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Introduction

Injury or illness is defined as critical when one or more organ systems
are either in danger of failing or have begun to fail. In this situation,
the possibility of incomplete recovery or death exists. Critical care
comprises the monitoring, support, treatment, and interventions for the
organ systems in failure. Paediatric critical care not only encompasses
bedside management of children with severe, potentially life-threaten-
ing medical or surgical illness, but also extends to providing support to
the child’s family or caregivers. The challenge lies in the complex bal-
ance of providing support of single or multiple organ systems in failure
while at the same time minimising adverse consequences of treatment.
This level of care is usually, but not always, provided in a dedicated
paediatric intensive care environment with the capacity to offer sophis-
ticated monitoring, diagnostic and therapeutic interventions, as well as
advanced technological support for the critically ill child. When the
outcome is poor or death ensues, the critical care focus shifts to pallia-
tive and, if necessary, bereavement support. The spectrum of disease in
children differs from that of the adult population, as does the paediatric
response to illness, surgery, or injury. Congenital abnormalities, genetic
syndromes, inborn errors of metabolism, and toxins, as well as trauma,
including birth-related and nonaccidental injury, all influence the dif-
ferential diagnosis of an acutely unwell child. Regardless of the aetiol-
ogy, basic principles of initial management and stabilisation should be
applied in all situations.!?

Approach to the Acutely Unwell Child
Respiratory failure is a common manifestation of critical illness and
generally requires early recognition and intervention to prevent pro-
gression to full cardiopulmonary arrest, which carries a grave progno-
sis.>? This section of the chapter therefore begins by outlining the sys-
tematic approach that underpins all paediatric life support and intensive
care management of the acutely unwell child, namely, addressing the
child’s airway, breathing, and circulation.'

Airway
The goals of airway management are to overcome obstruction, promote
adequate gas exchange, and prevent aspiration.

The first priority in the assessment of a critically ill or injured child
is to ensure a patent airway. Any compromise to airway patency, either
structural or functional, is a potential medical emergency, and it is
important to recognise it because failure to establish or maintain the
airway can result in or worsen respiratory compromise. Respiratory
failure may, in turn, progress to cardiopulmonary arrest; thus, every
effort should be made to secure airway stabilisation in a timely manner.

The paediatric airway is more susceptible to airway compromise
than that of adults for a number of reasons.!'"®

¢ A child’s proportionally larger head and prominent occiput result

in neck flexion, with the potential for exacerbating upper airway

obstruction when lying supine.

*The tongue is relatively large and its muscle tone is reduced.

* The epiglottis is shorter, narrower, and more horizontally positioned
than in an adult.

*The larynx is in a more anterior and cephalad position than in
an adult.

¢ The trachea is smaller and narrower.

* The airway is funnel shaped, with the narrowest portion at the level
of the cricoid cartilage.

Functional airway compromise results in children with decreased
muscle tone in the head and neck. It may be secondary to a decreased
level of consciousness and/or the effects of anaesthesia or analgesic or
sedative drugs. An inability to maintain a patent airway, even in the
absence of a structural abnormality, may present as great a risk as the
presence of anatomical obstruction.

Airway compromise may be due to or exacerbated by congenital
anomalies, the presence of foreign bodies, or extrinsic compression
by structures outside the airway. The most significant difference in
the paediatric airway compared to that of adults, and therefore a major
contribution to the vulnerability of the airway, is its size and diameter.'?
According to the Hagen-Poiseuille law, which relates to the flow of
gas, a change in the radius of the airway has the greatest effect on air
flow. As a result, any oedema of the paediatric airway will significantly
reduce the calibre of the airway, resulting in a dramatic increase in
resistance to air flow and, consequently, the work of breathing. This
is particularly important in infants, who are obligatory nasal breathers.
Nasal breathing, without any additional obstruction, doubles resistance
to flow. The nares in infants and children are significantly smaller than
in adults and can account for up to 50% of total airway resistance. With
this is mind, it is important to note that simply removing secretions from
the nares may result in a dramatic decrease in the work of breathing.'

When intervention is required to establish airway patency, a stepwise
approach is essential. If basic manoeuvres, such as positioning the head,
chin, or jaw, are insufficient, one may have to use airway adjuncts such
as a Guedel oropharyngeal airway or a nasopharyngeal airway. For all
children who have a potential cervical spine injury, the spine should
be adequately immobilised, and unnecessary manipulation should be
avoided. Should previous efforts to establish an airway be unsuccessful,
endotracheal intubation, laryngeal mask airway, or—rarely —surgical
intervention in the form of a tracheostomy may be required, both to
establish airway patency and to maintain adequate gas exchange.

Breathing

Acute respiratory failure is a major cause of paediatric morbidity
and mortality. It accounts for approximately 30-50% of admis-
sions to paediatric intensive care facilities.”'*>! Numerous clinical
situations have the potential for progression to respiratory failure,
reflecting the complex involvement of the respiratory system with
other organ systems. Diagnosis and management of respiratory
failure require an understanding of normal respiratory physiology
as well the pathophysiological processes occurring in acute medical
or surgical disease.
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Respiratory failure is inadequate exchange of oxygen and carbon
dioxide resulting in failure to meet metabolic demands.

