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Evidence-Based Management In 
The Emergency Department
 Abstract 

A child who presents to the emergency department with an altered 
level of consciousness can be clinically unstable and can pose a great 
diagnostic challenge. The emergency clinician must quickly develop 
a wide differential of possible etiologies in order to administer poten-
tially life-saving medications or interventions. The history, physical ex-
amination, and appropriate diagnostic tests can aid greatly in rapidly 
narrowing the differential diagnosis. Once initial stabilization, workup, 
and first-line interventions are completed, most patients who present 
with unresolved or unidentified altered level of consciousness should 
be admitted for further evaluation and close monitoring. This issue 
provides a review of the etiologies of altered level of consciousness as 
well as guidance for the management and disposition of patients with 
this condition. 
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describe a patient’s clinical status, and to recognize 
that there is much similarity among them.
•	 Clouding of consciousness can include a very 

mild form of ALOC in which there is inattention, 
decreased alertness, and reduced wakefulness.

•	 Confusion involves a state of disorientation, 
along with bewilderment and difficulty follow-
ing commands. 

•	 Lethargy describes severe drowsiness, though 
the patient can still be aroused with moderate 
stimuli. 

•	 Obtundation is similar to lethargy but with 
slowed responses to stimulation and decreased 
periods of time spent in wakefulness.

•	 Stupor refers to a mental state when the patient 
can only be aroused by repeated and vigorous 
stimuli (such as pain). 

•	 Coma is a persistent state of unresponsiveness 
despite attempts of arousal.1,2 

	 ALOC can be induced by traumatic or non-
traumatic mechanisms. In a British epidemiological 
study completed in 2001, the incidence of nontrau-
matic coma in children aged < 16 years was reported 
to be 30.8 per 100,000 per year, with a noted in-
creased incidence in children aged < 1 year (160 per 
100,000 per year).3 In other hospital-based studies, 
nontraumatic coma was noted to be more common 
in children aged < 6 years than in older children.4 
	 Etiologies for ALOC can be numerous, but a 
broad differential can be reviewed quickly with the 
aid of mnemonics such as MOVESTUPID, which is 
adapted from adult emergency medicine practice. 
(See Table 1.) Other commonly used mnemonics 
include AEIOU TIPS (alcohol/acidosis, epilepsy, 
insulin, overdose, uremia, trauma, infection, psy-

 Case Presentations 

A 7-year-old previously healthy girl presents to the ED 
with fever, neck pain, and increased sleepiness since the 
previous day. The patient’s mother reports that she has 
had a nonproductive cough for the past 2 days, with as-
sociated nasal congestion and runny nose. She also notes 
that the girl has had a decreased appetite since the previ-
ous day, a temperature of 38.5ºC, neck pain, and has been 
lethargic. The patient’s mother does not report a rash, and 
the remainder of the review of systems is negative. On 
examination, the patient is found to be sleepy and slowly 
arousable to commands. The girl's pupils are equal, 4 mm, 
and react briskly to light. She winces with extension of 
her knees and has reflex flexion of her hips and knees upon 
passive neck flexion. As you discuss the likely diagnosis 
with the girl's mother, you start to think about the man-
agement of this patient: What laboratory studies should 
be sent? Which medications should be administered? Are 
imaging studies indicated at this time?
	 A 14-year-old previously healthy adolescent boy pres-
ents to the ED after being found by his parents in his room, 
unconscious. Hours prior to being found, the patient was 
reportedly with his friends at the movies and was in his 
usual state of health. His parents deny any fever, nausea, 
vomiting, or known trauma. The physical examination 
is notable for a well-developed male who is lethargic and 
makes only incomprehensible sounds. His physical exami-
nation is otherwise normal. What are the likely etiologies 
for this patient’s altered mental status? What are some 
interventions that can be initiated to prevent morbidity?
	 A 9-year-old girl with propionic acidemia presents to the 
ED with 3 days of nonbloody, nonbilious emesis, and 1 day 
of lethargy and increased work of breathing. She has not been 
able to eat anything as a result of the vomiting. Her parents 
report that she woke up this morning looking very tired and 
sleepy, which prompted them to bring her to the hospital.  
The parents deny any fever, diarrhea, or preceding upper
respiratory symptoms. The physical examination is notable 
for disorientation to person, place, and date. She has dry 
mucous membranes and a capillary refill time of 2 seconds. 
Her vital signs are as follows: temperature, 37ºC; heart rate, 
150 beats/min; respiratory rate, 28 breaths/min; and blood 
pressure, 80/40 mm Hg. You know that you’ll need to hy-
drate this patient, but which intravenous fluids should 
you use? At what rate should the intravenous fluids run? 
What other interventions will be needed?

 Introduction 

The term altered level of consciousness (ALOC) can 
be used to describe a spectrum of disorders that 
includes clouding of consciousness, confusion, leth-
argy, obtundation, stupor, or coma.1,2 In young chil-
dren, ALOC may manifest as fussiness or irritability. 
Due to the varying degrees of altered consciousness, 
it is important for the emergency clinician to be 
familiar with the various terms that can be used to 

Table 1. Mnemonic For Differential Diagnosis 
Of Altered Level Of Consciousness7

"MOVESTUPID"

Metabolic: inborn errors of metabolism (eg, urea cycle defects, 
propionic acidemia)

Oxygen insufficiency: hypoxemia of cardiopulmonary etiology, 
hypercarbia, carbon monoxide poisoning

Vascular/cardiac causes: cerebrovascular accident, vasculitis 
(including myocardial infarction), ventriculoperitoneal shunt 
malfunction

Endocrine/electrolytes: diabetic ketoacidosis, hypoglycemia, 
electrolyte abnormalities

Seizures/sepsis/shock

Tumor/trauma/temperature/toxins

Uremia: renal failure, liver failure

Psychiatric/porphyria

Infection/intussusception

Drugs/drama
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chosis, stroke) or DPT OPV HIB MMR (dehydra-
tion, poisoning, trauma; occult trauma, postictal/
postanoxia, ventriculoperitoneal shunt; hypoxia/
hyperthermia, intussusception, brain masses; men-
ingitis/encephalitis, metabolic, Reye syndrome/rare 
causes).5 Of these etiologies, the most common cause 
of nontraumatic coma is an infectious etiology.3,6 
	 This month’s issue of Pediatric Emergency 
Medicine Practice will review a broad differential 
diagnosis for pediatric patients who present to the 
emergency department (ED) with ALOC, as well 
as present the initial workup and interventions to 
stabilize such patients. 

 Critical Appraisal Of The Literature 

An online literature search was performed using the 
PubMed and Ovid MEDLINE® databases with the 
search terms altered level of consciousness, acute loss of 
consciousness, altered mental status, and coma. For lit-
erature searches using the search terms altered mental 

status and coma, fields were limited to the age group 
between 0 and 18 years of age and articles written 
in the English language. A total of 381 articles were 
reviewed. In addition, individual literature searches 
were performed for each of the differential diag-
noses listed in Table 2 and reviewed for relevance 
to ALOC or altered mental status. The Cochrane 
Database of Systematic Reviews was searched us-
ing the key terms altered level of consciousness, acute 
loss of consciousness, and altered mental status, but no 
reviews were found; using the key term coma, 31 
reviews were identified. 

 Etiology And Pathophysiology 

The awake state of humans is thought to be largely 
affected by the ascending reticular activating system 
(ARAS). The ARAS is a network of neurons located 
in the midbrain, pons, and medulla, and it is respon-
sible for receiving sensory input and modulating 
wakefulness and alertness. ALOC can result from 

Table 2. Differential Diagnosis Of Altered Level Of Consciousness7 

Mechanism/Body 
System

Differential Diagnosis

Toxicologic •	 Hypoglycemia (secondary to drug 
effect)

•	 Carbon monoxide
•	 Opioids
•	 Alcohols/ethanol 
•	 Accidental ingestion/poisoning 
•	 Psychotropic medications
•	 Methemoglobinemia
•	 Substance abuse/overdose

Trauma •	 Intracranial hemorrhage
•	 Diffuse cerebral edema
•	 Concussion
•	 Anoxic brain injury
•	 Diffuse axonal injury
•	 Nonaccidental trauma

Neurologic •	 Seizures/epilepsy
•	 Encephalopathy
•	 Complicated migraine
•	 Ruptured arteriovenous 

malformation, aneurysm
•	 Stroke
•	 Cerebrospinal fluid shunt malfunction
•	 Central nervous system vasculitis 

(primary vs secondary; eg, lupus 
cerebritis)

•	 Postinfectious disorders (eg, acute 
disseminated encephalomyelitis)

Cardiac •	 Syncope
•	 Dysrhythmias
•	 Hypertensive crisis 
•	 Posterior reversible encephalopathy 

syndrome
•	 Hypotension
•	 Myocardial infarction

Mechanism/Body 
System

Differential Diagnosis

Pulmonary •	 Oxygen deficiency/hypoxia/
hypoxemia

•	 Hypercarbia

Endocrinologic •	 Hypoglycemia
•	 Diabetic ketoacidosis
•	 Hyperglycemic hyperosmolar state 
•	 Hashimoto encephalopathy

Gastrointestinal •	 Intussusception
•	 Acute abdomen

Renal/genetic/metabolic •	 Electrolyte abnormalities
•	 Dehydration
•	 Uremia
•	 Inborn errors of metabolism

Hematologic/oncologic •	 Space-occupying lesion
•	 Hyperleukocytosis
•	 Severe anemia

Infectious •	 Meningitis
•	 Encephalitis
•	 Intracranial abscess
•	 Tick-borne diseases
•	 Sepsis

Special cases/
environmental

•	 Shock (hypovolemic, cardiogenic, 
distributive, obstructive)

•	 Hyperthermia
•	 Hypothermia
•	 Porphyria
•	 Noninfectious encephalitis
•	 Psychiatric
•	 Thiamine deficiency/Wernicke 

encephalopathy
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www.ebmedicine.net/COpoisoning2016. 
	 Opioids are another cause of potentially lethal 
pediatric poisonings. In a review of 9179 children 
who were exposed to a prescription opioid, nearly 
all exposures involved ingestion (99%) and occurred 
in the home (92%).13 Eight deaths were noted involv-
ing hydrocodone, methadone, or oxycodone, and, of 
these, presentations to the ED included unrespon-
siveness and respiratory arrest.13 
	 Ethanol toxicity can occur in the pediatric popula-
tion, and, similar to adults, children and adolescents 
can present with abnormal gait or speech, somnolence, 
disorientation, or coma.14 Emesis and hypothermia can 
also occur. Laboratory findings can reflect a picture of 
mild hypokalemia and mild acidosis of mixed respira-
tory and metabolic etiologies. In small children, there 
is also an increased risk of hypoglycemia.15 In addi-
tion to alcoholic beverages, children can be exposed to 
ethanol through common household products such as 
mouthwash and hand sanitizer.16 Less commonly, toxic 
ingestions of other alcohols such as methanol17 and 
isopropanol18 can cause ALOC.
	 Physical signs or symptoms of toxic exposure 
may not become apparent immediately or soon after 
a poison is ingested. Toxins associated with delayed 
presentation of symptoms include sustained-release 
or enteric-coated preparations, as well as specific 
medications such as atropine/diphenoxylate (Lomo-
til®), carbamazepine, or thyroid hormones.19 Concur-
rent ingestion of 2 or more medications can affect the 
rate of metabolism of 1 or more of the drugs due to 
potential effects on the cytochrome P450 enzymes that 
are involved in drug metabolism. 
	 There are other potential complications of 
co-ingestions. Serotonin syndrome can occur with 
combinations such as monoamine oxidase inhibitors 
with dextromethorphan, meperidine, or selective 
serotonin reuptake inhibitors.20 
	 Neuroleptic malignant syndrome (NMS) is on 
the differential diagnosis of ALOC if there is any 
suspicion that the patient had access to atypical 
antipsychotic medications. Changes in mental status 
can be an early sign.21 Diagnostic features include 
patients with exposure to a dopamine antagonist 
within 72 hours prior to symptoms, elevated tem-
perature, associated profuse diaphoresis, and gen-
eralized rigidity.21 Although NMS is very rare in the 
pediatric population, symptoms are consistent with 
those described for adults.22-24 A literature review of 
case reports by Neuhut et al reviewed 23 episodes of 
NMS in 20 subjects with ages ranging from 11 to 18 
years. Altered mental status was noted in 61% of the 
cases. Other findings included an increased creatine 
phosphokinase level (100% of cases), fever (78% of 
cases), tachycardia (74% of cases), and rigidity (70% 
of cases).24 
	 Methemoglobinemia occurs when there is 
oxidation of ferrous iron (Fe2+) to ferric iron (Fe3+). 

