia requiring transfusion [15],
cardiogenic shock, urgent or emergent surgery, and intensive
care unit length of stay [16].

12.4 Pathogenesis and Diagnosis

Microorganisms generating CAUTIs can be endogenous (from
rectal, vaginal, or meatal colonization) or exogenous (from profes-
sionals’ contaminated hands). CAUTI onset can be both intra- and
extraluminal [17]. Intraluminal onset may derive from a contami-
nation of the collection bag and subsequent ascension into the
bladder due to reflux, or an outbreak in closed drainage system,
allowing germs to proceed along the internal lumen of the catheter.
In extraluminal onset, the catheter can be contaminated during its
insertion because of lack of asepsis or by capillary action (migra-
tion along the outer wall of the catheter) [17]. Subsequently, bio-
film formation occurs and develops both intraluminally and
extraluminally during the catheter’s indwelling [17].

A recent retrospective study identified yeasts as the most
frequent pathogens isolated in CAUTI (50%). Other isolated
pathogens were E. coli (18%), Enterococcus spp. (12%), and
Pseudomonas spp. (6%) [18]. In chronic catheterizations,
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Proteus mirabilis is often isolated (up to 40% of collected
samples). Its biofilm is more copious and persistent than the one
of other microorganisms. A crystalline biofilm is characteristic
for urease-producing microorganisms (Proteus mirabilis,
Pseudomonas aeruginosa, Klebsiella pneumoniae), leading to
catheter’s obstruction [19].

According to recently published definitions, CAUTI is diag-
nosed when [4]:

— An indwelling UC had been in place for at least 2 days on
the date of the event (and was present on the date of the
event or removed the day before it).

— Fever, suprapubic tenderness, and costovertebral pain or
tenderness are present.

— Positive urine culture with no more than two species or
organisms, one of which is a bacterium of >10° colony-
forming unit (CFU).

Collection of urine specimens in a catheterized patient
should be obtained aseptically through the catheter port. In
chronically catheterized patients, urine specimens should be
obtained after a new catheter is placed [3]. Recently, a survey
reported that a considerable proportion of the interviewed
nurses collected urine cultures from the urine bag (17%), or
observed others acting this practice (41.6%), thus leading to a
higher risk of sample contamination or irrelevant germs isola-
tion and highlighting the need for knowledge assessment and
dissemination and periodic audits [20].

12.5 Prevention

Although CAUTI has a strong impact on ICU patients’ morbid-
ity and mortality, and subsequently on global care costs, CDC
guidelines were only recently updated [21], almost 30 years
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after the previous document [22]. During this long period, sev-
eral societies and healthcare institutions developed guidelines to
prevent CAUTI [23-26], and a recent review highlighted a sub-
stantial agreement within provided indications [27]. A further
update of epic guidelines has also been released [28].

Listed below are interventions to prevent CAUTI, refer to the
CDC guideline [21].

CAUTTI’s prevention is based on appropriate selection of
patients undergoing catheterization. Particularly, catheterization
should be considered when urinary retention or obstruction
occurs or in case of prolonged immobilization. In critically ill
and high-risk surgical patients, accurate assessment of hourly
urine output remains an indication for permanent bladder cath-
eter insertion [27], as it represents a tool to assess kidney perfu-
sion and to manage fluid balance. For this reason, suggested
alternatives to indwelling catheterization (such as intermittent
catheterization or external catheters) are not applicable in ICU
patients. In critically ill patients, bladder catheterization also
can allow continuous monitoring of inner temperature (using a
thermistor) or measurement of intra-abdominal pressure (IAP),
although such maneuvers do not represent an indication for
catheterization reported from guidelines.

On the other hand, catheterization should not be considered
an intervention to manage urinary incontinence nor retention. In
this case, other management strategies, such as intermittent
catheterization, should be adopted.

Insertion of a bladder catheter in acute care settings requires
the adoption of aseptic technique (including maximum barrier
precautions) and sterile equipment. Prior to catheter insertion,
adequate meatal hygiene is suggested, although no strong evi-
dence is available concerning the best product for this practice
(normal saline or a disinfectant agent). Concerning catheter’s
choice, researches comparing different catheter types are lack-
ing, and results remain controversial [29]. Optimal catheter’s
characteristics should match retention systems together with
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reduced, or ideally cancelled, irritation, inflammation, or physi-
cal damage to the epithelium [30]. When considering resistance
to kinking and flow rates, silicone catheters showed better
in vitro performance compared to latex ones [31] and should be
therefore preferred. In adjunction, in a prospective observational
study, pure silicone catheters led to significantly lower bacterial
colonization (p = 0.03) and biofilm formation (p = 0.02) com-
pared to silicone-coated latex ones [32].

After catheter’s insertion, one of the most important behav-
iors concerns maintenance of a closed drainage system (to avoid
bacterial access) and of unobstructed urine flow (to avoid bacte-
rial proliferation). Catheter’s bag should always be positioned
below the level of the bladder, avoiding contact with the floor.

As for other invasive devices, handwashing and use of non-
sterile gloves are suggested whenever the catheter or the collec-
tion system is manipulated. Hygiene practices in catheterized
patients do not require application of antiseptic soaps nor lubri-
cants, and a recent RCT [33] demonstrated no significant reduc-
tion in CAUTI rates with chlorhexidine baths. Catheters should
be properly ensured to the patient’s leg, to avoid movements and
secondary urethral and bladder trauma, thus increasing the risk
of CAUTI [34].

UCs can be antiseptic-coated or antimicrobial-impregnated.
Some studies evaluated the effects of these catheters on CAUTI
reduction, also considering secondary endpoints such as asymp-
tomatic bacteriuria, cost reduction, and patients’ discomfort,
reporting different results. A recently, published systematic
review [35] found no substantial benefit regarding infection
incidence when these catheters are used, although a small reduc-
tion in CAUTI incidence can be observed when nitrofurazone
catheters are inserted, although more patients reported pain
when catheters were in situ and after they were removed. These
considerations suggest that no recommendations can be done
regarding special UCs’ insertion, and further research will be
necessary to clarify their effect in CAUTI incidence reduction.
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Ahead from those abovementioned, no routine interventions
(such as catheter or collection bag changing, bladder irrigation,
systemic and bladder antimicrobial administration) are recom-
mended to prevent CAUTISs.

Bundles’ implementation relates with a significant reduction
in CAUTI incidence. The UC bundle includes the following five
interventions [36]:

— Perform hand hygiene before insertion and manipulation
of UC.

— Keep collection bag lower than the bladder level.

— Maintain unobstructed urine flow.

— Empty collecting bag regularly and avoid allowing the
draining spigot to touch the collection catheter.

— Monitor CAUTIs using standardized criteria to identify
patients with CAUTIs and to collect UC days as
denominators.

Three larger studies [36-38] demonstrated a significant
reduction in CAUTI rates after bundles’ implementation. Ahead
from bundles, other described interventions included the use of
silver hydrogel UC and daily reminders to physicians to remove
unnecessary catheters [39].

Both guidelines and observational before-after studies recom-
mend the implementation of simple and not expensive interven-
tions; in ICU patients, these interventions are mainly centered on
daily evaluation of catheter’s need and reminders to remove
those no longer necessary [39]. Care interventions only concern
the meatal hygiene and correct maintenance of the collection bag
and closed collection system [39].

Take-Home Messages

— CAUTIs are increasing in ICU populations, even if
improvement programs have been implemented.

— CAUTIs are a challenging problem, relating to patients’
morbidity and mortality, but often underestimated.
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— Simple and inexpensive interventions can significantly
reduce CAUTI incidence.

— Education programs and surveillance should be imple-
mented among care settings.
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Chapter 13 )
Venous Thromboembolism e
Prevention and Prophylaxis

Matteo Manici, Giacomo Alemanno,
and Magherita I. Nuzzacco

13.1 Introduction

Venous thromboembolism (VTE) is one of the most common
complications for an intensive care inpatient. Primary thrombo-
prophylaxis reduces the morbidity and mortality associated with
deep vein thrombosis (DVT) and pulmonary embolism (PE).
For those patients not receiving an adequate VTE prophylaxis,
the incidence of DVT is 10-28% [1], and the incidence of PE is
7-27% [2]. The risk increases depending on the age, the weight,
and a previous history of thromboembolic disease. The inci-
dence could increase up to 85% if including the asymptomatic
ones [3].

Base principles of VTE were known since the half eighth
century. Virchow discussed about a “triad” made of vessel endo-
thelial alterations, hematic flow stasis, and hypercoagulability:
those three components are often present in critically ill patients
[4, 5].

Nowadays the knowledge has enormously increased, but the
adherence in the application of the two main guidelines [6, 7] is
not satisfactory yet. In particular, with regard to the American

© Springer International Publishing AG, part of Springer Nature 2018 317
1. Comisso et al., Nursing in Critical Care Setting,
https://doi.org/10.1007/978-3-319-50559-6_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-50559-6_13&domain=pdf

318 M. Manici et al.

College of Chest Physicians (ACCP) guidelines [7], on its ninth
edition now, the adherence hasn’t improved over time even
though, according to these recommendations, the decrease in
percentage of the patient receiving VTE prophylaxis is quite
significant, and this is true especially if it concerns an ambula-
tory environment (in a hospital environment, results seem to be
better) [3].

Patients receiving intensive cares could be divided into groups
according to their disease process:

e Acute illness with organ failure

e Need for higher level of observation and intervention

e After complex or prolonged surgery in need of prompt
detection/management of complications

* End-of-life patients, with ongoing organ donation process

Inflammatory response to the physical stress, decreased
mobilization, and intravascular devices increase the VTE
risk.

For example, vasodilatation occurring during surgical proce-
dures reduces the veins’ hematic flow, causing venous stasis.
Venous dilatation could lead to endothelial stretching that causes
a tunica intima distress, resulting in an activation of platelets,
coagulation factors, and other thrombogenic products related to
tissue damage. Those factors, combined with traumatic surgical
procedures and postoperative immobility, increase the risk to
develop a thrombus in the veins [8].

At the same time, an increased bleeding risk (either because
of a coagulopathy or as a consequence of illness or because of
surgical procedure) could be present [6].

It is therefore necessary to get a good balance between the
thromboembolic risk and the higher risk of bleeding. It is up to
the Medical staff then to frequently assess those risks and con-
sider the best VTE prophylaxis for each patient.
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13.2 VTE Prevention

On the grounds of the above, the thromboembolic risk preven-
tion could be made with medications, through a mechanical
way, or, more often, with a combination of those.

Table 13.1 summarizes some recommendations for VTE
prophylaxis in critically ill patient, adapted from AACP guide-
lines [7]. The pharmacological and physical therapies represent
a continuum of care led according to patient’s characteristics,
past and current medical history, surgical and traumatological
condition, bleeding risk, and contraindications to both ways of
proceeding.

13.2.1 Pharmacological Prophylaxis

Pharmacological VTE prophylaxis could be made with low-
dose ultrafractionated heparin (UFH), low-molecular-weight
heparin (LMWH), fondaparinux (selective inhibitor of factor
Xa), and oral vitamin K antagonist, chosen according to
patient’s risk. The right medication choice is not going to be
discussed as it is not part of the purpose of this book.

On the contrary, the right administration of the prescribed
therapies is part of the nurse professional’s purpose to whom this
book is addressed. In particular, the nurse while administering
medications is responsible in preventing errors, so he is respon-
sible for checking prescriptions, dispensary/medicine supply,
and therapy administration and for monitoring the patient after-
ward [10]. Monitoring has to be carried out with particular atten-
tion as it needs to detect signs and symptoms of VTE (pain,
redness, swollen legs, alterations of the breath and saturation, or
the skin color) and of bleeding (external, visible internal, or not
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visible internal bleeding, anemia, and signs of hemorrhagic
shock). According to the kind of treatment and to the renal
function, it is also necessary to check the full blood count and
the coagulation blood tests, adding the anti-factor Xa assay
when in treatment with LMWH (it is advisable to sample the
patient at peak activity, from 3 to 5 h after the subcutaneous
administration) [11].

UFH is administered intravenously; vitamin K antagonist
requires oral administration, but it will not be discussed in this
book.

LMWH and fondaparinux are administered subcutaneously;
indications about prevention of bruise, hematoma, and pain in
the injection site include:

e Lower abdomen is the eligible site. If this is not available,
choose between the proximal area of the arm where the del-
toid muscle is situated and area above the gluteus or the
thigh.

 Inspect the injection for presence of lumps or pain and hygienic
conditions.

e Carry out an antiseptic cleaning of the injection area.

e Use 25-27 gauge needles.

e Keep the air bubble into the syringe (when the syringe is in
vertical position ready to inject, the bubble has to be close to
the plunger tip).

e Insert the needle into the skin with an angle of 90° with a
procedure less traumatic as possible.

e Avoid lesser maneuver (aspirate before injection when needle
is in the skin).

* Keep pinching the skin while injecting the medication.

e Administer the medication slowly (30 s at least), and wait
until the air bubble pushes the medication out of the
needle.

¢ Once the needle is out, put some pressure on the site of injec-
tion, without rubbing [12].
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13.2.2 Mechanical Prevention

Leading researches over the last three decades have shown that
graduated compression stockings (GCSs), used alone or in com-
bination with other external compression devices or medica-
tions, significantly reduce the DVT risk in surgical patients [13].

Mechanical prophylaxis is made by graduated compression
stockings or pneumatic compression devices, aiming to reduce
venous stasis.

13.2.2.1 Graduated Compression Stockings

GCSs are not simply elastic socks. They have been designed based
on research studies trying to find the perfect balance between
graduated compression, which helps the hematic flow, and the
thrombosis risk reduction [13].

When correctly applied, GCSs speed the hematic flow up,
reduce the risk of venous wall dilatation, improve the venous
valve functionality, and could reduce the blood aggregation, lead-
ing to VTE risk reduction [13].

Since 1975, the compression stockings profile has been estab-
lished, denominated as “the Sigel profile,” which is about § mmHg
at the ankle, 14 mmHg at the mid-calf, and 8 mmHg at the upper
thigh, subsequently validated by other authors [14, 15], as shown
in Fig. 13.1.

A recent Cochrane review highlighted that GCSs are effec-
tive in reducing the DVT risk in hospital inpatient, with strong
evidence regarding their use in general and orthopedic surgery.
The evidence of their effectiveness in medical patients is based
on a single trial [16]. However, CLOTS1 study [17] conducted
on acute-stroke inpatients hasn’t demonstrated the same effec-
tiveness. Therefore, benefits of GCSs combined with pharmaco-
logical prophylaxis in surgical patients are not clear [18].
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GCSs are contraindicated in patients with peripheral vascular
disease, arteriosclerosis, severe peripheral neuropathy, massive
leg or pulmonary edema, edema secondary to congestive cardiac
failure, local skin/soft tissue diseases such as recent skin graft or
dermatitis, extreme deformity of the leg, gangrenous limb,
Doppler pressure index <0.8, and gross limb cellulitis [19].

GCSs are produced in two lengths: thigh-length (TL) and
knee-length (KL) stockings (Fig. 13.1).

The authors of a recent Cochrane review have considered the
role of KL and TL in thromboprophylaxis in a postoperative
patient group. No significant difference between the two groups
has emerged. The heterogeneity and the small amount of pri-
mary studies suggest prudence regarding which one is the most
effective in reducing DVT incidence [20].

The JBI [19] suggests that surgical patients should wear
TL-GCSs from admission until they get back to their normal
mobility, if those are not contraindicated. If the full length of the
stockings is unsuitable because of thigh shape, the alternative is
KL. Patients need to be encouraged to wear GCSs until they are
back to their normal mobility.

Some authors indicate that nurses prefer KL and that they
often use those, if not prescribed otherwise [13]. If TL are pre-
scribed, but patients don’t tolerate them, nurses put KL on or
they lower TL down till the knee (even if this is not a correct
procedure as the “Sigel profile” parameters are altered).

It is also important to guarantee that the stockings are cor-
rectly applied and worn and that the patient’s skin and perfusion
are monitored. To ensure a correct measurement and application
of the stockings, manufacturer instructions should be followed.
The measurement of the legs and of the sock size should be
documented to keep a record and monitor the patient’s leg size,
to easily detect swelling. The most common complications are
caused by sitting for a long period and by tourniquet effect made
by multiple sock layers, which often produce an extended leg
swelling. After application, the stockings need to be frequently
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checked to ensure that they are worn in the right way and that
there are no wrinkles or folds along the length of the leg, espe-
cially in presence of leg swelling (the increase by 5 cm of the
leg circumference could double the pressure applied by the
stocking) [19].

The skin care is also important while wearing GCSs for a
period of time. The stockings should be removed to assess skin
condition and give appropriate hygienic care. There is no evi-
dence about how often the legs need to be cleaned, but accord-
ing to the experts, the skin should be inspected at least once a
day. More frequent checks could be necessary in presence of
particular skin conditions. Feet and legs need to be properly
dried before putting the stockings on. Perfusion should be regu-
larly checked, also through the GCSs inspection hole.

It’s important that all the healthcare professionals that apply
GCSs or teach the patients to do so are trained about how to put
the stockings on and manage them, the reason why they are
important, and the risks derived from a wrong use of those [19].

13.2.2.2 Intermittent Pneumatic Compression Systems

The use of intermittent pneumatic compression (IPC) systems
had been described since 1934 from Reid and Hermann that
proposed an archetype of the new alternating compression-
decompression system, which they called “PAVEX” (passive
vascular exercises), aiming to treat several kinds of lower limbs’
arterial diseases [21].

The IPC is a therapeutic technique used in medical devices
that consists of an inflatable sleeve wrapped around the calf
(depending on the model, it could also be around the thigh and
the foot) and an electrical pneumatic pump that inflates the
sleeves with air, aiming to squeeze and push the blood in a cen-
tripetal way. The system’s success presumes functioning venous
valve. When the cuff inflates, the arteries are squeezed, and the
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blood flow is pushed forward; therefore, when the cuff deflates,
it refills the veins, which in turn had been previously squeezed
and emptied too [22]. Nowadays its main use is DVT preven-
tion, but it can also be used in the treatment of venous ulcer,
lymphedema, venous insufficiency, and other lower limb
diseases.

There are several ways of applying IPC, using single or mul-
tiple chamber (also called as bladders) or using different kind of
pumps, different compression cycles, or different inflation-
deflation rates (Table 13.2). An example of IPC functioning
could be the single posterior bladder designed for inflating
uniformly at 40 mmHg (or at any pressure the operator sets it at)

Table 13.2 Types of IPC [21]

Characteristics Descriptions
Compression e Circumferential bladder (encompasses the
garments whole limb)

 Non-circumferential bladder (only
compresses along part of the limb

circumference)
Location of air * Thigh, calf, or foot compression
bladder — Or combination of these sites
— Or the whole limb
Pump pressure * Uniform compression (a single pressure
cycles applied to all parts of the limb under

compression simultaneously)

* Sequential compression (a single pressure
applied to parts of the limb in sequence,
with multiple bladders)

» Graded sequential compression (a gradient
of pressure produced by inflating each
bladder to different pressures)

Cycle length * Duration of inflation time and deflation time

* Different cycling model such as automatic
cycling devices (sequential compression
device response compression system)

* Constant cycling devices
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in a cycle of 60 s (12 s for inflation, 48 s for deflation). The most
common devices are often set up in a sequential way, starting
from the ankle chambers inflated at 45-50 mmHg, following the
calf one at 35 mmHg, and then the thigh one at 30 mmHg [21].

In any case, the IPC compressive strength is able to stimulate
the systemic fibrinolytic ability and other circulation biochemi-
cal mechanisms able to reduce DVT (Fig. 13.2).

The thrombosis mechanical prophylaxis instruments are
often used in the clinical practice. They are applied, monitored,
and under the supervision of nurses and other healthcare provid-
ers [23]. It is strongly recommended to apply those devices in
the right way and keep them continuously on (unless taken off
for washing or for limbs assessment) [7, 24].

According to a study led by Elpern [23], for the 47% of
cases, mistakes in IPC application are due to incorrect sleeve
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Fig. 13.2 Mechanical effects of pneumatic compression on a vein or
artery. The pneumatic compression increases intravascular flow, shear, and
compressive strain on endothelial cells with the resulting release of many
biochemical mediators
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position, closing strap being worn and torn, and rotation along
the leg axis. The author suggests that, with the aim of improv-
ing in applying IPC, it could be necessary to run some teaching
sessions about how the mechanical thrombus prophylaxis
works and about crucial moments during the application of
this. Moreover, it could be useful to develop standard proce-
dures that are evidence based and audit to evaluate the quality
of the process [23].

13.3 Nursing Practice in VTE Prevention

The American Association of Critical-Care Nurses has pub-
lished a “practice alert” regarding the VTE prevention [24],
suggesting to assess the thromboembolic risk for all the
patients on admission in ICU. It is necessary to mobilize the
patient as soon as possible, reducing the number of immobile
patients due to treatment reasons (because of pain, sedation,
paralyzing agents, MV). It is also suggested to ensure the
devices are correctly assembled and in good working condi-
tion all the time, except when removed during cleaning or
skin inspection. Nurses should guarantee VTE prophylaxis
policy availability, properly communicate with the patient,
make sure that trainings and a regular assessment process
exist about the correct use of mechanical prophylaxis devices,
ensure to hand over those information to the ward the patient
will go to after ICU discharge, guarantee the continuum of
care, as well as monitor outcomes and compliance of the staff
to the VTE policy.

In the English NICE guidelines of 2010 [6] there is a sum-
mary of the nursing cares, such as early mobilization, physio-
therapy, and hydration, as shown in Table 13.3.
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Table 13.3 Nursing care for reducing the risk of venous thromboembolism

(outlined by NICE guidelines) [6]
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Strong clinical

Recommendation Concept evidence
Early * Immobility and lack of No RCTs
mobilization exercise as risk factors for
and leg VTE (decreasing linear
exercises velocity of the blood,

Leg elevation

Hydration

dilatation of the veins)
Early mobilization
prevents stasis and reduces
subsequent risk of thrombi
formation

Leg exercises are a safe
and effective method of
increasing venous return
to the heart, by particularly
contracting the calf muscle
pump, compressing the
deep leg veins, and, with
the aid of the venous
valves, moving blood flow
toward the heart

Leg elevation has a dual
physiological effect: it
reduces limb swelling and
promotes venous return by
its gravitational effect

It is believed that
dehydration predisposes to
venous thromboembolism.
There is a strong
association between
dehydration after acute
ischemic stroke and

VTE. Allowing a patient
to become dehydrated
during surgery may also
be associated with VTE

No significant
difference was
found between
leg elevation
and no leg
elevation
(RR =1.08,
95% CI1 0.35 to
3.40, one study)

Intravenous saline
vs water by
mouth
associated with
a significantly
higher number
of DVT events
(RR =4.50,
95% CI
1.06-19.11,
one study)
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Chapter 14 )
Hospital-Acquired Injuries: s
Device-Related Pressure Ulcers,
Falls, and Restraints

Stefano Bambi

14.1 Introduction

Since quality indicators in healthcare systems are mainly ori-
ented to the patients’ safety area, lots of public and private
institutes have promoted selected groups of outcome indicators.
In the critical and intensive care settings, the outcome indicators
should focus primarily on [1-4]:

* Reporting and analysis of standardized mortality ratio

e ICU readmission rate within 48 h from ICU discharge

e CVC-related bloodstream infection and VAP rate

* Rate of unplanned extubations

e Endotracheal re-intubation rate within 48 h from a planned
extubation

* PU incidence (considered as institution-wide patient safety
indicator)

Nevertheless, the above set of indicators, even if relevant for
the ICU quality of care, are not completely centered on nursing.
Rather, there is a special set of indicators called “nurse-sensitive
outcomes,” defined as “those outcomes that are relevant, based
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on nurses’ scope and domain of practice, and for which there is
empirical evidence linking nursing inputs and interventions to
the outcome for patients” [5]. Among the most widespread
nurse-sensitive outcome indicators, there are “pain,” “patient
falls,” and “pressure ulcers” [5]. Some private institutions such
as the National Quality Forum consider fundamental also the
measure of “restraint prevalence” [6].

So, PUs (and the most peculiar device-related PUs), patient
falls, and resorting to physical restraints (with related injuries)
can be all collected under an idea that overcomes the generic
“iatrogenic complications” concept, to embrace the more appro-
priate definition of “nursing-induced complications.” Hence, we
coined the term “hospital-acquired injuries (HAInj)” that cur-
rently does not exist in the literature. However, it can immedi-
ately recall a concept intimately linked to the adverse effects of
nursing care.

This chapter will focus on these three important issues, trac-
ing their conceivable cross trajectories and exploring their
cause-effect relationships (Fig. 14.1).

S

Hospital

Acquired

Injuries

Fig. 14.1 Hospital-acquired injuries vicious circle
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14.2 Device-Related Pressure Ulcers

Device-related pressure ulcers (DRPUs) are a specific subset of
hospital-acquired PUs, accounting for about 10% of the total PUs
[7]. This issue is particularly challenging for critical care nurses,
since ICU setting is characterized for a wide employment of diag-
nostic and therapeutic (invasive or noninvasive) equipment. DRPUs
can involve patients’ skin, mucous membranes, or both [8].

The prevalence of DRPUs reported in the literature is ranging
from 0 to 85% [8], and some authors reported that 74% of DRPUs
were discovered by healthcare staff when the ulcers were at the
third or fourth stage or even unstageable [9].

Hospital devices causing PUs (summarized in Table 14.1)
can be quite different [10, 18, 19]:

e Cervical collars, braces, splints, and other kinds of immobi-
lizers (e.g., spinal boards)

e Nasal cannulas, oxygen tubing, and NIV interfaces (masks,
helmets)

e Anti-embolic stockings or boots and sequential compression
devices

* Endotracheal tubes, nasogastric tubes, and tube holders

e Pulse oximetry probes, artery catheters, and EKG wires

e Urinary catheters and fecal diversion systems

e Cooling mattress

e Restraints (wrist/ankles)

e Linen saver

e ECMO/ECLS tubes and catheters

However, 70% of these injuries affect anatomical areas located
in the head, face, and neck [10].

Device features such as the materials used for its production,
inadequate selection, anatomical sites of placement with scant
fat tissue, modification of the physical condition of the skin
under the device, and the securing method can concur in DRPU
occurrence [20].
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Table 14.1 Device-related pressure ulcer typologies and prevention

Site and type of

Device skin lesion

Prevention

Cervical collar
[7, 10-12]

Occiputs, chin,
clavicle,
shoulder
pressure
ulcers

Elastic stocking Legs and feet
[12] skin pressure
ulcers

Optimize the efficiency of cervical
spine clearance protocols

Remove hard collars as soon as
possible, replacing it with
softer ones

Padded collars seem to be
effective in prevention of
DRPU, if used appropriately,
and routinely replacing the
soiled and wet pads with clean
and dry ones

Release braided or beaded hair
before applying the collar

Try different kinds of cervical
collars

Use correct collar and size

Use correct cervical collar
placement techniques

Routine assessment of the skin
under the collar (every 8—12 h),
through its removal

Clean and dry the removable parts
of the device

Reduce the prolonged pressure on
the contact points of the skin

Proper size of the device

Remove twice daily for an hour
and contemporarily assess the
skin under the stockings
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Table 14.1 (continued)
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Site and type of

Device skin lesion Prevention

Endotracheal Neck, lips, mouth Routinely assess skin integrity and
tubes [7, 10, pressure tension under the tube and the
12] ulcers stabilizing device

Fecal diversion  Perianal skin and

management mucosal
system [7, breakdown,
13, 14] rectal damage

(erosion) due
to the
presence of
water-filled
anchorage
balloon,
necrosis and
hemorrhage
of rectal
mucosa
Nasal cannula/  Nares pressure
oxygen mask ulcers
[10] Nasal bridge
pressure ulcer
Facial erythema

Nasogastric tube Nares pressure
[12] ulcer

Routine (at least every shift)
change of orotracheal tube
position (right, middle, left)

Some manufacturers recommend
that endotracheal tube holders
should not be used in patients
with facial or lip edema and
protruding teeth

Routinely review the need of the
fecal management system to
remove it as early as possible
(maximum 29 days)

Maintain the water-filled balloon
according to the
manufacturers’ indication,
avoiding overfilling

Caution should be used in patients
with low platelet count or
anticoagulation treatment

Routine inspection of the skin
under the device

Routine cleaning of the nasal
cannula

Decreasing mask strap tension

Use skin dressing behind the ears

Routinely change the place of the
NG tube standpoint on the
nares

Splinting NG tube to suspend it
from ala

(continued)
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Site and type of
Device skin lesion Prevention
NIV mask [7, Facial erythema  Periodically readjust the mask
15] straps

Nasal bridge
pressure ulcer

NIV helmet [15,
16]

If possible, decrease pressure
support levels

Allow some air leaks, adjusting
the expiratory trigger setting to
avoid the inspiratory hang-up
phenomenon

Use skin dressing

Optimize mask active
humidification to avoid
condensation inside the
interface

Routine cleaning of mask cushion

Interface rotation strategies

Use of correct interface size

Periodically readjust the mask
straps

If possible, decrease pressure
support levels

Allow some air leaks, adjusting
the expiratory trigger setting to
avoid the inspiratory hang-up
phenomenon

Use foam skin dressing to reduce
pressure and air leaks

Hydrocolloid dressing can be
useful to reduce friction and
shear forces, no direct pressure
over the skin

Interface rotation strategies

Leaving the armpit out from the
underarms and using a system
with counterweights of 2 kg
for each armpit (when set
PEEP values do not exceed 10
cmH 0O)

Interface rotation strategies
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Table 14.1 (continued)

Site and type of
Device skin lesion Prevention
Pulse oximeter ~ Fingers, earlobe, Frequent rotation of placement
[17] forehead area
pressure
ulcers
Tracheostomy Stoma, around Routine inspection of the skin
straps/ties, stoma skin, interested by the device
flanges, and back neck Use of foam tracheostomy straps
sutures [7, skin, and skin instead of ties or tape
10] under the Adequate management of suture in
flange place
pressure Use of foam dressing around the
ulcers tracheostomy tube insertion, to

prevent flange pressure and
absorb the excess of exudate or
secretion

Put a rolled towel under the
ventilator tubing to prevent the
flange pressure on the neck’s skin

Some other factors increase the risk of DRPU development,
such as edema and moisture [10]. In fact, edema contributes to
intensification of pressures and tension forces on the tissues
under the device [10]. Instead, moisture caused by the perma-
nence of body fluids around the device determines skin soaking
[10]. Lastly, the frequent tightening of the devices to secure
them, the materials used to fix them, and the force of friction
coming from the movements can ease the DRPU onset [10, 18].

