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Neurologic Complications
in the Pediatric Intensive
Care Unit

By Mark S. Wainwright, MD, PhD

ABSTRACT

purposk oF REVIEW: All critical care is directed at maintaining brain health,
but recognizing neurologic complications of critical illness in children
is difficult, and limited data exist to guide practice. This article discusses
an approach to the recognition and management of seizures, stroke,
and cardiac arrest as complications of other critical illnesses in the
pediatric intensive care unit.

RECENT FINDINGS: Convulsive and nonconvulsive seizures occur frequently
in children after cardiac arrest or traumatic brain injury and during
extracorporeal membrane oxygenation. Seizures may add to neurologic
morbidity, and continuous EEG monitoring is needed for up to 24 hours
for detection. Hypothermia has not been shown to improve outcome
after cardiac arrest in children, but targeted temperature management
with controlled normothermia and prevention of fever is a mainstay

of neuroprotection.

sumMmARY: Much of brain-directed pediatric critical care is empiric.
Recognition of neurologic complications of critical illness requires
multidisciplinary care, serial neurologic examinations, and an
appreciation for the multiple risk factors for neurologic injury present
in most patients in the pediatric intensive care unit. Through attention
to the fundamentals of neuroprotection, including maintaining or
restoring cerebral perfusion matched to the metabolic needs of the
brain, combined with anticipatory planning, these complications can be
prevented or the neurologic injury mitigated.

INTRODUCTION
he lack of data from randomized controlled clinical trials to guide
management of children with acute brain injuries or neurologic
complications of critical illness occurs in striking contrast with the
data available to neonatologists, adult neurointensivists, or adult
stroke neurologists. Early recognition of changes in the neurologic
examination is essential for brain-directed critical care for children. Therefore,
neurologic management of the patient in the pediatric or cardiac intensive care
unit (ICU) requires an interdisciplinary team involving neurologists, intensivists,
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neurosurgeons, and allied disciplines, including physical medicine and
rehabilitation and psychiatry.”* Management should include anticipation of
specific changes in the patient’s examination, an understanding of the cellular
mechanisms of injury causing that change, and a predefined intervention to
address that mechanism.? This article discusses the approach to diagnosis and
management of common neurologic complications in the pediatric ICU,
including seizures, stroke, cardiac arrest, weakness, and sympathetic hyperarousal,
as well as in two high-risk populations: children with acute liver failure and those
supported with extracorporeal membrane oxygenation (ECMO).

GENERAL PRINCIPLES OF NEUROPROTECTION

All critical care is directed at maintaining brain health. In general, this means
maintaining or restoring cerebral perfusion matched to the metabolic needs of
the brain, whether this involves management of complications such as stroke,
intracranial hemorrhage, cerebral edema, or refractory status epilepticus. The
approaches needed to achieve this balance depend on the mechanism of the
neurologic insult.

SEIZURES IN THE INTENSIVE CARE UNIT

Seizure management, or evaluation for suspected seizures or nonconvulsive
seizures, is the most frequent reason for a request for neurologic evaluation in the
ICU. Since many patients in the pediatric ICU or cardiac ICU have a risk factor
for central nervous system (CNS) injury, the threshold for obtaining continuous
EEG monitoring to characterize spells or to detect nonconvulsive seizures should
be low. In the past decade, the burden posed by nonconvulsive seizures in
critically ill children has increasingly been recognized, seen in approximately
30% of patients undergoing continuous EEG monitoring.*

Association of Seizures With Outcome

The rationale for the use of continuous EEG to detect nonconvulsive seizures is
based on the hypothesis that seizures are a secondary insult and that treatment of
these seizures will improve outcome. In a study of 259 pediatric ICU and cardiac
ICU patients with a range of neurologic insults who underwent continuous EEG
monitoring, seizure burden was defined as the maximum percentage of any
given hour occupied by electrographic seizures.” The maximum total seizure
burden was much greater in patients with neurologic decline than in patients
without such alterations and was associated with greater risk for neurologic
decline for every 1% increase in maximum hourly seizure burden. In a study of
300 children with an acute neurologic disorder (137 of whom were
neurodevelopmentally normal) who underwent clinically indicated continuous
EEG in the pediatric ICU, electrographic seizures and electrographic status
epilepticus were associated with worse adaptive behavior after discharge than in
children without seizures.® These studies suggest that seizures in critically ill
children are associated with greater neurologic injury and may worsen outcome.
This plausible hypothesis has not been tested in a prospective study.”