focal lesions within the ARAS, or in areas affecting 
the ARAS, and, in turn, can affect a person’s state of 
consciousness.2,8 Additionally, there can be a diffuse 
dysfunction of the cerebral hemispheres (eg, cerebral 
edema secondary to diabetic ketoacidosis [DKA]) 
affecting the ARAS, a focal deficit of the ARAS (eg, 
stroke), or global abnormalities in the central ner-
vous system (CNS) (eg, encephalitis or meningitis). 

 Differential Diagnosis 

The etiology of ALOC can be determined by assess-
ing the presenting signs and symptoms within the 
history gathered, along with a complete and compre-
hensive physical examination. (See Table 2, page 3.) 
Emergency clinicians must think quickly and develop 
a broad differential diagnosis for ALOC to search for 
reversible or readily treatable causes. 

Toxicologic Etiologies
Toxic exposure or suspected ingestion should be in 
the emergency clinician’s differential diagnosis for 
patients who present with ALOC of unknown etiol-
ogy. Toxicologic ALOC may occur either as a direct 
neurologic effect of the poisoning itself or secondary 
to other pathological processes (eg, hypoglycemia 
from ingestion of beta blockers or hyperammone-
mia as a result of liver failure from acetaminophen 
toxicity). The 2012 annual report of the American 
Association of Poison Control Centers’ National 
Poison Database System demonstrated that, overall, 
carbon monoxide and opioids were responsible for 
the largest proportion of fatal toxin exposures.9 More 
recently, in the 2014 Annual Report of the American 
Association of Poison Control Centers’ National 
Poison Database System, the 5 substance categories 
identified to be most frequently involved in the 
deaths of children aged ≤ 5 years included fumes/
gases/vapors, analgesics, cleaning substances 
(household), alcohols, and antihistamines.10 
	 Carbon monoxide is a common cause of po-
tentially fatal toxic exposure in both children and 
adults. At room temperature, carbon monoxide is 
an odorless, colorless, and tasteless gas that usually 
remains undetected until injury or death occurs.11 
Sources of carbon monoxide poisoning include 
smoke from fires of burning charcoal briquettes or 
wood, as well as from fumes of motor vehicles, por-
table generators, stoves, gas ranges, and lanterns.12 
Presenting symptoms of carbon monoxide poison-
ing include dizziness, nausea, vomiting, headache, 
fatigue, syncope, and confusion.11 Concomitant ill-
ness in family members (and pets) should increase 
suspicion. For a more in-depth review of this topic, 
see the September 2016 issue of Pediatric Emergency 
Medicine Practice titled “Carbon Monoxide Poison-
ing In Children: Diagnosis And Management In 
The Emergency Department,” available at:  

http://www.ebmedicine.net/COpoisoning2016
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Traumatic Etiologies
ALOC can be the result of direct trauma to the head. 
Falls and motor vehicle crashes are the most com-
mon causes of blunt head trauma in pediatric pa-
tients seen in EDs across the United States.28,29 More 
than 600,000 ED visits per year are for pediatric head 
injuries.30 Patients with closed head injuries may 
present with variable symptoms. In a retrospective 
cohort review of all visits to a pediatric hospital ED 
for closed head injuries from 1999 to 2001 (n = 827), 
of the 285 patients who were admitted to the obser-
vation unit, 26% presented with loss of conscious-
ness, 19% experienced amnesia to the event, 5% had 
persistent amnesia, and 4% had seizures. In addi-
tion, 45% were noted to have altered mental status 
on physical examination.31 
	 In general, trauma to the brain can have a vari-
ety of physical sequelae such as intracranial hemor-
rhage, diffuse cerebral edema, concussion, or diffuse 
axonal injury. Intracranial hemorrhage can present 
in different ways. Small epidural hematomas may be 
asymptomatic initially, but as the hematoma ex-
pands and causes mass effect, patients may develop 
ALOC, along with other signs of increased cranial 
pressure. Small subdural hematomas may also pres-
ent without symptoms. Larger subdural hematomas 
may present with ALOC. Other associated neurolog-
ical symptoms include headache, vomiting, irritabil-
ity, visual changes, ataxia, lethargy, or seizures.32 
	 In cases of head trauma with an unusual mecha-
nism of injury reported, nonaccidental trauma should 

This disrupts the ability of the hemoglobin molecule 
to carry oxygen, which, in turn, can cause tissue 
hypoxemia. Methemoglobinemia can be the result of 
exposure to oxidizing agents found in certain medi-
cations or foods, or due to genetic causes. Ingestion 
of or skin exposure to an oxidizing agent is the most 
common cause of methemoglobinemia. Common 
triggers include medications such as benzocaine, 
dapsone, and phenazopyridine (Azo-Gesic®, Pyr-
idium®, Uristat®, et al). Foods or well water can 
also contain high levels of nitrites or nitrates that 
serve as oxidizing agents. Clinical presentation can 
vary, depending on the methemoglobin level and 
whether anemia is concurrently present. Cyanosis 
can present at methemoglobin concentrations of 1.5 
to 3 g/dL (10%-20% of total hemoglobin). Patients 
with methemoglobinemia may present with ALOC 
at methemoglobin concentrations of 4.5 to 7.5 g/
dL (30%-50% of total hemoglobin), with symptoms 
such as fatigue, dizziness, or confusion. Coma and 
seizures can occur at methemoglobin levels of 7.5 to 
10.5 g/dL (50%-70% of total hemoglobin).25 
	 Consumption or usage of illicit substances can 
have varying effects in the pediatric population.26 
Many times, patients may present with a toxidrome 
(a group of physical and laboratory findings that 
characteristically occur from a type of toxic inges-
tion), especially when illicit substances are in-
volved.27 (See Table 3.) This constellation of signs 
and symptoms may provide clinical clues to the 
underlying etiology of the ALOC. 

Table 3. Toxidromes Resulting In Altered Levels Of Consciousness27

Toxidrome Signs and Symptoms Specific Agents

Sympathomimetic •	 Fever
•	 Increased heart rate, blood pressure, respiratory rate 
•	 Mydriasis
•	 Diaphoresis

•	 Stimulants: cocaine, methamphetamine
•	 Club drugs: ecstasy/MDMA
•	 Dissociative drugs: PCP
•	 Hallucinogens: LSD

Anticholinergic •	 Fever
•	 Increased heart rate
•	 Mydriasis
•	 Dry mucous membranes
•	 Urinary retention
•	 Anhidrosis

•	 Jimson Weed (Datura stramonium)
•	 Diphenhydramine
•	 Scopolamine
•	 Tricyclic antidepressants
•	 Atropine

Cholinergic "SLUDGE-M":
•	 Salivation
•	 Lacrimation
•	 Urination
•	 Diaphoresis
•	 Gastrointestinal symptoms (eg, diarrhea and emesis)
•	 Miosis

•	 Toxic mushrooms (Amanita)
•	 Insecticides: carbamates, organophosphates

Opioid •	 Miosis
•	 Respiratory depression
•	 Decreased heart rate

•	 Prescription opioids: morphine, codeine, oxycodone, 
hydrocodone, fentanyl

•	 Heroin, opium

Sedative-hypnotic •	 Confusion
•	 Delirium

•	 Barbiturates
•	 Benzodiazepines

Abbreviations: LSD, lysergic acid diethylamide; MDMA, 3,4-methylenedioxymethamphetamine; PCP, phencyclidine.



Copyright © 2017 EB Medicine. All rights reserved.	 6 Reprints: www.ebmedicine.net/pempissues

Stroke
ALOC can occur from stroke, even in the pediat-
ric population. The incidence of childhood stroke 
ranges from 1.3 to 13 per 100,000 children,41,42 with a 
report of childhood ischemic arterial stroke occur-
ring at an incidence as high as approximately 8 in 
100,000 children.43 Causes such as metabolic disor-
ders, Moyamoya disease, hematologic abnormalities, 
and infection are more common in the pediatric pop-
ulation than in adults. Emboli from atheromatous 
cervical spine vessels are rare in children but may 
occur in patients with familial hyperlipidemia.43 
Intracranial venous thrombosis can occur in the su-
perficial venous system, deep venous structures, and 
the dural venous sinuses. Patients with this condi-
tion may present with irritability, headache, seizure, 
encephalopathy, papilledema, cranial nerve palsies, 
motor weakness, and ALOC, including coma. The 
location of the thrombus and whether or not it is 
partial or complete, or acute or chronic, are the vari-
able factors that can influence clinical presentation. 
Although patients can present with a variety of signs 
and symptoms, seizures are the most common pre-
sentation of cerebral sinovenous thrombosis. How-
ever, the incidence of intracranial venous thrombosis 
is very low, at ≤ 1 per 100,000 individuals between 
term birth and 18 years of age.44

	
Cerebrospinal Fluid Shunt Malfunction
In special populations of patients with a cerebrospi-
nal fluid (CSF) shunt (such as a ventriculoperitoneal 
shunt), malfunction may be a cause of ALOC. CSF 
shunts are used to treat patients with increased 
intracranial pressure secondary to hydrocephalus. 
Mechanical shunt malfunction is reported to occur 
at a rate ranging from 8% to 64%.45 In a large mul-
ticenter, prospective cohort study from the Hydro-
cephalus Clinical Research Network, risk factors 
for initial CSF shunt failure include patient age 
< 6 months at the time of first shunt placement, the 
use of an endoscope at the time of initial CSF shunt 
placement, and a cardiac comorbidity.46 Patients 
who have revised shunts may also have a greater 
risk of shunt failure.47 Presenting symptoms of CSF 
shunt malfunction can include lethargy or irritability 
as well as swelling at the shunt site. Other associated 
symptoms are headache, fever, and vomiting.48 Due 
to the high morbidity and mortality associated with 
CSF shunt malfunction, early imaging and neuro-
surgery consultation is recommended. For more 
information on management of ventriculoperitoneal 
shunt complications, see the February 2016 issue of 
Pediatric Emergency Medicine Practice titled “Ventricu-
loperitoneal Shunt Complications In Children: An 
Evidence-Based Approach To Emergency Depart-
ment Management,” available at www.ebmedicine.
net/VPShunt.
	