Anatomically, the respiratory system structure comprises the lungs
and respiratory pump. The lungs include the airways, alveoli, and
pulmonary circulation. Failure in any of these elements may result in
abnormal gas exchange, which is manifested by hypoxia; this condition
is termed hypoxic respiratory failure. The respiratory pump refers to the
thorax, respiratory muscles, and nervous innervations. The inability to
effectively pump air into and out of the lungs results in hypoventilation
and thus hypercarbia; this condition is termed hypercarbic respiratory
failure. Although the two systems can be described separately, the two
interact significantly with each other. Failure in one of these systems
often results in failure of the other.

To achieve adequate gas exchange, several conditions must be met:

* Adequate gas must reach the alveoli.

e Inspired gas in the alveoli must match the blood distribution within
the pulmonary capillaries.

* The alveolar-capillary membrane must permit gas exchange.

A child with a decreased level of consciousness due to any cause —
including the postoperative patient under the influence of anaesthetic,
analgesic, or sedating drugs—may have inadequate respiratory drive,
resulting in an inadequate respiratory rate (see Table 12.1). Acute
respiratory distress may result from disease in the large or small
airways, the lung parenchyma, the pleural space, or a combination of
all of these. Disease in other organ systems, such as cardiac failure
or metabolic acidosis associated with diabetic ketoacidosis or toxin
ingestion, may give rise to increased respiratory effort. Should any of
these disease processes result in inadequate gas exchange, respiratory
failure ensues.

Table 12.1: Normal respiratory rate in children.

Age Breaths per minute
Birth—1 year 20-30
2-5 years 20-25
>5 years 16-20

In addition to the above factors, gas exchange may be affected
by systemic processes such as the systemic inflammatory response
syndrome (SIRS) seen in sepsis and following cardiac bypass, as well as
nonpulmonary factors, including acute blood loss, poor cardiac output
(CO), increased oxygen demand, and chronic anaemia. Nutritional
deficiencies may contribute to an inability to meet the demands of acute
medical or surgical illness.

The most serious manifestation of respiratory insufficiency is
hypoxia. Initial compensatory hyperventilation may cause an early
drop in PaCOz; however, as these compensatory mechanisms fail,
hypercapnia ensues.

Oxygen should be administered to all critically ill or injured
children in the highest possible concentration until the assessment
of cardiorespiratory status is complete.

The early goal of administering the highest possible oxygen
concentration to the acutely unwell patient remains the highest priority,
as oxygen delivery to the tissues may be suboptimal in the child with
decreased circulating volume or abnormalities in microcirculation, such
as may be seen in sepsis, hypovolaemia, or haemorrhage.

Respiratory insufficiency is generally recognised by an early
increase in respiratory rate, which may be followed by a decrease in
respiratory rate as the child’s clinical condition worsens.”? Apnoea
in the small infant is worrying and requires immediate intervention.
Cyanosis and tachycardia are early findings, and as hypoxia worsens,
progression to bradycardia and cardiac arrest may occur.”

Supplemental oxygen can be delivered via many different delivery
devices. The choice of device will be dictated by clinical situation
and local availability as well as by which device is best tolerated by
the child.

Nonrebreathing face mask

A nonrebreathing face mask is the most effective way of delivering
oxygen by face mask. It consists of a face mask connected by a uni-
directional valve to an oxygen reservoir bag. The unidirectional valve
delivers all inhaled gas from the oxygen reservoir and prevents exhaled
air from entering the reservoir. The mask must fit snugly over the nose,
and the fresh gas flow rate must be maintained to ensure the reservoir
remains distended by at least half its volume at all times. In ideal con-
ditions, these masks can provide 100% oxygen; however, it is often
slightly less than this in practice.

Venturi masks

The Venturi mask works on Bernoulli’s principle, which states that as
the velocity of gas increases the pressure surrounding that gas decreas-
es. Oxygen is introduced through a tapered inlet into the device. As
the oxygen flows through the narrowed inlet the velocity increases and
a resultant decrease in pressure surrounding the stream of gas causes
room air to be entrained into the device through side ports in the device.
The concentration of oxygen delivered with these devices remains rela-
tively constant. These masks can deliver 24—40% oxygen.

Nasal cannulae

Nasal cannulae consist of two protruding prongs that are placed into
the child’s nares. The delivered concentration of oxygen depends on
the flow rate as well as the child’s minute ventilation and the volume of
the nasopharynx as these determine the amount of entrained room air.
Generally, children accept flow rates of up to 2 litres per minute; flow
rates in excess of this are uncomfortable and poorly tolerated. Correctly
fitted and at appropriate flow rates, nasal cannulae are often better toler-
ated than face masks in most children, but they are less suitable when
oxygen needs are high.