At-risk Populations in the Intensive Care Unit

Specific populations of children in the ICU who are at increased risk for
nonconvulsive seizures have been identified. Nonconvulsive seizures were
detected in approximately one-third of children with prior in-hospital convulsive
seizures, structural brain injuries, or previous interictal EEG abnormalities.® In
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KEY POINTS

® Neurologic management
of the patient in the
pediatric or cardiac
intensive care unit (ICU)
requires an interdisciplinary
team involving neurologists,
intensivists, neurosurgeons,
and allied disciplines,
including physical medicine
and rehabilitation and
psychiatry.

® Neuroprotection aims to
match cerebral perfusion
with the metabolic
requirements of the injured
brain.

® Electrographic seizures
and electrographic status
epilepticus have been
associated with increased
risk for neurologic morbidity
after neurologic insults.

@ Electrographic seizures
may cause secondary injury
and worsen outcome in
critical illness.
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KEY POINTS

® Continuous EEG
monitoring for nonconvulsive
seizures should be obtained
for at least 12 to 24 hours

in children with persistent
altered mental status
following generalized
convulsive status epilepticus
or other clinically evident
seizures and after
supratentorial brain injury
with altered mental status.

® Many children in the
intensive care unit have risk
factors for ischemic or
hemorrhagic stroke.
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children supported by ECMO, nonconvulsive seizures were detected in 23%,’
and in neonates after cardiac surgery with cardiac bypass, nonconvulsive
seizures were detected in 8%.'° Nonconvulsive seizures occurred in 36% to 46%
of children with acute encephalopathy.”* Nonconvulsive seizures are now also
increasingly recognized after acute CNS insults, particularly traumatic brain
injury and cardiac arrest. A prospective study of 87 children with mild to severe
traumatic brain injury identified early posttraumatic seizures in 43%, among
which 16% were solely electrographic.” Acute seizures (both clinical and
nonconvulsive) occurred in 48% of 73 children following spontaneous
intracerebral hemorrhage (ICH).* After resolution of convulsive status
epilepticus in 98 children, electrographic-only seizures were detected in 34%."*
Electrographic seizures and status epilepticus are particularly common after
abusive head trauma, typically without a clinical correlate.”

Criteria for Continuous Electroencephalographic Monitoring

Since continuous EEG is a limited resource, some means of selecting patients for
monitoring must be identified. Criteria for selection of patients for continuous
EEG monitoring in the ICU have been proposed,'®"” including persistent altered
mental status following generalized convulsive status epilepticus or other
clinically evident seizures and after supratentorial brain injury with altered
mental status. Routine EEG recording fails to detect nonconvulsive seizures in
approximately 50% of patients who are critically ill in which nonconvulsive
seizures were subsequently detected with continuous EEG monitoring.®
Accordingly, the recommendations for the use of continuous EEG in the ICU
include initiating monitoring as soon as possible and continuing for at least

12 to 24 hours.

Evaluation and Management

Management of seizures in the ICU follows the typical approach of one or
two doses of a benzodiazepine for emergent initial therapy. This is followed by
a second anticonvulsant such as fosphenytoin, phenobarbital, or levetiracetam.
A 2014 review of a protocol for management of refractory status epilepticus
is representative of this approach.” In the ICU, other important considerations
apply. First, in children who are critically ill, seizures may be the first sign of
arterial or venous stroke, intracranial hemorrhage, electrolyte disturbances,
CNS infection, or adverse drug reaction. Importantly, in parallel with the
initiation of or increase in anticonvulsant therapy, appropriate diagnostic
studies (imaging, chemistries, drug levels, cultures) and appropriate empiric
therapy should begin immediately. Second, treatment should be escalated
quickly as seizures may be adding a second insult to a primary neurologic
injury. Finally, these patients require meticulous management of temperature,
blood pressure, and ventilation, all factors that regulate cerebral metabolic
demand and perfusion and may also contribute to secondary neurologic injury.
An example of this approach used at the author’s institution is shown

in FIGURE 14-1.