Some authors address reduced mobility, decreased sensory
perception, and diminished perfusion as typical risk factors for
the development of DRPUs in ICU settings [18]. Critically ill
patients are often unable to communicate their discomfort, due
to neurologic impairment, sedation, and neuromuscular block-
age [21].

DRPUs usually evolve rapidly to full-thickness stage, for the
areas of development are often lacking of adipose tissue, as on
the neck, nasal bridge, occiput, and ears [10].
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Finally, some DRPUs can be caused also by HCWs’ impru-
dence and negligence acting as the unauthorized manumissions
of medical devices (e.g., the case reports of gastric ulcer due to
pressure necrosis related to a rigid and taut bumper applied to a
percutaneous gastrostomy catheter) [22].

14.2.1 Noninvasive Ventilation Interface-Related
Pressure Ulcers

NIV-related PUs can negatively affect the patients endurance
toward this respiratory support.

A recently published systematic review on NIV complica-
tions summarized DRPUs’ typologies and prevalence due to
different NIV interfaces (oronasal, full face, and nasal masks or
helmets) [15].

Facial skin erythema (incidence 20-34%) and nasal bridge
ulcers (2-50%) are the most common NIV-related PUs, usually
due to the compelling need to control the air leaks, increasing
the tightening of the mask harnesses, the air volume in cushions,
and the inspiratory pressures [15]. During NIV face PUs
develop since the first hours, and nasal ulcers appear in almost
the totality of patients with face mask within 48 h from the
beginning of treatment [15].

Oronasal mask application longer than 26 consecutive hours
was found as an independent risk factor for the development of skin
breakdown in patients with ARF treated with NIV or CPAP [23].

Patients’ risk factors for NIV interface-related PU develop-
ment are BMI, diabetes, inotrope/vasoactive drugs, edema,
vascular illnesses, nutritional status, chronic skin conditions,
history of previous pressure lesions, steroid therapy treatment,
and cytotoxic medications [24].

Helmets can early determine discomfort and pain under
patients’ armpits (mean NRS 4.8, after 5 min of helmet CPAP at
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10 cmH,0) [16]. Also, there’s the risk of arm edema (incidence
<5%) due to the armpit brace-induced venous and lymphatic
stasis and DVT in the axillary vein [15].

With a NIV mask, the skin contact pressure is affected by
contact area, respiratory pressure, and mask area during inspira-
tion and expiration [25]; contact pressure is higher during expi-
ration [25].

Both transparent and hydrocolloid dressings seem to be
effective in preventing mask-related nasal bridge PUs if
compared to a control group of patients treated without any
dressing [26].

14.2.2 Cervical Collar-Related Pressure Ulcers

Some special DRPUs are those subsequent to the use of cervical
spine collars in trauma patients. Their incidence varies from 6.8
to 38% [27]. Patients wearing cervical collars for more than
5 days have a risk to develop DRPUs from 38 to 55% [7].

An Australian ICU retrospective study on 299 major trauma
patients showed that the most common site of Philadelphia
collar-related PU was the occiput (59%). Other sites were the
chin, clavicle, and shoulder [11]. The main predictor of ulcer
development was the time to spinal clearance, since the proba-
bility of ulcer onset in patients meanly increased by 66% for
every day with a collar on [11].

Other predictors for cervical collar-related PUs in major
trauma patients were ICU admission, MV, and the need for
cervical magnetic resonance imaging [28]. Even BMI is associ-
ated to the tissue interface pressure exerted by several typolo-
gies of cervical collars [28]. Interestingly the risk of collar-related
PU development was 3.2 times in MV patients [11].

Even the choice of cervical collar type is likely to affect the
chance of ulcer development [11].
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A recent systematic review showed that only cervical collars
can determine DRPUs, while other spinal immobilization
devices, such as spinal boards and vacuum mattresses, are not
associated with PU development, despite the increase of tissue
interface pressure and the early onset of pain [28].

14.2.3 Device-Related Pressure Ulcer Prevention

The first way to prevent DRPUs is to suspect their presence or
the risk of onset. Therefore, it’s required to routinely assess the
skin area in contact with the medical device and accurately reg-
ister its conditions (aspect, stage, and extension of the lesions).
An additional problem relates to the assessment of DRPU stage
on mucous membranes, since the usual skin ulcer staging sys-
tem cannot be used [8]. In fact, it’s difficult to visually discrimi-
nate shallow from deep ulcer stages on the mucosa, and the
presence of a coagulum can be confused with a full-thickness
ulcer [8].

Beyond the risk assessment, other strategies should be imple-
mented to fight the DRPUs: device selection (rigid vs soft mate-
rials), routine device repositioning, attentive device securing,
shared and standardized protocols, device skin protective dress-
ing, early withdrawal of the device as soon as it’s no longer
necessary, scheduled inspection of the skin area at risk of
DRPUs and pain monitoring, patient education, and involve-
ment of a multidisciplinary team [20].

The National Pressure Ulcer Advisory Panel (NPUAP) has
dedicated a best practice document for DPRU in critical care. The
synthesis of recommended interventions is reported below [29]:

* Choose the correct size of medical devices for every single
patient.

» Shield the skin with dressings in high-risk areas.

e Assess the skin in contact with device routinely every day.
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Do not position devices over sites of pressure ulcers or preex-
isting lesions.

Provide adequate education to the staff about the correct use
of devices and the prevention and treatment of skin
breakdown.

Assess and identify edema under devices, recognizing the
risk of skin breakdown.

Control and confirm the position of the devices in a “free zone”
that is not under a person who is bedridden or immobile.

Recently, recommendations from a panel of experts indicated

the following needs [12]:

Consider the use of dressings with effectiveness in pressure
redistribution and moisture absorption from zones under or in
contact with medical devices.

Put dressings below medical device and temporarily remove
or move (if it’s possible) the device to assess the conditions of
the underneath skin and provide a period of pressure relief.
If the repositioning of devices does not reduce the pressure,
avoid further pressure by applying dressing under tight devices.
Report the onset and the clinical evolution of DRPUs.

Concerning DRPU reports, a recent explorative study showed

that in 70.8% of National Health Service (NHS) inpatient facili-
ties, PU monitoring systems do not differentiate PUs from
DRPUs in nursing documentation [30].

Quality improvement programs seem to be associated to a dec-

rement of the DRPU rates over time [18]. Focused checklists can
be useful to address this issue. The checklist should address [31]:

The routine assessment about the need to maintain the devices
in place or replace it

An accurate skin assessment and care every 812 h for all
kinds of devices, except for NIV interfaces (every 2—4 h) and
tracheal tubes (every 2 h)
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e Systematic application of advanced wound dressing to pro-
tect the skin

e Limiting the moisture of skin through the use of protective
products

e Use of pressure-relieving pads

Lastly, nurses’ contribution to the redesigning of some medical
devices could valuably aid to prevent DRPUs, since lots of device
designs have not been reviewed for years by manufacturers [18].

14.3 Falls in Intensive Care Unit

The Institute for Clinical Systems Improvement (ICSI) defined
a “fall” as “any unplanned descent to the floor” [32]. Falls can
be assisted (with someone actively reducing its impact) and
unassisted [33].

Usually, the fall of a patient from a hospital bed is a critical
event potentially causing minor or major injuries (Table 14.2).
Therefore, it represents one of the most common nursing-
sensitive indicators, especially used for benchmarking aims [5].
This indicator should be calculated as incidence density (the
total number of falls multiplied by 1000 and divided by the total
number of patient days) [33].

Table 14.2 Classification of falls with injuries [32]

Point Definition

1 No manifest injury

2 Minor: bruises or abrasions as consequences of the fall

3 Moderate: an injury causing tube or line displacement, fracture,
or laceration requiring reparation

4 Major: injury requiring surgery or transfer to intensive care unit

for monitoring a life-threatening injury
5 Death
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Falls are a principal cause of death in patients aged >65 years.
Ten percent of deadly falls for the older patients happen in hos-
pitals [34]. These kinds of adverse events are particularly feared
by nurses, being directly responsible for patients’ safety. The
fall event is described by nurses as “upsetting” and “scary” [35].
Moreover, when a patient falls from the bed, it’s easy to induce
a guilt feeling in nurses, even if they have done all the possible
interventions to prevent these adverse events. This occurrence
can be even more dramatic, when a critical care patient falls
from a bed in ICU.

Currently, patient fall in a hospital is the most common
adverse event, ranging from 2.6 to 7.0 falls per 1000 patient
days [36]. The injuries caused by these incidents vary from 23
to 42%. Fractures, traumatic brain injuries, and death account
for percentages of 2-9% [36].

In a large observational study performed in the USA, falls
were 3.32 per 1000 patient days across all nursing units. Falls
were more frequent in rehabilitation wards, while ICUs
accounted for the lowest rates. Seventy-two percent of patients
had no injuries, 5% had moderate or major injury, and 23% had
minor injury [37].

A recent descriptive study performed in Turkish ICUs
showed that 13.6% of nurses experienced incidents with poten-
tial adverse effects for patients’ safety, and the higher rate was
represented by patient falls (48%) [38].

A quasi-experimental study has showed that nurse managers
turnover does not play a role in patient fall occurrence. Medical
and surgical wards are more affected by these adverse events
than ICUs (F | =15.9, p = 0.002) [39].

A retrospective study performed in some ICU showed a falls
incidence rate of 0.99/1000 patient bed days. Neuro/trauma criti-
cal care unit had instead an incidence of 1.97/1000 patient bed
days [40]. The 43% of these episodes was related to falls from a
chair, while falls from the bed accounted for the 33%. In the 83%
of these events, there were no injuries as consequences [40].
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Data from two ICUs in the USA reported that patient falls
occurred mainly between 7 AM and 10:59 AM during early
mobilization or routine hygiene practice. Sixty-eight percent of
patients fell on the floor. Thirty-one percent of falls determined
injuries [41]. The authors found that, if the staff had used the
Hendrich II score, a threshold of 4 points would have predicted
95% of the occurred falls [41].

To date, no statistical association between nurse staffing and
patient falls is known, despite few well-designed studies show-
ing that lower rates of falls were associated to a better staffing
condition [5]. Other significant associations were found between
positive perceived interdisciplinary communication or higher
levels of nursing education and lower patient falls, while an
inverse relationship emerged between patient falls and levels of
nursing experience [5].

A qualitative study revealed the stages of nurses coping with
the falling event: denying responsibility, self-searching, facing
reality, and accepting [35].

Nurses’ point of view about the issue of patient falls is
focused around the main concept of “knowing the patient as
safe” [35]. This means to maintain their attention toward fall
prevention through interventions in the spheres of assessment,
monitoring, and communication [35].

Patient falls are an important outcome to be used in research
about the optimization of nurse staffing in clinical settings with
limited human resources [42]. The main features of nurse staff-
ing are nurse staffing intensity, skill mix, and overtime use. The
other two nursing staff characteristics are education level and
experience [42].

14.3.1 Risk Factors for Patient Falls in ICU

The identification and assessment of patient fall risk factors are
crucial to plan adequate prevention. In-hospital fall risk factors
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strictly depend on the clinical setting features (e.g., general
ward, emergency department, ICU).

The risk of falls seems to be related to the amount of risk
factors that are present at the moment of the incident [43].

Fall risk factors are classified as intrinsic (related to patient
psychophysical condition) and extrinsic (related to hospital
environment, supportive/assistive equipment, medications) [43].

The older patients are the most exposed category to these
kinds of incidents. The general risk factors for patients falling
are cognitive dysfunction (delirium, dementia), impaired mobil-
ity, medications (in particular, patients treated with four or more
drugs have higher risks of falls), environmental obstacles, or
physical hazards [32].

Currently, three main fall risk assessment tools are available
for implementation in clinical settings.

The Hendrich II Fall Risk Model has a sensitivity of 70% and
a specificity of 61.5% in acute care settings [43]. It explores
seven categories (confusion/disorientation, depression, altered
elimination, dizziness/vertigo, gender, antiepileptics/benzodiaz-
epines, get up and go test/ability to rise in single movement),
with 4 scale points from absent (0) to present (4). A threshold of
5 points indicates high risk of falls [43].

The Morse Fall Scale has a sensitivity of 88.3% and a speci-
ficity of 48.3% in acute care settings [43]. This scale includes
six categories (history of falling, secondary diagnosis, ambula-
tory supports, intravenous saline lock, gait, mental status) [43].
The score of the Morse Fall Scale ranges from 0 to 125; the
threshold for high risk of falling is 51 points [43].

The St. Thomas Risk Assessment Tool has a sensitivity of
55% and a specificity of 75.3% in acute care settings [43]. It
evaluates the patient through five categories (history of falling,
mental status, visual impairment, frequent toileting, transfer and
mobility) [43]. This tool uses a binomial score (0 absent, 1 pres-
ent) that can lead to a maximum point of 5. The threshold for
high risk of falling is 2 [43].
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A large number of risk factors (mainly drugs), not included
in the above risk assessment tools (Table 14.3), were signifi-
cantly related to falls. Therefore, they should deserve particular
attention during patients’ assessment. So, there is the need to
improve the fall risk assessment tools through adequate research.

Within the critical care settings, intrinsic risk factors mainly
concern the rapid beginning of patient deconditioning, early
after admission [44]. Extrinsic factors are those related to the
quantity and type of equipment attached to patients determining
difficulties to increase patient mobilization [44].

In a study performed in a cardiac ICU, nurses addressed
delirium as a contributing factor to this kind of adverse events
(AE) [45]. In another research conducted on four critical care
units, most frequent risk factors were confusion or agitation
(60%) and the mobilization of patients against advice (38%)
[40].

According to some authors, patient fall risk assessment in
ICU should carefully consider: sedation or treatment with hyp-
notics; presence of confusion, delirium, or dementia; and previ-
ous falls [40].

Table 14.3 Patient fall risk factors present in the literature and not included
in the validated tools [32]

Risk factors

* Polypharmacy

* Lipid-regulating drugs
e Cardiac drugs

* Antiparkinson drugs

* Antidiabetic drugs

* Opioids/narcotic drugs
* Antidepressant drugs

* Diuretic drugs

* Antipsychotics

* Diagnosis of cancer
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14.3.2 Patient Fall Prevention in ICU

The general approach to patient fall prevention is adequate for
all clinical settings and should consist of [45, 46]:

e Definition of fall

e Selection and implementation of a risk of fall assessment tool

e Communication of patient’s fall risk between healthcare staff
components (efficient handover)

e Implementation of universal strategies and interventions of
fall prevention, including delirium prevention, assessment,
and management

* Healthcare staff education about fall risk assessment, preven-
tion, and reaction

Universal fall prevention interventions and general monitor-
ing and surveillance recommendations are reported in Table 14.4.
Appropriate preventive interventions in critical care setting are
summarized in Table 14.5.

Table 14.4 Universal fall prevention interventions and general monitoring
and surveillance recommendations [32]

Fall preventive interventions

Universal fall * Help patient with the environment
interventions familiarization

« Patient “teach back” call light use

* Maintain the call light within reach

* Maintain patient’s personal effects within
reach

* Strong handrails in patient bathrooms, rooms,
and hallways

* Maintain the hospital bed in low position with
brakes locked

* Nonslip, well-fitting footwear for the patient

 Night-light or supplemental lighting

* Maintain floor surfaces clean and dry. Clean
up all spills promptly

* Maintain patient care areas uncluttered

(continued)
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Fall preventive interventions

Other fall
precautions

Behavioral
interventions

Impaired mobility
interventions

Environmental
interventions

* Do not leave alone the patient when in the
bathroom

e Intentional rounding behaviors at least hourly

e Transfer belts available at the bedside

* Evaluate the need for home safety
assessments, with physical and occupational
consultation in the discharge planning

 Evaluate the need for 1:1 monitoring

* Chair or bed alarm

e In patients affected by dementia

* Regularity in procedures, routines and
schedules, and staff allocation

e Identification of triggers for agitated behaviors

* Occupational and physical therapists to
increase orientation, awareness, and function
and assess the need and the appropriate use of
gait supports

* Patients should wear their shoes or nonskid
Sfootwear

e Physical therapy and occupational therapy
consults

* Educate the patient to rise slowly

* Early and regular ambulation of high-risk
patients

* Periodic education of safety measures to the
patient and family members

e Assist high-risk patients with transfers

* Use of patient’s regular assistive devices

* Scheduled assistance with toileting

* Supportive chairs with armrests

* Hip protectors for patients at high risk for hip
fracture

* Adequate daytime and nighttime lighting

* Elevated toilet seats

* Gait belt or transfer belt during mobility
activities

o Staff environmental round

* Hip protectors

* Removal of physical restraints

e Falls alarm devices

* Low height and alarmed bed
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Table 14.4 (continued)

Fall preventive interventions

Other * Adult assistive walking devices
environmental * Convex mirrors to enable nursing staff
factors visualization of all hallways from the nursing

station
* Motion detectors at the bedside in patients’
rooms

* Nonslip footwear
e Upgrade of all bed-exit alarms
Observation and surveillance
Monitoring * Monitoring and reassessment on regular
basis, also for patients that are not in
high-risk groups: every shift and when
patients’ conditions change or after a fall
Intentional timed * Assessment of pain level
rounding * Toileting assistance
* Repositioning and comfort
« Patient properties, call light, telephone,
television remote, urinal, etc. within reach
¢ Dressing checks
» Water refreshed and offered
* Lighting and temperature of room
* Checking room for environmental and
hazardous elements
* Final question “Is there anything else I can do
for you?” and scheduled time to return

Legend: The interventions also suitable for critical care settings are in
italic font

Table 14.5 Fall preventive interventions for critical care settings [40]

Preventive interventions

* Maintain the patient in a safe position and guarantee adequate
surveillance and observation

* Use of bed rails appropriately

* Mobilize the patients with the right equipment and number of staff
adequate to the task

* Maintain footwear worn to the patients in chair

* Inform the patients about the risk of falling and educate them
about self-mobilization to prevent falls
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There are positive experiences about the implementation of
geriatric nurses as specialists with the aim to spread geriatric
knowledge to ICU nurses, early identify the presence of geriat-
ric syndrome in ICU patients, and detect those who are at higher
risk of falls to trigger prevention protocols and AE audits [45].

The relationship between ICU patients’ stay in high-visibil-
ity rooms (directly across from the nursing station) [47] and the
fall from bed rates should deserve to be studied through well-
designed observational research.

Some authors reported the effectiveness of comprehensive
approach, including simulated case studies and real-time feed-
back, in dramatic reduction of ICU patient falls, reaching a real
change in culture of safety practices [48].

Early mobilization consists in a stepwise-fashioned program
of progressive mobility in patients still supported through MV
[49]. According to a recent literature review, this important
practice seems to be safe regarding the risk of patient falls, since
no study reported any episode of patient fall in ICU (and no
death nor cardiac arrest) [49].

A “post-fall” protocol, driving the right actions to implement
immediately after the incidents, is a precious tool that all units
should be provided with. These kinds of protocols should contain
some basic elements such as immediate physical assessment, pro-
vider notification, treatment and diagnosis if necessary, enhanced
safety measures, evaluation of nursing interventions at the time of
the fall, proper documentation, and notification of the family [50].

14.4 Physical Restraints in Critical Care
Settings

The need to protect patients from their self-harm behaviors in
clinical settings implicates the use of chemical (pharmacologi-
cal) and/or physical restraints (PR).

Some authors claim the lack of a clear and consistent defini-
tion for PR in the literature [S1]. The Health Care Financing
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Administration called PR as “any manual method or physical or
mechanical device, material or equipment attached or adjacent
to the residents’ body that the individual cannot remove easily
which restricts freedom of movement or normal access to one's
body” [52].

A large prevalence study on ICU patient-initiated device
removal (“treatment interference”), performed in the USA, showed
that patients removed 1623 devices on 1097 occasions (22.1 epi-
sodes/1000 patient days) [53]. Forty-four percent of ICU patients
were restrained at the time of device removal. Damages occurred
in 250 (23%) events, while 10 determined a major harm [53].

The use of PR is the joining link between DRPUs and patient
falls in the ICU settings. In fact, prevention of falls is considered
by nurses as the principal reason for using restraints [54]. This is
one of the most considerable issues for all nurses working in clini-
cal settings, with important medicolegal implications. Moreover,
beyond the risks for patients’ safety in terms of injuries related to
physical restraints, using such measures links an important ethical
dilemma to nurses. Lastly, a large number of studies revealed a
lack of evidence about the effectiveness of this practice, demand-
ing the reduction and a more rational utilization of PR [51].

The most widespread techniques to institute PR in ICU are
the boxing gloves, achieved through wrapping the hands with
cotton bandages, with the aim of impeding patients to use their
fingers, and tying the patient’s arms to the bed frame, blocking
their use but letting free the trunk, legs, and feet [55].

Other authors describe the tools used in PR as wrist, chest,
and waist restraints, mitts, elbow splints, and sheets. In some
studies, bedside rails are not considered as PR.

14.4.1 Epidemiological Features of Physical
Restraints in ICU Settings

A survey performed on 38 critical care nurses from different
countries in Europe in 2002 showed that 55.3% used PR in their
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units, often in the occurrence of patient agitation (73.7) [56]. PR
use was at 100% for surveyed ICU nurses from Middle and
Southern Europe, while it was at 44% for those from Scandinavia
and 33% for those from the UK (x> =11.3; p < 0.01) [56].

Some years later, the same authors designed a descriptive
study about the use of restraints in 34 adult general ICUs from
9 European countries [57]. The point prevalence of PR in ICU
patients was, at the moment of the study, 39%. PR were used
mainly in MV patients (x> = 87.56, p < 0.001), in sedated
patients (x> = 34.66, p < 0.001), and in units with lower nurse-
to-patient ratio (x> = 17.17, p = 0.001) [57]. In 89%, PR were
made of commercial wrist restraints. The three most frequent
reasons to initiate PR were, in diminishing order: prevention of
self-extubation, patient pulling on tube and lines, and falls from
bed prevention [57]. International data of PR prevalence and
reasons of implementation in ICU settings are summarized in
Table 14.6.

Table 14.6 Use of physical restraints in ICU setting described in studies
from different countries

Prevalence
Authors (years) Country of PR Reason for PR
Benbenishty Scandinavia 44% Patient’s agitation
et al. [56] All intubated patients
UK 33%
Middle 100%
Europe
Southern 100%
Europe
Martin and USA 39% NR
Mathisen Norway 0%
[58]
Minnick etal. ~ USA 9-351/1000 Prevent therapy disruption
[59] patient  Confusion
days Fall prevention

Fogel et al. [60] USA 17-27% NR
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Table 14.6 (continued)

Prevalence
Authors (years) Country of PR Reason for PR
Benbenbishty UK 0% Pulling on tubes/lines
etal. [57] Switzerland 43% Preventing self-extubation
Spain 45% Preventing from falling
Italy 100% Danger to self
France 47% Prevent falling from chair

Patient wandering off unit

Portugal 0% Reason unclear/other

Finland 12%

Greece 21%
Israel 28%
Langley et al. South 48.3% Agitation
[61] Africa Treatment interference
De Jonghe et al. French > 50% Agitation
[62]
Kandeel and Egypt 6.2-46.2% Patient’s attempt to remove
Attia [63] medical equipment

Resisting treatment or care

Patient’s attempt to get out
of bed

Ensure patient safety

Facilitate medical care

Protect medical equipment

Support the patient’s
position

Compensate for deficiency
in nursing staff

Kriiger et al. Germany 0-90% NR

[64]
Pagliuco Brazil From 9.4 to NR
Barbosa 40%
etal. [65]
van der Kooi Dutch 0-56% Pulling on catheters/tubes
et al. [66] Potential threat to airway

Prevent patients’ falling

Unstable fracture

Danger to self

Danger to others or
aggression

Delirium

Legend: NR Not Reported



358 S. Bambi

As reported by a Dutch multicenter study, PR are applied
mainly in the upper limb (98%) versus low rates of leg (5%) and
torso (1%) restraints [66].

In USA there’s a lack of education about PR in the current
nursing curricula, despite the large employment of PR in critical
care settings [67].

PR rates are usually low in most of European ICUs (26.4%)
[57] but reach 92% in Dutch, even if only 31% of interviewed
nurses stated that they used a PR protocol in every situation [66].

The sites of PR application in order of pattern frequency are
usually bilateral wrist, bilateral wrist or four extremities alter-
nately, unilateral wrist, four extremities, unilateral ankle, four
extremities or chest restraint alternately, and bilateral wrist, four
extremities, or chest restraint alternately [68].

14.4.2  Risk Factors for Use of Physical
Restraints

The use of confusion assessment method for the intensive care
unit (CAM-ICU) seems to be associated with a larger adminis-
tration of PR and pharmacological restraints [69]. In fact, the
incidence of delirium was higher in restrained patients, when
compared with unrestrained ones (59 vs 33%, p < 0.001) [70].

Univariate analysis mode suggested that trauma or surgical
ICU could be at risk of PR (hazard ratio (HR), 1.39; 95% CI,
1.02-1.90), so as patients with positive anamnesis for neuro-
logical pathologies (HR 1.71; 95% CI, 1.8-2.72) or psychiatric
illnesses (HR 1.47; 95% CI, 1.11-2.00) [70].

14.4.3 Complications and Outcomes of Patients
with Physical Restraints

The use of PR at admission time and during the 24 h before the
onset was found to be significant predictors for patient agitation
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in ICU, scored as RASS > +1 (respectively, OR =3.77; 95% CI,
1.39-11.53; p = 0.008; and OR =1.04; 95% CI, 1.01-1.08;
p <0.001) [71].

A study performed on 11 Egyptian ICUs revealed a compli-
cation rate related to PR from 19 to 25.3% [63]. Bruises were
reported in 2%, redness in 16.5-22.4%, ulcers in 0.4-0.8%, and
necrosis of the skin tissue in 0.1% [63]. The recorded behavioral
consequences were crying/moaning (40.5-48.4%), increased
agitation (14.3-18.3%), and calmness (33.3-44.9%) [63].

One study has demonstrated that the use of PR can be a
risk factor for unplanned extubations, increasing it by 3.11
times [72], even if other authors showed that PR have a pro-
tective effect for AE, including unplanned self-extubations
(OR = 0.28, CI 0.16-0.51) [73]. Other studies showed the
association between PR and adverse events such as altered
circulation, injuries to nerves, fractures, and death [74].
Some cases of DVT and PE associated to bed immobility due
to the use of PR are reported in the literature, even in the
absence of risk factors [75].