Oxygen hood, tent, and head box

Oxygen hoods, tents, or head boxes are clear plastic systems that
enclose either the head, upper body, or entire body. The child breathes
fresh gas supplied into the enclosure. The concentration within the
enclosure can be monitored by using a gas analyser. High oxygen deliv-
ery is difficult to maintain with this system because gas is lost through
leakage; this system may thus be most suitable for small infants. If this
system is used, a minimum fresh gas flow of 2-3 I/kg per minute should
be used to prevent carbon dioxide retention.

Bag-mask ventilation

Some children require positive pressure ventilation, either to overcome
a degree of upper airway obstruction or to provide breathing support.
Effective bag-mask ventilation requires a good seal between the mask
and face to provide adequate inflation pressures as well as the ability
to compress the gas-containing bag in a coordinated manner, which
is sometimes better achieved by two health care providers. It is often
necessary to gently move the child’s head and neck to determine the
optimum position to provide effective ventilation. Excessive flexion or
extension of the head and neck should be avoided, however, as this often
results in airway obstruction. As mentioned previously, for all children
who have a potential cervical spine injury, the spine should be adequate-
ly immobilised and unnecessary manipulation should be avoided.
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The two bags commonly used in bag-mask valve ventilation
include the self-inflating bag and the standard anaesthetic circuit.
The self-inflating bag consists of a bag, oxygen inlet, connector for
the face mask or tracheal tube, pressure relief valve, and a reservoir.
The self-inflating bag is relatively easy to use and more available,
and when used with the reservoir, it can provide near 100% oxygen.
It can provide emergency ventilation without a fresh gas source
because the gas movement generated by bag inflation will inflate the
chest with room air, even without an external gas source. Because the
valve mechanism opens only in response to manual bag inflation, the
self-inflating bag is not appropriate to deliver oxygen or continuous
positive pressure in the spontaneously breathing child. The bag in a
standard anaesthetic circuit, however, requires a constant supply of
fresh gas in order for it to fill. The bag must therefore be connected
to a fresh gas supply to inflate the lungs via either a face mask or
tracheal tube. The advantage of the standard bag over the self-inflating
bag is the ability to deliver fresh gas and continuous positive pressure
to the spontaneously breathing child and to control the pressures
administered with each breath. The system can be difficult to use,
however, in all but experienced anaesthetic hands.

Mechanical ventilation

Mechanical ventilation provides a way of supporting the respiratory
system while waiting for the natural history of the pathological pro-
cess to improve or for specific treatment to be effective. The goals
of mechanical ventilation are to ensure adequate oxygen delivery,
decrease the work of breathing, and ensure adequate elimination of
carbon dioxide.* Mechanical ventilation is generally provided by using
positive pressure-ventilated breaths superimposed on a background of
positive end expiratory pressure (PEEP) to maintain alveolar patency
during expiration. PEEP can stabilise alveoli, decrease ventilation-
to-perfusion (V:Q) mismatch, and reduce the alveolar shear injury
incurred through repetitive inflation with positive pressure—the so-
called “ventilator-induced lung injury”.> Excessive PEEP, however,
may result in overdistention of recruited alveoli and have a negative
impact on cardiac output.

The goals of mechanical ventilation are to optimise alveolar
ventilation, maximise V:Q matching, decrease the work of breathing,
and minimise the risk of ventilator-associated injury.

The usual starting point when calculating the initial inflation
pressure requirement is a simple visual assessment of the amount of
pressure required to move the chest. Adjustments can then be made
according to the clinical situation and oxygen requirement, and, if
available, as dictated by blood gas analysis. If the bedside ventilator
system enables tidal volume calculation, the ventilator pressure should
be adjusted with the aim of delivering a tidal volume of 5-10 ml/
kg. This will vary with chest compliance, but it often requires peak
inspiratory pressures in the range of 20-25 cm H,O, with a PEEP of
3-5 cm H,0.¢ Higher PEEP may be required to achieve adequate
oxygenation when extensive airspace disease or pulmonary oedema
is present. Wherever possible, avoid excessive inflation pressures to
avoid ventilator-associated lung disease, which has been associated
with high inspiratory pressures.”’ Tidal volumes of 6 ml/kg and
limiting the peak inspiratory pressure to less than 32 cm H,O has
demonstrated a significant reduction in mortality.”” In setting the rate,
both the inspiratory and expiratory times—that is, the proportion of the
respiratory cycle occupied by inspiration and expiration, respectively —
can be adjusted. The inspiratory time is usually decided based on the
age, size, and disease process of the patient. As a guide, inspiratory
times increase from approximately 0.5 seconds in a neonate to 1
second in children older than 5 years of age. A useful starting point is
to simply start with a ventilator rate of 20 breaths per minute and adjust
as necessary. Small infants and neonates may require a higher starting
rate, in the range of 40-60 breaths per minute.