be included in the differential diagnosis. Abusive 
head trauma can present with nonspecific neurologi-
cal signs and symptoms such as ALOC, irritability, 
seizures, and apnea.33 In such cases, look for other 
signs and symptoms that may increase suspicion for 
nonaccidental trauma as the etiology of ALOC, such 
as retinal hemorrhages, unusual bruises (particularly 
to the back, abdomen, periorbital region, hands, and 
forearms), or suspicious fractures.34 	  

Neurologic Etiologies
Seizures
Include seizures of all types in the differential diag-
nosis for ALOC. ALOC may occur either during or 
after a seizure, and it may be the patient’s first sei-
zure, a febrile seizure, or due to epilepsy. In cases of 
nonconvulsive seizures, there may be an absence of 
associated rhythmic, nonsuppressible movements35,36 
that may keep the clinician from initially consider-
ing seizure in the differential diagnosis of a patient 
with ALOC. History obtained from bystanders or 
witnesses, particularly regarding preceding events, 
can be very helpful in such instances. Seizures can 
cause various alterations in consciousness, including 
hallucinations, illusions, aphasia, apraxia, amne-
sia, decreased or absent responsiveness to external 
stimuli, and loss of postural tone.37 
	
Encephalopathy
Encephalopathy is a nonspecific term used to describe 
any diffuse process that changes the structure or 
function of the brain. There are many different causes 
of encephalopathy, including CNS infections, meta-
bolic causes, mitochondrial disorders, toxic exposure, 
hypoxemia, ischemia, or nutritional deficiencies. 
Encephalopathies can be static (such as in hypoxic 
ischemic encephalopathy) or reversible (such as 
in posterior reversible encephalopathy syndrome 
[PRES]). Migraine variants can cause patients to pres-
ent with ALOC. According to the 2013 International 
Classification of Headache Disorders, a decreased 
level of consciousness can be a type of brainstem 
symptom associated with migraines with brainstem 
aura, previously known as basilar-type migraines.38

	
Ruptured Aneurysm Or Arteriovenous Malformation
Alterations in consciousness of an abrupt, sudden 
nature without a traceable mechanism of injury can 
be an ominous sign that the patient had a pre-exist-
ing brain aneurysm or arteriovenous malformation 
with subsequent rupture. In the pediatric popula-
tion, CNS arteriovenous malformations present with 
hemorrhage in 75% to 87.5% of cases, which account 
for 30% to 50% of intracranial hemorrhages in this 
age group.39,40 In such cases, there is already injury 
to the brain parenchyma, and the severity of the 
hemorrhage becomes one of the more important fac-
tors affecting clinical outcome for patients.39 

http://www.ebmedicine.net/VPShunt
http://www.ebmedicine.net/VPShunt
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vision, seizures, spinal cord involvement, abnormal 
speech, hemiparesthesia, and ALOC ranging from 
lethargy to coma can occur.51 

Cardiac Etiologies
Syncope
Syncope is a commonly encountered clinical prob-
lem in the ED that, although commonly brief, has 
usually resolved prior to the time of presentation.52 
In the United States, 0.9% of all pediatric ED visits 
for patients aged 7 to 18 years are associated with 
a chief complaint of syncope.53 Although the cause 
of syncope in the majority of pediatric patients is 
benign, with the most common cause being neurally 
mediated syncope, there are life-threatening car-
diac causes that must be recognized. These include 
dysrhythmias such as long QT syndrome, atrioven-
tricular block, Brugada syndrome, or catecholamin-
ergic polymorphic ventricular tachycardia, as well as 
undiagnosed structural defects such as cardiomyop-
athy, anomalous coronary arteries, or valve defects.52 
	
Posterior Reversible Encephalopathy Syndrome
ALOC and coma can be associated with hyperten-
sive crisis as a sign of end-organ damage.54,55 In re-
cent years, a constellation of clinical and radiologic 
findings have been described, leading to recogni-
tion of PRES. An acute elevation in blood pressure 
is a common precipitant of PRES.56 Patients with 
PRES present with neurological findings such as 
ALOC, visual disturbances, headache, and sei-
zures. Transient changes are notable on MRI with 
diffusion-weighted imaging, including signs of 
edema, such as hyperintense signals in the cerebral 
white matter, especially involving structures in the 
posterior regions of the cerebral hemispheres.56,57 
First described by Hinchey et al in 1996,58 PRES 
has been reported in the pediatric literature to be 
associated with various underlying chronic medi-
cal conditions including hematologic diseases such 
as leukemia and sickle cell disease, autoimmune 
conditions such as Crohn disease and systemic 
lupus erythematosus, as well as renal diseases 
including nephrotic syndrome and poststreptococ-
cal glomerulonephritis.56,57 Although the causes 
of PRES are varied, some of the more common 
triggers include hypertension, fluid retention, renal 
failure, and the use of immunosuppressive regi-
mens with cytotoxic medications.56,57 

Pericardial Tamponade
There are case reports of pericardial tamponade in 
pediatric patients with ALOC. Common characteristics 
in these cases include syncope and ALOC, and vital 
sign abnormalities including tachycardia and tachy-
pnea, as well as muffled heart sounds, distended neck 
veins, and fluid resuscitation-refractory hypotension.59 
Pericardial tamponade can occur from both traumatic 

Central Nervous System Vasculitis
CNS vasculitis can be a primary process, or it can be 
associated with systemic diseases such as systemic 
lupus erythematosus. Neurologic symptoms can be 
the first presenting features of a rheumatologic pro-
cess. There are 3 subtypes of primary pediatric CNS 
vasculitis: (1) angiographic positive nonprogres-
sive disease, (2) angiographic positive progressive 
disease, and (3) angiographic negative disease. With 
angiographic positive nonprogressive disease, ves-
sel involvement is usually unilateral and involves 
only 1 vascular bed. Patients with this subtype are 
less likely to present with ALOC compared to the 
other subtypes. More common presentations include 
sensory changes or hemiparesis. With angiographic 
positive progressive disease, vessel involvement is 
bilateral, frequently with involvement of multiple 
vascular beds. These patients may present with 
ALOC, headaches, and seizures, in addition to 
sensory changes and hemiparesis. In cases of an-
giographic negative disease, although angiography 
is negative for abnormalities concerning for vessel 
involvement, magnetic resonance imaging (MRI) 
may demonstrate abnormalities reflective of signs of 
inflammation. Although the definitive diagnosis of 
small-vessel inflammation is made with a brain bi-
opsy, diagnosis is typically suspected based on MRI 
findings and the patient’s overall clinical picture. 
More severe encephalopathy, headaches, behavior 
changes, and cognitive decline may be seen.49 
	 Secondary CNS vasculitis can also occur and is 
associated with systemic infections, rheumatologic 
disease, malignancies, or other inflammatory pro-
cesses. Common infectious causes include varicella 
zoster virus, Epstein-Barr virus, parvovirus B19, hu-
man immunodeficiency virus, Mycoplasma pneumoni-
ae, and Mycobacterium tuberculosis. Systemic rheuma-
tologic diseases such as systemic lupus erythemato-
sus, Behçet disease, systemic vasculitis, and juvenile 
dermatomyositis can also have CNS involvement 
in the form of CNS vasculitis. Other inflammatory 
processes such as hemophagocytic lymphohistiocy-
tosis, inflammatory bowel diseases, or periodic fever 
syndromes can also present with CNS vasculitis.50

Infectious Causes
Postinfectious disorders such as acute disseminated 
encephalomyelitis can cause changes in mental 
status. Acute disseminated encephalomyelitis is a 
monophasic, immune-mediated, inflammatory, de-
myelinating disorder involving the CNS. Diagnostic 
criteria include encephalopathy as well as multifo-
cal CNS involvement. Typically, acute disseminated 
encephalomyelitis can occur from 2 days to 4 weeks 
following a viral infection. Presenting signs and 
symptoms depend on the location of the demyelinat-
ing process as well as the severity. Pyramidal signs, 
hemiplegia, ataxia, cranial nerve palsies, changes in 
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result of ingested drugs, including diabetes mellitus 
medications, class Ia antiarrhythmic medications, 
beta blockers, pentamidine, antidepressants, and 
angiotensin-converting enzyme inhibitors. Other 
rarer etiologies for hypoglycemia include tumors 
such as insulinoma and rhabdomyosarcoma, as well 
as other extrapancreatic tumors of mesenchymal 
origin.65,67 Hypoglycemia can also be a clinical clue 
to other processes involved in the patient’s ALOC, 
such as sepsis and adrenal insufficiency.67 Infants 
with malnutrition likely have minimal glycogen 
reserve and, during increased glucose use, can have 
difficulty maintaining euglycemia.67 
	
Diabetic Ketoacidosis
DKA is defined by a profound insulin-deficient 
state characterized by a triad of hyperglycemia, 
accumulation of ketoacids, and acidosis. Clinical 
presentation can include nausea, vomiting, ab-
dominal pain, Kussmaul breathing, and ALOC. For 
the emergency clinician, it is important to treat the 
associated clinical complications of DKA, includ-
ing dehydration, electrolyte derangements, and 
hyperosmolarity. DKA remains the most common 
cause of death in children who have type 1 diabe-
tes mellitus.68 DKA is also commonly the initial 
presentation of type 1 diabetes mellitus in pediatric 
patients. In a retrospective chart review, Neu et al 
looked at 2121 children aged < 15 years with a new 
diagnosis of type 1 diabetes mellitus. The initial 
presentation was DKA in 26% of patients, with 
a mean age of 7.9 years. Of all patients who pre-
sented with DKA, 23.3% presented with an ALOC 
and 10.9% of these had clinical signs of coma.69 For 
patients with DKA who present with ALOC, cere-
bral edema should be considered and judiciously 
managed. Symptomatic cerebral edema occurs in 
approximately 1% of episodes of DKA in children 
and has a mortality rate of 40% to 90%.70 Thus, the 
patient with ALOC in the setting of DKA is criti-
cally ill and in need of emergent interventions. 
	
Hyperglycemic Hyperosmolar State
Although HHS is rare in children, with the growing 
prevalence of childhood obesity, there is an in-
crease in reports of this condition in the literature. 
The clinical presentation of HHS may be similar 
to DKA. Vomiting and abdominal pain can occur 
in addition to neurologic symptoms such as weak-
ness, confusion, lethargy, dizziness, and changes 
in behavior. However, the diagnostic features and 
management of patients with HHS differ slightly. 
Diagnostic features of HHS include serum glucose 
levels > 600 mg/dL (33 mmol/L) and serum osmo-
lality > 330 mOsm/kg. In HHS, there is an absence 
of significant acidosis and ketosis, with serum 
bicarbonate levels > 15 mEq/L, and urine ketone 
concentration < 15 mg/dL (1.5 mmol/L).71 
	

and nontraumatic mechanisms. Traumatic causes of 
pericardial tamponade include blunt and penetrating 
chest trauma or complications from medical proce-
dures such as cardiac catheterization or central venous 
catheter placement. Nontraumatic causes of pericardial 
tamponade include infection, malignancy, uremia, 
significant injury after an acute myocardial infarction, 
and postpericardiotomy syndrome.59 

Other Cardiac Etiologies
Other cardiac causes of ALOC may involve de-
creased cardiac output progressing into cardiogenic 
shock, ultimately leading to decreased cerebral per-
fusion pressure, thereby causing alterations in con-
sciousness. This includes myocardial infarction from 
such predisposing etiologies as anomalous origin of 
the left coronary artery from the pulmonary artery, 
Kawasaki disease, or congenital heart defects.60

Pulmonary Etiologies
Any mechanism that decreases oxygen delivery 
to the brain, whether it is decreased perfusion to 
the brain or decreased oxygen content in the blood 
delivered to the brain, can result in ALOC. This 
includes causes related to hypoxia, hypoxemia, 
or hypercarbia. Hypoventilation can also lead to 
neurological changes secondary to hypercarbia.61 
Conversely, hyperventilation can also cause ALOC. 
For example, acute hyperventilation from anxiety 
can lead to an acute reduction in the partial pressure 
of arterial carbon dioxide. This leads to symptoms 
such as lightheadedness, confusion, syncope, hal-
lucinations, and seizures.62 Different mechanisms are 
responsible for different clinical scenarios. Patients 
with cystic fibrosis may have neurological complica-
tions resulting from chronic hypoxia and hypercar-
bia that include lethargy, somnolence, and coma.63 
In patients with submersion injuries, the extent of 
neurological injury from hypoxia and ischemia is a 
large factor in survival.64 Alteration in consciousness 
can also be a late finding of hypercarbia in patients 
with respiratory failure secondary to common ill-
nesses such as croup, bronchiolitis, or asthma. 