STROKE IN THE INTENSIVE CARE UNIT

Cardiac disease, infection, and cerebral arteriopathy are three of the most
common risk factors for arterial ischemic stroke in children.”® These risk factors
apply to most of the children in a pediatric or cardiac ICU. Therefore, arterial or
venous ischemic strokes and ICH must be considered in the differential for a
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Start continuous EEG monitoring

v

1 Check access; anticipate the need for blood pressure support once
therapy is escalated

2 Consider stopping other antiepileptics while treating with midazolam

3 Stop or wean rapidly off as many other anticonvulsants as possible

v

Physiologic Parameters
1 Goal temperature 35.5°C (95.9°F) to 36.5°C (97.7°F); active cooling if
needed if >37.5°C (99.5°F)
2 Keep PCO,40-45mm Hg
3 Goal MAP; infant 50-60 mm Hg; child 60-70 mm Hg; goal at least >50 mm Hg

v

1 Load with midazolam IV 100-200 mcg/kg

2 Start continuous infusion 100 mcg/kg/h

3 Increase dose by 50 mcg/kg/h every 15 minutes

4 Maximum rate 600-800 mcg/kg/h

5 Titrate to cessation of seizure activity or burst suppression

v

Seizures continue

v

1 Load with pentobarbital IV 6-8 mg/kg
DO NOT use if hypotension cannot be controlled
2 Start maintenance pentobarbital1-4 mg/kg/h

v

Weaning From Burst Suppression

1 Begin planning wean after 24 to 48 hours of burst suppression

2 Reduce pentobarbital dose by 0.05 mg/kg/h

3 After 6 hours, if the patientis stable, repeat this reduction with EEG
monitoring

4 Anticipate the following: chorea, reduction in need for vasopressors,
spells that mimic seizures, and the need for repeat monitoring

5 When EEG becomes more active, load with phenobarbital 10-20 mg/kg and
start maintenance

6 If seizuresreoccur, increase phenobarbital to blood level of 80 mcg/mL
and add other anticonvulsants as needed

7 Do notoverreact to EEG when weaning pentobarbital; many patterns will
appearictal during barbiturate withdrawal

8 Anticipate 48-72 hours of pentobarbital weaning

9 Start ketogenic diet if pentobarbital wean fails

FIGURE 14-1
Approach to the management of refractory status epilepticus in infants and children.

EEG = electroencephalogram; IV = intravenous; MAP = mean arterial blood pressure;
Pco, = partial pressure of carbon dioxide.
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change in the neurologic examination or as the inciting event for seizures in
the ICU (CASE 14-1). A high index of suspicion for stroke and rapid access to
neuroimaging are essential components of ICU management. The majority of
spontaneous hemorrhagic strokes in children are associated with vascular
malformations, but they can also occur with transformation of an ischemic
stroke, venous thrombosis, or from bleeding into an intracranial tumor.*

Acute Management

Guidelines for management of stroke in children are available, but no
recommendations exist with Level I evidence.?® Short-term anticoagulation
may be considered for pediatric arterial ischemic stroke pending
determination of the cause of the stroke. This is in contrast with the
recommended practice in adults, for whom urgent anticoagulation is not
recommended.** Anticoagulation may be considered for proven cardiac
thrombus or extracranial arterial dissection.”® At present, recombinant tissue
plasminogen activator (rtPA) is not recommended as standard care for arterial
ischemic stroke in children. However, it has been used following published

CASE 14-1

A previously healthy 4-year-old girl presented to the emergency
department with abdominal pain, headache, and clonic movements of
the right arm. On initial examination 20 minutes after seizure onset, she
was unresponsive to voice, her eyes were deviated to the right, and she
had clonic movements of the right arm and leg. Her vital signs were
normal. She was treated with 0.1 mg/kg IV lorazepam followed 5 minutes
later by fosphenytoin at a loading dose of 20 mg phenytoin equivalents
(PE) per kilogram. Her abnormal movements stopped within 10 minutes of
administration of fosphenytoin. She was intubated for airway protection.
Head CT without contrast was normal. The first set of laboratory results
showed normal electrolytes, a white blood cell count of 23,000/LL,
hemoglobin of 7.7 g/dL, and platelet count of 1082 x 10*>/pL. Two hours
later, she was still not responsive. Based on the persistent decrease in
responsiveness after clinically resolved seizures, continuous EEG
monitoring was obtained and showed electrographic seizures with a
focus in the left temporal region. To identify the mechanism, an emergent
MRI with contrast was obtained and showed a thrombus in the left
transverse and sigmoid sinuses. The patient was treated with hydration.
Milk-induced anemia, resulting from excess milk intake leading to
iron-deficiency anemia, was identified as the primary risk factor for
cerebral venous sinus thrombosis.?! Anticoagulation was considered,
but the neurologic examination improved with hydration, and repeat
imaging 3 days later showed no progression of the thrombus.