When making adjustments to the mode and frequency of mechanical
ventilation, effective oxygenation is determined by manipulations of
inspired oxygen (FiO,) and mean airway pressure (MAP). The factors
that most reliably influence MAP are the amount of set PEEP and
the inspiratory time. To optimise ventilation and thus carbon dioxide
clearance, minute volume should be increased by increasing the peak
inspiratory pressure as well as the ventilator rate. Note, however,
that changes in mechanical ventilation to achieve improvements in
oxygenation and ventilation have an impact on each other as well
as on other organ systems, most notably the cardiovascular system.
Increasing mean airway pressures, for example, may potentially impede
venous return and thus negatively affect cardiac output. With any
adjustment, the clinician should establish whether a positive change has
been effected with the fewest possible negative clinical consequences.

The inability to achieve effective oxygenation and ventilation
by using conventional positive pressure ventilation may suggest
the need for nonconventional modalities of ventilator support,
such as high-frequency oscillatory ventilation, high-frequency jet
ventilation, or extracorporeal membrane oxygenation (ECMO).
Generally, these therapies are available mainly as rescue therapy in
intensive care centres.

Circulation

Many children with severe disease require cardiovascular monitoring
and support. Circulatory compromise frequently accompanies critical
illness and may be either a primary cause or be secondary to the pres-
ence of untreated respiratory failure and hypoxia. Early recognition and
intervention is therefore essential to prevent further progression to cir-
culatory collapse and death. When the cardiovascular system is unable
to provide adequate perfusion of end organs to supply adequate oxygen
and nutrients to cells, the situation is referred to as shock. Table 12.2
shows a common scheme for the classification of shock.

Table 12.2: Classification of shock.

Shock classification Aetiology

Hypovolaemic Haemorrhage
Diarrhoea and vomiting
Burns

Peritonitis

Distributive Sepsis
Anaphylaxis
Vasodilating drugs

Spinal cord injuries

Cardiogenic Arrhythmias

Cardiomyopathy

Myocardial infarction or contusion
Congenital structural heart disease

Cardiac tamponade

Obstructive Tension haemo/pneumothorax
Flail chest

Pulmonary embolism

Anaemia
Carbon monoxide poisoning
Methaemoglobinaemia

Dissociative

In evaluating a child with signs of shock, the earliest and most
sensitive—but not exclusively reliable—sign is tachycardia. This may
also be caused by pain, anxiety, fever, or medications, but these causes
are often easily excluded. The presence of additional significant signs
consistent with inadequate blood supply to end organs, such as altered
mental state, poor peripheral skin perfusion due to vasoconstriction,
thready rapid pulses that may be difficult to palpate, and decreased
urine output as a result of poor organ perfusion, help to establish a
diagnosis of shock. Vasodilatation as a sign of shock is less common
in children as compared to adults.®® Metabolic acidosis commonly
accompanies suboptimal perfusion due to tissue anaerobic metabolism,
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and the tachypnoea that results may be a useful clinical marker.”’

It is important to remember that children have robust compensatory
mechanisms, and blood pressure may be preserved even in moderate
circulatory insufficiency. A fall in blood pressure is a late ominous sign
and defines decompensated shock. Normal cardiovascular parameters
in children are given in Table 12.3.

Table 12.3: Normal paediatric cardiovascular parameters.

Age (years) Heart rate (beats per minute) Mean blood pressure
(mm Hg)

Neonate 100-180 40-60

1 100-200 50-100

2 80-160 50-100

5) 80-150 60-90

10 60-120 60-90

15 50-120 65-95

Cardiac output depends on the following factors:

* Preload: Affected by circulating blood volume and effective delivery
to the heart

* Afterload: Systolic blood pressure and vascular tone
* Inotropic state: Cardiac contractility

* Chronotropy: Heart rate as well as rhythm

In supporting circulation, the goal is to optimise cardiac output.
The most common clinical situation resulting in shock is hypovo-
laemia secondary to dehydration or blood loss.

In surgical pre- and postoperative patients, hypovolaemia may be
exacerbated by distributive shock due to losses into third spaces as a
result of increased capillary permeability. It is therefore of the utmost
importance to restore adequate intravascular volume promptly by using
isotonic crystalloid or colloid. If there has been significant haemorrhage,
packed red blood cells should be considered. It is essential to rule out
a cardiogenic cause of shock to avoid excessive fluid administration
and overloading a compromised heart. This is usually distinguishable
by clinical examination to rule out signs of heart failure, such as
cardiomegaly or hepatomegaly, as well as with electrocardiogram
(ECG) monitoring and chest x-ray, which may demonstrate congestive
heart failure or pulmonary oedema and an increased heart shadow. In
children, distention of neck veins is a less reliable sign.