Endocrinologic Etiologies
Glucose metabolism disorders, including hypogly-
cemia, DKA, and hyperglycemic hyperosmolar state 
(HHS) may result in ALOC. 

Hypoglycemia
In hypoglycemia, patients can present with auto-
nomic changes, including diaphoresis, tremors, 
weakness, or pallor along with signs of ALOC such 
as confusion, disorientation, lack of coordination, 
seizures, or coma. Emesis can be a presenting symp-
tom. Hypothermia may result from hypoglycemia, 
as well. Often, these findings occur at serum glucose 
levels < 55 mg/dL.65,66 Hypoglycemia can be the 
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paralysis, and ataxia. Hypermagnesemia can be as-
sociated with hypotension, with extremely elevated 
levels potentially causing cardiac dysrhythmias, 
hypoventilation, and cardiorespiratory arrest.80 De-
scribed in the adult literature, lactic acidosis can lead 
to ALOC, with a spectrum of neurologic manifesta-
tions such as altered mental status, dysarthria, atax-
ia, abnormal gait, disorientation, and irritability.81 
Dehydration itself can cause ALOC. With moderate 
dehydration (6%-9%), patients can be irritable with 
normal-to-low blood pressure, whereas with severe 
dehydration (≥ 10%), patients may appear lethargic 
with associated hypotension.82

	 Accumulation of metabolites in the body can 
cause ALOC. Uremic encephalopathy can occur with 
renal failure, although there is a lack of correlation 
with blood concentrations of blood urea nitrogen 
alone. Clinical features can include lethargy, confu-
sion, hallucinations, irritability, seizures, and coma. 
Uremic encephalopathy can occur in a matter of sev-
eral days in cases of acute renal failure, with asterixis 
being a common initial sign.63 Hemolytic uremic 
syndrome can cause acute renal failure, where pa-
tients present with neurological symptoms. Hemo-
lytic uremic syndrome includes a triad of hemolytic 
anemia, thrombocytopenia, and acute kidney injury 
that is most commonly caused by Shiga toxin-pro-
ducing organisms such as serotype Escherichia coli 
O157:H7. Presentations of CNS involvement include 
stupor, coma, visual disturbances, hallucinations, 
focal neurological findings, seizures, and cognitive 
changes.83,84 Similarly, hepatic encephalopathy can 
occur with liver failure. The liver is responsible for 
metabolism of ammonia and, in cases of liver failure, 
ammonia can accumulate to toxic levels. Hepatic en-
cephalopathy due to acute liver failure can be classi-
fied based on clinical findings as adapted for young 
children from birth to 3 years of age: Early (grades I 
and II): inconsolable crying, change in sleep rhythm, 
inattention to task; Mid (grade III): somnolence, 
stupor, combativeness; Late (grades IVa and IVb): 
comatose but arouses with painful stimuli (IVa) or 
no response (IVb).85

	 Inborn errors of metabolism are a group of 
various genetic disorders of metabolic or enzymatic 
pathways that lead to varying consequences, such as 
deficiency of an important end product or accumu-
lation of a toxic substrate such as ammonia. These 
inborn errors of metabolism may present in any age 
group, including in adulthood. Often, symptoms 
are nonspecific and may include ALOC upon initial 
presentation.86 In young infants, poor feeding and 
lethargy can be a common presentation. In older 
patients, lack of improvement with standard therapy 
can be an important red flag to signal consideration 
of a metabolic disorder as the etiology for a pa-
tient’s ALOC.87 Associated signs and symptoms can 
include neurological findings such as developmental 

Hashimoto Encephalopathy
Hashimoto encephalopathy is a much more rare 
endocrine etiology for ALOC, but it has been re-
ported to have occurred in children and adolescents. 
Hashimoto encephalopathy is a steroid-responsive 
encephalopathy associated with autoimmune thy-
roiditis. Presenting symptoms can include ALOC, 
behavioral changes, or neuropsychiatric features in-
cluding hallucinations and psychosis. Patients with 
Hashimoto encephalopathy can also have seizures, 
focal neurological findings, and dystonia.72-74 Labo-
ratory studies usually reflect an elevated level of 
antithyroid peroxidase antibodies, although patients 
with Hashimoto encephalopathy can, at the time 
of presentation, be in a hypothyroid, euthyroid, or 
hyperthyroid state in terms of thyroid status.72 

Gastroenterological Etiologies
Although lethargy is not part of the classic triad of 
intussusception (abdominal pain, palpable sausage-
shaped mass, and “currant jelly” stool), lethargy or 
altered consciousness can be a late finding of intus-
susception, and even a clinical predictor.75 The more 
typical presentation of intussusception includes 
sudden onset of severe, intermittent abdominal 
pain with intervals of time without pain. Patients 
may present with flexion of the lower extremities 
and crying. With worsening intestinal ischemia, the 
patient may become lethargic and progress to shock. 
However, there are case reports of patients with 
intussusception presenting with only lethargy.76,77

	 In addition to intussusception, in intra-abdom-
inal conditions with compromised intestinal blood 
flow, there are cases in which neurological symp-
toms may be the first signs of the disease process 
unfolding before gastrointestinal symptoms are 
apparent.76,78 Pumberger et al reviewed medical 
charts spanning a period of 10 years and observed 
13 infants who were found to have basic intra-
abdominal diseases whose initial sign of illness was 
an impaired neurological condition.78 Shaoul et al 
described 2 cases of children who presented with 
encephalopathy as the initial clinical manifestation 
of an acute abdomen.76

Renal, Genetic, And Metabolic Etiologies
Electrolyte abnormalities from dehydration, toxicity, 
or other causes can lead to ALOC. Hypernatremia 
can pose complications due to the movement of 
water out of cells in the brain as plasma osmolality 
rises, especially if this occurs acutely and rapidly. 
Signs can include weakness, lethargy, and irritability, 
as well as seizures and coma.32 Hyponatremia can 
also cause ALOC and is particularly associated with 
seizures. In infants, hypothermia and breathing diffi-
culty can occur with hyponatremia as well.79 Hy-
permagnesemia can cause drowsiness or confusion 
in addition to other symptoms such as weakness, 
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Clinical Pathway For Managing The Patient With Altered Level Of 
Consciousness In The Emergency Department151

Patient presents with altered level of consciousness

Seizure resolved?

Airway, breathing, and 
circulation intact?

Is patient  
actively seizing?

•	 Elevate the head of the 
bed to 30°

•	 Administer mannitol 
(Indeterminate) or 
hypertonic saline  
(Class III)

•	 Order emergent brain 
imaging

•	 Consult appropriate 
subspecialists (eg, 
neurosurgery, trauma 
surgery, neurology)

Signs/symptoms 
concerning for toxidrome 

or toxic exposure

•	 Consider applicable reversal 
agents (eg, naloxone [Class I])

•	 Call local poison control center
•	 Consider additional testing as 

warranted

•	 Correct abnormal 
electrolytes

•	 Manage additional 
endocrine/metabolic 
etiologies (eg, DKA, 
inborn errors of 
metabolism)

History and examination 
concerning for trauma, 

space-occupying lesion, 
or stroke?

Fever and/or meningitis 
signs/symptoms

•	 Perform lumbar 
puncture

•	 Order CSF studies 
(including culture)

•	 Start empiric antibiotics

Other concurrent 
signs/symptoms

•	 Consider other 
possibilities in the 
differential that involve 
other organ systems

•	 Perform additional tests 
as warranted

•	 Obtain IV access and point-of-care glucose and electrolyte 
levels

•	 If hypoglycemic, administer dextrose bolus (Class I), consider 
benzodiazepine (Class I), antipyretic (if febrile) (Indeterminate)

•	 Conduct secondary 
survey

•	 Obtain IV access (if not 
yet done)

•	 Order tests, including 
electrolytes and 
glucose (if not yet done)

Obtain additional history 
and physical examination 

findings

•	 Establish airway
•	 Initiate ventilation and 

circulatory support

Abnormal test results?
Signs of impending 
brain herniation (eg, 

Cushing triad, anisocoria, 
posturing)?

YES

YES

YES

YES

YES

YES

NO

NO

NO NO

NO

Abbreviations: CSF, cerebrospinal 
fluid; DKA, diabetic ketoacidosis, 
IV, intravenous.

 See page 11 for Class of Evidence 
Definitions. 

NO
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have been attributed to likely medication toxic-
ity and multiorgan failure.92 In a unique study of 
neurologic consultations for pediatric patients with 
cancer and ALOC, the majority of these children 
were found to be suffering from induced encepha-
lopathy from iatrogenic causes. Medications in-
cluding opioids, glucocorticoids, benzodiazepines, 
antiemetics, antihistamines, antiepileptic drugs, 
and chemotherapy drugs were the most frequent 
etiology for depressed sensorium in this cohort. 
The most common cause of ALOC in this study was 
opioid related.93 
	 Hyperleukocytosis secondary to a leukemic 
process such as acute lymphoblastic leukemia or 
acute myeloid leukemia can cause CNS effects. 
Hyperleukocytosis can increase the viscosity of 
the blood and cause stasis of blood flow within the 
microcirculation, in turn causing tissue and vascular 
damage along with hemorrhage. Complications of 
this process are most notably observed at the time of 
diagnostic presentation and with patients who had 
white blood cell (WBC) counts > 4 cells/mcL.94 Neu-
rological complications of leukostasis include CNS 
hemorrhage, changes in vision, ALOC, cranial nerve 
palsy, seizure, and syncope.94 
	 Anemia occurs when there is a reduced amount 
of hemoglobin or red blood cell volume, and, there-
fore, reduced capacity for oxygen transport to or-
gans such as the brain. Neurological manifestations 
of severe anemia can include sleepiness and irrita-
bility. Other associated findings include pallor and 
exercise intolerance. With severe anemia, weakness 
in addition to tachypnea, shortness of breath, tachy-
cardia, and signs of high-output heart failure can oc-
cur.95 Other hematologic abnormalities that can lead 
to ALOC include severe thrombocytopenia leading 
to intracranial hemorrhage. Idiopathic thrombocy-
topenic purpura is one of the most common platelet 
disorders in children. Intracranial bleeding can occur 
in patients with platelet counts < 20,000/mL, with 
an associated traumatic mechanism or additional 
platelet dysfunction. Serious bleeding in idiopathic 

delay, hypotonia, seizures, stroke, ataxia, hearing 
loss, or visual impairment; cardiac findings such 
as cardiomyopathy or myopathy; and hematologic 
abnormalities such as pancytopenia. Other associ-
ated findings can include failure to thrive, recur-
rent bouts of lethargy, vomiting, dehydration, liver 
dysfunction, hypoglycemia, or recurrent ketoacido-
sis.86,88 In both liver failure and certain inborn errors 
of metabolism, hyperammonemia is the cause of 
ALOC. Ammonia is a byproduct of protein metabo-
lism completed by colonic microflora that convert 
amino acids and urea into ammonia. The ammonia 
is then taken up by the liver through the portal cir-
culation and converted via the urea cycle into urea. 
In normal physiology, urea production is far greater 
than the rate of free ammonia production. However, 
in the setting of urea cycle dysfunction or extensive 
liver damage, hyperammonemia may occur.89 Clini-
cal signs of hyperammonemia occur at ammonia 
concentrations > 60 mcg/dL. Alterations to the CNS 
caused by elevated blood ammonia concentrations 
seem reversible when levels remain below 200 to 
400 mcg/dL. However, irreversible impairment may 
result when levels exceed 400 mcg/dL.89