COMMENT

This case illustrates the importance of considering nonconvulsive seizures
in patients in the intensive care unit and the need to identify the factors
causing seizures in order to initiate timely focused therapy.
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consensus-based safety guidelines. For more information on the treatment of
ischemic stroke in children, refer to the article “Evaluation and Acute
Management of Ischemic Stroke in Infants and Children” by Catherine
Amlie-Lefond, MD,? in this issue of Continuum.

In the ICU, management of arterial or venous ischemic stroke aims to
minimize secondary injury through aggressive prevention of fever, maintenance
of euglycemia and normotension, and prevention of hypoxia. These
recommendations for children are based on limited pediatric data. In practice,
these protective measures may include positioning the head of the bed flat,
increasing IV fluid rate, reducing antihypertensive dosing, allowing blood
pressure at the upper limit of normal for age, and targeted temperature
management, with a goal temperature lower than 37°C (98.6°F). These
measures augment cerebral blood flow, support cerebral perfusion, and limit
excess cerebral metabolic demand. Importantly, all these measures can be
undertaken before an ischemic stroke is confirmed or ruled out by
neuroimaging, and they should be initiated as soon as a stroke is considered in
the differential diagnosis. An approach to the acute management of stroke in
children has been published.?® The fundamental principles of neuroprotection
in stroke include restoring cerebral blood flow, either through increasing
volume or pressure (giving fluids or pressors); enhancing flow (antiplatelet
therapy or anticoagulation); and removing the thrombus while controlling
metabolic demand (meticulous temperature management and treatment
of seizures).

Hemorrhagic strokes may present with seizures or acute neurologic
deficits. Again, the key to management is early recognition. ICH is more
likely than arterial ischemic stroke to result in hydrocephalus, cerebral
edema, and increased intracranial pressure. Acute management includes
elevation of the head of the bed to optimize CSF drainage, hyperosmolar
treatment, and prevention of fever. Seizures are common with ICH and may
be electrographic only." Prophylactic treatment with an anticonvulsant may
be considered in children with elevated intracranial pressure given the
increased risk for acute seizures.” Blood pressure should be maintained
within the normal range for age, but no specific blood pressure range has
been associated with a good outcome. Rather, it is essential to identify a target
blood pressure range and agree on the steps to maintain pressure in that
range. These steps may be accomplished while considering the need for
evacuation of the clot.

Imaging Studies and Diagnostic Evaluations

Imaging studies should begin with CT or MRI to first establish the diagnosis of
stroke to identify the presence of hemorrhage and to delineate the extent of
infarct. The author’s practice is to use limited MRI with diffusion-weighted and
gradient recalled echo (GRE) sequences to confirm the presence of ischemia

or hemorrhage.”” Cerebral venous sinus thrombosis may present with subtle
signs, including seizures and subarachnoid hemorrhage or ICH. An
echocardiogram is indicated in the evaluation of new stroke to detect a cardiac
source of emboli, abnormal cardiac anatomy, or intracardiac shunt and should
include bubble contrast. For most children, because of the thin chest wall and
good acoustic windows, a transthoracic study is sufficient to confirm the
presence or absence of each of these pathologies.”® Transthoracic studies
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KEY POINT

® Empiric neuroprotective
measures for suspected
ischemic stroke may
include positioning the
head of the bed flat,
increasing IV fluid rate,
reducing antihypertensive
dosing, allowing blood
pressure at the upper limit
of normal for age, and
targeted temperature
management, with a goal
temperature lower than
37°C (98.6°F).
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also permit performance of the Valsalva maneuver and cough during the
procedure to enhance detection of right-to-left shunting. The transesophageal
procedure should be reserved for patients for whom the transthoracic study
was inconclusive; the risks of sedation and temporary loss of the neurologic
examination should be weighed in determining the timing of the study. Initial
laboratory studies should, at a minimum, include measures of coagulation
and platelet count, with the remainder of the studies determined by the risk
factors specific to that patient.