Fluid resuscitation in an attempt to restore intravascular volume
is best initiated by using boluses of 20 ml/kg crystalloid or colloid
solutions, titrated to clinical markers of cardiac output (heart rate, urine
output, capillary refill, and level of consciousness). Numerous clinical
trials have attempted to determine the optimal fluid in paediatric
resuscitation. The choice of fluid is controversial, but because no clear
benefit has been demonstrated for crystalloid over colloid, the choice
must be dictated by availability as well as local policy in the acute
situation.®3* The femoral vein is frequently used to provide central
venous access, enabling administration of vasoactive drugs, parenteral
nutrition and drugs in higher concentration than would be tolerated in a
peripheral venous cannula.

Large fluid deficits typically exist in sepsis, and initial volume
resuscitation usually requires 40-60 ml/kg, but may be as much as 200
ml/kg. It is important to note that at the same time as providing ongoing
fluid resuscitation, respiratory support in the form of intubation and
ventilation may be required. Airway and respiratory support, if needed,

should be initiated simultaneously, and neither should delay the other.
In patients with suspected or known cardiomyopathy, clinicians must
be cautious with aggressive fluid resuscitation because overdistention
of a poorly functioning myocardium is likely to cause the patient to
deteriorate. In these patients, it is often advisable to give smaller fluid
boluses and assess their effects on an ongoing basis.

Patients with poor physiological reserve as well as those who
do not respond to fluid resuscitation may benefit from invasive
haemodynamic monitoring to more accurately titrate their fluid and
inotropic therapies.?-2%35-4

In evaluating the cardiovascular system, it is important to confirm sinus
rhythm on an ECG by establishing that every QRS complex is preceded
by a P wave and that every P wave is followed by a QRS complex. More
definitive assessment with cardiac ultrasound is helpful but not often
available in the acute situation. Arrthythmias are uncommon in critically ill
children without structural heart disease, and sinus tachycardia is commonly
present. In the presence of tachycardia that persists when measures such as
fever, hypovolaemia, anxiety, and pain are controlled. Tachyarrhythmias
such as supraventricular tachycardia (SVT), atrial fibrillation, and ventricular
tachycardia must be considered.*

When measures such as fluid therapy and maintaining sinus rhythm
do not produce an adequate cardiac output, the circulation may be
supported further by using vasoactive drugs to increase cardiac inotropy
and chronotropy and/or vasoconstrict the peripheral vascular system.
Invasive pressure monitoring of central venous or arterial pressure,
where available, may provide cardiovascular information to further
guide volume and pharmacological support. First-line vasoactive drugs
commonly used in the intensive care environment include dopamine
and adrenaline, both of which increase heart rate and contractility as
well as increasing systemic vascular resistance to varying degrees that
generally favour increased cardiac output. Noradrenaline is primarily a
vasoconstrictor, and its use is limited to the less common situations in
which vasodilatation is present, such as in the older child with sepsis
or following cardiac surgery when an increase in systemic vascular
resistance is desirable. Milrinone, a phosphodiesterase inhibitor, is
increasingly used for inotropic support, especially following cardiac
surgery when diastolic function in addition to systolic function may
be impaired. Most patients will respond to a simple approach using
a single inotropic agent. Detailed and repeated clinical examination,
haemodynamic monitoring and—if available —cardiac imaging enables
vasoactive support with one or more agents tailored according to the
patient’s individual requirements.**

Specific Organ System Dysfunction

Neurology

Acute neurological abnormality may result from a primary disorder of the
nervous system or from the consequences of severe illness in other organ
systems. Children with respiratory or cardiovascular compromise are often
hypoxic with varying degrees of impairment of their levels of conscious-
ness. This may range from irritability and lethargy to seizures or coma.
Seriously ill children are often hypotonic but may exhibit more worrying
signs of abnormal posturing and eventually respiratory arrest. Primary neu-
rological disease, such as acute meningitis or encephalitis, trauma, a mass
lesion, or intoxication may present with a similar spectrum of nonspecific
abnormalities. In the early stages of assessment, it is important to stabilise
airway, breathing, and circulation, as previously noted, to ensure optimal
oxygenation of the brain, regardless of aetiology.

Causes of decreased level of consciousness include hypoxia; hypotension
or shock; infection; metabolic disturbances (e.g., hypoglycaemia); toxins or
drugs; trauma, especially head injury, including nonaccidental injury; and
intracerebral haemorrhage.

Once oxygenation and appropriate circulation are restored, the diagnosis
may be clarified with a more detailed history and physical examination to
elicit specific signs. Radiological imaging, such as computed tomography
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Administer high flow oxygen
Check blood glucose
Obtain intravenous (IV) access

IV Access?

Yes

Lorazepam IV 0.1 mg/kg
or
Diazepam IV 0.2 mg/kg

Diazepam PR 0.5 mg/kg

Midazolam buccal 0.2 mg/kg

or

Lorazepam IV 0.1 mg/kg
or
Diazepam IV 0.2 mg/kg

Diazepam PR 0.5 mg/kg

Midazolam buccal 0.2 mg/kg

or

If no IV access establish
intraosseus (I0) access
I
Is patient on regular
phenytoin?