Hematologic/Oncologic Etiologies
ALOC can be the presenting symptom of a brain tu-
mor or other space-occupying lesion. Lanphear et al 
performed a retrospective chart review of 87 pediat-
ric patients who were initially diagnosed in the ED 
with a CNS tumor. The most frequent symptom was 
headache (66.7%), but seizures (17.25%) and altered 
mental status (16.1%) were common.90 Depending 
on the location of the tumor, patients may present 
with signs such as abnormal gait or coordination, 
papilledema, abnormal eye movements/cranial 
nerve palsies, squinting, or focal neurological find-
ings.91 Pediatric oncology patients are also prone to 
acute neurologic changes due to the high incidence 
of toxic and metabolic disturbances in addition to 
their underlying pathology. In pediatric oncology 
patients, cases of delirium have been identified that 

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels of 

evidence
• Case series, animal studies, 	

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class Of Evidence Definitions
Each action in the clinical pathways section of Pediatric Emergency Medicine Practice receives a score based on the following definitions. 
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can be caused by a variety of etiologies, both infec-
tious and noninfectious.104 Infectious etiologies can 
include bacterial, viral, or fungal sources. Noninfec-
tious etiologies for encephalitis are primarily me-
diated by autoimmune processes; specifically, the 
development of autoantibodies. 
	 Encephalopathy entails a change in a patient’s 
neurologic state, such as ALOC, or subtle findings, 
such as a simple change in a patient’s behavior. 
Other findings may not be required to describe a 
patient as being “encephalopathic.” In contrast, 
encephalitis can be defined as encephalopathy plus 
2 or more of the following: (1) history of fever, 
seizures and/or focal neurological findings; (2) 
cerebrospinal fluid pleocytosis (> 4 WBC/mcL); (3) 
electroencephalogram findings indicating encepha-
litis; or (4) neuroimaging with findings consistent 
with encephalitis.105 However, in many cases of 
patients with encephalitis, finding an etiology can 
be difficult. In a retrospective cohort study of 190 
patients with outcomes available at discharge, 128 
patients (67.4%) recovered and 62 (32.6%) had in-
complete recovery, including 13 deaths (6.8%). No 
etiology was identified for 93 (48.9%) patients. Of 
the confirmed infectious etiologies, enterovirus was 
the most common. Of known noninfectious etiolo-
gies, anti-N-methyl-D-aspartate (NMDA) receptor 
encephalitis was most common.106 

Intracranial Abscess
Intracranial abscesses can be categorized based on 
the focal area of involvement: epidural abscesses, 
subdural empyemas, and brain abscesses. Common 
presenting signs and symptoms include headache, 
fever, nausea, vomiting, ALOC, focal neurological 
deficits, and seizures. In most cases of intracranial 
abscesses, treatment often involves multiple modali-
ties, including long-term antibiotic therapy and, 
possibly, surgical intervention for drainage.107 

Tick-Borne Diseases
Tick-borne diseases causing ALOC, such as Lyme dis-
ease and rickettsial diseases, pose unique challenges 
for diagnosis. Lyme disease is carried by the Ixodes 
tick and caused by the Borrelia burgdorferi spirochete. 
Clinical manifestations of Lyme disease include 
erythema migrans (rash with a “bull’s-eye” appear-
ance), arthritis, facial palsy, meningitis, or carditis. 
Serological testing can be completed with confirma-
tory immunoblotting.108 Of note, Lyme meningitis 
presents with similar symptoms as aseptic meningitis 
from viral sources, but requires antibiotic treatment. 
In a prospective validation of a clinical prediction 
model created by Avery et al for Lyme meningitis in 
children,109 Garro et al demonstrated that a longer du-
ration of headache, presence of a cranial nerve palsy, 
and CSF cell count demonstrating mononuclear cell 
predominance were associated with Lyme meningi-

thrombocytopenic purpura is rare, but an important 
consideration for the patient presenting with acute 
ALOC with signs of ecchymosis or petechiae.
	 Patients with sickle cell disease are known to 
have silent strokes leading to neurocognitive deficits 
over a prolonged period of time. However, a patient 
with sickle cell disease can also present to the ED 
with an acute stroke. Risk for an acute stroke is up 
to 10% in the first 20 years of life and has a peak 
incidence in children aged between 4 and 8 years. 
Patients with sickle cell disease are more likely 
to have ischemic strokes, although hemorrhagic 
strokes can occur.96 Unlike adults with sickle cell 
disease, the biggest risk factor for stroke in children 
is hypertension.97 In the acute setting, symptoms can 
include aphasia, hemiparesis, facial droop, stupor, or 
seizure. Of note, the clinician examining the pa-
tient should clarify the cause of a sickle cell disease 
patient's isolated weakness. For example, it is crucial 
to determine whether limb weakness is due to pain 
from a vaso-occlusive crisis or from motor weakness 
from an acute stroke, as diagnostic and treatment 
pathways would greatly differ.96 

Infectious Etiologies
Meningitis, encephalitis, and brain abscesses are 
types of CNS infections that can cause ALOC. Infec-
tious pathogens can cause infections from hematog-
enous routes with breaching of the blood-brain bar-
rier. Bacteria can cause CNS infection through direct 
extension from contiguous foci such as otitis media, 
sinusitis, or mastoiditis.98-101 CNS infection can 
also occur with trauma, neurosurgical procedures, 
congenital malformations, or any disruptions in 
the integrity of the skull and meninges. In addition, 
viral pathogens can cause CNS infections through a 
neuronal route, as seen with viruses such as herpes 
simplex viruses or rabies.102

Meningitis
Neurological complications of meningitis include 
increased intracranial pressure and subdural effu-
sions, which can present as ALOC, seizures, or focal 
neurologic deficits. The most common bacterial 
pathogens that cause meningitis differ based on age 
group. In the neonatal period, group B Streptococcus 
is the predominant etiology for bacterial neonatal 
meningitis, with other bacterial pathogens including 
Listeria monocytogenes and E coli. In infants and chil-
dren, Streptococcus pneumoniae and Neisseria meningit-
idis are the more common bacterial pathogens. Viral 
meningitis can be caused by viral pathogens such as 
herpes simplex viruses and enteroviruses.103 

Encephalitis And Encephalopathy
Encephalitis is an inflammatory disorder of the CNS 
resulting in clinical presentations such as ALOC, 
seizures, or focal neurological deficits. Encephalitis 
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the core body temperature cannot be maintained at 
its normal homeostatic range. When this occurs, brain 
dysfunction can occur. Neurologic signs and symp-
toms of hypothermia include lethargy, weakness, 
confusion, and loss of coordination.116 Porphyria is 
also a rare cause of ALOC in children.117,118

	 In addition to infectious causes of encephalitis, 
autoimmune etiologies for encephalitis can occur. 
In autoimmune encephalitis, antibodies against 
extracellular or intracellular antigens are formed 
and bind to receptors, thus altering receptor func-
tion, causing clinical disease. These antigens can 
be associated with a neoplasm or intrinsic struc-
tures such as GABA receptors, NMDA receptors, or 
voltage-gated potassium channels. It is thought that 
molecular mimicry is responsible for the binding 
of such antibodies to physiologic receptors. Subse-
quently, autoimmune encephalitis is also associated 
with terms such as paraneoplastic encephalitis or 
limbic encephalitis.119 Of these, anti-NMDA recep-
tor encephalitis has been increasingly recognized. 
The clinical presentation of anti-NMDA receptor 
encephalitis varies with seizures, movement dis-
orders, psychiatric symptoms (such as mood im-
balances or psychosis), and catatonia described in 
the literature.120 Emergency clinicians should keep 
anti-NMDA receptor encephalitis in the differential 
diagnosis of a patient presenting to the ED with 
psychotic symptoms or ALOC, as cases have been 
reported where medical toxicologists had been 
consulted for patients who presented with delirium 
initially attributed to suspected poisoning.119 
	 There are also psychiatric or psychogenic causes 
for ALOC. Psychogenic nonepileptic seizures cause 
ALOC or observable changes in a patient’s behavior 
with characteristics similar to epileptic seizures but 
not demonstrating the electrophysiologic changes 
involved in epileptic seizures.121 Psychogenic non-
epileptic seizures, also known as pseudoseizures, 
can be considered a manifestation of conversion 
disorder. Catatonia can also include a wide range of 
neuropsychiatric symptoms that are types of altera-
tions in consciousness. Considered an independent 
syndrome, catatonia is typically marked by a wide 
range of signs and symptoms that can include 
stupor, mutism, negativism, rigidity, excitement, 
echopraxia/echolalia, impulsivity, or stereotypy. 

 Prehospital Care 

The primary goal of prehospital care for patients 
with ALOC includes stabilization of the patient en 
route to the ED. Initial assessment should include 
evaluation of the ABCs (airway, breathing, and cir-
culation). The patient’s airway should be evaluated 
and interventions to maintain patency should be 
applied. In cases of ALOC, hypoxia or hypercapnea 
can be causes or exacerbating factors, and respirato-

tis.110 Such findings can aid in distinguishing viral 
meningitis from Lyme meningitis. 
	 Rickettsial disease such as Rocky Mountain 
spotted fever (RMSF) can also have neurological 
manifestations. RMSF is a tick-borne disease caused 
by Rickettsia rickettsii, an intracellular gram-negative 
coccobacillus. Clinical manifestations include fever, 
headache, and a diffuse, blanching, pink macular-
to-maculopapular rash that begins in the periphery 
on the forearms, wrists, and ankles, and involves 
the palms as well as soles. The rash then spreads 
centrally, often turning petechial in the process. 
Complications of the disease include tissue necrosis, 
coagulopathy, renal failure, and cerebral edema.111 In 
a retrospective study looking at 92 children hospital-
ized with RMSF, 33% had altered mental status, 17% 
had seizures, 16% had meningismus, and 10% were 
comatose.112 Other tick-borne diseases that can cause 
meningitis or meningoencephalitis include ehrlichio-
sis, anaplasmosis, Colorado tick fever, tick-borne 
relapsing fever, Borrelia miyamotoi, deer tick virus, 
and Powassan viruses.113 

Sepsis
ALOC can also be a presenting symptom in pa-
tients with sepsis. Severe sepsis is defined as the 
presence of sepsis combined with organ dysfunc-
tion.95 Signs of neurologic dysfunction can include 
a Glasgow Coma Scale (GCS) score < 11 or an acute 
change in mental status, with a drop in GCS score 
> 3 points from abnormal baseline.95 When this 
occurs, patients may have signs of ALOC that may 
include restlessness, apathy, anxiety, agitation, 
confusion, stupor, and coma.95 Sepsis-associated 
encephalopathy is a syndrome defined by diffuse 
cerebral dysfunction that occurs with sepsis, not 
associated with any other type of encephalopa-
thy, and without actual direct CNS infection or 
structural abnormality.114 Clinical presentations of 
sepsis-associated encephalopathy range from mild 
delirium to coma. Sepsis-associated encephalopa-
thy is primarily a diagnosis of exclusion. Described 
mainly in adult literature, there is a dearth of 
literature demonstrating the frequency of sepsis-
associated encephalopathy in children. 