Anticipatory Management

Brain-directed critical care requires a multidisciplinary team and a consensus
on best practices for the detection and management of brain insults. The
implementation of these practices is best achieved through joint rounds with
critical care, neurology, and neurosurgery services." Serial neurologic
examinations and close communication between these three services with
established goals for temperature, blood pressure, glucose, bed position, and
oxygen and PCO, are essential for the care of children with stroke in the ICU.
Criteria for escalation in therapy, including thrombolysis and decompressive
hemicraniectomy, should be discussed early in the hospital course and revised
at least daily based on the neurologic examination. This approach enables
timely recognition of stroke progression and a rapid coordinated escalation
of care with additional therapeutic interventions.

IN-HOSPITAL AND OUT-OF-HOSPITAL CARDIAC ARREST

Cardiac arrest in children is most often due to progressive tissue hypoxia and
acidosis resulting from respiratory failure and circulatory shock. Approximately
39% of children survive after in-hospital cardiac arrest.”**° At present, no
pharmacologic therapies are known that target the cellular mechanisms of
neurologic injury after cardiac arrest. The Therapeutic Hypothermia After
Pediatric Cardiac Arrest (THAPCA) trial first compared outcomes in children
with out-of-hospital cardiac arrest who were randomly assigned either to
controlled normothermia (36.8°C [98.2°F]) or a moderate therapeutic
hypothermia (33.0°C [91.4°F]) treatment protocol.®* Therapeutic hypothermia
did not confer any significant benefit for good neurologic outcome (20% in
hypothermia versus 12% in normothermia) or survival (38% in hypothermia
versus 29% in normothermia) at 1 year. The in-hospital arm of the study
comprised 329 patients and also found no benefit in survival or functional
outcome at 1 year.>* Accordingly, the focus of neuroprotection following acute
resuscitation for in- or out-of-hospital cardiac arrest should be on rigorous
targeted temperature management with a goal of 36.8°C (98.2°F), maintenance
of normoxia, normocarbia, support for blood pressure in a normal range for
age, and normal electrolytes.* The author’s practice is to maintain temperature
at 35.5°C (95.9°F) for 48 to 72 hours following cardiac arrest and to use
transcranial Doppler (TCD) measurement of cerebral blood flow to adjust
blood pressure goals and head-of-bed position to maintain cerebral perfusion.
Specifically, the patient is treated with the head of bed flat for the first 24 hours
to maintain cerebral perfusion, unless imaging or clinical signs of cerebral
edema with increased intracranial pressure exist. In this case, the head of the
bed is elevated to 30 degrees. Serial TCDs are obtained daily for at least 3 days.
If the TCDs show normal velocities for age (less than 2 standard deviations from
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age-dependent normal values over the next 48 hours), the head of the bed is
elevated to 30 degrees to offset the development of cerebral edema
during reperfusion.

Notably, a new American Academy of Neurology practice guideline for adults
based on a review of 50 years of published studies recommends the use of
hospital-initiated therapeutic hypothermia (32°C [89.6°F] to 34°C [93.2°F] for
24 hours) for comatose adults following out-of-hospital cardiac arrest and an
initial cardiac rhythm of pulseless ventricular tachycardia or ventricular
fibrillation.>* Targeted temperature management (36°C [96.8°F] for 24 hours
with rewarming to 37°C [98.6°F] over 8 hours and maintained at less than 37.5°C
[99.5°F] for 72 hours) is also effective in patients who are comatose with an initial
cardiac rhythm of either ventricular tachycardia or ventricular fibrillation,
asystole, or pulseless electrical activity. For pediatrics, these recommendations
underscore the critical importance of targeted temperature management withina
narrow range of normothermia to ensure optimal neurologic recovery following
cardiac arrest.

EXTRACORPOREAL MEMBRANE OXYGENATION AND NEUROLOGIC
INJURY

ECMO provides cardiorespiratory support and serves as a rescue therapy for
critically ill children. Neurologic complications, including intracranial
hemorrhage, stroke, and brain death, have been reported with ECMO.* Among
682 patients younger than 18 years of age who underwent ECMO to aid in
cardiopulmonary resuscitation, an acute neurologic injury (stroke, intracerebral
hemorrhage, or brain death) occurred in 22%. Among these 147 patients, the
mortality rate was 89%.3° The risk for neurologic injury was highest in children
with heart disease or who were severely acidotic (pH less than 6.87) before
starting ECMO. A study of 2977 patients undergoing carotid artery cannulation
for venoarterial ECMO identified neurologic injury, including seizures, stroke, or
hemorrhage, in 611 patients (21%).%” Neonates comprised most of the patients
cannulated via the neck vessels (61%) and had the greatest burden of neurologic
injury, but no association was shown between age risk for neurologic injury,
which was present across all age groups.