A multicenter follow-up study performed on five hospitals
showed a higher incidence of post-traumatic stress disorder in
surviving patients who were restrained during their ICU stay [76].

The Joint Commission identified six root causes for patients’
injuries consequent to PR [77]:

 Insufficient patient assessment

e Equipment use

e Care planning

e Defective communication

¢ Insufficient orientation training

e Inappropriate use of staffing resources

In consideration of the abovementioned root causes for PR,
four interventions were bundled together to improve perfor-
mance and patients’ outcome: products/equipment, rounds/con-
sultation, dedicated resources, and education [77]. This kind of
PR reduction program resulted in good compliance to process
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and some positive outcomes (restraint prevalence) in medical
and surgical settings [77].

14.4.4 Ethical, Legal, and Educational Issues

Despite PR use being legitimized by the need to protect the
patient from self-harming [78], critical care nurses daily strug-
gle to find the right balance between the need to guarantee
patient’s safety and ethical and organizational mandates to limit
the PR use [78]. Moreover, current dimensions of compassion,
preserving patients’ rights, and ethics have raised the heaviness
of PR ethical dilemmas [79].

A descriptive study performed on 55 ICU nurses from 2
Turkish hospitals showed that 36.4% of nurses had some
difficulties in taking decision about PR. The ethical dilemmas
that they had to face were related to the principle of non-malef-
icence in 76.4%, beneficence and convenience in 45.5%, respect
to the person in 18.2%, and autonomy in 9.1% [80].

The consequences of the use of PR, beyond physical and
psychological injuries, are also related to the violation of indi-
vidual rights: there is a total loss of autonomy and privacy, mak-
ing thinner the boundaries with the risk of abuse in this exposed
patient population [78].

In the UK there are three conditions in which restraining a
patient could be considered lawful: protecting the patient from
self-injury, actual risk of aggression for healthcare staff, and
prevention of hazardous or menacing behaviors [81]. From a
legal point of view, the overuse of PR as a defensive strategy is
self-defeating, since PR can easily determine injuries in applica-
tion sites [82].

Often the lack of discussion with patients and relatives violates
the principle of informed consent [78]. Informed consent is man-
datory for patient and/or surrogates, since PR are a practice at risk
of patient injuries, and there’s no high-level evidence on their
effectiveness [78].
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PR in critical care settings are frequently implemented under
the principle of paternalism, which assumes that the benefits of
PR, in terms of self-harm prevention, outweigh the patient’s
autonomy and liberty of action. This kind of behavior principle
should be limited only to the real condition of danger for patients
or when the patients become harmful to others. However, as soon
as the hazard condition comes to an end, it’s ethically mandatory
to seek alternatives to PR [78].

Substantially, PR condition imposes harms to prevent larger
ones. Nevertheless, in critical care patients, the analysis of risk-
benefit can be hard, especially in case of dangers for third per-
sons [55, 78].

PR influences the trust in the relationship between patients, rela-
tives, and healthcare staff. In critical care settings, the recourse to
PR can be sudden, so the discussion about the potential needs of
PR should be anticipated at the moment of admission. Additionally,
in case of emergent PR application, patients and surrogates should
be widely informed to restore a climate of trust [78].

Nurses use several strategies to cope with the negative feelings
associated to the use of PR: paying attention to expected benefit
for patients rather than the restriction of patients’ liberty; the
nurses’ perceptions of PR vary with the degree of limitations
induced by the devices; searching the approval of other col-
leagues for the use of PR limits the feelings of individual respon-
sibility [54].

14.4.5 Best Management of Physical Restraints,
Alternative Interventions, and Prevention

The first approach to prevent the use of PR is to perform a com-
prehensive patient assessment, through five steps [83]:

1. Identification of behaviors at risk of restraints: treatment
interference, agitation, risk of falls, and confusion/altered
mental state
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2. Identification of factors affecting patients’ behaviors and
intervention to improve their conditions or encounter their
needs

3. Recording of patients’ health history and eventual coping
behaviors

4. Medication history to identify drugs affecting the risk of
delirium, agitation, and falls

5. Patient’s cognitive status and environment and social factors

Gaps in PR application training and documentation and lack of
reassessment of patients’ anatomical sites for restraints are
reported in the literature [51]. Moreover, nurses express the need
of some support in the decision-making process for PR [51].

A recent systematic review showed that nurses, if in doubt,
often choose to apply restraints [54].

Critical care nurses perceive PR patients as significantly requir-
ing more workload than restrained ones (4.2 vs 3.3 on a visual
analog workload scale ranging from 0 to 10, p < 0.0001) [70].

Beyond an improvement of nurse-to-patient ratio, a real
alternative to PR could be the direct observation and physical
presence of a clinical nurse at high-risk patient’s bedside [84].

Since restraint use should not compensate for lack of staffing
or environmental resources [81], the presence of significant oth-
ers at patient’s bedside can be a valid choice in agitated ICU
patients [78].

Open visiting policies can ease this kind of humanizer interven-
tion. Family members should be accurately informed and involved
in the decision to implement PR [79] but avoiding to delegate the
patient surveillance responsibilities. Moreover, they can provide
important information about intubated patient’s behaviors and
gestures, to ease the nursing care planning and avoid excessive
restraint measures [79].

A recent study performed in a trauma ICU showed that edu-
cational programs about the implementation of non-
pharmacological alternative strategies to the use of PR
(Table 14.7) can significantly reduce their rate of utilization in
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Table 14.7 Non-pharmacological alternative strategies to the use of PR
[85-87]

Alternative interventions

Non-pharmacological interventions

¢ Visual and hearing supports

* Repeated communication and frequent reorientation

¢ Personal and familiar stuffs from patient’s home in the room

* Adequate nurse staffing

* Availability of television during the daytime and daily news

e Instrumental music

* Tubing and equipment out of patients’ view

 Reassuring presence of relatives or significant others at patient’s
bedside

* Call an interpreter for foreigner patients, as necessary

* Adequate assessment and management of discomfort and pain
(non-pharmacological sedation)

» Comfortable position and thermal status

* Eyeglasses and hearing aids, if the patient is awake

* Giving information before doing interventions to the patient

* Sleep quality assessment

* Adequate electrolyte status

e Preventing drug withdrawal syndromes

* Early removing invasive devices, as soon as they are no more
useful for patient treatment and care

* Let the patient touch and feel the bed and the objects around him/
herself, indicating him/her the position of lines and tubes

* Management of hypoxemia, ventilator setting adjustment

« Early oral feedings, as soon as possible

* Early physical exercise and mobilization

* Suspension of treatment inducing discomfort, as soon as possible

Environmental approaches

 Calm and reassuring environment

* Sleep quiet time

e Lights on during daytime and no lights during the nighttime

* Avoid excess of noise

* Reduced utilization of bedside rails if patients are trying to climb
them

* Increasing the frequency of supervision

* One-to-one supervision

* Early and often walking patients

(continued)
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Table 14.7 (continued)

Alternative interventions

Alternative devices

* Handheld tools to be twisted and shape-changed by patients; these
tools can be moved and squeezed with varying degrees of
resistance

* Lap devices (activity lap blankets, favorite photo frame, buckles,
belts, zippered coin purse, key ring, and textured fabric)

* Soft baby dolls, stuffed animals with and without a built-in sound
device

ICU patients (restraints per 1000 patient days were 314.1,
SD + 35.4, in pre-intervention, while in post-intervention they
were 237.8, SD + 56.4, p = 0.008), except for adult aged from
20 to 40, admitted with head injuries and/or multiple vehicle
accidents [85].

Large efforts in research focusing toward the effectiveness of
alternatives to PR are needed.

Some authors suggested a three-tier strategy to assess the
need of restraints in ICU patients [88]:

e Level 1: Devices are present, but patient is alert and oriented,
or unconscious, or paralyzed. No need of restraints.

e Level 2: Patient with nonlife treatment/devices—Do not apply
restraints if patient is alert/oriented. Try another alternative to
restraints in case of agitation or confusion or aggressive
behaviors. Apply traditional PR if alternative methods fail.

e Level 3: Patient with life-support treatment/devices—Do not
apply restraints if alertness/orientation, or unconsciousness,
or paralysis is present. Apply restraints if the above condi-
tions are not present.

PR should be implemented only after adequate patient assess-
ment, correction of contributing factors, activation of other pro-
fessional consultants, and pain and discomfort reduction [83].
Furthermore, restraints should be considered only after the failure
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of alternative interventions [81]. Lastly the presence of individual
contraindications to PR implementation should be excluded [83].
Guidelines about the use of restraints in critical care settings
drafted by the American College of Critical Care Medicine give
some useful guide to manage PR [87].
Bedside monitoring of agitated patient should accurately
check the following every 15 min [87]:

e Skin color, capillary refill time, and the presence of pulse in
the restrained extremities

* Movement ability and sensation of the restrained extremities

e Adequate body alignment and repositioning

¢ Adequate documentation

Moreover, every 2 h, in agitated patients, these interventions
should be provided [87]:

e Assessment of the need for drugs to manage pain, anxiety,
agitation, and delirium

e Assessment of elimination needs

¢ Food and fluids in patients capable of oral nutrition or artifi-
cial administration of fluids and nutrients in those not able to
take food orally

¢ Release of restrained extremities and assessment of range of
motion

In every condition of PR, it is mandatory to make a record on
the patient’s chart and physician order and perform patient reas-
sessment of PR reduction or suspension at least every 8 h [87].

Lastly, some authors hope for the establishment of meaning-
ful collaborations between clinical nurses and restraint device
manufacturers to design safer tools for patients [78].

Take-Home Messages

e A bidirectional vicious circle involves patient’s agitation,
physical restraints, device pressure ulcers, and falls from ICU
beds.
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e DRPU is a specific subset of the larger problem represented
by hospital-acquired PUs, accounting for about 10% of the
total PUs. A large amount of DRPUs is discovered by health-
care staff when the ulcers are at the third or fourth stage or
even unstageable.

 Falls are a principal cause of death in patients aged >65 years.
Ten percent of deadly falls for the older patients happen in hos-
pitals. The patient fall risk assessment in the ICU should care-
fully consider these elements: if the patient is sedated or treated
with hypnotics; if there is presence of confusion, delirium, or
dementia; and if the patients have previously fallen.

e There’s lack of statistical association between nurse staffing
and patient falls.

* Forty-four percent of ICU patients were restrained at the time
of unplanned device removal.

e PR is an important issue for all the nurses working in clinical
settings, with important medicolegal implications and ethical
dilemmas. PR can induce adverse events such as agitation,
increased risk of falls from bed, unplanned extubations, skin
necrosis, altered circulation, injuries to nerves, fractures, and
death.
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Chapter 15 ®)
Enteral Nutrition and Bowel iy
Management

Irene Comisso and Stefano Bambi

15.1 Introduction

Artificial nutrition is commonly used in ICU patients, since
several factors, such as altered state of consciousness or inabil-
ity to self/nourishment, impede normal nutrients assumption. In
ICU patients, nutritional support can help keep the immunitary
system more efficient and balance anabolism and catabolism
[1]. Although the association between malnutrition and ICU
mortality is not clearly demonstrated, a recently published sys-
tematic review [2] confirmed the association between malnutri-
tion (diagnosed through validated tools) and ICU-LOS.

Artificial nutrition can be administered both parenterally and
enterally. The first requires adequate venous accesses (particu-
larly, total parenteral nutrition can only be administered via a
CVC), while enteral nutrition is administered using a feeding
(gastric or intestinal) tube.

Enteral nutrition (EN) is normally preferred, since it is more
physiological and apparently less prone to infectious complica-
tions [3] and protective toward liver and gut function, even in
patients treated with vasopressor medications [1]. Despite these
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considerations, it is important to underline that EN is associated
to complications in 80% of patients receiving it.

15.2 Nutritional Assessment

Several observations have been traditionally used to determine
nutritional status. Patient’s assessment includes recording of
daily nutrient intake, actual weight, recent weight changes, and
body measurements. These include body mass index (BMI),
triceps skin fold (TSF) thickness, mid-upper arm circumference
(MUAC), and mid-arm muscle circumference (MAMC). Table
15.1 summarizes parameters’ characteristics.

A retrospective study involving 1373 patients found a signifi-
cant correlation between MUAC and BMI (Pearson correlation
coefficient 0.78; 95% CI: 0.76-0.80), stating that MUAC can be
easily used as a surrogate indicator for malnutrition (cutoff value
<22.5 cm) and as a predictor of BMI [7]. In another prospective
study [10] on 1363 ICU patients’ BMI used as continuous vari-
able, MUAC, MAMC, and the SGA “muscle wasting” and “sub-
cutaneous fat loss” categories showed predictive ability and
clinical utility toward hospital mortality. Conversely, BMI and
TSF did not perform adequately [10], thus suggesting that their
absolute value might not always indicate a malnutrition condi-
tion, often depending on individual’s physical constitution.

Recently published guidelines [11] suggest to perform nutri-
tional assessment in ICU patients whose voluntary intake might
be insufficient. In these guidelines, proposed nutrition assessment
tools include the Nutritional Risk Screening (NRS) 2002 or the
Nutrition Risk in Critically 111 (NUTRIC) score.

NRS 2002 [12] score was created analyzing retrospectively the
indications used for nutritional support and related outcomes in
128 studies. The score grades two variables (severe undernutrition
and severe disease) from O to 3 points, with a correction factor
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(1 point) for patients aged >70. A total score >3 suggests to begin
nutritional support. It is important to underline that some informa-
tion used to determine patient’s actual nutritional status (such as
recent weight loss or habitual food intake) might be difficult to
obtain in ICU patients. Moreover, BMI calculation could be
imprecise when real weight and height are not available.

NUTRIC score was firstly validated in 2011 [13] on 597 ICU
patients. The score aims to define patients that might benefit
from nutrition therapy. NUTRIC score considers six variables:
age, baseline APACHE II score, baseline SOFA score, number
of comorbidities, days from hospital to ICU admission, and
interleukin 6 (IL-6). Other variables (procalcitonin, C-reactive
protein, % of oral intake in the previous week, weight loss, and
BMI) were studied but not included in the final model because
they do not significantly increase the discriminative ability of
the score. Mortality and days on mechanical ventilation were
significantly associated with increased NUTRIC score. A fur-
ther modified score, omitting IL-6, was validated [14], confirm-
ing score’s attitude in identifying ICU patients that might
benefit from nutritional support optimization.

NUTRIC score has been used within a quality improvement
project [15], together with the institution routine screening
method and the subjective global assessment (SGA) to deter-
mine nutrition risk in ICU patients. Findings from this study
confirm that patients with highest NUTRIC scores had the lon-
gest hospital and ICU-LOS, probably related to a more severe
clinical condition.

A comprehensive nutritional assessment should also include
patient’s energy requirement. Indirect calorimetry (IC) is consid-
ered the gold standard for energy requirements measurement.
Nonetheless, IC equipment is costly and not available in all hos-
pitals. IC measures the respiratory quotient (i.e., the ratio between
carbon dioxide excretion and oxygen consumption, both in mL/
min). Normally, the respiratory quotient ranges between 0.7 and 1.
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Oxygen consumption and carbon dioxide excretion are also used
to determine the [16],

Resting energy expenditure (REE) (kcal /d)
=1.44(3.9V0, +1.1VCO,)

Several equations have been used to predict energy require-
ments in hospitalized patients [17], with different, but not ade-
quate, accuracy levels. Current guidelines [11] suggest to target
energy requirements on 25-30 kcal/kg/d.

Bowel sounds are daily assessed to determine GI dysfunction.
Nonetheless, bowel sounds accuracy might significantly differ
between doctors and nurses and mislead the correct interpreta-
tion of GI function [18]. A recent observational study found low
accuracy for bowel sounds assessment in patients with bowel
obstruction. Also, judgment’s agreement between involved doc-
tors was found to be low [19]. Absent or reduced bowel sounds
alone should not impede EN start. Nonetheless, absent or
reduced bowel sounds might indicate an underlying dysfunction,
and therefore a more complex GI evaluation (including abdomi-
nal distention, vomiting, pain) should be performed.

15.3 EN Administration

Recently released guidelines recommend EN initiation within
24-48 h from ICU admission [11]. ICU patients usually receive
continuous EN at slow rates during the 24 h, and flows are gradu-
ally increased during the days after EN starts until the desired
hourly volume is reached. This approach is susceptible for many
interruptions, related, for example, to medical or nursing proce-
dures or drug administration through the feeding tube. Recent
approaches [20] suggest to target EN delivery on desired daily
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volume, with hourly rates managed by nurses according to dura-
tion of planned and unplanned interruptions. Furthermore, litera-
ture findings show that EN can be started at target rates without
complications. When high gastric volumes are not tolerated, a
trophic feed, aiming to keep the GI tract functioning, can be
adopted. In a recent meta-analysis, initial enteral full feeding
compared to initial enteral intentional underfeeding does not
seem to improve major outcomes such as mortality, hospital LOS
and ICU-LOS, duration of mechanical ventilation, and incidence
of infectious complications [21].

EN formulas contain both macro- (carbohydrates, proteins, lip-
ids) and micronutrients and have different compositions according
to calories, proteins, and micronutrients provided [22].

Main feeding tube characteristics refer to diameter, insertion
site, and tip position and are listed in Table 15.2 [23-25].

Choice of feeding tubes should be oriented on patient’s condi-
tions and device’s tolerance. Currently, no clear benefit can be
addressed to post-pyloric feeding tubes. A recent systematic
review and meta-analysis revealed lower incidence of pneumonia
(moderate quality of evidence) and higher percentage of admin-
istered nutrients (low quality of evidence) when post-pyloric
feeding was compared to gastric one; nevertheless, major out-
comes such as ICU mortality or LOS do not seem to be affected
by feeding site, so as complications affecting the GI tract and
those related to tube insertion and management [26]. Confirmation
of tube’s position is a crucial point. Currently, chest radiograph
is considered the gold standard to determine tip-tube position,
especially in patients with altered consciousness and impaired
reflexes [27]. Incorrect insertion of a NG feeding tube through
the airways can lead to severe complications such as pneumotho-
rax [28]. Other methods are suitable for this purpose, with stom-
ach auscultation and determination of aspirated pH being most
widely used [29]. Also, patient observation during and after
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Table 15.2 Characteristics of feeding tubes

381

Bore Insertion

Tip position

Nasal: common route

Large (>14 Fr):
preferred when
gastric emptying is
required;
esophageal
ulceration may
occur

Small (5-12 Fr): more
comfortable for the
patient; more at
risk for
incrustation and
obstruction;
preferred in
patients ad greater
risk for aspiration

for insertion; allows
better oral care
(intubated) and
patient’s
conversation
(non-intubated)
Saliva reduction,
mouth dryness, and
thirst may occur

Oral: commonly used in

premature neonates
or small infants

Transcutaneous:

preferred when
long-term artificial

Stomach: common
route for feeding
in ICU; allows
administration of
hypertonic
solutions

Jejunal/duodenal:
preferred when
higher risk for
aspiration is
present

feeding is required

tube’s positioning may provide information about incorrect posi-
tioning in the airways.

A cross-sectional study revealed poor correlation between
chest radiograph NG tip-tube position confirmation and auscul-
tatory method performed by a nurse (Prevalence and Bias
Adjusted Kappa (PABAK) 0.188, p = 0.111) [30]. In this study,
duodenal positioning was frequent (27.4%), and potentially
harmful positioning (distal esophageal portion and lung) was
not entirely negligible (1.3 and 1.3%, respectively). Furthermore,
a low agreement between position assessment performed by
doctors and nurses (Kappa = 0.215; p = 0.118), doctor and nurs-
ing researcher (Kappa = 0.142; p = 0.114), and nurses and nurs-
ing researcher (Kappa = 0.052; p = 0.107) confirmed poor
interrater reliability of this method [30].
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Measurement of gastric pH in 44 ICU patients revealed a
mean value (= SD) of 4.2, with 59.1% of patients with values
between 0 and 4 [31], although a statistically significant differ-
ence (p < 0.05) in gastric pH was observed whether patients
were treated with antacid drugs (4.6 = 1.7) or not (3.5 + 1.8)
[32]; pH <5.5 had a positive predictive value for correct gastric
positioning of 98.9%, although two false-positive tests with
esophageal positioning were identified. Although helpful, gas-
tric pH measurement has limitations related to inability to
obtain gastric aspirate, influence of feeding, drugs, and small
bowel or esophageal positioning that may require chest radio-
graph confirmation [32, 33].

15.3.1 Prevention of Feeds Contamination

Incorrect feeds management can result in potentially harmful
contamination. Currently, contamination from enteral formulas
can be considered rare, since industrial preparations are usually
administered. External sources of contamination can come from
professionals’ hands or water. The importance of correct hand-
washing and gloves utilization has been explored in Chap. 9.
Water administration in enterally fed patients is common, both for
dilution of formulas in order to reduce nutrients’ concentration
and therefore minimize the intolerance risk (diarrhea), administer
drugs, and flush NG tube when nutrition is interrupted. For all of
these purposes, bottled water should be preferred, and sterile
water should be used with immunocompromised patients. Several
studies documented infections from Legionella pneumophila and
Pseudomonas aeruginosa from tap water. For this reason, reus-
able devices (such as tablet crushers) should be accurately dried
after rinsing. When administering EN, feeding bags or bottles are
connected to feeding sets. A recent retrospective observational
study found a statistically significant reduction in diarrhea occur-
rence risk (HR = 0.27, 95% CI: 0.12-0.61, p = 0.002) when the
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set hang time was reduced from 72-96 h to 24 h [34]. Feeds
contamination might also occur due to retrograde microorganism
migration from patient’s GI tract toward NG tubes.

15.4 EN Complications

Up to 80% of patients receiving EN develop complications [35].
The term nutritional intolerance describes situations in which an
increased gastric residual volume (GRV), together with vomiting,
is detected, thus reducing the total nutrients amount administered
[36]. To date, a definitive nutritional intolerance definition is not
available, as underlined in a recent systematic review [37] report-
ing 43 different definitions of nutritional intolerance. The authors
classified nutritional intolerance in three different categories, i.e.,
high gastric residual volume, presence of gastrointestinal (GI)
symptoms, and inadequate enteral nutrition administration.

In a retrospective analysis [38], 30.5% of patients developed
feeding intolerance, with a median occurring time of 3 days
(range 1-12) from EN start. Feeding intolerance was associated
with lower caloric and protein intake and significantly related
with decreased median ventilator-free days (11.2 vs. 2.5;
p < 0.0001), ICU-LOS (11.3 vs. 14.4; p < 0.0001), and days to
discharge alive from hospital (20.3 vs. 23.8; p = 0.0002).
Although nonstatistically significant, 60-day mortality was
higher in patients with feeding intolerance.

15.4.1 High Gastric Residual Volume

Gastric residual volume (GRV) measurements are recommended
to determine EN tolerance [39, 40], predict inhalation risk [41],
and monitor the functional status of digestive tract. Delayed gas-
tric emptying is common in enterally fed patients, involving up to
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50% of MV patients, and comes from altered GI motility, drugs,
surgery [42], altered state of consciousness, reduced coughing
reflex, and indwelling ETT [43].

Ninety-seven percent of nurses measure GRV [35], to quan-
tify and qualify [44] gastric content and identify intolerance to
EN [45].

GRV measurement is normally performed by aspirating the
stomach with a 50 mL syringe or connecting a collection bag to
NG tube for at least 10 min [35]. Several factors, including tube
diameter [46] and position [47] and fluid viscosity [45], influence
the amount of detected GRV. High GRV (defined as gastric aspi-
rates >200 mL) does not seem to be affected by continuous or
bolus EN administration (13.3 vs. 20%, respectively, p = 1) [48].

Normally, GRV is classified as mild (<150 mL/6 h), moder-
ate (251/350 mL/6 h), and severe (>350 mL/6 h). To date, the
maximum tolerable GRV amount has still not been defined, so
as the usefulness of this measurement. In fact, no statistically
significant association was found between different GRV
amounts and number of episodes of inhalation or regurgitation
[41], and an increased GRV tolerance up to 500 mL did not
influence diarrhea, abdominal distention, regurgitation, nor
pneumonia [49].

Optimal timing to check GRV has also not been identified
[50]. In many ICUs, GRV measurements are performed three
times a day, after interrupting EN for 1 h [51]. Also, more fre-
quent (every 6 h) GRV assessment is suggested during the first
EN day, while a daily measurement can be adopted from the
third, when no complications are detected [49]. Since higher
GRVs are detected during the first EN hours [52], a more strict
control is suggested within this period [29].

GRYV < 250 mL should not be discarded but reintroduced. In
fact, discarding gastric content seems to be associated to a
higher delayed gastric emptying and hypokalemia incidence.
When GRYV is higher than 250 mL, the exceeding volume is
discarded.
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As high GRV is the main EN intolerance feature (61.6%) of
observed patients, treatment with prokinetic agents can be
adopted to facilitate nutrition admixtures proceeding through
the GI tract [38].

15.4.2 Gastrointestinal Symptoms

Vomiting is defined as “an objective event that results in the
forceful evacuation of gastric contents from the stomach, up and
out of the mouth” [53]. In ICU patients, vomiting has been
described as “any regurgitation,” irrespective of the amount
[54]. Several factors, including surgery, medications, CNS, and
gut disorders, have been addressed as possible causes for vomit-
ing. In ICU patients, vomiting and regurgitation represent,
respectively, 12.2% and 5.5% of EN-associated complications
[40]. Higher prevalence (38.2%) has been observed in a more
recent observational study [54], without statistically significant
difference in vomiting occurrence between survivors and non-
survivors (37.3% and 40.9%, respectively; p = 0.13). In this
study, vomiting was found to significantly reduce the mortality
risk (OR 0.44, 95% CI: 0.29-0.68; p < 0.001). Vomiting rates do
not relate with EN type of administration (continuous vs. bolus,
6.7% vs. 6.7%, p = 1) [48].

Vomiting is addressed as causing 6.8% of EN interruptions [52].

Abdominal distention is not clearly defined among studies
exploring GI complications. It is generally assumed that abdom-
inal distention can be diagnosed radiologically or clinically, and
although less frequent when compared to vomiting (10.6%), it
has been associated with a significantly higher risk of death (OR
1.64, 95% CI: 1.07-2.53; p = 0.025) [54].

Although not widely reported from the literature, vomiting
and abdominal distention can lead to increased patient discom-
fort. Thus, proper assessment and treatment of these symptoms
are required.
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15.4.3 Inadequate EN Administration

Inadequate EN delivery is frequent in ICU patients. Currently, a
homogeneous definition for inadequate EN administration does
not exist, and findings from a literature review underlined how
prescription goals for enterally fed patients vary from 70 to
110% [55].

According to a literature review, inadequate EN administra-
tion refers to:

* Patient’s factors: age, sex, nutritional status, disease severity,
and mechanical ventilation

* Feeding methods: feeding formula and tube location

* Feeding process: time to initiation, feeding underprescrip-
tion, and EN interruption [55]

Patient-related factors do not seem to significantly affect EN
delivery. Particularly, disease severity nor nutritional status
influences the achievement of optimal caloric intake [56].

No clear benefit has been evidenced by nutrient-dense for-
mulas administration. Particularly, a prospective study revealed
a highest caloric intake with hypertonic formulas, but not ade-
quate protein provision [57]. Use of hypertonic formulas should
therefore balance potential risks (diarrhea) and benefits
(administration of smaller volumes). Similarly, post-pyloric
tubes did not demonstrate significant improvements in caloric
and protein goals achievements [58].

A recent retrospective observational trial [59] examined pro-
cess-related barriers to optimal EN volume administration. In this
study, a high number of interruptions (49% of observed days, 198
total interruptions) were intercepted. Interruptions are also related
to accidental device removal (ETT or enteral access) [59, 60] or
need for device positioning [60], bedside or radiology procedures
[59, 60], problems with small-bore feeding tubes [61], weaning
[61], or presence of GRV [59, 61]. GRV >500 mL was related to
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the largest EN loss (77%) and the longest interruption (18.5 h)
[59]. EN interruptions seem to be a predisposing factor for under-
feeding (OR, 2.89; 95% CI: 1.03-8.11) and prolonged ICU-LOS
(IRR, 1.53; 95% CI: 1.41-1.67) [60]. Underfeeding is signifi-
cantly predicted by delays in EN start after ICU admission, total
amount of prescribed calories, and total interruption time [62].
Duration of interruptions varies between 1 and —24 h [63], thus
compromising the final amount of calories and proteins received
by the patient. In a prospective observational study, 62% of
patients received lower caloric intake than required (according to
Harris-Benedict equation requirement) [62].