Environmental, Autoimmune, And 
Psychiatric Etiologies
ALOC can present with septic shock or with hypovo-
lemic, cardiogenic, distributive, or obstructive shock. 
Due to decreased end-organ perfusion, in particular 
cerebral hypoperfusion, the patient may develop 
ALOC, where neurological findings can include ir-
ritability, agitation, confusion, hallucinations, stupor, 
or coma.32 In addition, extremes in core temperatures 
can cause ALOC. Hyperthermia and exertional heat 
stroke can lead to CNS abnormalities such as deliri-
um, seizures, or coma.115 Hypothermia occurs when 
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syncopal symptoms, nausea, vomiting, and sensory 
changes. Past medical history should include any 
history of similar events, chronic medical conditions 
(especially neurological conditions such as a seizure 
disorder or psychiatric diseases), and surgical histo-
ry. Medications for all members of the household are 
important to review. Family history should include 
any history of neurologic, psychiatric, endocrine, 
genetic, or cardiac diseases. For adolescent patients 
who present with ALOC, it is important to review 
social history, particularly for any drug or alcohol 
use and for any descriptions of possible suicidal ten-
dencies or depression as well as any major stressors 
in the patient’s life. 

Physical Examination
The physical examination should include an evalua-
tion of vital signs, including temperature, heart rate, re-
spiratory rate, blood pressure, and oxygen saturation. 
	 The neurological examination should include 
evaluation of the patient’s posture, tone, and re-
flexes. The prehospital team may have provided 
an initial GCS score, and a repeat assessment of the 
patient’s GCS score in the ED can provide relevant 
information regarding clinical status and whether 
there are signs of improvement or deterioration. Cra-
nial nerves II and III can be evaluated by assessing 
pupillary light reflexes, whereas reflex eye move-
ments (or abnormal findings such as nystagmus or 
dysconjugate gaze) can provide information regard-
ing cranial nerves III, IV, and VI. Motor weakness 
and slurred speech may indicate stroke or a space-
occupying lesion. Any focal neurological finding 
should raise suspicion of a pathological process. 
	 Signs of papilledema suggestive of increased 
intracranial pressure or retinal hemorrhages 
concerning for possible nonaccidental trauma can 
provide additional information regarding the etiol-
ogy or the mechanism for ALOC. There should also 
be examination for signs of trauma, including any 
bony stepoff, ecchymosis, hemotympanum, septal 
hematoma, periorbital hematoma, and clear rhinor-
rhea or otorrhea. 
	 The cardiac examination should include ausculta-
tion for unusual heart sounds, such as gallops. The re-
spiratory examination can give clues to the neurologic 
status, where respiratory patterns such as Cheyne-
Stokes respirations can be an ominous finding, indi-
cating damage to the brainstem as part of Cushing 
triad. A careful abdominal examination may demon-
strate mass effects seen in intussusception, as well as 
the presence of guaiac-positive stool. Rashes or skin 
lesions can be the dermatologic manifestation of cer-
tain infections (eg, meningococcemia, mycoplasma, 
or herpes simplex virus). Neurocutaneous stigmata 
can be associated with certain genetic conditions that 
predispose individuals to epilepsy (eg, neurofibroma-
tosis or tuberous sclerosis). The presence of jaundice 

ry support should be provided as needed. This may 
include placing the patient on supplemental oxygen 
or giving bag-valve mask ventilation. Endotracheal 
intubation should be considered to protect the air-
way in patients with a GCS score ≤ 8. 
	 Stabilization efforts should be in accordance 
with the Advanced Pediatric Life Support or Pe-
diatric Advanced Life Support (PALS) guidelines. 
Intravenous access may be required in order to 
provide pharmacologic agents or fluids. In patients 
who present with clinical signs of dehydration or 
hypoperfusion, a normal saline bolus may be indi-
cated. Neurologic disability can be further assessed 
using the GCS,122 with various modified versions 
available for infants and young children.123,124 In 
cases of ALOC, emergency medical services can also 
perform a rapid glucose test and, in cases of hypo-
glycemia, administer a dextrose bolus. In patients 
who have ALOC due to seizures, an initial dose of 
a benzodiazepine should be given if the patient is ac-
tively seizing. In cases of head trauma, cervical spine 
precautions are indicated, because a cervical spine 
injury may be associated with head injury.30 

 Emergency Department Evaluation 

Initial Management
Upon arrival to the ED, emergency clinicians should 
quickly ascertain whether the patient requires fur-
ther measures of stabilization such as securing of the 
airway or supportive ventilator measures. If endo-
tracheal intubation is warranted, rapid sequence 
intubation should be considered in patients who are 
suspected to have aspiration risks. 

History 
The history provided by accompanying caregivers, 
witnesses, or prehospital teams can provide critical 
information in creating an appropriate differential 
of possible diagnoses. It is imperative to obtain a 
thorough history to develop a well-defined dif-
ferential, and also to obtain the history quickly in 
order to identify reversible or immediately treat-
able causes. The patient’s age can help differentiate 
possible causes from less plausible diagnoses based 
on appropriate developmental milestones (particu-
larly in cases in which nonaccidental trauma may be 
suspected). The time and acuity of onset, course and 
nature of symptoms, and possible environmental 
or toxic exposures are vital details to consider. Any 
history of trauma, including falls or the possibility of 
ingestions are also important details. 
	 Upon review of systems, symptoms associated 
with ALOC can include the following: headache, fe-
ver, seizures, hallucinations, motor activity changes, 
changes in speech content/pattern, alterations in 
alertness, changes in sleep pattern, visual changes, 
memory loss, changes in elimination patterns, 



15	 Copyright © 2017 EB Medicine. All rights reserved.January 2017 • www.ebmedicine.net

ity levels can be used to calculate serum osmolality 
gaps (osmolality gap = measured osmolality – 
calculated osmolality). When a single agent of 
alcohol ingestion is suspected, an elevated osmolal-
ity gap can be used to calculate predicted serum 
concentrations using the following formula: 

Predicted serum concentration = 
(osmolality gap - 10) x molecular weight 

of the alcohol/10 

[Ethanol has a molecular weight of 46, methanol has 
a molecular weight of 32, ethylene glycol has a mo-
lecular weight of 62, and isopropanol has a molecu-
lar weight of 60.125]
	 When meningitis or encephalitis is suspected, 
a lumbar puncture should be performed to obtain 
samples of CSF. CSF tests of interest include cell 
count with differential, Gram stain, protein level, 
glucose level, and culture. The results from these 
tests can also be helpful diagnostic tools in cases of 
secondary CNS vasculitis or postinfectious disor-
ders. Other CSF tests that can be ordered include 
herpes simplex virus polymerase chain reaction, 
other viral polymerase chain reactions, oligoclonal 
bands, or other tests as indicated. In cases where 
anti-NMDA receptor encephalitis is suspected, anti-
NMDA receptor antibody levels in the CSF should 
be obtained. 
	 Other laboratory studies that may be helpful in 
the diagnostic workup of a patient presenting with 
ALOC may include blood and urine cultures, as well 
as urinalysis in cases of possible sepsis, bacteremia, 
or pyelonephritis.

Imaging Studies
Different imaging modalities can be used to assess 
the patient with ALOC. For the critically ill pediat-
ric patient with ALOC, once stabilized, a computed 
tomography (CT) scan can provide emergent brain 
imaging. A CT scan of the brain without contrast is 
useful to evaluate for midline shift, ventricle size, 
ruptured aneurysms, and intracranial hemorrhage. 
A CT scan with contrast can assess brain perfusion 
for older ischemic or infarcted areas, as well as signs 
of inflammation, abscess, mass, or venous throm-
bosis. However, MRI provides better detail of soft 
tissue and is considered to be the superior imaging 
modality for evaluation of CNS infections and the 
posterior fossa.126,127 In cases of suspected childhood 
stroke, a CT scan can be the initial imaging modality 
used. However, a CT scan may miss early ischemic 
infarcts, and MRI with diffusion-weighted imaging 
and magnetic resonance angiography of the head 
and neck should be done if acute ischemic stroke is 
suspected.128 Conventional angiography is the gold 
standard for evaluating CNS vasculitis, but magnetic 
resonance angiography/venography may be suf-

can indicate hepatic dysfunction as a possible cause of 
the patient’s ALOC. Other physical examination find-
ings may also be present based on the etiology of the 
patient’s ALOC and other symptoms. 

 Diagnostic Studies 

In a patient with ALOC, laboratory and imaging diag-
nostic studies should be focused on finding reversible 
and treatable causes as quickly as possible. Since the 
causes of ALOC are broad, selected diagnostic studies 
should be performed based on the history and physi-
cal examination and likely diagnoses. 

Laboratory Studies
A point-of-care glucose level can be obtained to 
assess for hypoglycemia. Alternatively, obtaining 
a point-of-care blood gas with electrolytes (includ-
ing sodium and glucose levels) can be an expedient 
method for assessing the patient’s acid-base status 
and to determine whether hypoxemia, hypercarbia, 
or electrolyte derangements are present. A complete 
blood cell count with differential can demonstrate 
findings such as leukocytosis or thrombocytosis/
thrombocytopenia suggestive of an infectious, 
inflammatory, or hematologic process underlying 
the etiology for a patient’s ALOC. In addition, a 
comprehensive metabolic panel can reflect labora-
tory findings suggestive of hypoglycemia, hypo-
natremia, hypermagnesemia, or hypocalcemia (if 
seizures are present); or elevated transaminases or 
blood urea nitrogen if hepatic encephalopathy or 
uremia is the cause. A serum ammonia level can be 
obtained for metabolic causes. Plasma ammonia 
levels should be collected without using a tourni-
quet and without a clenched fist during collection 
as much as possible, since muscular exertion can 
increase venous ammonia levels. Once collected, 
samples should be immediately placed on ice and 
transported to the laboratory. 
	 If toxic ingestion or exposure is suspected, 
a local poison control center may help guide the 
emergency clinician in determining the appropriate 
laboratory testing warranted per individual case. 
The initial chemistry panel may reflect that the 
patient has metabolic acidosis. With a wide differ-
ential for causes of ALOC and metabolic acidosis, 
looking at the anion gap can be useful. Causes of 
elevated anion gap metabolic acidosis can be re-
viewed using the mnemonic “MUDPILES” (metha-
nol, uremia, DKA, paraldehyde, ibuprofen/inborn 
errors of metabolism/inhalants/iron overdose/
isoniazid, lactic acidosis, ethanol/ethylene glycol, 
salicylates/solvents/starvation). If alcohol inges-
tion is a suspected etiology for ALOC in the setting 
of an elevated anion gap metabolic acidosis, serum 
ethanol levels can be measured in addition to 
obtaining serum osmolality levels. Serum osmolal-
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aging studies, suspected etiologies can be addressed, 
if this has not already occurred during the course of 
stabilization. Treatment for patients with ALOC is 
largely contingent on the etiology for ALOC.