Surveillance for Neurologic Injury During Extracorporeal

Membrane Oxygenation

The need for sedation and neuromuscular blockade during ECMO impedes the
use of a neurologic examination to detect new acute neurologic injury. A
retrospective study of 19 children treated with ECMO who underwent
continuous EEG monitoring reported seizures in four patients (21%), and they
were exclusively nonconvulsive in three.” Interictal discharges were associated
with seizures, and 24 hours of monitoring were required to detect all seizures.
Other approaches to the detection of neurologic injury during ECMO include
near-infrared spectroscopy? and TCD measurement of cerebral blood flow
velocity.* None of these approaches have been evaluated in prospective studies.
While these noninvasive approaches have promise for detection of vascular
CNS injuries, pediatric studies have not shown a reliable association with EEG
or TCD abnormalities, and further study is needed.”* At present, the use of
continuous EEG for the detection of seizures during the first 24 hours of ECMO
is reasonable.
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KEY POINTS

@ Early recoghnition of
stroke, meticulous control
of blood pressure and
temperature, and
anticipatory planning are
the key steps for
neuroprotection in patients
in the intensive care unit.

® Unlike adults, cardiac
arrest in children is most
often due to progressive
tissue hypoxia and acidosis
resulting from respiratory
failure and circulatory shock.

® While hypothermia has
not been shown to improve
outcome after cardiac
arrest in children, targeted
temperature management
to maintain temperature of
36.8°C (98.2°F) for at least
48 hours should be
considered standard care.

® Nonconvulsive seizures
are common during
extracorporeal membrane
oxygenation, and continuous
EEG may be considered a
standard practice.
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KEY POINTS

® Young age and fever are
risk factors for neurologic
deterioration in children
with acute liver failure.

@ Intensive care unit-acquired
weakness occurs in children
but the precise impact on
morbidity is uncertain
because there is no
consensus on the criteria for
diagnosis in children.

® Before beginning
treatment for sympathetic
hyperarousal, other
treatable medical conditions
should be investigated.
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ACUTE LIVER FAILURE

Neurologic morbidity is the primary determinant of outcome in pediatric
acute liver failure.* Young age, fever, and presentation with seizures are
risk factors for neurologic deterioration with acute liver failure.** Hepatic
encephalopathy is graded on a continuum from no or minimal evidence of
neurologic dysfunction (stages o to 2) to stupor (stage 3) and coma (stage 4).
Stage 1 is characterized by subtle changes in affect (anxiety or euphoria) and
shortened attention span. In stage 2, the patient may be disinhibited, have a
disruption of the sleep-wake cycle, or be less active. The clinical assessment
of stage 1 and stage 2 hepatic encephalopathy in infants and children with
subtle impairments of higher cognitive function depends on the experience
and skill of the examiner. The objective of the neurologist in the care of these
patients is to detect early signs of neurologic deterioration and cerebral edema
(CASE 14-2). Changes in the EEG background may be an early sign of hepatic
encephalopathy in children.** The optimal duration of such monitoring has
not been studied. The author’s practice is to obtain continuous EEG
monitoring on admission to the ICU for a minimum of 1 to 2 hours for all
patients with acute liver failure, independent of the presence of clinical signs
of hepatic encephalopathy. If the EEG is abnormal, EEG monitoring is
continued for 24 hours. Thereafter, the frequency of monitoring depends on
the progression of any EEG abnormalities. Management is aimed at limiting
neurologic injury until the patient has a recovery of liver function or receives a
liver transplant. An approach to neuroprotection in acute liver failure has been
published.** The key principles involve the prevention of fever, aggressive
treatment of infection, and the early use of continuous renal replacement
therapy or hemodialysis for treatment of rising ammonia not responsive to
lactulose. Hyperosmolar therapy or therapeutic hypothermia may be
considered for the patient who progresses to stage 3 hepatic encephalopathy,
although a randomized trial of therapeutic hypothermia in adults with acute
liver failure showed no survival benefit.*?