When EN management is supported by a shared protocol,
goals achievement in terms of use of more EN alone [20], earlier
initiation [20, 64], and amount of prescribed and delivered EN
[20, 65] significantly increases. Despite these considerations, a
recent systematic review highlighted the need for more well-
designed randomized studies, in order to ascertain the effects of
protocol-driven EN on major outcomes (mortality, ICU-LOS,
and hospital LOS) [66].

15.5 Drug Administration via Feeding Tubes

Oral and feeding tubes administration are often not interchange-
able, and specific considerations concerning drug crushing and
mixing, proper water-volume dilution, NG tube flushing, and
compatibility with EN formulas should be highlighted.

15.5.1 Drug Crushing and Mixing

Oral medications can be available as solid or liquid form [33].
Solid forms include both products with immediate release (few
minutes after reaching the stomach) both those with modified
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release (extended or delayed) [33]. Oral medications form may
impact on the possibility to crush them. Tablets can be provided
with an enteric-resistant coat or be designed to slowly release
the active medication or allow resistance to gastric pH. Crushing
such medications may lead to altered drug effect, in terms of
bioavailability, therapeutic effect, and toxicity, and should there-
fore be avoided. Moreover, coat chipping can be difficult and
provoke aggregation between small particles, thus increasing
the NG tube obstruction risk [33].

A recent randomized crossover study on 36 healthy volun-
teers demonstrated higher ticagrelor (and its metabolite) plasma
concentrations when the crushed drug was administered orally or
via NG tubes compared to whole tablet administration [67].
Although no relevant AEs were observed, caution should be used
when transferring these results to the critically ill population.

Oral medications are crushed using dedicated crushers. Oral
medication mixing occurs because of simultaneous prescription.
Crushing together two or more medications might generate
chemical reaction, with subsequent changes in drugs’ properties,
and similar considerations can be applied for liquid forms [33].

15.5.2 Proper Water-Volume Dilution

Oral suspensions and solutions osmolality can be up to 25-fold
greater than the one in the GI tract [68]. When administering
such drugs using a transpyloric tube, it is important to adopt
adequate drug’s dilution’s volume to avoid intolerance [68],
meaning that 150-250 mL of water could be required to achieve
adequate osmolality [69]. Suspensions dilution might also be
necessary to reduce their viscosity and facilitate proceeding
through NG tubes [69], although adequate dilution volume can
be difficult to establish. Immediate-release tablets, so as the
content of immediate-release gelatine capsule, should be fine-
crushed and then diluted in sterile water [69].
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15.5.3 Compatibility with EN Formulas
and Feeding-Tube Flushing

Limited informations about compatibility and stability of oral
medications and EN formulas admixtures are available. Both
drug’s and EN formulas’ characteristics may interfere with
medication’s stability. For this reason, admixture of oral medi-
cations and EN formulas is discouraged [70], and administration
of EN formulas should be temporarily withheld when giving
oral medications through NG tube [33, 70].

In a recent in vitro study, the compatibility between an EN
formula and 62 suspensions and solutions has been tested [68].
Drugs with pH <4 can interact with diet proteins, leading to
precipitate formation in NG tubes [70]. Acid pH is typical for
oral liquid drugs (excluding antacid ones and potassium iodide),
thus suggesting adequate NG tube flushing after medication’s
administration in order to avoid tube’s occlusions [68].
Appropriate feeding tube flushing (before and after drug’s
administration) with at least 15 mL of sterile water is
recommended to avoid interactions between drugs, drugs and
EN, and drugs and feeding tubes (as for diazepam) [70].
Feeding tube’s flushing may also prevent drug clotting (clonaz-
epam, carbamazepine, phenytoin) within the tube [70]. Also,
when administering drugs through a feeding tube, evaluation of
tube diameter and tip positioning should be considered. Small-
bore tubes are more likely to clog, although more comfortable
for the patients [25]. Tip position (gastric, duodenal, or jejunal)
could interfere with drug absorption, especially for those with
gastric effect or absorption (lowered effect and absorption) or
those with extended hepatic first-pass effect (increased absorp-
tion and effect) [25].

EN administration should be restarted not earlier than 30 min-
utes after drug’s administration [33], but in case of drugs with
well-established EN interaction (fluoroquinolones, hydralazine,
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warfarin, carbamazepine, hydrochlorotiazide, theophylline, gab-
apentin), feeds should be withheld 1 and 2 h after administration
(2 h for phenytoin) [25, 70].

15.5.4 Considerations About Nursing Practices

Noncompliant practices in oral medications administration
through feeding tubes have been highlighted. Particularly, veri-
fication of tube position prior drug administration, proper
medication preparation (including crushing only when appro-
priate and appropriate dilution), and tube’s flushing were iden-
tified as susceptible for improvement, since nurses did not
perform consistently with available evidences [71]. Moreover,
lack of knowledge concerning pharmaceutical form and the
importance of tip-tube position has been shown [72]. Nurses
often refer to their experience (80%), while hospital policy,
pharmacists, or more experienced nurses consult lightly influ-
enced (40.9, 37.6, and 33.7, respectively) nursing practices
[71]. Multidisciplinary interventions including pharmacy sup-
port and provision of detailed instructions for administration
proved to be effective in reducing (although not statistically
significant) the incidence of tube obstructions (HR 0.22, 95%
CI: 0.047-1.05) and administration errors (23% before inter-
vention; 82% after intervention) [73].

15.6 Bowel Management

Bowel care is no longer perceived as priority in ICU staff, and lack
of knowledge has been highlighted during focus groups oriented to
examine in depth staff’s attitudes toward bowel care [74].
Implementation of a bowel management protocol in three Australian
ICUs led to significant increase in knowledge concerning bowel
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management, frequency of bowel function assessment, and
proper decision (suppository or enema administration) to take
following a per rectum exam [75]. Conversely, effects on
patients in terms of duration and episodes of constipation and
episodes of diarrhea did not change significantly after a bowel
management protocol [76].

15.6.1 Diarrhea

Diarrhea has been defined as three or more loose bowel motions,
or four or more bowel motions of any consistency, or more than
300 mL of stool on at least two consecutive days [77]; recently,
the ESICM group on abdominal problems referred to diarrhea as
three or more loose or liquid stools with a stool weight greater
than 200-250 g/day (or 250 mL/day) [78]. A recently proposed
definition [79] adds consideration of feces based on the Bristol
Stool Chart (categories 5—7). The Bristol Stool Chart was origi-
nally developed to categorize stool according to consistency and
form in seven different items [80] and later validated on a general
population [81]. To our knowledge, no validation on the critically
ill population has been conducted, and proper assessment of
stool amount and characteristics in bedridden patients could be
affected by loss or absorption of feces from bed linen. Similarly,
estimation of stool volume/weight could represent a limit in the
application of these definitions.

An observational study on MV patients documented loose
stool (Bristol types 5-7) in 36.9% of study days, with diarrhea
occurrence of 12% [82]. Nonetheless, the authors conclude that
liquid stools are a common finding within critically ill patients
due to common administration of EN and laxatives and should
therefore not be considered a feature of diarrheic condition [82].
More recent observational studies reported a 12.9-14% preva-
lence of diarrhea on admitted patients [83, 84] or a 5.2% per 100
patient-days incidence [84].
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Pathogenesis of diarrhea can be osmotic, motoric, secretory/
inflammatory, or from altered absorption [22] (also deriving
from reduction of intestinal surface). Two main underlying
mechanisms can explain the pathogenesis of diarrhea, the
action of osmotically active substances and the electrolyte
imbalance, resulting in a larger amount of water in the intestinal
Jlumen [85].

Previously described causes for diarrhea [77] have been
revisited during the last 10 years. Well-recognized causes can
nowadays be referred to:

e Medications: 20.0% of patients with diarrhea received laxa-
tives prior to its occurrence, and 11.4% had enemas adminis-
tered [83]. Diarrhea could also be referred to administration
of liquid drugs containing sorbitol, saccharose, mannitol, lac-
tose, and magnesium through a NG tube [70].

¢ Enteral nutrition: the role of EN in diarrhea onset is nowa-
days unclear; on one side, EN seems to have a protective
effect on intestinal mucosa, but, on the other side, EN may
have an osmotic effect; nonetheless, research findings suggest
that EN per se does not increases the risk of diarrhea (RR
0.87%, 95% CI: 0.46—1.66), but EN delivery >60% of energy
target does (RR 1.75, 95% CI: 1.02-3.01; p = 0.042).
Administering continuous or bolus EN does not affect the
incidence of diarrhea (13.3% vs. 33.3%, p = 0.39) [48].

¢ Antibiotic and antifungal therapy is associated with an
incidence rate of 8.94/100 patient-days and 25.35/100
patient-days, respectively. Estimated RR for diarrhea sig-
nificantly increases when antibiotics (RR 3.64, 95%
CI: 1.26-10.51, p = 0.017) and antifungal drugs (RR 2.79,
95% CI. 1.16-6.70; p = 0.022) are administered [84].
Authors also reported that the administration of EN >60%
of energy target together with antibiotics or antifungal drugs
increases the incidence risk ratio for diarrhea by 4.8 or 5.0
times, respectively [84].
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e Intestinal infections: the most commonly reported infec-
tious agent for ICU is C. difficile (0.7 [84]-1% [83] of the
ICU population); other agents can be intestinal viruses,
Salmonella and Campylobacter [83].

Patients with diarrhea have longer ICU-LOS (9.5 vs. 1.7 days,
p <0.001) and higher mortality (22.5 vs. 8.7%, p < 0.001) [83].

The role of fiber administration to reduce diarrhea is still
controversial. Fibers act both as bulking agents (insoluble fiber)
and by increasing water absorption (soluble fiber) [22].

Recently published guidelines do not suggest routine use of
fiber formulas, since no consistent evidence concerning diarrhea
reduction with fiber use is currently available [11].
Hemodynamically stable patients might benefit from a 10-20 g/
fiber addition, as it helps maintain the intestinal flora [11].
Caution should be kept toward hemodynamically unstable
patients, since increasing intestinal mass could impair bowel
perfusion [22].

According to the findings of a recent systematic review and
meta-analysis, administration of probiotics has no effect on
diarrhea reduction (RR 0.97, 95% CI 0.82-1.15, P = 0.74) [86].

15.6.2 Bowel Constipation

Although frequent in ICU patients, bowel constipation (BC) is
often ignored. Nonhomogeneous definition of BC is still avail-
able, and previously reported definitions refer both to need for
laxatives or enemas and days between stool passage (3, 6, or
9 days, according to studies). Recently the Working Group on
Abdominal Problems from the European Society of Intensive
Care Medicine (ESICM) refers to the term ‘“paralysis of the
lower GI tract,” meaning the absence of stool passage for three
or more consecutive days without mechanical obstruction,
regardless of bowel sounds [78]. Further observational studies
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distinguished between early (3-5 days) and late (>6 days) onset
for constipation [87].

Recently, the concept of impaired gastrointestinal transit
(IGT) has been introduced in enterally fed (for at least 3 days)
and mechanically ventilated (for at least 2 days) patients; IGT
bounds the absence of bowel movements for >days and BC
treatment, together with at least other clinical criteria (radiologi-
cal confirmation, feeding intolerance, abdominal distention, or
need for gastric decompression) [88].

Prevalence of constipation in ICU population varies widely
according to the setting and the definition used, thus leading to
a difficult measurement of real impact of this problem.
Nonetheless, constipation affects a significant proportion of
ICU patients. Two observational studies revealed a constipation
incidence (defined as “failure of bowel to function for 3 or more
days”) of 69.9% in surgical ICU patients [89] and of 83% in
medical-surgical ICU patients. A more recent observational
study investigating constipation in ICU patients found a global
51.9% incidence [87]. The abovementioned studies do not refer
to patient’s previous bowel habits.

Individual factors such as age and sex are not considered as
predisposing factors for late defecation [90]. Table 15.3 sum-
marizes predisposing factors for bowel constipation.

Constipation incidence is significantly reduced by early EN
[89] and spontaneous breathing [87]. Therefore, attention to
feeding and weaning from MV could also result in better GI
outcomes. Interestingly, in a pseudo-randomized controlled
trial [48], the incidence of constipation was significantly higher
when EN was administered continuously compared to bolus
(66.7% vs. 20%, p = 0.025).

Disease severity (measured by SOFA or APACHE II scores)
has been addressed as responsible for delayed defecation [93].
Irrespective of stool-passage intervals considered (3—5 days or
>6 days), constipation is significantly associated with invasive
MYV, use of vasopressors, continuous sedation, neuromuscular
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Table 15.3 Predisposing factors for bowel constipation

Drugs Exogenous opioids adhere to enteric opioid receptors,
leading to altered motility and bowel dysfunction
[91] and increasing water absorption from the GI
tract, with consequent harder and drier feces [92];
moreover, opiates strongly impact on patient’s
LOC, leading to a reduced sensation of need for
defecation

Dopamine and norepinephrine can lead to reduced
intestinal motility [93]

Dehydration associated with diuretics can result in
harder feces [94]

Environment ICU environment often does not provide adequate

privacy, leading to patient’s embarrassment
Reduced motility is common in ICU patients
Perfusion and Hypotension (SBP < 90 mmHg) and hypoxemia
oxygenation (PaO,/FiO, ratio < 150 mmHg) impact on
intestinal perfusion and oxygenation and are
independently associated with late (> 6 days)
passage of stool [95]

Surgery Abdominal surgery per se [94, 96] and other site
surgeries [90] can alter the brain-gut-microbiota
axis

Late enteral Delay in EN start could alter intestinal peristalsis [90]

nutrition

blocking agents, enteral feeding, ICU-LOS, and mortality [87].
Although nonstatistically significant, MV duration increases in
constipated patients [87]. Prolonged constipation (>6 days) is sig-
nificantly associated with increased MV duration, ICU-LOS [87,
93, 97], risk of VAP [87], and bacterial infections at any site [95].
Feces passing through the gut allow intestinal “cleaning” [98], thus
contributing to reduced bacterial overgrowth and increased bacte-
rial translocation.

The association between late constipation and mortality is
controversial [87, 90, 97]. When considering severity of disease,
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no clear assumption can be considered about which one is the
causative agent and which one is the consequence [98].

Delay in stool passage has also been independently associated
(adjusted HR 1.14, 95% CI 1.06-1.12; p < 0.01) with the onset
of delirium [99].

Since bowel constipation is potentially life-threatening and
causes discomfort to patients, maintenance of a regular intestinal
function is essential to prevent potential complications. Correction
of causative agents is the first step to manage the problem.
Awareness of the problem so as proper consideration of risk factors
(including daily review for opiates need) is crucial to keep adequate
attention [94].

Constipation can be treated by administering laxatives, sup-
positories, or enemas. Laxatives include [91, 100]:

* Bulking agents (methylcellulose, psyllium): increase stool bulk

e Stimulant agents (senna, bisacodyl): stimulate peristalsis and
increase water and electrolyte secretion at intestinal mucosa

e Osmotic agents (lactulose or polyethylene glycol (PEG)):
increase water content in stool

¢ Emollient agents: create a slippery covering on stool, thus
decreasing the amount of water absorbed at intestinal level

Currently, few data on effectiveness of laxatives in the criti-
cally ill population are available.

In a RCT on surgical and trauma ICU patients, lactulose
administration during the first 3 days after ICU admission led to
a statistically significant difference in patients with bowel
movements (18% in the intervention group vs. 4% in the control
group, p < 0.05) [101]. Daily administration of lactulose reduces
time to first defecation (14.5 vs. 96.0 h, p < 0.001), days without
defecation (33.1 £ 15.7 vs. 62.3 £ 24.5, p < 0.001), and number
of patients affected by constipation (9.1% vs. 72.7%, p < 0.001);
moreover, daily lactulose led to a greater reduction in SOFA
score at discharge (—1.907; —3.683 to 0.13; p = 0.036) [102].
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A less recent prospective RCT compared the effectiveness of
two commonly administered laxatives (PEG and lactulose) and
placebo in mixed ICU (including cardiac surgical patients). Both
lactulose and PEG significantly reduced time to first defecation
(36.0 vs. 75.0 h for lactulose versus placebo, p = 0.001; 44.0 vs.
75.0 h for PEG vs. placebo, p = 0.001). Also, a number of
patients who had defecation during the study period statistically
differed when comparing lactulose and placebo (69% vs. 31%,
p =0.001) and PEG and placebo (74% vs. 31%, p = 0.001) [97].

Other pharmacological agents can help resume GI motility.
Metoclopramide and erythromycin both increase gastric empty-
ing; however, their effect on small bowel movements [103] and
in patients with postoperative ileus is limited [96]. Low doses
(2-2.5 mg/24 h) of neostigmine help small bowel and colon
motility [103], although potentially severe cardiovascular com-
plications are described.

Enemas can be administered when oral laxatives are contra-
indicated, not tolerated, or not effective.

Bowel dysfunction related to opioids can be treated by
administering methylnaltrexone (oral, intravenous, or subcuta-
neous) or naloxone. Methylnaltrexone acts as peripheral opiates
antagonist, but its molecular structure does not cross the blood-
brain barrier, thus avoiding side effects such as withdrawal
syndrome or inadequate analgesia [103]. Methylnaltrexone can
be administered orally, subcutaneously, and intravenously, with-
out significant side effects or effect’s reduction [100].

Take-Home Messages

e Assessment of nutritional status allows identification of
patients at risk for malnutrition.

* Nutrition deficits increase the risk for major outcomes (mortal-
ity and LOS) and delay wound healing and recover of patients.

e Enteral nutrition is usually preferred, since it is more physi-
ological and less costly.
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e Complications of enteral nutrition refer both to the upper and
lower gastrointestinal tract and may affect the delivery of
required amounts.

e Special attentions are required when administering oral and
liquid drugs through nasogastric tubes, both to avoid compli-
cations and reduced effect.

e Diarrhea and constipation commonly affect ICU patients;
these complications relate with major outcomes.

e Protocols can be helpful to manage enteral feeding and to
uniform the approach to gastrointestinal complications.
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Chapter 16 ®)
Visiting Policies in ICUs s

Matteo Manici and Francesca Ghillani

16.1 Introduction

Intensive care units (ICUs) are highly affected by the changes in
medicine that have been taking place since the start of the mil-
lennium. In ICUs, the connection between techno-scientific
research, biomedical industry, professional practices, and the
trajectories of life and care of patients and their families is
increasingly tightening [1].

The intensive care unit was born in 1952, when the applica-
tion of invasive ventilation spread as a response to the epi-
demic of poliomyelitis in Copenhagen. The concept has
changed dramatically with the evolution of the discipline of
intensive care medicine over the last 60 years, and future
changes will certainly happen in the next few years [2]. In
many contexts, patients and their families see ICUs as closed
environments and almost completely inaccessible [3]. ICUs
are probably the settings where the contrast between the
increasing technological sophistication of modern medicine
and its frequent failure to properly consider the human and
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relational dimensions is widely evident. For this reason, the
ICU has been disparaged, reduced by the public as being
“inhuman” or “high-tech” medicine [4].

In the USA in the 1960s, the discipline of medical humani-
ties (MH)—also called “clinical humanism”—developed around
the distinctions between the bonds science-technology and man-
relationship. The discipline was born with the aim of avoiding
the degeneration of medicine, which, at the time, was moving
toward a more techno-scientific gaze.

The medical humanities cover the function of advocacy for
patients, focusing on their sufferings, due to biological but also
psychic and social natures of the illnesses [5].

In the MH movement, great attention is placed on the medi-
cal staff, composed by nurses, doctors, and other figures of
health and social workers who operate on an interdisciplinary
basis in the environment of cure. In an age of continuous expan-
sion of the technical system of medicine, of fundamental ethical
dilemmas and growing socioeconomic problems, but also of
difficulties in the communication between patients, family
members, and practitioners, the MH build new alliances and
new models of care.

The term humanization, unlike MH, does not recall the area
of study (medical and nursing) but is rather linked to the action
of making more “human” (perhaps even “humble” and “gentle’)
the relational dynamics between patients, their families, and
caregivers [6].

Humanizing care can seem, at first glance, a paradox, given
that hospitals were in fact established as supportive and compas-
sionate places of institutional care [7]. Humanization is often
invoked in response to the dehumanization of ICUs, which can-
not be attributed to technology alone but is especially an effect
of the way in which members of staff facilitate the balance
between machine and human.

The theme of humanization is certainly very wide. Indeed,
humanizing the care for ICU patients entails:
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e Reducing, as much as possible, biological damage and pro-
moting the best recovery

e Enhancing the uniqueness of the person by augmenting the
personal dimensions and giving meaning to the biological
dimension

e Giving the patient an absolute moral value; helping to feel
him/her like a human being with an intact dignity, as a conse-
quence of the value attributed to the patient by those who
have the responsibility to care [8]

The humanization of care in the ICU can be conceptually
approached from the point of view of the main figures involved
in the system. Namely:

* The patient, not only in terms of the obvious attention given
to the reduction of the biological damage, but also as an
appreciation of the uniqueness of the ill person, to whom an
ontological value should be attributed. The patient’s value
shouldn’t be subordinated to the effectiveness of the health-
care techniques or his/her personal autonomy.

e The family, in particular, the efforts that should be aimed at
reducing the consequences of having a relative hospitalized in
ICU and personalizing their participation in the life of the ward.

e The healthcare worker, supporting the efforts in dealing with
the feelings of inadequacy and helplessness that arise when
therapeutic techniques are not sufficient to reduce the bio-
logical damage or to avoid the death of the patient and always
encouraging compassion for the sick, for the family mem-
bers, and for themselves [8].

In more recent times, and with a view that is closer to the one
expressed in this work, the “HEROIC” Bundle (Fig. 16.1) was
proposed as an acronym of Humanization to Enhance Recovery
on Intensive Care [9], divided into the chapters: “open ICU,”
ICU environment, communication strategies, analgesia,
delirium, reorientation strategies, physiological sleep promotion,
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® cooperation with relatives (communication, physiotherapy, nutrition, diaries,[...])

e indirect lights, beds towards sunlights, alarms without noise, preferred music availability

COMMUNICATION STRATEGIES

e towards patients (visual/hearing aids, calling by name, augmentative/alternative
communication, narrative approach)

e towards relatives (brochures, website, meeting rules, direct explanations, phychologists,
availability)

— I

® adeguate ever (measured with VNR or BPS) together with light (conscious) sedation,
measured with RASS or SAS, within 48h from ICU admission and use of protocols, like
“analgesia-first sedation”, use of dexmedetomidine, enteral approach with hydroxyzine,
daily interruption of continuous sedatives each morning and coordination with
breathing trials

— I

e screening (with CAM-ICU or ICDSC), prevention and early intervention with non-
pharmacologic protocol, by stopping deliriogenic drugs, considering antipsychotics

REORIENTATION STRATEGIES

® in-ICU (personal belongings, books/newspapers, pc/tablets, practical activities)
® post-ICU (ICU diaries made by health care team and relatives, follow-up after hospital
discharge)

PHYSIOLOGICAL SLEEP PROMOTION
o days awake (music and TV, DVD player, discourage sleep during daytime)

@ silent nights (lights off, noise control, avoid unnecessary procedures)
® melatonin supplementation

PATIENT MOBILIZATION
e and early physiotherapy, avoid neuromuscular blocking agents

e early joining of energy target, early normoglycemia, early enteral nutrition, early
nutrition by mouth

END-OF-LIFE DECISION AND CARE
® brochure, meeting with relatives, psychologist’s availability
Fig.16.1 Humanization to Enhance Recovery on Intensive Care (HEROIC)

Bundle (www.heroicbundle.org, accessed on Sth of May, 2016, reproduced
with permission)

patient mobilization, energy, and end-of-life decision and care.
Many of the topics related to this approach will be discussed in
this text. Furthermore, the remainder of this chapter will be
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focused on the topic of “open ICU,” in the European sense of the
term, that is, ICU with open visiting policies.

16.2 Open ICU

The admission of patients to ICUs still follows a “revolving
door” principle: when the patient comes in, the family is sent
out [10]. The “opening” of intensive care, or rather the opening
of visiting policies, is considered an important step toward the
humanization of care.

The theme of the visit in the ICU has been the subject of
research and debate for over 25 years [11]. A 1984 survey carried
out in Ohio (USA) showed great variability in the visiting poli-
cies to ICUs in terms of duration and frequency. Most of the
ICUs allowed access to only two visitors and limited the visiting
time to less than 20 min. Rarely, children under the age of 12
were allowed in. Often the choices of such restrictive visiting
policies were not supported by previous studies and were not in
line with the current concept of “rights” of the patient [12].

About 15 years ago, Hilmar Burchardi, in his editorial in
intensive care medicine entitled “Let’s open the door!,” affirmed
the need to recognize that the ICU could be a place where high
priority is given to the concept of humanity and highlighted the
need to open doors that were still closed [4]. Few topics have
generated such a high level of debate as the visiting policy in
intensive care units. The “open” care model is different from the
more traditional “intensive care with closed visiting policies”
model, as the latter is characterized by access restrictions in
terms of time and number of people, the use of personal
protective equipment for visitors, and fragmented and limited
relationships between health professionals, the patient, and the
family [8]. The rationale behind the traditional “closed” model
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is based on the fear of family interference with the process of
care as well as the idea that a more open access of visitors leads
to an increased risk of infection and an augmented stress of fam-
ily members. So, the patient in ICU is usually alone and sepa-
rated from family members by restrictive access policies [13].

The need for and the importance of family members visiting
patients admitted to the ICU has been well documented and
passionately debated for many years. Nurses tend to be the main
“access controllers” of visitors, although there is still little
empirical knowledge of the phenomenon from the perspective
of the bedside nurse [14]. Furthermore, the terminology is
sometimes inconsistent: “visitation” is a generic word with
many meanings. The so-called structured visit is a form of visit
that imposes limits. Although these limits can be very flexible,
this situation should not be confused with a completely open (or
unlimited) visiting policy. The “open visit” should be distin-
guished from “cohabitation.” In this context, cohabitation is the
act of living with someone, while visits are the act of spending
a period with someone. Through the application of a “visiting
contract,” the ICU staff creates specific agreements with visitors
to meet their needs and those of patients and staff. This normally
does not include an open invitation to visit the patient at any
time without limits [15].

In the USA and Europe, most of ICUs poses many restric-
tions [16] that have been gradually decreasing over the years.
In France (2000) 97% of ICUs applied visiting policies
restricted to a single visit and at a designated time [17]. In
Spain (2005) 94.8% of 98 ICUs investigated imposed limita-
tions to visits [18]. In New England, USA (2007), 68% of ICUs
did not adopt an open visiting policy with flexible hours [19].
In Italy, of 257 investigated ICUs (2007), only one had a non-
restrictive policy on the time of the visit. 99.6% allowed access
but with limitations of the visiting hours, and in five of them
(2%), visitors were not allowed at all [20]. In Flanders (2007),
the Dutch-speaking Belgium, 96.7% of ICUs had restrictive
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policies [21]. Still in Belgium (2010), visiting policies were
restrictive in all of the 27 ICUs surveyed, with preassigned
visiting hours spread over two or three daily time slots in 98.2%
of cases [22]. In the Netherlands (2011), most of the ICUs
(85.7%) had limitations [23]. In USA (2013), three kinds of
restrictions (time, number of visitors, or age) persisted in
89.6% of ICUs [24].

16.2.1 Communication in ICU

Major features of communication in ICUs include a highly tech-
nological environment, decisions based on the interpretation of
monitoring and treatment data, and the consequent development
of technical skills by doctors and nurses. However, to deliver
quality of care, another “step” is needed: the ability to deal with
the uncertainty and anxiety of the patient and his/her family.
This would be an empathetic perspective where the subjectivity
and the person’s symbolism are considered just as valuable as
their physical symptoms [25]. Communicating means transfer-
ring information but also transferring nonverbal aspects that
generate trust and satisfaction in the users of the service.