Electrolyte Abnormalities 
Once recognized, electrolyte abnormalities should 
be promptly corrected based on the etiology. 
Hyponatremia should be corrected slowly due to 
risk of central pontine myelinolysis. The patient’s 
sodium (Na) deficit can be calculated using the 
following formula: 

mEq Na deficit = (desired Na – measured Na) x 0.6 
(volume of distribution of Na) x weight in kg 

The patient’s serum sodium level should not rise 
more than 12 to 15 mEq/L (12-15 mmol/L) over 
a 24-hour period.82 For more information about 
hyponatremia and hypernatremia, see the October 
2012 issue of Emergency Medicine Practice entitled 
“Sodium Disorders In The Emergency Department: 
A Review Of Hyponatremia And Hypernatremia,” 
available at www.ebmedicine.net/SodiumDisorders.

Ingestion Or Exposure
For patients with suspected toxic ingestion or ex-
posure, activated charcoal can be considered if the 
patient presents within 1 hour of suspected inges-
tion, is amenable to this therapy, and is not at risk 
for aspiration.133 The dose of activated charcoal is 
0.5 to 1 g/kg for children aged up to 12 years. For 
adolescents and adults, the recommended dose of 
activated charcoal ranges from 25 to 100 grams.134 
Absolute contraindications include patients with 
an unprotected airway or those with disruption of 
the integrity of the gastrointestinal tract anatomy or 
intestinal obstruction.135 When opioids or benzodi-
azepines are suspected as causal agents for a pa-
tient’s ALOC, reversal agents such as naloxone and 
flumazenil, respectively, can be administered. Typi-
cal dosing for naloxone is 0.1 mg/kg for infants and 
children up to 20 kg. For patients weighing > 20 kg, 
a dose of 2 mg of naloxone can be given. Doses may 
be repeated for optimal reversal of opioid toxicity.136 
Although flumazenil has been demonstrated to be 
safe to use for reversal of benzodiazepine-induced 
procedural sedation in pediatric patients, the safety 
profile for its use in pediatric poisonings is less well 
defined.137 For more information about the manage-
ment of pediatric ingestions, see the April 2016 issue 
of Pediatric Emergency Medicine Practice entitled “Pe-
diatric Ingestions: Emergency Department Manage-
ment,” available at www.ebmedicine.net/Ingestions. 

Fever
In patients presenting with fever and ALOC, empiric 
broad-spectrum antibiotics should be administered, 

ficient to make the diagnosis.49 In cases of acute dis-
seminated encephalomyelitis, MRI of the brain with 
T2-weights and fluid-attenuated inversion recovery 
sequences may show poorly defined, patchy areas of 
increased signal intensity with multiple lesions typi-
cally being large, globular, and asymmetric.51 For 
neonates with encephalopathy, a cranial ultrasound 
for screening followed by MRI may be a reasonable 
initial approach compared to a CT scan.129 In pedi-
atric patients with CSF shunts who present to the 
ED with concerns for possible shunt malfunction, 
emergent brain imaging is usually necessary, and 
either limited CT or rapid-sequence MRI scans can 
be performed, focusing on ventricular size.130,131

	 When there is suspicion that the primary etiol-
ogy for ALOC is from other areas of the body, addi-
tional studies may be indicated. Abdominal imaging 
(x-ray, ultrasound, or CT) may be helpful to assess 
for a primary abdominal process (eg, perforation 
leading to sepsis, intussusception, or hepatomegaly). 
In patients with ALOC of possible cardiac etiology 
(such as in patients presenting with syncope), an 
electrocardiogram can be performed to assess for 
life-threatening dysrhythmias.52,132 When nonac-
cidental trauma is suspected, a skeletal survey can 
provide information regarding skull fractures and 
other bony abnormalities (both old and new) that 
may be consistent with traumatic mechanisms. 

 Treatment 

General Treatment Strategies
Early treatment steps in the patient with ALOC 
should include providing supplemental oxygen. 
Hypoxemia can be both a primary or secondary 
mechanism involved in a patient’s altered presenta-
tion, and supplemental oxygen should be given as 
needed, especially if the pulse oximetry reading is 
low or if the patient is hypoventilating. The empiric 
administration of dextrose should be considered 
in the patient with ALOC, especially if the patient 
is a neonate. Hypoglycemia can be addressed by 
administering 0.25 g/kg of dextrose as a resuscita-
tive dose. This is equivalent to 2.5 mL per kg of 10% 
dextrose, although providers can give as much as 4 
to 5 mL per kg of 10% dextrose fluid intravenously 
every 5 to 10 minutes as needed.7,32 Following this, 
a goal glucose infusion rate of 6 to 8 mg/kg/min 
can be used to maintain euglycemia.7 Usually, 10% 
dextrose fluid at 1.5 times maintenance rate achieves 
an adequate glucose infusion rate.7,32 Plasma glucose 
checks should be completed frequently until a stable 
level > 70 mg/dL is attained more than once.32 

Condition-Specific Treatment
Once the patient is stabilized and the differential 
diagnosis has been narrowed using findings from the 
history, physical examination, and laboratory and im-

http://www.ebmedicine.net/SodiumDisorders
http://www.ebmedicine.net/Ingestions
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Diabetic Ketoacidosis/ Hyperglycemic Hyperosmolar 
State
ALOC from complications of DKA can be addressed 
with fluids, insulin, and other corrective measures. 
Interventions to specifically improve cerebral edema in 
the setting of DKA can include administration of man-
nitol 1 g/kg over 15 minutes or 3% hypertonic saline 
5 mL/kg over 5 to 10 minutes.140 For more information 
about the management of DKA, see the March 2013 
issue of Pediatric Emergency Medicine Practice entitled 
“Pediatric Diabetic Ketoacidosis: An Outpatient Per-
spective On Evaluation And Management,” available 
at www.ebmedicine.net/DiabeticKetoacidosis. 
	 The treatment of pediatric patients with HHS 
also includes fluid resuscitation, although there are 
subtle differences in the management of HHS and 
DKA that should be noted. Fluid resuscitation is 
typically more aggressive and longer and, in con-
trast to DKA management, early insulin administra-
tion is unnecessary. Insulin therapy can be consid-
ered when serum glucose concentrations are no 
longer decreasing with fluid therapy alone or earlier 
in cases of patients with more severe acidosis and 
ketosis.71,141 

Hypertensive Encephalopathy
The goal of addressing hypertensive encephalopathy 
includes using antihypertensives to correct elevated 
blood pressure. Initial utilization of benzodiazepines 
may provide an acceptable drop in blood pressure, 
often providing valuable time when considering 
more specific autonomic agents. To manage emergent 
cases of severe hypertension, intravenous agents 
with short half-lives are commonly used. Labet-
alol is a alpha blocker and beta blocker, which are 
contraindicated in patients with asthma and should 
be used cautiously in patients with heart failure, as 
the possible side effect of bradycardia can exacer-
bate heart failure. Nicardipine is a calcium-channel 
blocker that is also commonly used as an antihyper-
tensive in emergent cases. Delivered as a nicardipine 
intravenous infusion that may be infused via large 
peripheral intravenous line (though central intrave-
nous access is preferred) the initial rate of infusion 
may be started at 0.5 to 1 mcg/kg/min. Hydrala-
zine is an arteriolar vasodilator that has the added 
benefit of being an agent that can be given either 
intravenously or via an intramuscular route.142,143 
For more information about the management of 
pediatric hypertension, see the April 2012 issue of 
Pediatric Emergency Medicine Practice entitled “The 
Evidence-Based Emergency Management Of Pedi-
atric Hypertension,” available at www.ebmedicine.
net/Hypertension.

Inborn Errors Of Metabolism
Generally, for patients with inborn errors of metabo-
lism, 10% dextrose fluid at 1.5 times maintenance 
rate is started empirically to reverse the patient’s 

with consideration of adding acyclovir for cases of 
suspected herpes simplex virus infection. Although 
obtaining CSF for cultures would aid in tailoring 
antimicrobial therapy in patients with infectious 
meningitis or encephalitis, the inability to obtain 
CSF should not cause unnecessary delay of the ad-
ministration of antimicrobial therapy. 

Elevated Intracranial Pressure
For patients with signs of increased intracranial 
pressure, the head of the patient’s bed should 
be elevated to 30° to promote central venous 
drainage and so hyperosmotic agents can be ad-
ministered. Choices of fluids include 20% mannitol 
(0.25-1 g/kg/dose over 3-5 minutes) or 3% saline, 
while consulting neurosurgical services.  

Seizure
In patients with suspected seizures, benzodiazepines 
can be utilized. Common lorazepam dosing is 0.05 to 
0.1 mg/kg (maximum 4 mg) followed by a loading 
dose of an antiepileptic medication such as fosphe-
nytoin (20 mg phenytoin equivalents/kg) or intrave-
nous levetiracetam (Keppra® 20 mg/kg).138 For more 
information about the management of seizures 
in pediatric patients, see the March 2015 issue of 
Pediatric Emergency Medicine Practice entitled “Emer-
gency Department Management Of Seizures In Pedi-
atric Patients,” available at www.ebmedicine.net/ 
Seizures.  

Neurologic Conditions
In cases of CNS vasculitis, postinfectious disorders, 
or noninfectious encephalitis, key elements of treat-
ment will include immunosuppressive therapies. In 
certain cases of primary CNS vasculitis, there may 
be a role for anticoagulative therapy as well.50 Treat-
ment modalities for anti-NMDA receptor encephalitis 
include surgical resection of the neoplasm (if present 
and found), steroids, intravenous immunoglobulin 
therapy, plasma exchange, and immunotherapy 
agents such as cyclophosphamide or rituximab.105 
For patients who present with symptoms of catatonia, 
common treatment modalities include anticonvul-
sants with particular use of benzodiazepines and elec-
troconvulsive therapy. Treatment regimens may also 
include immunosuppressive therapies in addition to 
psychotropic medications as adjunctive therapy.139 
For patients with specific conditions, such as sickle 
cell disease, treatment modalities may include inter-
ventions specific to their disease process. For patients 
with sickle cell disease who present with an acute 
stroke, treatment goals include rapidly reducing the 
percentage of hemoglobin S in the blood using blood 
transfusions or automated exchange transfusions 
under the guidance of a hematology specialist.96

http://www.ebmedicine.net/DiabeticKetoacidosis
http://www.ebmedicine.net/Hypertension
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severe hyperammonemia until the etiology is deter-
mined.145 Care must be taken to ensure proper dos-
age of medications, as fatal overdoses can occur.147 
If pharmacologic treatments fail and hyperammo-
nemia that is greater than 10 times normal persists, 
hemodialysis should be considered as the next step 
in management.145 For ALOC secondary to accumu-
lation of toxic metabolites, dialysis or hemofiltration 
may be necessary, and requires referring to institu-
tional protocol for acute liver failure or acute renal 
failure. In cases of hepatic encephalopathy, bowel-
cleansing agents such as lactulose or neomycin can 
be used to reduce ammonia levels by decreasing 
colonic bacteria colonies responsible for producing 
ammonia, although this is a second-tier approach.148 
For more information about the management of 
metabolic emergencies in pediatric patients, see the 
October 2009 issue of Pediatric Emergency Medicine 

catabolic state. The patient should be ordered to 
have nothing by mouth to eliminate exposure to 
potentially harmful sugars or proteins. After ini-
tiating fluid therapy, depending on the metabolic 
condition, other therapies may be warranted. In 
hyperammonemic crises, pharmacologic treatments 
such as sodium phenylacetate and sodium benzo-
ate can be used to provide alternative metabolic 
pathways.144 The dose of sodium phenylacetate or 
sodium benzoate is an initial 0.25 g/kg bolus over 2 
to 4 hours, then at an infusion rate of 0.25 g/kg over 
24 hours.145,146 Arginine hydrochloride (10%) is also 
given in combination with sodium phenylacetate 
and sodium benzoate, with doses varying depend-
ing on the patient’s underlying condition. Of note, 
the intravenous forms of sodium phenylacetate and 
sodium benzoate are approved only for urea cycle 
defects but can still be clinically indicated in cases of 

1.	 “The patient was drinking alcohol while driv-
ing and got into a car accident. His altered 
mental status must be from his intoxication.”