[

[ ]

N

Yes

Phenytoin IV 18 mg/kg
Paraldehyde PR 0.4 mg/kg—mix with
equal amount olive oil (if not
already given)

Phenobarbitone IV 20 mg/kg
Paraldehyde PR 0.4 mg/kg—mix with
equal amount olive oil (if not

already given)

Anaesthesia to stop seizures — Intubate and ventilate
Thiopentone IV 3-5 mg/kg and short-acting muscle relaxant

Consider:

* Neurology and or neurosurgical opinion

« CT of head if signs of raised intracranial pressure or focal neurology

Admit to paediatric intensive care unit (PICU)

+ Thiopentone infusion
» Midazolam infusion

Following consultation with intensivist/neurologist may require:

Figure 12.1: Management of status epilepticus in a child.

(CT) of the head, may be required. The diagnosis of central nervous system
(CNS) infection generally requires lumbar puncture to assess cell count,
protein, and glucose content.

Lumbar puncture should be performed in a controlled manner, provided
there are no contraindications,® such as focal neurological signs, raised
intracranial pressure (ICP), cardiovascular instability, coagulopathy, local
skin infection over the proposed puncture site, suspected spinal cord mass
or intracranial mass lesion, or spinal column deformities.

Always defer lumbar puncture in unstable patients, but never delay
antibiotic or antiviral treatment, if indicated.

The use of hypotonic fluid is contraindicated when signs of raised
intracranial pressure are evident. Hypotonic fluid should generally be avoided
in all children with acute neurological disease. This is due to the risk of sudden
fluid shifts resulting from changes in plasma osmolality and the potential for
rapid increases in intracranial pressure.’’ Not enough data exist to support
routine fluid restriction.3 In the setting of acute neurological deterioration
with signs of rising intracranial pressure and possible brain stem herniation,
the use of hypertonic saline or intravenous mannitol may be warranted.**

Seizures are a common feature of both primary and secondary CNS
abnormality. It is important to address the underlying cause, which

mirrors the differential diagnosis of decreased level of consciousness,
and establish oxygenation and circulation as detailed above. If
appropriate, specific therapy should be instituted as soon as possible
(e.g., the treatment of hypoglycaemia with a dextrose infusion of 5-10
ml/kg of 10% dextrose solution). The treatment for a prolonged seizure
or recurrent seizures is indicated in Figure 12.1.557

Although the paediatric CNS may be relatively immature, children
do still have appropriate response to pain. It is therefore important to
remember that critically ill children who require invasive diagnostic or
therapeutic procedures, or intubation and mechanical ventilation, require
appropriate analgesia and sedation. In addition to the obvious benefits of
analgesia and sedation, there is evidence to support decreased morbidity
and mortality following cardiac surgery in infants treated with effective
analgesia.®®* % In the intensive-care setting, opioids, such as morphine and
fentanyl, are commonly used for analgesia, whereas sedation is commonly
achieved with benzodiazepines, such as midazolam or diazepam.

Infection

Bacterial, viral, fungal, and protozoal infections are responsible for more
than 60% of deaths worldwide. Acute respiratory infections are among the
leading cause of childhood mortality and account for almost two million
childhood deaths annually. Approximately 70% of these deaths occur in
Africa. The most important causes of death in the developing world con-
tinue to be malaria, pneumonia, malnutrition, and HIV-related illnesses *"-%3
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In evaluating a child with severe infection, the priority remains to
ensure adequate airway, breathing, and circulation. If severe shock
is present in the setting of infection, it is important to aim to reverse
the shock with aggressive fluid resuscitation and inotropic support, if
required, with the ultimate goal of achieving age-appropriate heart rates,
normal blood pressure, and capillary refill time.** As in the treatment of
hypovolaemia, boluses of crystalloid or colloid totalling up to 200 ml/
kg may be required, and inotropic support should be considered early
in patients unresponsive to two or three boluses of 20 ml/kg. Specific
infections may dictate variations in management after initial stability is
established. The site of infection as well as likely pathogens will guide
the choice of antimicrobial therapy.

Postoperative Care

Following major elective or emergency surgery, the child probably
will be haemodynamically unstable and therefore require support for
one or more organ systems. Other factors that influence this instability
include the age, underlying nutritional status, and premorbid health
of the patient; the length of the operation; intraoperative cardiovas-
cular status; and fluid losses. Intensive care may be required from
the immediate postoperative period, but delayed deterioration must
always be anticipated in high-risk cases and these patients should be
monitored accordingly.