Correct information should be a basic pillar of communica-
tion in the ICU, and it must be provided in a complete and
appropriate way, especially in relation to the guidelines of diag-
nosis, prognosis, and treatment. A study conducted by Vincent
[26], who surveyed 180 users of his service, showed a good
level of understanding with regard to the information received,
but a series of evaluations suggested that the process of com-
munication could be improved in order to ensure an adequate
level of satisfaction. The need for more privacy during the infor-
mation process emerged, to respect the dignity of patients and
their families and to prevent the disclosure of sensitive
information. A private place was often requested, far from peo-
ple who should not be involved in the process [27].
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The participation of a nurse in the information process can be
useful to provide necessary clarification to the family members in
order to fully understand the information provided by the doctor
[26]. Clear and unambiguous communication among the staff
members is crucial for the development of the dynamics of mutual
understanding and respect [28]. Healthcare staff must listen and be
able to respond to nonverbal cues from the patient and family
members. From this point of view, increasing visiting hours can
help to improve the level of understanding and acceptance of infor-
mation and care received by the patients and their families [27].

Another important aspect of communication is the time
required to provide family members with information that is clear,
honest, and timely. The time spent with families was associated
with the effectiveness of the information [29]. Fassier, in a cross-
sectional study of 1 day in 90 French ICUs, measured the time
spent by doctors in communication with 951 families of patients
in ICUs. The average time of communication with the family was
16 min; 20% was spent clarifying the diagnosis, 20% on treat-
ment, and 60% on illustrating the prognosis. A multivariate analy-
sis of the results showed a factor correlated with a shorter time of
communication (rooms with more than one bed) and seven factors
associated with a longer time of communication: five related to
the patient (surgery on the same day, high rates of organ dysfunc-
tion, coma, MV, and worsening of clinical status), and two related
to the family (first contact and interview with spouse) [29].

Therefore, the central aspects of communication in ICU
include the ability to receive information in an environment that
offers privacy, the development of communication within the team
(exceeding the medical information process and those provided
by bedside nurse), and the duration of the information process.

16.2.2 Family Needs

Foreseeing the needs and experiences of family members is only
an initial step, but it is necessary to provide appropriate care to
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the family and the patient. Needs can be divided into four cate-
gories: cognitive, emotional, social, and practical [30].

The need for accurate and understandable information is
universal. Usually, family members wish to speak to a doctor
every day for updates on their relative’s condition and progno-
sis, and they need a nurse who can explain to them the ongoing
treatment, the bed and related technology, and what they can do
for the patient during visiting hours.

Family members attribute great importance to being con-
tacted by telephone, if the condition of their loved one changes.
Emotional needs of hope, reassurance, and the opportunity to be
near their kin are considered fundamental. Family members
always give priority to the wellness of their relative. When liv-
ing through such a critical situation, family members often
experience a state of confusion that leads them to reduce the
time and self-care they would normally dedicate to themselves.
Healthcare staff tends to underestimate the family’s needs and
often do not meet their requirements [30].

The needs of family members who have a relative in ICU have
been investigated since the late 1970s. In 1979, Molter intro-
duced the topic [31], and in 1983, together with Leske, he identi-
fied 45 items that could be used to measure the family needs in
ICU [31]. Numerous studies have been based on this scale and
have documented the needs of family members using the Critical
Care Family Needs Inventory (CCFNI) both in its original and
modified forms, which have also been translated in several lan-
guages [32-42]. Studies agree that the CCFNI is a valid diagnos-
tic tool in the evaluation of the family needs, as it provides a
systematic methodology to assess the needs of the relatives of
people admitted to ICU during the period of their hospitalization
[33]. The original CCFNI items [31] are shown in Table 16.1.

Wives of people admitted to ICU need to feel useful and
close to their partner, although a proximity that is too close and
prolonged can put family members at risk of developing pathol-
ogies correlated to the emotional load they are continually being
subjected to [43].
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Table 16.1 Original Molter and Leske critical care family needs
inventory [31]

ID Category Need

01 (A) To know the expected outcome

02 (S) To have explanations of the environment before going
into the critical care unit for the first time

03 (D To talk to the doctor every day

04 (I) To have specific person to call at the hospital

05 (A To have questions answered honestly

06 (P) To have visiting hours changed for special conditions

07 (S) To talk about feelings about what has happened

08 (C) To have good food available while in the hospital

09 (S) To have directions as to what to do at the bedside

10 (P) To visit at any time

11 D To know which staff members could give what
information

12 (S) To have friends nearby for support

13 (D To know why things were done for a patient

14 (A) To feel there is hope

15 D To know about the types of staff members taking care of
the patient

16 (D To know how patient is being treated medically

17 (A To be assured the best possible care is being given

18 (S) To have a place to be alone while in the hospital

19 (@D To know exactly what is being done for patient

20 (C) To have comfortable furniture in the waiting room

21 (©) To feel accepted by the hospital staff

22 (S) To have someone to help with financial problems

23 (O To have a telephone near the waiting room

24 (S) To have a pastor visit

25 (S) To talk about the possibility of the patient’s death

26 (S) To have another person with you when visiting critical
care unit

27 (S) To have someone be concerned with your health

28 (C) To be assured it is all right to leave the hospital for a
while

29 (P) To talk to the same nurse every day
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Table 16.1 (continued)
ID Category Need

30 (S) To feel it is all right to cry

31 (S) To be told about people who could help with problems
32 (O To have a bathroom near the waiting room

33 (S) To be alone at any time

34 (S) To be told about someone to help with family problems
35 (A To have explanations given that are understandable

36 (P) To have visiting hours start on time

37 () To be told about chaplain services

38 (D To help with the patient’s physical care

39 (P To be told about transfer plans while they are being made
40 (P) To be called at home about changes in the condition

41 (P) To receive information about patient once a day

42 (A) To feel that hospital personnel care about patient

43 (A To know specific facts concerning patient’s progress
44 (P) To see the patient frequently

45 (P) To have the waiting room near the patient

Category of needs: information (1), comfort (C), support (S), assurance and
anxiety reduction (A), proximity and accessibility (P)

Interpreting the needs of family members is not easy for health-
care professionals. A small Spanish study found that professionals
overestimate the needs of family members with respect to noise,
lighting, comfort, privacy, adequacy of the waiting room, and
information about treatment. However, professionals mistakenly
think that the family is adequately informed regarding the presence
and function of technological equipment and that they know the
name of the nurse who has them in charge. In other words, the
satisfaction of family members was greater than supposed by the
healthcare professionals who took part in the study. Both family
members and healthcare professionals recognized the need to
improve the comfort of the waiting room, to customize care, and
to assess individual flexibility about visiting hours [44].

In Sweden Engstrom and Soderberg conducted a qualitative
study based on interviews to describe the experiences of people
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whose partner had been admitted into the ICU [45]. From the
thematic analysis of the content of the interviews, three themes
emerged: “be present,” “put oneself into the background,” and
“living in conditions of uncertainty.” Respondents defined the
experience of seeing their partner in ICU as “shocking.” They
found that the most important thing was to be present. Receiving
confirmation of the physical integrity and dignity of the partners
was also considered important, as was getting support from
other family members and friends, understanding and accep-
tance of “what had happened,” obtaining information from
health professionals, and the methods of communication.

Enduring a state of deep uncertainty with respect to the out-
come for the sick person was considered difficult by the respon-
dents, who wished to maintain hope even when the prognosis was
poor [45].

To conclude, people who are close to patients in ICU (be they
family members, spouses, relatives, or significant others) repre-
sent one of the actors of the care and treatment process, with their
own patterns of needs that must be considered. The American
College of Critical Care Medicine Task Force 2004-2005 issued
practical guidelines for family support in ICU, which are centered
on the patient. The 43 recommendations include:

e A decision-making model

e Early and repeated conversations with the family to reduce
stress and improve the consistency in communication

e Honest and culturally appropriate attitudes toward requesting
the truth and in respect of informed consent

e Spiritual support

e Training for staff and debriefing moments to minimize the
impact of the interactions with the family on the health of the
healthcare personnel

e Presence of the family members both during duty time and
critical times such as cardiopulmonary resuscitation

¢ Flexible visiting hours
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¢ Friendly information methods and signage
e Family support before, during, and after death [46]

16.2.3 Patient Point of View

The studies about the effects of open visiting policies on
patients are less numerous than those on family members. In
particular, these studies are mainly observational. In this con-
text, Fumagalli and colleagues in 2006 [47] designed a random-
ized pilot study to compare the complications arising from
nonrestrictive visiting policies (a single visitor with frequency
and hours chosen by the patient) with restrictive visiting policies
(a single visitor for 30 min, twice a day). The study, which
enrolled 226 users, was carried out over 2 years, alternating
restrictive and nonrestrictive policies for periods of 2 months.
The levels of environmental microbial contamination, sepsis,
cardiovascular complications, emotional profile, and response
to stress hormones were systematically detected. In people
enrolled in the periods of nonrestrictive visiting policies, high
levels of environmental microbial contamination were found.
Despite this, the septic complications were similar in the two
periods. The risk of cardiovascular complications was 50%
lower in periods with nonrestrictive visiting policies.
Furthermore, periods of nonrestrictive visiting policies have
been associated with a large reduction in anxiety scores and a
significantly lower secretion of thyroid-stimulating hormone
(TSH), from admission to discharge.

In the face of the apparent advantages, for which additional
studies are needed, understanding preferences of patients in
regard to the visits of their families is crucial. The patients
clearly identified the value of visits and specified that they were
very satisfied with the flexibility of visiting hours. Flexibility is
applied to positively respond to the needs of the patients and to
those of their family members. The patients appreciated that
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having their family close was important to convey the signifi-
cance of the care provided to them by the staff and indicated that
the periods in which visitors should not be allowed to access the
ward were those when they were unsure of the routine of the
day, when they did not feel well, and when the dynamics of the
family or other visitors were not optimal. The patients asked
that visitors were excluded from entering the ICU in the early
morning and late evening, at times when they would try to rest,
when there was a diagnostic-therapeutic procedure scheduled,
or when they had an opportunity to speak to the doctor [48].

16.2.4 Healthcare Professional Beliefs
and Attitudes

In ICUs that already apply open visiting policies, the presence
of relatives near the patient is perceived as normal and the
absence of them causes frustration for patients. The information
provided by relatives lead to the development of a truly indi-
vidualized care. Nurses support relatives, providing them with
information, being close to them, and trying to create a positive
relationship. Relatives are important: their presence is the
necessary prerequisite to critical quality nursing care and to
understand the needs of patients admitted to the ICU [49].
Several studies have been conducted to investigate these dynam-
ics. All of them originate from the models proposed by Kirchoff
and Simpson [50, 51] with self-administered questionnaires for
healthcare professionals working in ICUs, composed both of
Likert scales and semantic differential scales that rely on the
“theory of reasoned action” of Fishbein and Ajzen [52]
(Fig. 16.2). According to this theory, the intention of a person,
which precedes behaviors, is based on two elements: one is
individual, while the other reflects social influence. The indi-
vidual element is about positive or negative evaluation, i.e., the
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PERSONAL FACTOR

The individual’s own Attitude towards the

behaviour

beliefs about the
effects of behaviour

Relative importance of the attitudinal J
and normative considerations _L INTENTION BEHAVIOUR

The individual’s belief
about what other
people will think if he Subjective norm
behaves in one way or
another

SOCIAL FACTOR

Fig. 16.2 Operating model of Ajzen and Fishbein’s theory of reasoned
action [52]

attitude of the individual toward specific behaviors, called
behavioral belief. The social factor is determined by the percep-
tion of social pressure that a person feels when they behave in a
certain way. Several authors [21, 53, 54] identify the success of
open policy initiatives of ICUs in the positive correlation
between attitudes and beliefs of nurses in regard to the positive
effects of the open visiting hours on patients, family members,
and nurses [52].

In 2007, Berti [21] administered two different questionnaires
to a large sample of nurses in the territory of Flanders: the first
detected the visiting policies in 23 hospitals; the second, called
beliefs and attitudes toward visitation in the ICU questionnaire
(BAVIQ), which was structured on scales according to five lev-
els, detected the beliefs and attitudes of nurses in relation to
visiting policies in ICUs [21]. Although with some limitations,
stated by the author, the study suggests that ICU nurses show
slight skepticism toward open visiting policies in ICUs. The
author identifies in these considerations an obstacle to those
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hospitals that wish to adopt open visiting policies in their ICU,
in line with previous empirical experiences.

In 2008 Garrouste-Orgeas [55], in France, expanded the
study not only to ICUs nurses but to a cohort of 209 patients,
149 families, and 43 healthcare workers. The study confirmed
that the open visiting policy, even at 24 h, is favorably perceived
by the family but induces a moderate discomfort in healthcare
workers. This is particularly due to interruptions in the work,
especially for nurses. Similar results were achieved by applying
the BAVIQ to several samples, as performed by Melotti in 2009
[8], Biancofiore in 2010 [56], and Spreen in 2011 [23].

16.2.5 Visiting Hours, Number of Visits,
and Number of Visitors

Restrictive visiting policies principally mean restricted visiting
hours and number of visitors. Several studies have reported a
varied spectrum of positions toward the issue of visiting hours.
Besides many experiences of ICUs open to visitors during most
of the day, there are settings where visits are allowed for less
than an hour a day (Table 16.2).

More frequent visits and longer durations are likely associ-
ated with the creation of more opportunities for communication,
greater individualization of care, and the implementation of a
more supportive role of professionals in regard to the needs of
the patient and the family.

16.2.6 Presence of Children Visitors

Up until recently, the needs of children visiting an adult in ICU
have not been taken fully into consideration in the determination
of the model of family-centered care and have not been the
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Table 16.2 Synopsys of studies for ICU visiting hours, number of visits,
and number of visitors

Most frequent

Visit
Year Country Visit time number Visitors Reference
2003 Spain 05-1h 2 1-3 Velasco Bueno,
2005 [18]
2005 USA 5-10 min 1 2 Farrel, 2005 [57]
2006 UK 25-3h 12 1 Thalanany, 2006 [58]
2007 Sweden 1-19h 1-3 1-4 Eriksson, 2007 [59]
2008 France 1-2h 1 1-5 Gaorrouste-Orgeas,
2008 [55]
2008 Italy 1h 12 1-2 Giannini, 2008 [20]
2010 UK >4 h 2 - Hunter, 2010 [60]
2011 Netherlands 0.5-1.5h - - Spreen, 2011 [23]
2012 Netherlands 2 h 2 - Noordermeer,
2012 [61]

subject of specific literature. However, a series of studies would
be required to develop and assess the appropriate support to
children visiting ICUs, to identify any potential negative effects.
This approach is essential to enable training for the team and to
develop and provide adequate support to meet the needs of the
visiting children [62]. Papers reporting the access of children as
visitors in ICUs revealed very different rules. Children aged
12 years or younger are not allowed to enter in 91% of ICUs in
the USA or in 78% in the northeast of Italy [19, 63]. There is
also total ban on access for children of any age in 69% of Italian
ICUs, in 11% of French ICUs, and in 9% of Flemish ICUs [3,
17, 20, 22].

Children’s access to ICUs is still a controversial theme. In
2006, a Swedish study revealed that most respondents were in
favor of children’s access to ICUs, although with some restric-
tions. Restrictions were linked to the severity of the patient’s
injuries, to the emotional environment that is considered inap-
propriate for a child, and to the risk of infection. Professionals
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think that restrictions should be stricter for children under the
age of seven. Doctors and nurses have different views and
motivations on this issue: this shows that the dynamics are
complex, and this might be attributed to a different vision of
care [28].

Some nurses in adult ICUs restrict visits of children and
adolescents based on their intuition on how children might
experience shock at what they might see or on the basis of the
worry about not being able to control events. These prejudices
are not based on evidence or on the needs of the patients [60,
64]. However, when children are allowed to visit the ICU, those
who are adequately prepared have a less negative behaviors and
show less emotional changes than those who are not allowed to
enter [65, 66]. The ACCN recommends that visits of children
and young people should be allowed in the absence of infectious
diseases [67].

16.2.7 Family Presence During CPR
and Invasive Procedures

European guidelines on resuscitation [68] favor the presence of
family members during cardiopulmonary resuscitation (CPR).
This practice is often discouraged by paternalistic attitudes and
conjecture [69, 70]. In recent years, however, healthcare provid-
ers are increasingly offering family members the opportunity to
remain present during such resuscitation maneuvers. Moreover,
public opinion increasingly supports the possibility for family
members to remain with their loved ones during CPR, regard-
less of the patient’s outcome [71].

Although the trend is changing, the presence of family mem-
bers during CPR remains a controversial issue. Major concerns
are the potential impact of the presence of family members on
the performance of resuscitation staff, the possibility that a fam-
ily might experience negative emotions to develop psychological
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problems, and the free choice about being present or not during
CPR. Possible benefits include the development of a bond with
the resuscitation team, creating a much more human atmosphere
than might otherwise happen when this medical practice is per-
formed in a closed environment, and satisfaction of knowing
that the loved one is in good hands.

Two European surveys, undertaken in cooperation with EFCCNa
and ESPNIC Nursing, investigated the experiences and opinions of
nurses working in three areas (pediatric, neonatal, and adult critical
care) about the presence of family members during resuscitation
[72]. These studies showed that many European critical care
nurses favor the presence of family members during CPR. However,
only a limited number of ICUs have codified procedures during
resuscitation, including a guide to the presence of family.
Consequently, the recommendation emerging from both studies is
the need to conduct wider European studies on these issues.

The recommendations of the American Emergency Nursing
Association and Association of Critical-Care Nurses [73, 74]
suggest that the presence of family members during emergency
procedures can have positive effects and that it is an opportunity
that must be offered, although not necessarily mandatorily. The
presence of family members at the scene of an emergency does
not interfere with the performance of the staff but requires dedi-
cated professionals to manage explanations and comfort. It is
necessary that the process is encoded in a special procedure and
the staff must be appropriately trained.

16.2.8 Visitors’ Dressing and Infectious Chain

One of the most common objections to the opening of ICUs to
visitors is the worry linked to possible infections. Despite the
lack of empirical evidence, many healthcare professionals think
that the opening of visiting policies could generate an increased
risk of infections for patients [4, 20, 47]. In ICUs, both structural
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features and the maintenance of a clean environment are impor-
tant in the fight against hospital-acquired infections [75]. It is
often assumed that the transmission of microorganisms—so-
called cross infection from visitors—is generated by the pres-
ence of visitors. Also, visitors are at risk of acquiring infections
from the ICU environment [17].

Malacarne [76] performed an observational pilot study to test
the hypothesis that family members of hospitalized people could
be a pathogenic reservoir with the ability to transmit infections to
patients by causing colonization or hospital infections. Visitors
were required to wash their hands at the entrance and to wear a
disposable coverall. They were not required to wear shoe covers,
gloves, or masks. They were asked to wash their hands again
upon exiting the ward. The ICU has been subjected to a health
surveillance process. Visitors, for a few months, underwent nasal
and hand swabs at the entrance and after hand-washing. The inter-
section of microorganisms in samples taken from visitors and
those of health monitoring of patients showed that none of the
microorganisms responsible for hospital-acquired infections had
been found on the skin or in the nostrils of family members or
visitors. No correlation was found between the isolated microor-
ganisms from routine surveillance cultures of patients and those
colonizing or contaminating patients’ family members or other
visitors. A nonrestrictive visiting policy caused greater microbial
and environmental contamination but did not increase the risk of
infectious complications [47]. The isolated microorganisms from
patients were not the same as those transferred by the visitors, and
the exposure of patients to those germs did not increase the risk
of contamination when hands were properly washed at the
entrance to the ICU [76]. In a “before-after” study, the main find-
ing was that the shift from a restricted visiting policy to a partially
unrestricted visiting policy was not associated with an increased
rate of ICU-acquired infections [77].

The procedure of wearing disposable coveralls is often consid-
ered a “rite” by visitors (Fig. 16.3) [75] and is not supported by any
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Fig. 16.3 ICU dressing is defined by Mongardi et al., 2008 [75], “a ritual”
with many “liturgical” variations

scientific evidence. In the neonatal settings, the wearing or not
wearing of disposable coveralls did not affect the rate of infections
related to the assistance, yet it entailed an increase in the use of
resources (use of materials and involvement of healthcare profes-
sionals) [78-80]. Also in adult ICUs, the use of protective clothing
(gloves, shoe covers, and masks) by visitors, although not a rec-
ommended infection control measure, is mandated in a large
majority of French and Italian ICUs [17, 20]. It is surprising that
hand-washing, recommended as the most important infection-
prevention measure, is not required in 35% of Italian ICUs [10].

As for the visits to patients with infectious-contagious dis-
eases or based on multiresistant bacteria, it is necessary to adopt
specific measures in relation to the modes of transmission of the
disease and similarly for visits to patients who have severely
compromised immune systems following organ transplants,
radiotherapy, or chemotherapy [75].

16.3 Conclusions

In the aforementioned work by Burchardi, “Let’s open the door!,”
the experience of his team is reported as follows: “After many years
of experience our intensive care staff is satisfied with an open ICU”
[4]. The change requires a bit of adaptation, in particular for
the nursing staff, which is usually in contact more directly with the
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families of patients. However, this is not the time to go backwards.
It is time to recognize that ICUs should be places where humanity
has high priority. It is time to open ICUs that are still closed, as all
the people involved—patients, families, and the entire intensive
care staff—will benefit from it. Advantages and disadvantages of
an open visiting policy are summarized in Table 16.3.

ICUs must no longer be a reserved area. Welcoming families
and visitors to the ICU is not a concession to the patient. Instead,
through this action, healthcare professionals can recognize specific
rights. Reevaluating rituals and rules of a well-established tradition
can make a difference for ICU patients and their families. The
complex and highly technological environment of the ICU can
become a welcoming place that meets the needs of patients and
families and where “Humanity is a top priority” [10]. Many and
important institutional bodies representing citizens, nurses, medi-
cal doctors, and, even, governments agree. In the healthcare sector,
choices and the reasons behind open visiting policies must be
evaluated to assess their ethical acceptability. Table 16.4 shows the
key points expressed by various scientific societies, institutions,
and bioethics committees.
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Chapter 17 )
A Systemic Approach: s
ABCDEF Bundle

Matteo Manici, Alessandra Negro, and Stefano Bambi

17.1 Introduction

Aristotle said, “the whole is greater than the sum of its parts.” A
care bundle is a little set (3—5) of evidence-based interventions,
behaviors, and/or practices, aimed at a specific category of
patients and care settings, to improve the outcomes. The base of
bundle concept is to apply jointly and correctly its single parts,
improving the quality and outcome of healthcare processes with
larger effects than those obtained if every strategy is imple-
mented separately [1].

Since 1996 many studies have questioned: how can we
reduce tube time and days of MV? How can we reduce ICU
LOS? How can we reduce hospital LOS? How can we improve
patients’ survival rates? The answers were found in some prac-
tices as light level of sedation, protocol-led weaning from MYV,
spontaneous breathing trials, delirium prevention and manage-
ment, and early mobility. The evolution of ABCDEF begun in
the middle of the 1990s and is summarized in Table 17.1.
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Table 17.1 Evolution of ABCDEF concept
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Year Concept Outcomes/messages
1996 SBT protocol —1.5 days MV
2000 SAT—daily sedative Kress et al. [3] —2 days MV
interruption —3.5 days ICU LOS
2001 CAM-ICU validated Delirium prevalence
87%
2002 Sedation-analgesia Jacobi et al. [5]
guideline revision
2004 ICU delirium mortality Ely et al. [6] 10% per day of
risk delirium
2005 SAT and targeted Breen et al. [7] —2.2 days MV
sedation
2006 Analgesia/sedation Chanques et al. [8] —21% pain
protocol titrated to —17% agitation
BPS and RASS —2.2 days MV
—50% infection rates
2007 Feasibility, safety of Bailey et al. [9]

2008

2008

2010

2010

early mobilization in

MV respiratory ICU
patients

SAT + SBT = ABC
(awakening and
breathing controlled
trial)

ABC + EM

ABCDE protocol
proposed

Duration of ICU
delirium predicts
long-term cognitive
dysfunction

Girard et al. [10]

Morris et al. [11]

Vasilevskis et al.

Girard et al. [13]

—3 days MV

—4 days ICU and
hospital LOS

—32% risk of death

—1.4 days ICU LOS

—3.3 days hospital
LOS
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Table 17.1 (continued)

Year Concept Authors Outcomes/messages
2011 Confirmation of Morandi et al. [14]

ABCDE bundle as

organizational

approaches to
improve the
management of
mechanically
ventilated patients
2013 Revised PAD guidelines Barr et al. [15]

2015 Systematic review of  Trogrli¢ et al. [16] Strategies targeting
strategies for ICU delirium
delirium assessment and

prevention and
treatment and
integrated within
PAD or ABCDE
bundle have the
potential to
improve clinical
outcomes

The single studies aiming to implement specific practices
should be seen as “improvement vectors” with different
intensities, but having coordinated directions and orientations to
a common goal. This target is the improvement of “hard” out-
comes in ICU patients: morbidity and mortality rate reduction.

Therefore, the evidence-based ABCDE bundle is an inte-
grated, systemic, and interdisciplinary approach to the manage-
ment of MV patients. Spontaneous awakening and breathing
trials have been combined into awake and breathing coordina-
tion, with the aim to reduce the duration of mechanical ventila-
tion and ICU and hospital LOS and improve the survival rates.
Delirium monitoring improves the recognition of this disorder,
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but data on pharmacologic treatment are conflicting. Early
mobility and exercise may reduce physical dysfunction and
delirium rates [14].

Many institutions have expressed the concept of ABCDE
bundle (or ABCDEF bundle, if we insert also the family
involvement in patient’s care) in different practice guidelines.
The main models are those released by the American Association
of Critical-Care Nurses (ACCN) [17] and Society of Critical
Care Medicine (SCCM) [18] (Table 17.2).

The following paragraphs describe the ABCDEF bundle as a
mix of two different approaches, highlighting the main topics of
each one.

17.2 Assess and Manage Pain

Adult ICU patients routinely experience pain, both at rest and
during routine care such as turning or endotracheal suctioning.
Lack of treatment of pain can result in many complications
including delirium, while assessing pain is associated with better
outcomes and lower use of sedative and hypnotic agents [19].

Pain is a concept already explored in Chap. 2 and well
defined by pain, agitation, and delirium guidelines [15]. It
should be routinely monitored in all adult ICU patients. Self-
report scales are considered the “gold standard,” and pain can be
assessed in patients unable to communicate through the BPS or
CPOT [20].

It is suggested that analgesia-first sedation should be used in
MYV adult ICU patients.

There’s only one GRADE Al PAD recommendation about
pain management, concerning use of gabapentin or carbamaze-
pine in addition to intravenous opioids, for treatment of neuro-
pathic pain. The other recommendations are based on weak
strength of evidence.
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17.3 Both Spontaneous Awakening Trial
and Spontaneous Breathing Trial

The daily interruption of sedative administration (whether given
by infusion or bolus doses) is combined with daily spontaneous
breathing trials in the awakening and breathing controlled (ABC).
A randomized controlled trial comparing a daily SAT + SBT
protocol against a usual sedation + daily SBT approach showed a
significant decrease in the 28-day and 1-year mortality in the
intervention groups [10]. This set of interventions also signifi-
cantly reduced the number of days on MV with a concomitant
lessening in the LOS (4 days difference), when compared to SBT
alone [10]. Lastly, although a higher proportion of patients in the
intervention group self-extubated (10 vs. 4%, p = 0.03), the rein-
tubation rates were not statistically different (3% against 2%,
p = 0.47), showing that SAT + SBT was not less safe than tradi-
tional care [10].

The clinical practice guidelines for the management of pain,
agitation, and delirium in adult patients in the intensive care unit
recommend either daily sedation interruption or a light target
level of sedation should be routinely used in mechanically ven-
tilated adult ICU patients [21].

Both awakening and breathing trials are preceded by a safety
screening to determine the possibility to stop sedatives and then
to disconnect mechanical ventilation. The success of the trials is
confirmed through a list of failure criteria. Many protocols for
SAT-SBT are available in the web sites of hospitals and profes-
sional associations. An example of SAT/SBT strategies is syn-
thesized in Fig. 17.1.

The American approach to SBT is performed using one of three
breathing or ventilator modes reported in Table 17.3 [22]. The
European approach is softer, acting a gradual weaning from ventila-
tor supports, passing from PSV to T-piece, through CPAP systems.
All methods/modes work without a clear superiority of no one [23].
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IS THE PATIENT RESPONSIVE TO
VERBAL STIMULI?

* Evaluate every 24 hrs

* Patients receiving full vent support
or patients being weaned are
eligible and should be screened

NO

SAT SAFETY SCREEN
Does the patient meet any of the following criteria?