INTENSIVE CARE UNIT-ACQUIRED WEAKNESS

ICU-acquired weakness is a significant cause of morbidity in critically ill
adults. For children, no consensus exists on the criteria for ICU-acquired
weakness. Among 830 children admitted to an ICU, 1.7% had generalized
weakness, which persisted for up to 1 year.** A study using International
Classification of Diseases (ICD) codes to identify ICU-acquired weakness using
the Virtual Pediatric Intensive Care Unit’s database reported an incidence

of 0.02%.* In adults, the risk factors for ICU-acquired weakness include
difficulty in weaning from the ventilator, severe sepsis, and prolonged
mechanical ventilation. Until a standardized approach to confirming the
diagnosis in children is established, the incidence and impact of this disorder
on morbidity following critical illness in children cannot be determined.

SYMPATHETIC HYPERAROUSAL

Autonomic dysfunction is common after acquired brain injury and has
been called autonomic, diencephalic, or sympathetic storms. The current
nomenclature is paroxysmal sympathetic hyperactivity, which is characterized
by episodic changes in vital signs, including hyperthermia, tachycardia,
hypertension, or tachypnea. Paroxysmal sympathetic hyperactivity occurs
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in approximately 15% of children following acute brain injury, particularly
traumatic brain injury or cardiac arrest.*® The most important first step is
to evaluate for other treatable medical problems that can trigger increased
sympathetic tone in brain-injured patients, including dystonia storm,
urinary retention, ileus or constipation, hip or other dislocation or fractures,
gastroesophageal reflux, corneal abrasion, dental issues, or infection. Once
these conditions have been ruled out, the author of this article begins
treatment with gabapentin, followed by a scheduled benzodiazepine, then
clonidine or propranolol.*” No prospective studies have shown that any one
therapy is better than another.

A previously healthy 3-year-old boy presented with 1 week of vomiting
and 2 days of jaundice. His physical examination showed an enlarged
liver. He was irritable but could be soothed by his mother, and this was
considered appropriate, as he had not slept well in 2 days. On neurologic
examination, he was able to follow commands and had fluent speech.
Routine EEG was normal. International normalized ratio (INR) was 1.6,
ammonia 75 pmol/L, aspartate aminotransferase (AST) 1200 IU/L, and
alanine aminotransferase (ALT) 900 IU/L. He was treated with medical
management for acute liver failure. The next day he developed a fever
and antibiotics were started. On the morning of the second hospital day,
his INR increased to 4.5, he was more irritable, and his responses to
commands were slow. EEG showed new generalized slowing. He was
transferred to the pediatric intensive care unit for targeted temperature
management using an external cooling device. The case was discussed
with nephrology (in case plasma exchange or continuous renal
replacement therapy was needed) and with neurosurgery (for placement
of an intracranial pressure monitor). A noncontrast head CT was obtained
and showed no evidence of cerebral edema or increased intracranial
pressure. Over the next 12 hours, he progressed to stupor with extensor
posturing. During this progression, continuous renal replacement therapy
and hyperosmolar therapy with 3% normal saline were initiated. An
intracranial pressure monitor could not be safely placed because of the
coagulopathy. To prevent shivering while he was maintained at low
normothermia (35.5°C [95.9°F]), the patient was pharmacologically
paralyzed. EEG was used for surveillance for nonconvulsive seizures and
transcranial Doppler was obtained daily to monitor cerebral perfusion
and detect increased intracranial pressure. After 2 days of medical
management, liver synthetic function began to recover and
neuroprotective measures were relaxed.

CASE 14-2

This case illustrates the need for serial neurologic examinations in the
intensive care unit and anticipatory planning for neurologic deterioration
at the earliest sign of new neurologic findings. Early treatment with targeted
temperature management to prevent fever, even if this means loss of the
neurologic examination, in this high-risk patient population is essential.

COMMENT

CONTINUUMJOURNAL.COM
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NEUROLOGIC COMPLICATIONS IN PEDIATRIC ICU

CONCLUSION

Recognition of neurologic complications of critical illness requires serial
neurologic examinations and an appreciation for the multiple risk factors for
neurologic injury present in most patients in the pediatric or cardiac ICU.
Through attention to the fundamentals of neuroprotection, including
maintaining cerebral perfusion and regulating cerebral metabolic demand,
combined with multidisciplinary care and anticipatory planning, these
complications can be prevented or the neurologic injury mitigated.
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