In caring for high-risk patients, the degree of support will be dictated
by the specific set of clinical circumstances as well as the local resources.
Attention must be paid to ensure that adequate oxygen is delivered to the
recovering patient. This involves also ensuring adequate ventilation and
circulation and appropriate monitoring of the vital signs of the patient.
Fluid balance is important in the perioperative period, and careful
attention to and monitoring of intake and output are required. Many
abdominal surgical procedures result in patients requiring a prolonged
period of nutritional support; if available, total parenteral nutrition
should be considered in patients who are unable to adequately meet
their nutritional demands enterally. Other challenges include the need
for total immobility following complex reconstructive surgery, such as
repair of an oesophageal atresia. These patients will require intubation
and ventilation over several days in order to maintain adequate sedation,
analgesia, and muscle relaxation. Finally, it is important that each
child be regularly and adequately assessed for pain and distress so that
appropriate analgesia and/or sedation may be administered.

Trauma

Traumatic injuries are a cause of significant childhood morbidity and
mortality worldwide. Children are particularly vulnerable to traumatic
brain as well as major organ injury due to their relatively immature and
elastic skeleton and their inability to withstand large blunt forces.®-7 It
is paramount that the initial resuscitation and stabilisation of a critically
injured child be both methodical and thorough in order to recognise and
institute appropriate therapy in a timely manner. In children who die
immediately or soon after an injury, the predominant causes of death
are airway compromise resulting in hypoxia, hypovolaemic shock, and
injury to the brain and cervical spine. Children are extremely vulner-
able to cerebral hypoxia; it is therefore understandable that airway
management and attention to respiratory function are the most critically
important aspects of resuscitation and ongoing management of the seri-
ously injured child.”® Attention to these areas of care enable optimal
oxygenation and ventilation and minimise secondary injury to the brain
and other vital organs. The cervical spine should be immobilised by
using either manual in-line stabilisation or on a firm surface with the
neck placed in a hard collar of the appropriate size, with lateral support
using firm blocks and straps. These cervical spine precautions should
remain until such injuries have been excluded clinically, radiologically,
or both. With attention to the cervical spine, the airway may be secured
by simple airway manoeuvres, or require more specialised equipment
or intervention in the form of oral endotracheal intubation.®®

Thoracic injury may be potentially life-threatening, requiring
prompt recognition and treatment.”” The adequacy of ventilation
should be assessed clinically by looking at respiratory rate, pattern,
and symmetry of chest movement and breath sounds on auscultation.
Adequate oxygenation can be confirmed if the patient appears pink or
more definitively with pulse oximetry. Once the airway is definitely
secure, if ventilation and oxygenation continue to be inadequate,
lung injury should be suspected. Pulmonary contusion may result in
respiratory distress and may be confirmed radiologically, although
it may be difficult to distinguish from acute aspiration or atelectasis.
The presence of unilaterally decreased breath sounds, hypoxia, and
cardiovascular compromise should raise the suspicion of pneumothorax
or haemothorax. These conditions should be treated urgently by needle
or drain thoracocentesis. Mediastinal injuries with the potential for
large vessel or major airway trauma are surgical emergencies and
require prompt imaging and surgical intervention.”

Children are capable of losing up to 40% of their intravascular
volume while maintaining a relatively normal blood pressure. The signs
and symptoms of early shock due to blood loss may be subtle; it is
therefore important to begin fluid resuscitation early, before a seriously
injured child becomes haemodynamically unstable. Direct pressure
should be applied to any visible external bleeding site in an attempt to
stop the bleeding. Secure intravenous access should be sought; common
veins used include antecubital, saphenous, and femoral. In the absence
of obvious lower limb fracture, an intraosseous (IO) needle into the
anterior tibia is a reliable and potentially life-saving form of intravenous
(IV) access. Initial fluid resuscitation should consist of two 10-ml/kg
boluses of isotonic crystalloid solution, which may be followed by a
further two 10-ml/kg boluses of fluid. If signs of shock with evidence
of ongoing blood loss persist, consider the use of either O-negative or
type-specific packed red blood cells for further fluid boluses.

Once the child is physiologically stable, perform a complete
systemic examination. This would normally include various
radiological investigations of the cervical spine, chest, and pelvis, and,
if intrabdominal injury is suspected, ultrasound or CT. The specific
investigations are guided by the clinical scenario and availability of
specialised imaging. Many intrathoracic and intraabdominal injuries
may be managed conservatively; however, some surgical intervention
may be required. Bowel injury may present in a delayed fashion,
requiring surgery some time after the initial injury. Detailed surgical
management of specific injuries is beyond the scope of this chapter, and
is addressed in relevant chapters of this book.

Challenges of Paediatric Critical Care

The biggest challenges for health care providers in the developing
world include improving primary care and public health efforts, such
as immunisation and sanitation, as well as ensuring universal access to
health care.”!

The provision of critical care and the limited means available to run
a dedicated critical care environment suitable for children from infancy
to adolescence present an ethical dilemma when multiple health care
demands coexist. In an attempt to address such dilemmas, certain units
have developed intensive care admission criteria that would not exist
in the developed world. Examples of these criteria include refusing
admission to an augmented or critical care environment in patients
known to be infected with human immunodeficiency virus (HIV) as
well as refusing admission to a critical care environment in patients
who present acutely to a health care centre and would require transfer
to the regional paediatric intensive care unit (PICU). This is particularly
evident in sub-Saharan Africa, where there is a huge burden on health
as a result of the HIV epidemic.5'-%2

Approximately two million children worldwide have HIV; of
these, 90% live in sub-Saharan Africa. Although the rate of annual
HIV-related deaths in children is gradually decreasing, approximately
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300,000 children continue to die of AIDS-related illnesses worldwide
every year.