Is receiving sedative for active seizures or alcohol withdrawal
Is receiving sedative for agitation

Is receiving neuromuscular blockers

Has evidence of myocardial ischemia in prior 24 hours

SBT SAFETY SCREEN

daily * Has evidence of intracranial pressure
RESTART YES NO
TOMORROW

CAN THEY GO WITHOUT SEDATION FOR 4 HRS OR
MORE WITHOUT ANY OF THE FOLLOWING:

! H Does the patient meet any of the *  Anxiety

! ! following criteria? * Agitation

' NO 3 « Has adequate oxygenation e Pain

HiagH (SpO, 288% on an FIO, of <=50% + Respiratory Rate of 35 breaths/minute for >= 5

P and a PEEP <8 cm H,0) minutes

! 1| e Anyspontaneous inspiratory YES |+ SpO, of less than 88% for >=5 minutes

: effort in a 5-min period < *  Acute cardiac arrhythmia

: « No agitation « Two or more signs of respiratory distress

: « No myocardial ischemia o tachycardia

! «  No vasopressor or inotropes o bradycardia i
H « No increased intracranial o use of accessory muscles |
: pressure © abdominal paradox |
i « Has evidence of intracranial o diaphoresis |
i pressure o marked dyspnea

: | NO

: : RESTART SEDATION

L e toooee AT 12 DOSAGE TITRATE &
: FOR PAIN/SEDATION

: PATIENT IS ALLOWED TO BREATHE THROUGH

' A T-TUBE CIRCUIT

: OR VENTILATORY CIRCUIT WITH CPAP OF 5cm H20

: OR PRESSURE SUPPORT VENTILATION OF <7cm H20.

! DOES PATIENT DEVELOP ANY OF THE FOLLOWING FAILURE

: CRITERIA?

: « Respiratory rate of more than 35 or less that 8 breaths per min for 5

: min or longer

.

Hypoxemia (SpO, < 88% for >=5 min)
Abrupt change in mental status

An acute cardiac arrhythmia

Two or more signs of respiratory distress
tachycardia

bradycardia

use of accessory muscles
abdominal paradox

diaphoresis

marked dyspnea

NOTIFY PHISICIAN
TO CONSIDER
EXTUBATION

Fig. 17.1 Spontaneous breathing trial (SBT) example of protocol adapted
from Girard 2008 [10]
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Table 17.3 SBT methods/ventilator modes

“American approach” “European approach”
Ventilator discontinuation: Weaning from
Stopping ventilator if Breathing or ventilator ventilator: Reducing
unnecessary and placing ~ methods/modes ventilator support by
In PSV <7 cmH,0, with Progressive

or without PEEP reduction PSV
Orin CPAP 5 cmH,O Progressive

i reduction PEEP

Or in T-piece (FiO,

pre-SBT)

17.4 Coordination and Communication

ABCDEF bundle necessarily needs a multi-professional team to
be implemented. Usually, in the USA, the team is composed of
nurses, physicians, respiratory therapists, pharmacists, and
physical therapists, while in the European ICUs, frequently the
team is made up only by physicians and nurses.

Effective communication and teamwork are important non-
technical skills that every component of the ICU team needs to
develop [21].

The value of effective teamwork for the provision of safe, high-
quality care in fast-paced and unpredictable environments, such as
intensive care units, has been increasingly recognized [24].

The PAD guidelines recommend to implement an interdisci-
plinary ICU team approach that includes provider education,
preprinted and/or computerized protocols and order forms, and
quality ICU rounds checklists. This approach aims to facilitate
the use of pain, agitation, and delirium management guidelines
and protocols in adult ICUs [15].

Several barriers to the implementation process of the ABCDE
bundle were identified in literature.

The ABCDEF bundle requires coordinated care and timing
among the different professionals as well as effective communi-
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cation. In many circumstances, this would be best achieved via
a process of multidisciplinary rounds. Formalizing the process
of interdisciplinary rounds proved to be a key element to both
improving interprofessional communication and improving
ABCDE compliance [25].

Balas et al. found that the biggest problem about coordina-
tion of care was related to the lack of consistent interdisciplinary
rounds. Also, when the rounds did occur, ABCDE bundle-
related interventions and outcomes were rarely discussed [25].

A systematic review identified several best practices for [CU
patient care rounds to increase providers’ satisfaction, reduce
rounding time, and improve patients’ outcomes [26]. These
included:

 Interprofessional rounds (physician, nurse, and pharmacist at
minimum)

e Standardized practices

e Defined roles for all participants

* Use of structured tools

e Reduced time spent on nonessential activities

e Minimized interruptions

e Development and documentation of daily goals

¢ Choice of the best location for the rounds (bedside vs. confer-
ence room) to optimize patient-centeredness and efficiency

e Establishment of an open and collaborative discussion
environment

17.5 Delirium Assessment, Prevention,
and Management

Delirium is a concept already being explored in Chap. 2, defined
as a disturbance of consciousness with inattention, accompanied
by a change in cognitive status, or perceptual disturbance that
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develops over a short period of time (hours to days) and fluctu-
ates over time.

The implementation strategies to improve ICU clinicians’ abil-
ity to effectively assess, prevent, and treat delirium and their
effects on clinical outcomes were summarized in a recent literature
review [16]. The authors concluded that multicomponent imple-
mentation including delirium-oriented interventions in critically ill
patients can be useful [16]. Many studies reported improvements
of both process outcomes (delirium screening adherence and
knowledge) and clinical outcomes (short-term mortality and ICU
LOS). Among the mentioned evidence-based interventions, early
and progressive mobilization was the only intervention able to
improve both delirium and clinical outcomes [16, 27].

Risk factors for delirium vary from patient to patient in ICU,
and thus an individualized delirium prevention strategy should
be sought. Nonetheless, three main risk factors are widespread
in ICU settings: sedatives, immobility, and sleep disruption.
These are often the result of clinical practice habits in most
ICUs that should be changed focusing on delirium prevention.
The delirium “preventive” strategies may be of benefit even in
patients who have already developed this syndrome via their
effect on duration of delirium [28]. The ABCDEF bundle com-
bines the efforts to prevent delirium with the power to remind
the importance of a patient- and family-centered care.

17.6 Early Mobilization

Early mobilization is a concept already explored in Chap. 5. A
high proportion of survivors of critical illness suffer from sig-
nificant physical, cognitive, and psychological disabilities.
Profound neuromuscular weakness secondary to critical illness,
prolonged bed rest, and immobility leads to impaired physical
function. Physical impairment affects approximately 50% of
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ICU patients, with at least half of discharged patients unable to
return to premorbid levels of activity [29].

Cognitive impairment, including reduced executive function,
memory, language, and attention, is widespread [30]. Evidence
suggests that mobilization mitigates the physical, cognitive, and
psychological complications of critical illness.

Mobilization has also been linked to decreased time on the
ventilator [31], decreased LOS [32], and improved functional
outcomes [33]. The mobilization of ICU patients is safe and
feasible [34].

Serious adverse events following session of physical and
occupational therapy in ICU patients are rarely reported, and
only 4% of the sessions were interrupted for patient’s instability
(mainly due to asynchronies with mechanical ventilation) [27].

However, ICU patients are typically perceived as being too
sick to tolerate activity. As a result they often have limited expo-
sure to physical rehabilitation.

Protocols have been developed to describe and implement a
safe and feasible early mobility practice, especially in the
American context. In Europe where there is a frequent lack of
physiotherapists dedicated to ICUs, nurses become protagonists
in the implementation and guide of the mobilization of ICU
patients. Tools, such as those represented in Table 17.4 , can be
useful to assist nurses in implementing mobility programs.
Patients admitted to ICU should be evaluated within the first 8 h
and every day for a safety screening (neurological, respiratory,
and hemodynamic assessment) and then be included in the
mobility protocol.

17.7 Family Engagement

The term “family” refers to persons related in any way (not only
biologically but also legally or emotionally) to patients.
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Table 17.4 Example of early mobilization protocol [35]

Sedation max

Out of bed
twice a day

457

twice a day

HOB 80° X 30" HOB 80*X30° HOB 80
z + + +
At least once At least once At least once
a shift a shift a shift
OB 60° X 3 -
HOB 60° X 30 min HOB 60° X 30 HLBbQ X30 HOB
; I At least once min S
hift At least once At least once
. a shift a shift
HOB 30-45° ¥ AT ™
* HOB 30-45° HOB iﬂ-ﬁ HoB .30--’.5 HOB :
Lateral +
decubitus Lateral decubitus faren) - _luliera.r % _L"r.c' o
decubitus min decubitus min  decubitus
min oncea min once a shift A SR
shift once a shift once a shift ance a shift
Level 5 Level 6
RASS -5 4 3 2 1 0
SAS 1 1 3 3 3 4
Transcutaneous
Consider, electrical muscle
if possible stimulation
(TEMS)
Consider, L -';
if possible e _
ergometer
onsid
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Unrestricted visitation and participation of a significant oth-
ers (i.e., family as defined by the patient) can improve the safety
of care and enhance patient and family satisfaction. This is
especially true in ICU, where patients are usually intubated and
cannot independently express their will. Unrestricted visitation
from significant others can improve communication, facilitate a
better understanding of the patient, advance patient- and family-
centered care, and enhance staff satisfaction [36].

Family engagement comprises not only the interesting
debate about visitation hours but more importantly how to
involve significant others in the care of patients. McAdam
et al. identified five roles that families take in the care of
patients that were at high risk for dying in the ICU setting.
These roles were [37]:

* To be an active presence for the patient, who facilitates com-
munication and offers important personal and clinical infor-
mation about the patient

* To be a protector and provide a feeling of safety for the
patient by watching over them and advocate for him/her

e To act as historian, who provides much needed information
about the patient

e To act as facilitator, to maintain relationships with other fam-
ily members, friends, and coworkers

e To act as a coach providing motivation and inner strength

e To act as a voluntary caregiver aiding to accomplish the
actual physical care of the patient and providing intimacy and
caring touch

Some advantages of the family’s participation were the per-
ception of a greater sense of control and satisfaction with care.
The disadvantages were family fatigue, guilt if the loved one
does not do well, and additional work for the healthcare provid-
ers due to frequent interactions [37].
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In 2016, the American Association of Critical-Care Nurses
published an alert entitled “Family Visitation in Adult Critical-
Care Unit Practice,” stating that children supervised by an adult
family member are welcome as visitors in ICU [36]. There are
no age restrictions. Although younger children may be unable to
remain with the patient for long periods of time, contact with
these children can be significant to the patient. They need to be
prepared for the hospital environment and the family member’s
illness as appropriate. Their behavior should be monitored by a
responsible adult and the staff nurse to ensure a safe and restful
environment for the patient and a positive and appropriate expe-
rience for children.

ICUs are encouraged to draft policies and procedures to cre-
ate an optimal environment meeting the needs of patients, fami-
lies, and healthcare workers.

17.8 Conclusion

Multicomponent implementation programs with strategies tar-
geting ICU delirium assessment, prevention, and treatment and
integrated within ABCDEF bundle have the potential to improve
clinical outcomes [16].

A recent pre-post study showed statistically significant
improvements of all patients’ outcomes related to the imple-
mentation of every single component of ABCDE bundle in ICU
and at the same time an unchanged safety profile if compared
with the pre-ABCDE bundle period in terms of accidental extu-
bations, self-extubations, and reintubation rates [38]. There was
also a reduction of the percent of ICU time in physical restraints
post-ABCDE bundle period, even if not significant (6.9 vs.
12.7%, p = 0.29) [38].
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However, the most encouraging results are from a recent
large prospective cohort study about the implementation of PAD
guidelines via ABCDE bundle on 6064 ICU patients [40]. If
implemented all the interventions included in the bundle, there
was a hospital survival OR of 1.07 (95% CI, 1.04-1.11;
p <0.001) for every rise of 10% in total bundle compliance. The
patients’ hospital survival OR was 1.15 (95% CI, 1.09-1.22;
p < 0.001) for every rise of 10% in partial bundle compliance
[39]. These results show that the efforts of ICU team in imple-
menting this complex set of interventions can be widely paid
back with better patients’ outcomes.

There is also the need to develop adequate education and
training programs to overcome potential resistance to change.
At the same time, ABCDE bundle implementation is necessary
in establishing a monitoring system about the affection of these
interventions on the patients’ “hard” outcomes.

The vision of the future about the ABCDEF philosophical
approach is well drawn by E. Wes Ely, since he stated that this
kind of approach shifts the healthcare workers’ attention from
the technological aspects of ICUs to a more “human connec-
tion” [40]. This holistic vision includes the respect of human
dignity and the personal values of patients, during their stay in
ICU, with an early use of palliative care to guarantee a respect-
able process of dying in patients that can’t survive to their criti-
cally illness [40].
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Chapter 18
Nurse Staffing Levels: SKkill i
Mix and Nursing Care Hours

Per Patient Day

Alberto Lucchini, Michele Pirovano, Christian De Felippis,
and Irene Comisso

18.1 Introduction

Nursing workload (patient care commitment) is a relevant part
of the nursing care routine, significantly affecting the quality of
care and the goals of nursing care plans. As a term, “nursing
workload” (NW) has often been used in scientific literature, but
frequently without a real reference background [1]. Many
authors throughout the years have suggested possible defini-
tions, according to development of the nursing professional’s
role and nursing theoretical principles. In the past, NW concept
was just patient-related tasks (nursing care and bedside activi-
ties) in connection with the time spent to carry out these activi-
ties. Recently, the same NW concept has been reviewed
including the time spent by nurses to perform non-patient-
related tasks (or bedside cares) such as continuing educations,
clinical updates, and management processes [2]. Several authors
have outlined that NW concept is not merely based on the
physical efforts to perform nursing care, but as a comprehensive
part of high-dependency patient care, it should consider the
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reflection process, urging time of maneuvers, and the related
emotional involvement [3].

Lately also nursing managers and researchers have shown
interest about new potential ways to define and measure NW
concept. Researchers have investigated the relationship between
clinical data and the events in order to improve quality and
safety; on the other hand, nurse management is motivated and
focused to find out tools and strategies able to promote the best
use of nurse staff resources.

Most of the time, the existing relationship between financial
budget cost, limited resources, and clinical/staff achievements
has been analyzed by scientific literature. It is well recognized
that there is a direct relation between patient’s outcomes and
nursing staff levels: (understaffing with) high level of NW score
produces an increase of mortality rate [4, 5], potential complica-
tions, and adverse events [6, 7]. From a nursing staff perspec-
tive, it could lead to potential job decline due to frustration or
professional burnout phenomenon [4, 8, 9].

However, it is crucial to bear in mind that nursing staff rep-
resents the largest amount of professionals inside hospitals, and
from a personnel-budget point of view, it remains one of the
main cost items [2]. So, planning and matching the right amount
of nurse staffing is a key point to provide the best cost-effective
quality and safety of care.

Introducing tools to measure the NW can help in supporting
the decision-making process with the latest evidence available,
thus getting the best resources’ efficiency. Nevertheless, under-
standing and evaluating the NW concept appears to be complex
and difficult [10].

Patient-specific nursing care, severity of illness, complexity
of techniques, and the wide range of fields where nursing care
is provided show only a part of the issues involved in the NW’s
evaluating process. Several methods and tools have been devel-
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oped according to specific features and approaches related to
specific fields of work.

In the critical care setting, it is essential to evaluate the
intensity of care, in order to provide adequate levels of care for
high-dependency patients and to justify the high costs of
human and technological investments. Since the early 1970s,
inside ICUs, tools and procedures were tested and improved
according to the evolution of clinical, technological, and orga-
nizational dimensions and the evolving nursing role. The new
contest of limited financial resources for health-care providers
requires to correctly estimate the right amount of nursing staff
through correct tools.

When comparing all the available options in literature, the
nursing activities score (NAS) seems to be the most useful tool
across European ICUs [11-15] and worldwide [16].

18.2 Nursing Activities Score (NAS)

NAS [1] was developed on a basic principle: nursing care is not
defined only by the gravity of illness and therapeutic proce-
dures. This tool was realized from the basics of TISS 28 score
[17]. Compared to TISS 28, NAS’ authors have pointed out the
real-time evaluation of this tool, expression of the time taken to
administer ICU’s patient care. NAS’ score is made up of 13
main areas (parts), split into 23 items (Table 18.1), able to
describe patient-related and non-patient-related works, adminis-
trative tasks, and level of patient’s dependency as well. The
resulting score, worked out by percentage, represents the total
amount of time required to deliver nursing care. A NAS score of
100% corresponds to one nurse dedicated to a single patient
over 24 h (nurse-to-patient ratio 1:1 equal to 1440 min of nurs-
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Table 18.1 Nursing activities score: interventions and attributed weights

Basic activities Score

1. Monitoring and titration

1.a Hourly vital signs, regular registration, and calculation of 4.5
fluid balance. Patients who require NORMAL monitoring,
according to the ICU routine application of assessment scales
(pain, RASS, Glasgow), and water balance control (including
nasogastric and nasoenteral tubes) and who do not need
frequent alterations in treatment, therapy, or monitoring
intensification. Assisted oral feeding

1.b Present at bedside and continuous observation or active for 12.1
2 h or more in any shift, for reasons of safety, severity, or
therapy, such as noninvasive mechanical ventilation,
weaning procedures, restlessness, mental disorientation,
prone position, donation procedures, preparation and
administration of fluids and/or medication, and assisting
specific procedures. Patients who require intensified
monitoring (MORE THAN NORMAL) due to alterations in
the clinical condition, hemodynamic instability, oliguria,
bleeding, dyspnea, fever, alteration in the level of
consciousness, measurements in the assessment scales higher
than the ICU standard, measurement of central venous
pressure, invasive arterial pressure, intra-abdominal pressure,
use of sedatives or long-term use of insulin, ventilator support,
noninvasive mechanical ventilation or alteration of the
ventilator parameters, preparation of fluids, and emergency
medication. Patient is stable after the therapeutic behavior
adopted. Immediate postoperative care after cardiac surgery or
major surgery, where the patient remains stable. Invasive
procedures with intercurrences. Extubation without
intercurrences. Assisted oral feedings that demand more time
than normal
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Table 18.1 (continued)

469

Basic activities

Score

1.c Present at bedside and active for 4 h or more in any shift
for reasons of safety, severity, or therapy, such as those
examples above (1b). Critical patients who require MUCH
MORE THAN NORMAL monitoring, in at least one shift in
24 h, without stabilization after the therapeutic interventions

were adopted, require continuous nursing presence. Alterations

described in the “MORE THAN NORMAL?” category,
however, with a greater frequency and the need for
interventions. Hemodialysis with intercurrence, requiring

nursing intervention (when hemodialysis is performed by ICU
staff). Unstable patients in immediate postoperative care after

cardiac surgery or major surgery

2. Laboratory: Biochemical and microbiological investigations.

Patients submitted to any biochemical or microbiological
exam, regardless of the quantity, performed at bedside by a

nursing professional, including capillary glucose. For example,

HGT, glycosuria, tracing cultures, and blood gas analysis,

among others. This item should not be scored if the laboratory

collector or physician performs the collection

3. Medication. Vasoactive drugs excluded. Patients who received

any type of medication, regardless of the route and dose.
Vasoactive drugs will be scored in a specific item (item 12)

4. Hygiene procedures. Performing hygiene procedures such as

dressing of wounds and intravascular catheters, changing
linen, washing patient, incontinence, vomiting, burns,

leaking wounds, complex surgical dressing with irrigation,

special procedures (e.g., barrier nursing, cross-infection
related, room cleaning following infections, staff hygiene)
and especially obese patients, etc.

4.a Normal. Patients who were submitted, in NORMAL
frequency (ICU routine), to one of the hygiene procedures
mentioned above in at least one shift in 24 h. Also including
dressings closed in vascular catheter once a day

19.6

4.3

5.6

4.1

(continued)
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Table 18.1 (continued)

Basic activities Score

4.b The performance of hygiene procedures took more than 2 h 16.5
in any shift. Patients who were submitted, in MORE THAN
NORMAL frequency, to one of the hygiene procedures
mentioned above in at least one shift in 24 h. Vascular catheter
dressing twice a day, medium dressing for pressure ulcer,
dressing a surgical incision twice a day, medium dressing (with
suture dehiscence), changing linen twice in 24 h, washing of
unstable patients by three professionals, body hygiene twice
per shift. Fecal incontinence three times a day. Patients in
isolation

4.c The performance of hygiene procedures took more than 4 h 20.0
in any shift. Patients who were submitted, in MUCH MORE
THAN NORMAL frequency, to one of the hygiene procedures
mentioned above in at least one shift in 24 h. Extensive,
complex, open cavity dressing for >three times a day

5. Care of drains: All (except gastric tube). Patients with any 1.8
type of drain or tube with the aim of draining. Including
long-term catheter, external ventricular drain (EVD), and
thorax drain, among others. EXCLUDING gastric tubes
(nasogastric, nasoenteral, gastrostomies, and others), which
should be considered in item 1 or 21

6. Mobilization and positioning. Including procedures such as
turning the patient, mobilization of the patient, moving
from bed to chair, and team lifting (e.g., immobile patient,
traction, prone position)

6.a Performing procedure(s) up to 3 times per 24 h. Patients 5.5
who require mobilization and positioning up to three times in
24 h

6.b Performing procedures(s) more frequently than 3 times per 12.4
24 h, or with 2 nurses—any frequency. Patients who require
mobilization and positioning, as described in item 6, which
have been performed more than three times in 24 h or by two
members of the nursing staff in at least one shift in 24 h
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Table 18.1 (continued)

Basic activities Score

6.c Performing procedure with three or more nurses—any 17.0
frequency. Complex mobilization and positioning as per the
procedure described in item 6, which have been performed by
three or more members of the nursing staff, in any frequency,
in at least one of the shifts in 24 h

7.0 Support and care of relatives and patient. Including
procedures such as telephone calls, interviews, and counseling.
Often, the support and care of either relatives or patient allow
staff to continue with other nursing activities (e.g.,
communication with patients during hygiene procedures,
communication with relatives while present at bedside and
observing patient)

7.a Support and care of either relatives or patient requiring 4.0
full dedication for about 1 h in any shift such as explaining
clinical condition and how to deal with pain and distress
and difficult family circumstances. This item receives a score
when guidance or instructions are given to patients and/or their
families, providing emotional support with full dedication of a
nurse from the staff, with NORMAL duration, according to
the routine established in the unit, in at least one shift in 24 h

7.b Support and care of either relatives or patient requiring 32.0
full dedication for 3 h or more such as explaining clinical
condition and how to deal with pain and distress and
difficult family circumstances. This item receives a score
when guidance or instructions are given to patients and/or their
families, providing emotional support with full dedication of a
nurse from the staff, with MORE THAN NORMAL duration,
according to the routine established in the unit, in at least one
shift in 24 h

8. Administrative and managerial tasks

8.a Performing routine tasks such as processing of clinical 4.2
data, ordering examinations, and professional exchange of
information (e.g., ward rounds). Including records performed
as nursing process and/or shift change, multidisciplinary
rounds, or administrative and managerial tasks related to
patients, with NORMAL duration

(continued)
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Table 18.1 (continued)

Basic activities Score

8.b Performing administrative and managerial tasks requiring 23.2
full dedication for about 2 h in any shift such as research
activities, protocols in use, admission, and discharge
procedures. Including records performed as part of nursing
process and/or shift change, multidisciplinary rounds, or
administrative and managerial tasks related to patients, with
MORE THAN NORMAL duration. Admission of patients in
immediate postoperative period, unstable patients who require
more extensive records. Need for providing materials and
equipment. Assembly of the hemodialysis machine, application
of protocols such as ECLS, transplantation, and others. When
the nurse needs help from a colleague to perform his/her
activities. For example, the nurse continues assisting a patient
and a colleague takes over the administrative tasks

8.c Performing administrative and managerial tasks requiring 30.0
full dedication for about 4 h or more of the time in any shift
such as death and organ donation procedures and
coordination with other disciplines. Including any
administrative and managerial task related to the patient, with
MUCH MORE THAN NORMAL duration, according to the
routine established in the unit. Critical, unstable patients who
require intense records. Detailed shift change records,
multidisciplinary rounds, organization of special materials and
equipment for patient care, surgical procedures at bedside,
protocols such as transplantation, ECLS, ventricular assist
devices, and teaching and supervising education/training

Ventilatory support

9. Respiratory support. Any form of mechanical ventilation/ 1.4
assisted ventilation with or without positive end-expiratory
pressure, with or without muscle relaxants; spontaneous
breathing with positive end-expiratory pressure (e.g., CPAP
or BiPAP), with or without endotracheal tube; and
supplementary oxygen by any method. Patients making use
of any respiratory support, from nasal catheter to mechanical
ventilation
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Table 18.1 (continued)

Basic activities Score

10. Care of artificial airways. Endotracheal tube or tracheostomy 1.8
cannula. Patients making use of orotracheal or nasotracheal
tube or tracheostomy

11. Treatment for improving lung function. Lung 4.4
physiotherapy, incentive spirometry, inhalation therapy,
and intratracheal suctioning. Patients who underwent
treatment to improve their pulmonary function, performed in
any frequency by the nursing staff. Aspiration with open or
closed system and nebulization

Cardiovascular support

12. Vasoactive medication, irrespective of type or dose. Patients 1.2
who have received any vasoactive medication, regardless of the
type and dose and who need intensive monitoring in their
endovenous use: sodium nitroprusside, vasopressin,
prostaglandin, norepinephrine, epinephrine, dopamine,
dopexamine, dobutamine, isoproterenol, phenylephrine,
nitroglycerin, and clonidine hydrochloride. Metoprolol and
propranolol (beta blockers) should be scored

13. Intravenous replacement of large fluid losses. Fluid 2.5
administration > 3 1/m2/day, irrespective of type of fluid
administered. Patients who have received fluid replacement
greater than 4.5 liters of solution per day, irrespective of the
type of fluid administered

14. Left atrium monitoring. Pulmonary artery catheter with or 1.7
without cardiac output measurement. Patients making use of
pulmonary artery catheter (Swan-Ganz catheter). Including the
use of cardiac pacemaker, intra-aortic balloon pumping,
cardiac output monitoring, extracorporeal life support (ECLS),
and ventricular assist devices

15. Cardiopulmonary resuscitation after arrest: in the past 7.1
24 h (single precordial thump not included). Patients who
suffered a heart problem and were submitted to
cardiopulmonary resuscitation, independently of the
environment where the cardiac arrest took place. This item
should be scored only once in 24 h

(continued)
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Table 18.1 (continued)

Basic activities Score

Renal support

16. Hemofiltration techniques. Dialysis techniques. Patients 7.7
who have received any type of intermittent or continuous
dialytic procedure

17. Quantitative urine output measurement (e.g., by indwelling 7.0
urinary catheter). Patients who require diuresis control, in
milliliters, with or without any type of urinary device

Neurological support

18. Measurement of intracranial pressure. Patients submitted to 1.6
intracranial pressure monitoring, jugular bulb catheter, or
microdialysis. Do consider this item if the patient has external
ventricular drainage and assessment of ICP

Metabolic support

19. Treatment of complicated metabolic acidosis/alkalosis. 1.3
Patients who made use of specific medication to adjust
metabolic acidosis or alkalosis, such as administration of
sodium bicarbonate in continuous or bolus infusion.
Respiratory acidosis and alkalosis should not be scored in this
item, and neither should ventilator correction. The item
considers those conditions requiring the permanent presence of
a nurse for monitoring severe physiological deregulation and
for titrating (fine-tuning) the therapy in acute conditions.
During hemofiltration, if correction is necessary, additional
score is indicated

20. Intravenous hyperalimentation. Patients who receive central 2.8
or peripheral venous infusion of parenteral nutrition

21. Enteral feeding. Through gastric tube or other 1.3
gastrointestinal routes (e.g., jejunostomy). Patients who
receive enteral feeding through tubes, by any route of the
gastrointestinal tract. Measurement of aspiration/retention
included
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Table 18.1 (continued)

Basic activities Score
Specific interventions
22. Specific intervention(s) in the intensive care unit. 2.8

Endotracheal intubation, insertion of pacemaker,
cardioversion, endoscopies, emergency surgery in the past
24 h, and gastric lavage. Routine interventions without
direct consequences for the clinical condition of the patient,
such as X-rays, echography, electrocardiogram, dressing,
or insertion of venous or arterial catheters, are not
included. Patients submitted to a diagnostic or therapeutic
intervention listed above in the ICU. Specific procedures
performed in the unit and which require active intervention of
the staff can be considered in this item, including the insertion
of venous or arterial catheters and spinal puncture. Procedures
performed by the nurse, such as passing a relief or indwelling
urinary catheter, a nasoenteral or gastric tube, or a peripherally
inserted central catheter (PICC) and installation of intra-
abdominal pressure, among others, that might be particularly
complex and require more nursing time for their execution can
also be considered

23. Specific interventions outside the intensive care unit. Surgery 1.9
or diagnostic procedures. Patients who require diagnostic or
therapeutic interventions performed outside the ICU. For example,
tomography, radionuclide imaging, magnetic resonance,
hemodynamics (take or pick up a patient), surgical procedures
(take or pick up a patient), patient transfer to any hospitalization
unit or discharge, and sending the body to the morgue

ing care). The NAS average value for an ICU will determine the
level of workload of the nursing staff.

This validation study involved 15 countries, 99 ICUs from
Europe, the North American region, and Australia. In the first
stage, a survey was submitted to ICU nurses and doctors, to find
out what kind of items should have been considered; after this
step, a wide validation process was performed. Research was
focused on two main targets: to evaluate the relationship
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between TISS-28 and NAS and to analyze the way of employ of
nursing care timing in the ICU setting (comparison of each item
versus total score). The time spent to deliver nursing care was
investigated by a registration method and then classified
depending on (1) the amount of time to deliver patient-related
care; (2) non-patient-related activities, e.g., management tasks;
(3) supporting the staff’s requirements; and (4) every kind of
activity not previously mentioned.

According to point (1), collection of data has shown as fol-
lows: using 6.451 data that were collected (2041 patients
recruited), the average TISS-28 value was 26.9 (SD + 9.9), with
median value (the middle of the distribution) of 27, whereas
mean NAS value was 56 (SD *=17.5), with median value of 54.
The correlation TISS-28-NAS was 0.56 (r = 0.56-p < 0.001).

With reference to point (2), results have shown as follows:
the tool’s reliability to describe/define NW was 81% of the total
amount of time spent to deliver nursing care, while the 11% of
it was referred to non-patient-care-related activities, 6% was
referred to personal activities, and only 2% wasn’t recognized
by the aforementioned categories.

A literature review [18] outlined that NAS score has been
investigated on different levels of dependency (ITU, HDU) and
different fields (adult, pediatric, neonatal), despite the tool being
tailored for adults only. So far, the use of NAS in ICU for its
accuracy is supported by scientific literature [14, 19]. In the last
decade, NAS became the first choice to evaluate and analyze
NW inside ICUs; however, Goncalves et al. outlined several
limitations due to potential misinterpretations of the items [20].
Table 18.2 summarizes the results concerning the mean values
of NAS in the studies of the past 10 years.



18 Nurse Staffing Levels: Skill Mix and Nursing Care Hours 477

Table 18.2 Key studies on nursing workload

Ideal N/P
NAS Setting (type NAS ratio

Author, year Pts  sheets of ICU) (MD = SD) (NAS/100)
Adell etal. [21] 250 1880  GICU 41(13) 04
Altafin et al. [19] 437 ns GICU 75(9) 0.7
Camuci et al. [22] 50 1221 Burns ICU  70(ns) 0.7
Carmona-Monge 103 941 GICU 55(15) 0.5

et al. [23]
Carmona-Monge 563 5704 MICU 53(ns) 0.5

et al. [24]
Oliveira et al. 190 ns GICU 58(3) 0.6

[25]
Nogueira De 600 ns GICU 68 and 53 0.7 and 0.5

Souza et al.

[26]
Debergh et al. 155 1280  GICU, PICU 55 0.5

[27]
Lucchini et al. 250 ns GICU 76 (15) 0.7

[12]
Lucchini et al. [7] 240 ns GICU 82 (9) 0.8
Lucchini et al. 200 ns GICU 74 (9) 0.7

[28]
Lucchinietal. 5856 28,390 GICU, CICU, 66 (2) 0.7

[14] NICU
Lucchini etal. 7588 GICU, CICU, 62(19) 0.6

[29] NICU

Nogueira et al. 200 200 Trauma ICU 71 (17) 0.7
[30]
Padilha et al. [31] 200 200 GICU, NICU 73 (14) 0.7

Padilha et al. [32] 68 690 GICU 64 (2) 0.6

Queijo et al. [33] 100 ns GICU, CICU, 65 (7) 0.7
NICU

Stafseth et al. 235 ns GICU 96 (22) 0.9

[13]

CICU cardiosurgical intensive care unit, GICU general intensive care unit,
MICU medical intensive care unit, N/CU neurosurgical intensive care unit,
PICU pediatric intensive care unit
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18.3 Determining Factors in ICU Nursing
Workload

Available studies evaluated the possible determinants of the NW
in the ICU. The main factors can be summarized as follows:

* Sociodemographic characteristics
e Clinical features

e Therapeutic treatments

* Clinical trials

Tables 18.3 and 18.4 summarize the impact of these factors
on the NW.

Table 18.3 Sociodemographic characteristics and nursing workloads

Factors related to  Factors NOT Sample/
Author, year the NW related to the NW surveys ICU type
Altafin et al. Age (p =0.754) M/S ICU
[19] Gender (p = 0.68)
Nogueira Age (p=0.749) n=187 CICU
et al. [26]
Nogueira 1 Male gender n=200 GICU
et al. [30] (p=0.033)
Lucchini 1 Age 0-10 n=>5856 GICU,
etal. [14] (p <0.05, CICU
children have
a higher
NAS)
Queijo etal. | Inverse n=100 NICU
[33] correlation
with age
(p =0.035)

M/S ICU medical/surgical intensive care unit, CICU cardiosurgical inten-
sive care unit, GICU general intensive care unit, M/CU medical intensive
care unit, N/CU neurosurgical intensive care unit
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Table 18.4 Determinants of nursing workload in ICU, quantitative studies

Author, year

Factors NOT
Factors related to related to the ~ Sample/
the NW NW surveys ICU type

Altafin et al.
[19]

Carmona-
Monge
et al.
[24]

Oliveira
et al.
[25]

de Souza
Nogueira
et al.
[26]

1 Death Septic shock n=437 GICU
(p=0.001) (p =0.085)
1t APACHE II
(<0.001),
and SOFA
(p <0.001)
| LOS
(p <0.001)
1 Acute n=>536 GICU
coronary
syndrome
versus ARDS
and septic
shock
1 LOS, n=287 CICU
(p =0.036)
| SAPS 1II
(r=-0.441),
and SOFA
(r=-0.168)1
Occurrence of
complications
(p <0.001)
1 APACHE 1II n=200 GICU
(p =0.004);
1 Acute lung
injury
(p =0.005),
1 Number of the
body parts
with injury
(p =0.020)

(continued)
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Table 18.4 (continued)

Factors NOT
Factors related to related to the ~ Sample/

Author, year the NW Nw surveys ICU type

Lucchini 1 CPAP >10 cm n=200 GICU
et al. H,0 and
[28] PEEP >10

(»=0.01)

1 Non invasive
ventilation
and invasive
ventilation
(p <0.0001)

Lucchini 1 Patient death Sedation level n =5856 GICU,
et al. versus alive SAPS II and 111 NICU,
[14] (p <0.001) CICU

TECMO
(p <0.05)

1 LOS (p <0.003)

Queijoetal. 1 Death n=100 NICU
[35] (P =0.038)

1 SAPSII
(p=0.29,
P =0.000)

CICU, cardiosurgical intensive care unit; GICU, general intensive care unit;
MICU, medical intensive care unit; N/CU, neurosurgical intensive care unit

18.4 ESICM (European Society of Intensive
Care Medicine) Recommendations on Basic
Nursing Requirements for ICU Units [34]

18.4.1 Head Nurse

The nursing staff is managed by a dedicated, full-time head
nurse, who is responsible for the functioning and quality of the
nursing care. The head nurse should have extensive experience
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in intensive care nursing and should be supported by at least one
deputy head nurse able to replace him (her). The head nurse
should ensure the continuing education of the nursing staff.
Head nurses and deputy head nurses should not normally be
expected to participate in routine nursing activities. The head
nurse works in collaboration with the medical director, and
together they provide policies and protocols and directives and
support to the team.

18.4.2 Nurses

Intensive care nurses are registered nursing personnel, formally
trained in intensive care medicine and emergency medicine. A
specific program should be available to assure a minimum of
competencies among the nursing staff. An experienced nurse
(head nurse or a dedicated nurse) is in charge of education and
evaluation of the competencies of the nurses. In the near future,
a specific curriculum for ICU nurses should be available. In
addition to clinical expertise, some nurses may develop specific
skills (e.g., human resource management, equipment, research,
teaching new nurses) and assume the responsibility for this
aspect of unit management. Staff meetings together with physi-
cians, nurses, and AHCP must be regularly organized in order to
carry out the following [34-35]:

e Discuss difficult cases and address ethical issues.

e Present new equipment.

* Discuss protocols.

e Share information and discuss organization of the ICU.
e Provide continuous education.

The number of intensive care nurses necessary to provide
appropriate care and observation is calculated according to the
levels of care (LOCs) in the ICU.
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18.4.3 Levels of Care (LOCs) [38—41]

18.4.3.1 Level of Care III (Highest)

LOC III represents patients with multiple (two or more) acute
vital organ failure of an immediate life-threatening character.
These patients depend on pharmacological as well as device-
related organ support such as hemodynamic support, respiratory
assistance, or renal replacement therapy.

18.4.3.2 Level of Care I1

LOC II represents patients requiring monitoring and pharmaco-
logical and/or device-related support (e.g., hemodynamic sup-
port, respiratory assistance, renal replacement therapy) of only
one acutely failing vital organ system with a life-threatening
character.

18.4.3.3 Level of Care I (Lowest)

LOC I patients experience signs of organ dysfunction necessi-
tating continuous monitoring and minor pharmacological or
device-related support. These patients are at risk of developing
one or more acute organ failures. This category includes
patients recovering from one or more acute vital organ failures
but whose condition is too unstable or when the nursing work-
load is too high/complex to be managed on a regular ward
(Tables 18.3-18.5).

For these different LOCs, the following minimum nurse-to-
patient ratios are considered to be appropriate (Table 18.6) [34]:
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Table 18.5 Nursing workload and clinical pathways

Author, year Factors related to NW  Sample ICU type

Altafinetal. [19] 1 Urgent surgery versus n =437 GICU
elective surgery and
medical type

(p=0.014)

Debergh et al. [27] 1 PICU versus MICU  n =225 PICU, GICU
(p =0.042)

Lucchini et al. [14] 1 GICU versus NICU n=7588 GICU, NICU,
& CICU (p < 0.001) CICU

CICU cardiosurgical intensive care unit, GICU general intensive care unit,
MICU medical intensive care unit, N/CU neurosurgical intensive care unit,
PICU pediatric intensive care unit

Table 18.6 LOC and suggested nurse-to-patient ratio

LOC Nurse-to-patient ratio Nursing FTE per ICU bed
111 1/1 6
I 172 3
I 1/3 2

LOC level of care, FTE full time equivalent

18.5 Conclusions

The endless improvements of hospital strategies in order to pro-
vide the highest cost-effective quality of care in the intensive
care setting justify the use of evaluating tools for NW support-
ing the management in the allotment process of limited
resources. The aim of this literature’s review was to identify the
available tools and describe the key factors of NW concept.
The NAS appears to be a precise tool for this task according to
several studies [14, 19], although others [16, 23] have underpinned
limitations related to misinterpretations of several items that affect
feasibility and reliability to describe nursing work inside ICUs.
Data available from the last 6 years have pointed out a lack
of knowledge about the intensity of nursing workload. Crucial
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factors able to affect NW are related to the severity of illness
(e.g., respiratory distress), advanced therapies (e.g., ECMO sup-
port-advanced ventilatory strategies), and ICU LOS. Further inves-
tigations are needed to reinforce scientific evidence and longitudinal
data analysis desirable in order to evaluate potential changes about
determinant factors. Nearly 100% of this data review were per-
formed inside ICUs; therefore, enhancing the use of NAS in dif-
ferent aspects of critical care fields appears as mandatory.

The regular daily use of NAS, especially for ICUs with eight
or more bed spaces, is able to match the proper LOC, and then
it becomes possible to match the variable nurse staffing require-
ments, modifying the nurse-to-patient ratio based on a proper
evaluation of NW.

Take-Home Messages

e NAS has been applied in clinical settings in various types of
ICUs.

e The NAS tool is a valuable tool, and its pervasiveness and
degree of implementation worldwide indicate its relevance.

e The analysis of the results indicates that NAS was used to test
several variables that fall into the structure category (mainly
age, sex, and severity of illness), but few variables are related
to process.

e With regard to outcome, the most frequently tested variables were
mortality and LOS, which are not nurse-sensitive outcomes.
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Chapter 19 ®)
Evolution of Intensive Cheok o
Care Unit Nursing

Stefano Bambi

19.1 Introduction

Recently, Professor Jean-Louis Vincent (along with other
luminaries in the field of intensive and critical care medicine),
has published articles that consider the history and perspec-
tives of intensive care medicine and intensive care units (ICUs)
[1-3].

The fields of critical care medicine (CCM) and critical care
nursing arose to provide special treatment and care for the most
severely ill hospital patients [2]. These patients need high levels
of surveillance, intensive nursing care, and biomedical technol-
ogy to support and monitor their vital functions and failed
organs/systems. This type of care is carried out in ICUs, which
are specific spaces, separated from other hospital areas, set up
to receive critically ill patients and provide highly specialized
medical and nursing competences and skills [2, 4].

However, in the past 30 years, despite the increasing amount
of research in CCM, major therapeutic progress does not seem
to have been made in the field [1]. The reduction of mortality
achieved in ICUs is due essentially to improvements in support-
ive care and in the relevant technologies [5].
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Some therapeutic progress has been shown in the following

fields [1]:

Protective strategies for mechanical ventilation in acute respi-
ratory distress syndrome (ARDS)

Increasing employment of noninvasive ventilation (NIV)
Reduction of (long-term) sedation use

Enteral nutrition preferred to parenteral nutrition

Less invasive monitoring systems

Reduction in blood transfusions

Reduction in anti-arrhythmic medications

Greater attention to the use of antibiotic drugs

Early and active patient mobilization.

However, greater steps have been made in the process of care,

including all the healthcare professionals involved with the criti-
cally ill patients, the environment, the “interpretation” and orga-
nization of the work [1]. Such achievements that can positively
affect patient outcomes are [1, 2]:

Multidisciplinary outcome-oriented teamwork. The ICU staff
now goes beyond critical care nurses and doctors, and includes
physiotherapists, pharmacists, infectious disease consultants,
nutritionists, and psychologists.

Implementation of protocols for weaning of patients from
mechanical ventilation; sedation; nutrition; glucose control;
vasopressor and electrolyte-targeted infusion; patient position-
ing; and early mobilization/ambulation.

Processes of cure and care driven by the “time is tissue” motto
(early diagnosis and treatment of critical illnesses produces
better patients outcomes).

Utilization of continuous renal replacement therapy
(CRRT) to better manage the intake and removal of fluids
during the hyperacute phase of critical illnesses and the
later phases, in which there can be the need to remove
fluids.
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» Early mobilization of patients to prevent ventilator-associated
pneumonia (VAP), deep vein thrombosis (DVT), pressure
ulcer (PU), and delirium.

e Increased utilization of clinical risk management tools
(incident-reporting systems, morbidity and mortality reviews,
and audits).

* Humanization of ICU scenarios through open visiting policies
and ethical approaches to the issue of end-of-life (EOL) care.

e More awareness of the limited (or even absent) evidence for
the effectiveness of many therapeutic and interventional
options now used in the ICU (e.g., albumin, pulmonary artery
catheter, tight glycemic control, dopamine).

e More awareness of the need to prevent cross-infections and
device-related infections.

e Implementation of the concept of an in-hospital medical
emergency team and an outreach team philosophy.

e Greater understanding of the role of intra-abdominal hyper-
tension and compartment syndrome in multi-organ failure
and patient outcomes.

¢ Establishment of multicenter and international patient regis-
tries for specific pathologies (e.g., trauma, cardiac arrest,
etc.), in order to improve quality assurance programs and
benchmarking.

Technology has made great contributions to the availability
of monitoring and interventional options, together with provid-
ing higher standards of safety for patients, being user-friendly,
and, in some cases, with devices being smaller and lighter in
weight than in the past [2].

What about the future of ICUs? Vincent [2] envisions
increases in the number of ICU beds relative to the number of
hospital beds in other areas, even in a scenario of decreasing
costs. The shortage of intensivists could be “compensated” for
by computerized or nurse-driven clinical protocols, but the
nursing workload would then increase, and nursing staff num-
bers should be adequate to deal with this increase [2].
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More multicenter and international trials will be performed to
test drugs and treatments, offering greater evidences to use in
CCM [3]. Furthermore, pharmacological treatments for critically
ill patients should be improved through strategies such as [5]:

e Selecting samples for research in critically ill populations,
taking into account biological and clinical variables

e Promoting the early administration of drugs during the initial
manifestations of diseases and also before the admission of
patients to the ICU

e Performing phase 2 trials to test new generic drugs

e Implementing cell-based therapies and therapies that will
enhance the resolution of organ failure.

Organizational strategies should involve the use of inclusive
models, concentrating ICU personnel in a few large units, and
promoting the concept of centralization to improve patient out-
comes and to provide flexible management of healthcare work-
ers [2]. Extracorporeal organ support technologies will be
improved [1].

Information technology should cover all the bureaucratic
aspects of healthcare work, improving handover, drug prescrip-
tions, and data collection with a network consisting of patient
monitoring systems, point-of-care systems, clinical records, and
charts [2]. In addition, computerized systems could provide
real-time calculation of staffing needs, based on the nursing
workload and patient risk prediction and stratification, improv-
ing triage for ICU admission and discharge [4].

This kind of progress could be time-saving and prevent mis-
takes, and it could also leave more time for doctors and nurses to
care for their patients at the bedside [2]. Multidisciplinary rounds
should become the norm. Patient follow-up post-ICU stay could
become the source of valuable information employed to direct
interventions that recover the patient’s quality of residual life and
improve the quality of care in the ICU [2].
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A better continuum of care between the pre-hospital phase,
the emergency care phase, the ICU phase, and the post-ICU
phase should be implemented. At the same time, adequate data
collection and analysis models are needed, to accurately evalu-
ate the effectiveness of interventions delivered to patients in the
whole healthcare path of the critical illness [1].

In addition, policies should be drafted to manage increasing
demands for critical care beds in the event of maxi-emergen-
cies [3].

Discussing future perspectives in critical care nursing is not
a simple issue. However, four main lines of discussion can be
addressed: priorities in critical care nursing research, holistic
care and humanization of care issues, specific populations of
ICU patients requiring competent and expert nursing care, and
ICU nurses’ preparedness during outbreaks of emerging infec-
tious diseases. Across (and beyond) all the above consider-
ations, this chapter will provide an overview of current and more
meaningful issues for critical care nursing, noting the areas that
require particular consideration and further investigation.

19.2 Priorities in Critical Care Nursing
Research

Nursing research plays a central role in scientific production,
increasing the disciplinary body of knowledge. The main prob-
lems related to research in critical care settings are related to the
small sample numbers and the large number of variables that are
difficult to control. Moreover, research findings are not simple
to retrieve. Hence, some large nursing associations, such as the
American Association of Critical-Care Nurses (AACN) and the
European Federation of Critical Care Nurses Associations
(EFCCNA), have promoted the identification of priorities in
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nursing research and are developing international networks to
support multicenter designed studies.

According to an American professional task force, priorities
in critical care nursing research should be oriented toward [6]:

¢ Development of methods for fast recognition of acute patients
at high risk of rapid deterioration

e Minimally invasive organ support technologies

e New approaches to enhance patient comfort while reducing
changes of consciousness

» Effective process and outcome measurements for critical ill-
ness research and palliative and EOL care.

The areas of nursing interest in healthcare service research
should cover [6]:

e Strategies to improve communication and coordination of care

e Tools, processes, and programs to promote knowledge trans-
fer and implementation

e Factors related to an effective learning environment

o Strategies for the application of clinical risk management
concepts and methods

e Assessment of the distressing effects of interventions on the
patient and their family.

On the European side, the EFCCNA, through a Delphi study
design, has identified 52 research topics in 12 different
domains [7]. The priorities of nursing research in critical care
settings noted in that study mainly cover patient safety issues,
the impact of evidence-based practice (EBP) and the workforce
on patients’ outcomes, the comfort/well-being of patients and
relatives, and the impact of EOL care on staff and their practice
[7]. The five research topics with the highest ranking scores
were [7]:

e Interventions to reduce nosocomial infections in the ICU
¢ Pain management and pain assessment
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e Exploration of the extent of anxiety, fear, and stress in ICU
patients, and strategies to reduce their occurrence

e Prevalence and prevention of critical incidents in the ICU
(medication errors, adverse events)

e Impact of the ICU nurse-patient ratio on patient outcomes.

Some authors have also proposed new strategies to increase
effectiveness in the production and local dissemination of scien-
tific knowledge, reducing the distance between researchers and
clinicians. Such strategies involve the “tripartite model,” based
on synergy among universities, hospitals, and single hospital
wards [8].

19.3 Open Intensive Care Units

The American College of Critical Care Medicine guidelines for
support of the family in the patient-centered ICU rely on the
concept that relatives are essential resources for patients’ health
[9]. These guidelines refer to major concepts such as “flexibil-
ity,” “single-case basis evaluation,” and “open ICU” [9]. The
open ICU philosophy is based on the reduction/elimination of
temporal (liberalization of visiting policies), physical (overcom-
ing the imposed barriers to physical contact between relatives
and patients), and relational restrictions (trust-based relation-
ship between ICU staff and families) [10, 11]. This progressive
change of view toward a “holistic” approach to the cure and the
care of the patient-family as a whole, greatly challenges ICU
staff [12]. Some authors promote open visiting policies as a
standard, as well as promoting the adoption of patient-centered
outcomes (not only survival) [13].

Evidence on the influence of programs for the implementa-
tion of open ICUs on patient mortality, length of stay (LOS),
infection risk, and the mental health of patients and their relatives
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is currently lacking, and the influence of such programs needs to
be investigated [12]. Further, the efforts of ICU teams to improve
the relationship climate inside the ICU will require addressing
according to the indications arising from the research results.

Recently, some authors have hypothesized that open ICU
programs and the presence of family members during cardiopul-
monary resuscitation could also play a role in reducing the rates
of opposition to organ donation [14, 15]. More studies are
needed to confirm this hypothesis, introducing important sce-
narios with potential lifesaving effects for future ICU patients
[14, 15].

19.4 Animal-Assisted Therapy

Animal-assisted therapy (AAT) is defined as “the use of
human-animal bond to attenuate stress and improve mood”
[16]. AAT works on the interaction between humans and pets,
with the aim to reduce stress and feelings of isolation and
depression [16]. Areas of AAT implementation range from
simple social well-being to the improvement of language or
motor functions [16]. Dogs are the most frequent animals used
for AAT, although rabbits and cats can also be employed, under
the guidance of specially trained teams. Adequate procedures
that address hygiene guidelines, times of use, and safety mea-
sures are needed [16].

Although the introduction of AAT inside ICUs has been
referred to in the literature since the early 1990s [17] and finds
enthusiasm among staff nurses [18], experience on its imple-
mentation in ICUs is very limited.

A preliminary randomized controlled trial (RCT) conducted on
76 adult patients with advanced heart failure in the ICU showed
reductions of cardiopulmonary pressure, neurohormone levels,
and anxiety during the visitation of a dog and a volunteer [19].
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Another pilot RCT study, performed on 40 children (aged
between 3 and 17 years), showed that the employment of dog
visitations in the immediate postoperative period after general
surgery facilitated the recovery of vigilance and activity after
anesthesia and significantly reduced the perception of pain [20].

This fascinating adjunctive therapy needs to be the target of
more scientific research, to expand the areas of implementation
and produce better evidence of its effectiveness than that cur-
rently available.

19.5 Work Environment Climate
and Relationship Dynamics
in the Intensive Care Unit

Working in an ICU is not a simple matter [21]. The ICU work
environment is complex, as a result of three different determi-
nants involved: the physical environment, emotional environ-
ment, and professional environment [21].

The physical environment is often challenging for healthcare
professionals, generating stress. Unfavorable (artificial) lighting,
frequent irritating noises (e.g., monitor and device alarms), clum-
sily placed equipment, narrow patient units, and overcrowding
are the main workplace stressors generated by the physical envi-
ronment [21]. Human factor engineering is a discipline that can
provide some solutions to these difficulties, improving work
conditions for all members of the ICU staff [21].

The emotional environment in the ICU is well portrayed by
the metaphor of “a continuous hot and cold shower” [21]. The
emotional stress for healthcare workers is very high, owing to
the high mortality and disability rates, the need for making fast
life-or-death decisions, and the need to balance the effort to save
lives with the realistic limits of technologies and medical/nurs-
ing sciences [21]. These elements can easily lead to feelings of
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frustration, exhaustion, and (sometimes) anger, in the personnel,
particularly in critical care nurses, because they are the profes-
sionals who are always on the frontline at the patient’s bedside
[21]. Anger, in particular, is an emotion that needs to be ade-
quately addressed before it develops into hostility, aggression,
and violence [22]. Some studies have reported that about a
quarter of workers in the United States experience anger in the
workplace [22]. It is important for staff to recognize their own
trigger points for anger, and to prevent negative feelings and their
escalation; strategies that can be used for this are [22]:

e Be constructive and practice open listening.

 Identify the signs and causes of anger.

e Use calming techniques.

e Maintain eye contact with the person who has triggered the
anger and express genuine concern.

e Try to understand elements that could resolve the anger.

The recent widespread implementation of the “open ICU”
concept has exposed nurses to additional emotional stressors
arising from the family’s feelings and needs, because the
relatives spend more time in ICU, at the patient’s bedside.
The consequent physical and emotional stress can cause
depersonalization and/or avoidance behaviors, exhaustion,
burnout, and higher turnover rates in ICU personnel [21].
Some proposed solutions rely on teamwork learning pro-
grams (with the focus on interprofessional relationships).
Educational interventions and workshops aiming to provide
psychological stress management tools and improve interper-
sonal social and communication skills have also been recom-
mended [21].

Concerning the professional environment, work satisfaction
seems to be the key to the adequate development and expression
of positive potential in healthcare professionals. To increase
work satisfaction, the ICU environment should promote group
cohesion, effective communication, autonomy, and supportive
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management [21]. When teamwork is not effective, synergistic,
and harmonious, burnout and errors can easily arise. Burnout is
a syndrome characterized by absenteeism, fatigue, reduced per-
sonal commitment, and low job satisfaction levels.

Team training programs and, above all, reduced staff work-
load can be effective in increasing work satisfaction levels,
preventing the above-mentioned negative consequences [21].

It has been found that most ICU staff share the same defini-
tion of interprofessional work, that includes concepts as
“shared team identity, clarity, interdependence, integration, and
shared responsibility.” [23] Nevertheless, except for critical
events, the most common work interactions developed in the
ICU are synthesized as collaboration (interactions related to
specific questions), coordination (working in parallel), and net-
working (acquiring skills and expertise, and consultations with
others) [23].

Nurses and other ICU team members are often frustrated by
doctors not listening to them [23].

It has been reported that the only event in which an ICU staff
acts as a team is during an emergency code. Such behavior is
well known in crisis resource management, but this behavior
fails to be shown in daily practice and workflows [24, 25].

Therefore, the only way for the multidisciplinary ICU team
to achieve better outcomes is to develop a high level of trust,
improve communication and discussion, and share clear and
structured clinical and organizational information [25].

Currently, some authors recommend that future research be
focused on the mechanisms that drive learning and interactions
in the ICU team, seen through the “magnifying lens” provided
by the social sciences (organizational behavior, anthropology,
and network science), taking into account that the composition
of the ICU team can vary largely from one shift to another [4].

During the past 10 years, the AACN has recognized the posi-
tive influence of healthy work environments on nursing staff
outcomes and retention [26]. The AACN has identified and
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promoted six standard elements that define a work environment
as “healthy”: “skilled communication,” “true collaboration,”
“effective decision-making,” “appropriate staffing,” “meaning-
ful recognition,” and “authentic leadership” [26]. Despite the
efforts of the AACN to disseminate these standards and improve
nursing workplace environments, the results of two surveys,
performed 7 years apart, showed only a marginal improvement
in communication [27].