Paediatric critical care in developing countries is necessarily highly
centralised. Most developing countries have large centres that provide
varying degrees of tertiary medical care, including paediatric critical
care. However, the resources available to these tertiary centres are
extremely inconsistent and unpredictable; as a result, the medical
capabilities differ widely across centres and countries.”

In an attempt to provide critical care for children, hospitals must use
existing resources to the best of their ability, including, for example,
using existing theatre facilities as an environment to care for critically
ill children in the short term or combining adult, paediatric, and
neonatal critical care.

In view of the limited availability of paediatric critical care in
developing countries, it is important to define priorities and recognise
those children who might benefit from being transferred and admitted
to a dedicated unit. The additional costs incurred by safe and effective
transport of the most vulnerable paediatric patients are a major
consideration in the decision-making process and undoubtedly will
influence the allocation of limited resources. Determining those
admission criteria will depend on local as well as wider factors within
a defined geographical area.

Unfortunately, data available on the provision of paediatric critical
care in the developing world are lacking. Only the most sophisticated
and developed units with dedicated resources for expensive diagnostic
and therapeutic drugs and equipment tend to publish data, thereby
creating a publication bias.! As a result, published data may not reflect
the true spectrum of the clinical workload.

Conclusion

Many complex factors affect the ability to provide dedicated paediatric
critical care units. Much of the modern infrastructure may be out of
reach to units due to cost. Caring for paediatric patients during acute
critical illness or injury as well as following major surgery can be both
challenging and rewarding. Attention and priority should be at main-
taining a secure airway, followed by providing adequate respiratory
and cardiovascular support. Detailed clinical history, examination, and,
where possible, further investigations will provide clearer diagnostic
information in the aim of providing definitive care. Paediatric critical
care not only provides the management of children with severe medi-
cal or surgical illness, but frequently goes beyond cure to encompass
holistic care of the patient and family.

Evidence-Based Research
Tables 12.4 and 12.5 present evidence-based reviews of ventilation
strategies and sepsis management, respectively.

Table 12.4: Evidence-based research.

Title Review of paediatric intensive care ventilation practice

Authors Turner DA, Arnold JH

Institution Harvard Medical School and Department of Anesthesia,
Division of Critical Care Medicine, Children’s Hospital,
Boston, Massachusetts, USA

Reference Curr Opin Crit Care 2007; 13(1):57-63

Problem Review current paediatric ventilation strategies and
evidence.

Outcome/ Mechanical ventilation with pressure limitation by using low

effect tidal volumes has become the main form of ventilation in
paediatric intensive care units.

Historical Various ventilator strategies such as high-frequency

significance/  oscillatory ventilation, airway pressure release ventilation,

RIS and adjuncts such as surfactant, need further evaluation.

Table 12.5: Evidence-based research.

Title Clinical practice parameters for hemodynamic support of
pediatric and neonatal septic shock: 2007 update from the
American College of Critical Care Medicine

Authors Brierley J, Carcillo JA, Choong K, Cornell T, DeCaen A,
Deymann A, et al.

Institution American College of Critical Care Medicine, Mount
Prospect, lllinois, USA

Reference Crit Care Med 2009; 37(2):666—-688

Problem Clinical guidelines required to promote best practices and
improve patient outcomes in paediatric and neonatal septic
shock.

Intervention Extensive literature search with experts in field grading

evidence.

Comparison/

control

. Compares centres that implemented previous guidelines.
(quality of
evidence)
Outcome/ Early use of paediatric and neonatal sepsis guidelines was
effect associated with improved outcome.
Historical Continue to support the early use of age-specific therapies
significance/  to attain time-sensitive goals. Compared to adults, children
comments require proportionally larger quantities of fluid in resuscitation

for sepsis. Early use of inotropic support is recommended.

Key Summary Points

1. Respiratory failure is a major cause of paediatric morbidity
and mortality worldwide, and early intervention is essential to
prevent progression to cardiopulmonary arrest.

2. Oxygen should be administered to all critically ill or injured
children in the highest possible concentration until the
assessment of cardiorespiratory status is complete.

3. International consensus guidelines on the management of
paediatric and neonatal septic shock provide a clear treatment

framework, demonstrating that aggressive fluid management of
hypovolemic and septic shock has a positive impact on outcome.

4. Whenever possible, efforts should be made to minimise

inflation pressures in positive pressure ventilation to protect the
patient from lung injury.

5. The degree of intensive care support is dictated by the specific

set of clinical circumstances as well as the local resources.
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