When ICU nurses were surveyed in regard to the elements
that provided them with work satisfaction, they responded that
the main elements were related to nursing unit management; the
relationships with and the organization of medical staff; roster-
ing practices; nurses roles in ICU patient care; and general
relationships in the workplace [28].

Nurses and physicians are the two main professionals driv-
ing the workflows inside the ICU. The relationships between
the two professional groups are influenced by three components
of the ICU workplace environment, their specific roles, differ-
ences in expected patient outcomes, and levels of stress and
workloads. Therefore, conflicts between these two professional
groups are not rare. However, to better understand this phenom-
enon, it is necessary to differentiate vertical conflicts (nurses-
doctors) from internal conflicts among nurses (horizontal
conflicts).

19.5.1 Vertical Conflicts

A large multicenter study reported that 33% of conflicts within
the ICU team were nurse-physician conflicts, being the most
common types of struggles within the ICU team [29]. Hostility
and lack of communication were the main causes of the con-
flicts [29]. Most conflicts arise around two main issues: EOL
decisions and communication matters [30]. Conflicts about
EOL decisions are one of the most important causes of moral
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distress in nursing staff, with profound effects on the workplace
climate [30]. Disagreement with postoperative goals of care is
another important cause of conflict between physicians and
nurses [30]. The need to keep relatives adequately informed
about patients’ conditions can also cause some tension between
ICU staff nurses and doctors [30].

Further, many nurse-physician conflicts emerge from proce-
dural factors (related to team processes), organizational factors
(related to the local unit or hospital), contextual factors (legal,
social, and cultural features), relational factors (variables influ-
encing the social relationship) [31], and, probably, anthropologi-
cal factors (the idea of nursing as an oppressed discipline) [32].

A simple but effective intervention to improve communica-
tion between ICU nurses and doctors could be the introduction
of a multidisciplinary daily round and daily planning of activi-
ties, to share objectives and desired clinical outcomes [30, 31].
After a conflict has happened, the best strategy is to try first to
resolve the problems with the individuals, taking the discussion
back to the real subject of the conflict (often the patient or the
organizational problem) and depersonalizing the situation [30].
Unprofessional, offensive, or unsuitable behaviors should not be
tolerated by a team that has common shared values and should
be referred to the internal disciplinary authority [30].

19.5.2 Horizontal Violence Among Nurses

To really understand the “internal world” of the “nurses’ tribe”
in depth (these anthropological terms can be used to describe the
characteristics of nurses’ relationships), one has to observe
nurses’ particular positive and negative internal relationship
dynamics. Nurses colleagues show strong bonds, forged by the
unique, intense, and emotional challenges shared daily at their
patients’ bedsides. The shared experiences of their patients’
pain, suffering, and death, as well as shared experiences of hope
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and healing, can bond nurses to their colleagues at deeper levels
than those seen in other professions. But, similarly to the strong
attachments between nursing colleagues, internal conflicts
among nurses can be fierce. Horizontal violence (HV) is one of
the terms used for behaviors ranging from verbal and emotional
abuse to physical violence perpetrated by workers against their
peers inside an organization [33]. The reported prevalence rate of
this phenomenon among nurses ranges widely, from 5.7 [34] to
79.1% [33] and is associated with important psychosocial [35]
and professional consequences. Symptoms of posttraumatic
stress disorder (PTSD) have been reported in nurses, and high
rates of job leaving are recorded in those with shorter lengths of
service [36]. Moreover, some authors suppose that there may be
a relationship between HV and patient safety, owing to changes
in the flows of clinical information among nurses [37].

Various researchers have advanced explanations for the ori-
gin and development of HV. The “oppressed group behavior
theory” [38], interpersonal, intrapersonal, evolutionary, and
biological models offer different views about the emergence of
this phenomenon [39], but, currently, none of these models has
been completely validated. The key elements of these theories
and models are [40, 41]:

e “Lack of self-esteem”

e “Generational and hierarchical abuses”

e “Actor-observer effect”

e “Nursing as an oppressed discipline”

e “Working practices depriving rights/privileges”

e “Aggression leading to aggression” and “development of
cliques”.

Despite the high rates of the HV phenomenon and the per-
ceived relevance of its effects by nurses, the solutions proposed
have been limited to position statements [42] and guidelines
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[43] released by some nurses associations, as well as ideas on
team building [44] and self-esteem augmentation [45, 46], educa-
tion programs, and an educational tool-kit to identify and resolve
workplace bullying and harassment [47]. Interventional studies of
solutions (e.g. the implementation of zero tolerance policies [48])
are lacking. Hence, there is a need to focus nursing research on
HV prevention, because it is difficult to eradicate the problem
once it becomes part of the structure of a group.

19.6 Challenging Patient Populations
in Intensive Care Units

During the delivery of care, critical care nurses should pay
attention to the particular features appropriate to specific patient
populations, as shown in the framework summarized in Fig. 19.1.

Fig. 19.1 Challenging intensive care unit (ICU) patient populations
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19.6.1 Morbidly Obese Patients

Recent epidemiological data has shown that about 2.1 billion
people worldwide are obese (i.e., have a body mass index [BMI]
higher than 25 kg/m?), with an increasing trend [49]. The fight
against this harmful condition requires powerful prevention
programs, and such programs need political commitment [49].

Morbid obesity (BMI >40 kg/m?) is a condition affecting
about 6.6% of the United States population (data from 2010)
[50]. Morbid obesity is often associated with potential compli-
cations in the ICU, such as difficult airways and/or ventilation,
and challenging peripheral and central venous access [50].
Frequent comorbidities are obstructive sleep apnea, diabetes,
insulin resistance, low levels of vitamin D, hyperlipidemia, and
hypertension [51].

Moreover, respiratory and cardiovascular impairments can be
frequent, both seen with a chronic inflammatory state. In particu-
lar, the respiration of these patients can be affected by increased
work of breathing and chest wall resistance and high chest wall
resistance, increased intra-abdominal pressure, CO, production,
and oxygen consumption, and the possibility of muscle weak-
ness [51]. Cardiovascular impairment can be caused by increas-
ing levels of circulating blood or CO,, risk of heart failure and
dysrhythmias, hypertrophy, and other myocardial structural
alterations [51]. Additionally, hypercoagulability and late wound
healing can be expressions of metabolic changes due to obesity
[51]. Lastly, the pharmacokinetic and pharmacodynamic charac-
teristics of most drugs can change in these patients [50].

Currently the association between higher BMI class and
patient outcomes in ICUs is still controversial (“obesity para-
dox”) and requires more accurate comparisons between the
obese BMI classes and ‘“normal” BMI subjects [52, 53].
However, BMI calculation alone is not sufficient to stratify
patients, since it does not take into account differences in body
composition (adipose tissue, lean tissue, body fluids) [52].
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From the logistical and nursing care points of view, morbidly
obese patients present challenges for bed and stretcher weight
limits and dimensions, and for patient repositioning and trans-
fers. Standard hospital beds can bear weights of up to 150-170
kg, but morbidly obese patients are often beyond these body
weight limits [54]. Sometimes radiological examinations cannot
be performed, owing to the limits of radiological stretchers.
Standard radiology beds can hold weights of 158-204 kg, while
in patients over these weight limits, the performance of a com-
puterized tomography (CT) scan or magnetic resonance imag-
ing (MRI) can require special equipment (beds bearing a weight
of up to 306 kg for CT and up to 248 kg for MRI) [54].

All this information is useful for planning the nursing and
medical care of these patients, considering the complex physio-
pathological, logistical, and safety factors that characterize their
stay in critical care units.

Airway management can be very difficult. The “ear-to-sternal
notch positioning” (so-called ramped position) can improve the
management of intubation in these patients, when there is no
suspicion of cervical spine injury. This position can be obtained
by rolling layers of bedsheets under the patient’s shoulders, until
the back elevation reaches the desired alignment [54].

Ventilation can be improved using the “beach chair” position
or anti-Trendelenburg position at 45°. These solutions allow
better diaphragmatic excursion and prevent the risk of micro-
inhalation. In morbidly obese patients, the supine position and
Trendelenburg must be avoided because of the risk of “obesity
supine death syndrome” [54]. During mechanical ventilation
(MV), tidal volume according to ideal body weight (IBW)
should be used, since the size of the lungs does not depend on
the real body weight of the patient. Also, for these patients the
limit of 30 cmH,O for plateau pressure has to be respected to
prevent ventilator-associated lung injury [54].

It is sometimes difficult to insert vascular catheters in mor-
bidly obese patients. Echocardiographic insertion techniques
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are greatly limited owing to the large stratification of adipose
tissue [54]. So arterial and venous catheters are often main-
tained in place for a longer time than recommended, exposing
patients to a high risk of infection and other kinds of complica-
tions [53].

Hypocaloric nutrition is indicated in obese patients. In the higher
BMI classes, the aim is to reach 60-70% of the patient’s energy
requirements. Protein supply in patients with BMI >40 should be
>2.5 g/kg of IBW, except for those with renal failure [53].

Some pharmacological considerations should also be taken
into account. Reduced peak serum levels and increased clear-
ance time can be recorded for lipophilic drugs [54]. The doses
of highly lipophilic medications should be calculated according
to the real weight, while the doses of minimally lipophilic medi-
cations should be calculated according to the IBW. Increased
creatinine clearance in obese patients can reduce the levels of
medications excreted by the kidneys [54]. Altered absorption
through intramuscular, intradermal, and subcutaneous pathways
is typical in obese patients [54].

Beyond preventing the deterioration of vital and organ func-
tions, nursing care has to be directed toward the provision of
adequate staff numbers, special beds, and equipment to facilitate
patients’ repositioning and early mobilization, with particular
attention paid to the development of “traditional” PU and
device-related PU [53].

Finally, during their clinical practice, critical care nurses
need to pay attention to aspects related to the emotional support
needed by obese patients and the social stigma they experience,
as obesity still has a negative social connotation. Indeed, some
stereotypes and prejudices portray obese persons as being short-
tempered and nasty [54]. Verbal and emotional abuse of obese
patients perpetrated by healthcare workers has been reported in
the literature; it is mandatory for healthcare workers to avoid
behaviors that blame patients who are unable to control their
unhealthy or excessive eating habits [54].
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19.6.2 Elderly Patients

The percentage of the world’s population aged over 60 years has
increased from 8% in 1950 to 12% in 2013, and in 2050 the
percentage is projected to be up to 21%, with a large proportion
of people over 70 years old [55].

Older people (aged over 80 years) admitted to ICUs are the
subject of complex ethical debates related to poor outcomes and
the poor quality of residual life after intensive care [56].
Moreover, interest in financial issues has emerged in recent years
(especially owing to the worldwide economic crisis), since medi-
cal costs rise exponentially in people older than 50 years [56].
Another factor is that, in any kind of patient, deciding to with-
draw treatment and organ support is surely more difficult than
deciding to apply some kind of advance care directive (such as
“do not resuscitate”, or do “not intubate” orders). Therefore,
discussions about the ways to offer and employ intensive care
support in elderly patients are influenced by ethical, cultural, and
political variables, and such discussions are far from ended [57].

In a recent Canadian multicenter prospective cohort study,
conducted by Heyland et al. [58] on patients >80 years old
admitted to 22 ICUs, the mortality rate in the ICU was 22% and
the in-hospital mortality was 35%. Patients died at a median of
10 days after ICU admission. No predictors for prolonged time
of intensive care support were found by the authors [58]. Frailty
indexes or advance care directives had little influence on the
decision to limit life-support measures [58]. Many other studies
have shown a mortality trend of over 50% 1 to 2 years after
hospital discharge in very old ICU patients [55]. Heyland et al.
[59], studying recovery after a critical illness in patients aged
>80 years, found that 26% of the surviving patients achieved
physical recovery 12 months after hospital admission. Physical
recovery was significantly associated with younger age, lower
acute physiology and chronic health evaluation I (APACHE 1II)



508 S. Bambi

score, lower Charlson comorbidity score, and a lower frailty
index [59].

Comorbidities in older patients probably play an important
role in survival rates and quality of life (QOL) after intensive
care [55]. To improve the care of these frail patients, professional
integration between intensivists and geriatricians is recom-
mended [55].

More research in older patients is needed to explore care,
life-sustaining therapies, EOL problems, ICU effectiveness, and
QOL after a critical illness [55].

Critical care nursing in older patients should take into
account these patients’ comorbidities, with the frequent pres-
ence of chronic diseases such as diabetes, chronic obstructive
pulmonary disease, congestive heart failure, and end-stage renal
disease. Another typical complication seen in this population is
“geriatric syndromes,” including PUs, incontinence, falls, func-
tional decline, and delirium [60]. The other big issue in the
aging population is the concept of frailty. Frailty, a condition
that arises owing to reduced physiological and sensorial/cogni-
tive reserves, typically in older people, plays an important role
in the occurrence of adverse events and outcomes [59].

Some authors, in discussing the consequences of nursing
care in critically ill older patients, have pointed out new chal-
lenges, such as environmental modifications, the need for edu-
cation and training in healthcare staff, changes in their own
professional attitudes, and collaboration with experts in geriat-
rics [61]. Functional assessment and awareness of existing
medications are two key elements on which a nursing care plan
should be based, also providing an “after ICU perspective” to
critical care nursing [61].

Critical care nursing assessment of vulnerability in frail
elderly patients should be multidimensional [62]. Physiological
assessment is directed toward the patients’ sensorial status, level
of mobility, and chronic pathologies. Psychological assessment
should focus on the identification of cognitive changes,
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dementia, and psychiatric conditions. Lastly, an evaluation of
social conditions and social supports is needed [62].

The data collected can help critical care nurses to plan ade-
quate strategies for the prevention of complications and for the
support of older patients in the ICU and to draft personalized
discharge planning [62]. Common negative events that should be
prevented in these patients are falls, abuse, malnutrition, hypo-
thermia, depression, fear, low levels of self-care, and loss of
autonomy [62].

19.6.3 Patients with Psychiatric Disorders
and Consequent Emergencies

Historically, the presence of psychiatric disorders in ICU
patients was not well recognized or well managed [63]. Only in
recent times has this trend been reversed. The most frequent
psychiatric clinical problems in ICU patients are delirium,
anxiety-panic-agitation loop, depression, psychosis, and perse-
cution ideation [63, 64]. The causes of these problems are
mainly metabolic and electrolyte disorders, infections, head
injuries, withdrawal syndromes, and vascular conditions [63].

The high level of stress during an ICU stay can itself be the
source of a patient’s psychological impairment [64].

According to some authors, certain environmental variables
trigger the establishment of these conditions. High sound levels
and loud noises, lack of sleep and rest, impairment of circadian
rhythms, procedure-related pain, and in intubated patients, the
impossibility of speaking, are typical features of the ICU envi-
ronment [63].

Care efforts should be oriented toward [63, 64]:

e Maintaining patients in single ICUs.
e Guaranteeing low levels of technological noise and quiet
voices.
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e Providing calendars, clocks, and other tools for patients’ time
and space orientation.

e Improving the quality of the patient’s sleep and rest and
reducing light levels at night.

e Promoting relatives’ visitations and contact with patients.

e Establishing an empathetic relationship with patients (and
their relatives).

Early physical rehabilitation plays a fundamental role in the
prevention of conditions such as delirium [65].

For patients who survive after ICU admission and a hospital
stay, PTSD symptoms are frequent and very disturbing [64].

However, except for delirium, the other psychiatric disorders
noted above are rarely considered by staff nurses in the ICU.

Nurses have to be aware of the importance of promptly recogniz-
ing psychiatric emergencies, which can sometimes be deadly [66].
Psychiatric emergencies can be related to overdoses of psychotropic
medications, but are not limited to overdosing [66]. In fact, the with-
drawal or interruption of drug treatment can be the cause of a psychi-
atric emergency [66]. Delirium, drug toxicity, uncontrolled
schizophrenia, agitation, and suicidal attempts are typical psychiatric
emergencies [66]. Common psychiatric emergencies in the ICU are
agitated delirium, overdose of psychiatric medication, neuroleptic
malignant syndrome, and serotonin syndrome [65].

Often non-specific signs and symptoms, such as tachycardia,
diarrhea, fever, and seizure, can hinder the rapid recognition of
these emergencies [66].

Almost all of the above-mentioned psychiatric emergencies in
the ICU require treatment with specific medications, and quick
action by nurses [65].

19.6.4 Oncology Patients

Although deaths caused by oncological illnesses have dimin-
ished since the 1990s, cancer is still the second most common
cause of death, after heart illnesses, accounting for 20% of
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deaths in the United States [67]. Recent estimates from Europe,
for 2012, indicated 3.45 million new cases of cancer and 1.75
million deaths caused by the disease [68].

ICU admission criteria for patients with cancer have changed
over the years, from an approach excluding “do not resuscitate”
patients to offering the chance to recover from an acute on
chronic event owing to the illness or the toxic effects of pharma-
cological treatments [69].

Traditional oncology emergencies requiring ICU treatment
are currently treated in oncology or medical-surgical units [70].
These emergencies, owing to the illness or its therapy, are,
mainly, tumor lysis syndrome, superior vena cava syndrome,
and malignant spinal cord compression [70]. Currently, onco-
logical complications requiring assessment and support in the
ICU are cardiac and respiratory failure, severe bleeding and
coagulopathies, and sepsis [70]. Specifically, these complica-
tions can be pneumonia, venous thromboembolism, ARDS,
pulmonary toxicity associated with chemotherapy and radiation,
malignant pericardial effusions, heart failure, dysrhythmias,
prolonged QT syndrome, gastrointestinal bleeding, dissemi-
nated intravascular coagulation, sepsis, and hypersensitivity
reactions [70].

Admitting cancer patients to the ICU makes sense for
improving short-term survival rates after a critical care illness
[71]. Furthermore, some recent general achievements and prog-
ress in ICU use support the admission of these patients; such
items are: more “open” admission policies, NIV, diagnostic
strategies in acute respiratory failure, treatment of acute renal
failure, blood component transfusion policies, diagnostic
strategies in neurological complications, and treatment of organ
failure in macrophage-activation syndrome [71].

However, cancer patients can also die in the ICU. The QOL
of oncology patients who die in an ICU seems to be worse than
that of patients who die in a hospice or at home [67]. Moreover,
relatives of oncology patients who have died in an ICU can be
affected by symptoms of PTSD [67].
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One big challenge to the implementation of high-quality EOL
care in the ICU is to incorporate palliative care early in the care
plan [67]. Palliative care aims to relieve symptoms and pain related
to the treatment and the illness and to take into account the spiri-
tual and psychological spheres of the patient and his/her relatives,
independently of the severity and progression of the illness [67].

There are some hindrances to the implementation of EOL
care in the ICU [67]:

e Mission of the ICU (lifesaving and restoring patients’ QOL)

e Culture of the ICU (death-denying and difficult-to-manage
communication on prognosis)

e Goals of the ICU (technology-oriented to implement life-
support treatment, relegating the holistic approach to a low
priority)

e Environment of the ICU (an open space is a more frequent
architectural configuration than a single patient rooms unit)

e Competing priorities for nurses’ time (dying patients consid-
ered a low priority; difficulties in managing the relatives’
needs and requests for information about their loved ones).

A key element in EOL care in the ICU is the nursing manage-
ment of symptoms of discomfort and pain. Often these patients
are treated with all the organ support that the ICU can offer
(MV, hemodynamic pharmacological support, CRRT, artificial
nutrition, etc.) [67]. Moreover, large numbers of invasive
devices are often in place, causing procedural pain, discomfort,
and delirium. The most frequent symptoms presented in these
patients are dyspnea and pain [67].

The withdrawal or withholding of organ- or life-support
treatments is complex, and often a long time is required for
making the decision, with the involvement of the patient, the
healthcare professionals, and relatives (as proxy decision-
makers) [67]. At the same time, there are important implications
of such decisions, related to ethical debates and influenced by
religion, national culture, and national laws.
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However, the key to the successful implementation of oncol-
ogy patient care in the ICU can only be a real commitment to
interprofessional collaboration among nurses, doctors, palliative
care and oncology specialists, cultural-linguistic mediators, and
spiritual care providers [69]. Without adequate information,
meaningful collaboration, and realistic goals of care for the
patients, the risk of moral distress for critical care nurses is quite
elevated [72].

19.7 Infectious Diseases in the ICU:
Challenging Critical Care Nursing
in an Isolation Setting

In the past 15 years, disease outbreaks have often overwhelmed
the attention of healthcare workers and ICU teams. The out-
breaks were: severe acute respiratory syndrome coronavirus
(SARS-CoV) (2002-2003), avian influenza HSN1 (2004 and
later), pandemic influenza A (HIN1) (2009), the Middle East
respiratory syndrome coronavirus MERS-CoV) (2012 and
later), and Ebola virus disease (2014-2015) [73].

An outbreak is defined as “a sudden increase in incidence
compared with the “normal” morbidity rates for any certain
disease in a given area” [74]. The consequences of the “sudden”
features of an outbreak can be disruptive, causing chaos, panic,
and insecurity. Increasing levels of stress and anxiety related to
work can be experienced by healthcare personnel. In some
extreme cases, inadequate preparedness for a disease outbreak
can lead to hospital closure [74].

The term “outbreak™ can also refer to the cross-transmission
of multiresistant microorganisms inside hospital wards (e.g.,
Acinetobacter baumannii and Clostridium difficile), as well as
referring to pandemic or epidemic diseases (e.g., SARS, HIN1).
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Some examples of strategies to improve ICU infection con-

trol for multiresistant microorganisms, such as Klebsiella pneu-
moniae and A. baumannii, are [74, 75]:

Handwashing, the first and most important intervention to
prevent the spread of infectious disease [75].

Daily surveillance cultures for all patients

Strict surveillance of housekeeping, since the average propor-
tion of surfaces and objects that will be disinfected in a
patient’s room is not more than 50% [76]

24-h scheduled briefings with the ICU and infection control
teams

Isolation procedures as soon as infection or contamination is
suspected

Early discharge of ICU patients

Contaminated patients to be cared for in cohorts by desig-
nated nursing staff, with additional nurses to increase the
workforce

Particular attention to be paid to hospital surfaces, such as room
door handles, and items that are transported by colonized per-
sons, such as sterile packaging, mops, fabrics, plastics, pens,
keyboards and monitors, stethoscopes, and telephones, because
microorganisms easily contaminate such surfaces. In 65% of
nurses caring for an infected patient, gowns or uniforms are
contaminated, and in 42% of healthcare staff caring for a con-
taminated patient, their gloves are contaminated without the
staff member having touched the contaminated patient [76].
Closure of ICU beds, to improve the nurse-to-patient ratio.

In the case of a highly diffusive airborne infectious disease,

such as HIN1, successful strategies for infection control in the
ICU include [74]:

Additional training for nurses on mechanical ventilation
management

Increasing ICU staffing, calling back the critical care nurses
who previously worked in the ICU
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*  Weekly tracheal aspirate cultures and nasopharyngeal swabs
for the early detection of patients who no longer need isola-
tion and discharging these patients from the ICU

e Isolating patients through cohorts or private isolation rooms.
Evidence suggests that transfer from semiprivate to private
rooms alone can decrease hospital-acquired infection rates by
up to 45% [76]

e Strengthening of collaboration levels among members of the
ICU team

e Educating relatives about healthy hygienic behaviors to pre-
vent the spread of the infection.

19.7.1 Issues Related to Standards
and Precautions Related to Disease
Transmission

Reaction to a disease outbreak in the ICU must be twofold:
increasing the competencies and skills of the ICU staff in dis-
ease management and implementation of safety measures to
contain the spread of the infection, as well as implementing
adequate isolation procedures [74].

Education and training about infection control for critical
care nurses should include [74]:

e Training modules about the fundamentals of quarantine and
isolation, routes of infection transmission, and infectious dis-
ease prevention and control

* Basic pediatric intensive care protocols

* High-fidelity simulation of the management of high-risk and
complex scenarios

e Debriefing and teach-back models

e Certification of the successful completion of education, and
annual recertification.
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However, the key to reaching a safe and optimal care setting
depends on the availability of a robust hospital epidemiology
program [77].

Many microorganisms responsible for recent outbreaks of
viral infections can be deadly, not only for patients (even when
they receive the best care) but also for the healthcare staff.

For infectious diseases transmitted through respiratory drop-
lets, the ICU is a high-risk setting, owing to the performance of
aerosol-generating procedures (suctioning, intubation, NIV, and
bronchoscopy). Patients needing multiple procedures pose a
high risk of contamination for healthcare staft [77].

The Ebola virus outbreak has set a new standard of infection
control precautions (maximum isolation). Together with contact,
droplet, and airborne precautions (Table 19.1), the need to prevent
accidental exposure of all body surfaces emerged, with the provi-
sion of adequate protective clothing. Furthermore, a dedicated
staff member, present as a trained observer, directly puts on and
takes off the protective clothing and equipment from the care per-
sonnel to reduce the risk of mistakes and self-contamination [77].

Lastly, suitable protocols are needed to disinfect the care envi-
ronment and to manage infected waste, and, in some cases, the
architectural design of hospital areas has been modified [77].

Table 19.1 Isolation precautions for airborne diseases [80]

Isolation mode Single room
Negative pressure
6-12 Air exchanges per hour
High Efficiency Particulate Air (HEPA) filtration
Door maintained continuously closed
Isolation sign on door
Staff members  N95, using high-level particulate respirator masks
Education on use of respirator mask, fit testing, and
checking the seal
Healthcare worker medicine service scheduled controls
Patient Surgical mask is mandatory if patient leaves the
isolation room
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Currently, the employment of full protective body suits and
powered air-purifying respirators is mandatory for the care of
patients infected by Ebola, MERS-CoV, and SARS-CoV [77].
This kind of equipment requires high standards of training and
periodic retraining [77]. Achieving an optimal level of profi-
ciency in donning and removing the personal protective equip-
ment for this kind of infective threat is critical. Studies have
been performed comparing the effectiveness of different train-
ing programs for the management of full protective body suits
[78]. However, there are still debates about the actual adequacy
and effectiveness of the protective equipment used in the pre-
vention of Ebola transmission [79].

The special training should be conducted while the critical
care nurse is performing invasive procedures typical of critical
care settings: intubation, MV (closed-system endotracheal tube
suctioning and placement of a bacterial filter on the expiratory
side of the ventilator circuit) [80], venous access introduction
(ultrasound guided), CRRT, and bedside imaging, with the nurse
using the full protective equipment in a high-containment unit
(negative-pressure room) under biosafety level 3—4 isolation con-
ditions [77]. Working inside a high-containment unit requires the
nurses to place their own safety before the patient’s needs, to
move slowly, to pay great attention to sharp objects, and always
to think before acting [81]. All the nursing care and procedures
should be performed in pairs: one nurse cares for the patient and
the other checks for breaches in personal protective equipment,
disinfects the environment, and manages the waste appropriately,
covering all the containers to avoid splashing [81]. Training pro-
grams also have to cover some important psychological features
of this kind of nursing care: fatigue, fear, a sense of impotence,
and the social consequences of the risks the nurses are exposed to.

In regard to the prevention of disease transmission, each institu-
tion should draft protocols for the management of laboratory tests,
the handling of biological specimens, and imaging testing. Surgery
and specialist consultations should also be considered in the safety
management procedures. Lastly, the healthcare teams that will
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provide care for these high risk infected patients should be previ-
ously assigned, on either a voluntary or an obligatory basis [77].

Take-Home Messages

In future ICUs will probably see increases in the number of
ICU beds relative to the number of beds in the rest of the
hospital and the staff shortages could be “compensated by”
computerized and/or nurse-driven clinical protocols. More
multicenter and international trials will need to be performed,
and pharmacological treatments for critically ill patients
should be improved through various strategies.

Priorities in critical care nursing research are: the develop-
ment of methods for the rapid recognition of acute illness in
high-risk patients; new approaches to enhancing patient com-
fort while reducing changes of consciousness; effective pro-
cess and outcome measurements for critical illness research
and palliative and EOL care; focus on patient safety issues;
the impact of EBP and the workforce on patient outcomes;
the comfort/well-being of patients and their relatives; the
impact of EOL care on staff and nursing practice.

Critical care nursing should, in particular, take into account
the special needs of different patient populations, such as
oncology patients, elderly patients, morbidly obese patients,
and psychiatric patients admitted to the ICU.

Forthcoming and highly challenging issues for ICU nurses
are those related to critical care management during out-
breaks of emerging infectious diseases.
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