	 Although alcohol intoxication may contribute 
to the patient’s ALOC, it is important to rule out 
any other concomitant etiologies for the patient’s 
ALOC, including, but not limited to, intracranial 
injury due to the motor vehicle crash.

2.	 “I thought that this was her neurological base-
line.”

	 In special populations that include 
developmentally delayed patients, it is 
imperative to ask the caretaker(s) what the 
patient’s neurological baseline is in order to 
correctly assess and evaluate any changes in 
levels of consciousness. 

3.	 “The patient was still seizing after the first 4 
doses of lorazepam and 2 doses of fosphenyt-
oin, so we proceeded to place the patient in a 
phenobarbital coma without further investiga-
tion.”

	 The differential for a patient presenting with 
seizures includes electrolyte derangements—
including hyponatremia and hypoglycemia—as 
potential etiologies. The emergency clinician 
should not only prepare to administer 
benzodiazepines and other antiepileptic agents, 
but also to correct any potential electrolyte 
derangements that may be the cause of seizure. 
Other causes for seizures can include toxic 
exposures or ingestions that may need to be 
considered as well. 

4.	 “Even though her GCS score was 7, I needed a 
CT scan emergently, so I sent her for the scan 
without further stabilizing her.”

	 Unless the patient’s mental status is quickly 
improving and returning to neurological 
baseline, patients with a persistent GCS score of 
≤ 8 should be intubated in order to protect their 
airway, given their unstable neurological status. 

5.	 “I could not obtain cerebrospinal fluid from 
the lumbar puncture, so I held off on antibiot-
ics.”

	 If infectious causes are highly suspected in 
a patient with ALOC, the inability to obtain 
CSF should not cause unnecessary delay to 
administration of antibiotic therapy. 

6.	 “I knew the diagnosis, so I did not do a com-
plete neurological examination.”

	 Once the ABCs of a patient with ALOC 
are stabilized, details of the neurological 
examination can provide critical information. 
For example, anisocoria can reflect signs of 
impending brain herniation and papilledema 
can serve as a sign indicating increased 
intracranial pressure secondary to mass effect on 
the brain.

Risk Management Pitfalls In Patients With Altered Level Of Consciousness 
(Continued on page 19)



19	 Copyright © 2017 EB Medicine. All rights reserved.January 2017 • www.ebmedicine.net

 Controversies And Cutting Edge 

For cases of cerebral sinovenous thrombosis, antico-
agulation is one possible therapeutic intervention, 
although therapeutic management for this disease 
process remains controversial.149,150

 Disposition 

Any patient presenting with unresolved ALOC or 
ALOC without a clear cause should be admitted 
for observation and further evaluation. Criteria 
for admission to the intensive care unit rather than 
the inpatient floor may include the following: (1) 
Concerns regarding the patient’s cardiopulmonary 
status; (2) the need for mechanical ventilation; (3) 
increased intracranial pressure; and/or (4) the need 
for more frequent or intensive patient care (eg, DKA 

Practice entitled “Evidence-Based Management Of 
Metabolic Emergencies In The Pediatric Emergency 
Department,” available at www.ebmedicine.net/
Metabolism.

 Special Populations 

Patients with cognitive developmental delays and 
underlying neurological disorders may present with 
reports of ALOC by the caregiver. For the emergency 
clinician, it may be difficult to understand or ascer-
tain the patient’s baseline neurological status for 
comparison, and the presenting signs or symptoms 
of ALOC may be subtle. In these cases, history from 
the patient’s primary caretakers and guardians is 
imperative.

7.	 “I thought the patient’s irregular breathing was 
due to his mental status.”

	 Emergency clinicians should not focus solely on 
the patient’s neurological presentation, as this 
could result in failure to piece together other 
presenting signs and symptoms to ascertain 
the correct diagnosis. For example, respiratory 
changes can be important clinical findings to 
indicate Kussmaul breathing, as seen in DKA, or 
erratic or irregular breathing, as seen in Cushing 
triad. 

8.	 “The patient initially presented with hypogly-
cemia, and a dextrose bolus was given. Once 
the hypoglycemia was addressed, I did not 
think to start dextrose-containing intravenous 
fluids.”

	 Patients who present with hypoglycemia should 
not only be given a dextrose bolus, but should 
also have their glucose level rechecked and 
monitored closely. In addition, if hypoglycemia 
persists, dextrose-containing fluids should be 
started at 1.5 times maintenance rate to ensure 
a steady glucose infusion rate until the etiology 
for hypoglycemia can be ascertained. Plasma 
glucose checks should be completed frequently 
until a stable level > 70 mg/dL is attained more 
than once.32

9.	 “The patient was hyponatremic and altered. I 
subsequently gave a 20 mL/kg normal saline 
bolus and started the patient on normal saline 
intravenous fluids at 1.5 times maintenance 
rate.”

	 Correcting hyponatremia should be done slowly, 
due to the risk of central pontine myelinolysis. 
The recommended rate of correction is such that 
the patient’s serum sodium levels should not 
rise more than 12 to 15 mEq/L (12-15 mmol/L) 
over a 24-hour period. 

10.	 “He initially came into the ED looking intoxi-
cated. I did not think that there would have 
been any issues with cervical spine instabil-
ity.”

	 In all patients presenting with ALOC, trauma 
must be considered in the differential. If trauma 
is highly suspected as the etiology for the 
patient’s ALOC, care must be taken to ensure 
proper cervical spine precautions. Similarly, it 
is important to fully undress the patient with 
ALOC to avoid missing skin findings, signs 
of trauma, or other cutaneous clues that may 
otherwise be hidden underneath clothing.

Risk Management Pitfalls In Patients With Altered Level Of Consciousness 
(Continued from page 18)
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of the test results returned within normal limits, except 
the urine toxicology test and serum ethanol test, and the 
patient was admitted. You learned from the critical care 
team that the patient was extubated soon afterwards, and 
returned back to neurological baseline. The boy admitted 
to the critical care team that he took several prescription 
pain medications and a couple of shots of whiskey before 
he lost consciousness. 
	 In the 9-year-old girl with propionic acidemia, a 
bedside blood gas test was obtained that included evalu-
ation of a set of electrolytes, which demonstrated a low 
bicarbonate level. In addition to normal saline boluses run 
concurrently through a “Y” connector, intravenous fluids 
containing 10% dextrose were started, running at a rate 
of 1.5 times maintenance.145 Additional laboratory studies 
were sent, including a serum ammonia level that re-
turned highly elevated. Sodium phenylacetate and sodium 
benzoate were given and the patient was admitted to the 
intensive care unit. She was discharged several days later 
after returning to neurological baseline. 

 Time- And Cost-Effective Strategies 

•	 Not all patients who present to the ED with 
ALOC need emergent brain imaging. Brain 
imaging should be selective and based on the 
evaluation and suspicion for intracranial causes 
of ALOC.

•	 By obtaining electrolyte levels early in the evalu-
ation of undifferentiated ALOC in the ED, un-
necessary additional tests may be avoided.

•	 Most patients with ALOC should be admit-
ted to the hospital for further monitoring and 
evaluation. However, there are select cases in 
which a patient’s medical history is known and 
the etiology for ALOC is addressed during the 
ED visit. If the patient returns to neurological 
baseline and the causative agent for the ALOC is 
completely resolved, hospital admission may be 
avoided.

 References 

Evidence-based medicine requires a critical ap-
praisal of the literature based upon study methodol-
ogy and number of subjects. Not all references are 
equally robust. The findings of a large, prospective, 
randomized, and blinded trial should carry more 
weight than a case report. 
	 To help the reader judge the strength of each 
reference, pertinent information about the study, such 
as the type of study and the number of patients in the 
study is included in bold type following the references, 
where available. The most informative references cited 
in this paper, as determined by the authors, are noted 
by an asterisk (*) next to the number of the reference.

requiring frequent laboratory evaluation). Other 
patients with ALOC may also require a higher level 
of care and admission to the intensive care unit, and 
this should be considered on a case-by-case basis. In 
situations where the etiology of presentation is de-
finitively identified and addressed (eg, seizure in a 
known epileptic patient who missed doses of home 
antiepileptic medications), the emergency clinician 
may potentially discharge the patient with close 
outpatient follow-up. 

 Summary 

Patients who present with ALOC can be a diagnos-
tic challenge, given the wide differential of pos-
sible diagnoses. A comprehensive history, complete 
physical examination, as well as the aid of selected 
laboratory and imaging tests can help delineate the 
underlying etiology for the change in the patient's 
level of consciousness. Management approaches 
should be based on suspected etiologies, and revers-
ible and readily treatable causes might be identified 
and treated rapidly, such as treating hypoglycemia 
with dextrose fluids or seizures with anticonvul-
sants. All children presenting with ALOC should be 
monitored until they return to baseline, and admis-
sion to the hospital should be strongly considered 
for further observation and evaluation. Children 
exhibiting continued alteration in mental status or 
return of altered states should be monitored in the 
intensive care unit. With consideration of a wide dif-
ferential of possibilities, the emergency clinician will 
be able to successfully manage patients who present 
with ALOC. 

 Case Conclusions 

You determined that the 7-year-old girl had presented 
with signs and symptoms concerning for possible menin-
gitis. A lumbar puncture was performed, and the results 
from the CSF cell count were 396 WBCs and 1 RBC, low 
CSF glucose, and high CSF protein values. A CSF culture 
was also sent. Doses of vancomycin and ceftriaxone were 
administered. The patient was admitted to the intensive 
care unit. A few days later, you ran into the girl’s parents 
who reported that their daughter was still on intravenous 
antibiotics therapy, but back to neurological baseline. 
	 It was determined that the mental status of the 
14-year-old boy was altered due to intoxication. There was 
high clinical suspicion that he may have lost conscious-
ness after ingesting narcotics and drinking alcohol, based 
on what was found near him at the time he was found. 
Given his initial presentation with ALOC and low GCS 
score, you decided to secure the airway via rapid sequence 
induction and intubation. You obtained a bedside electro-
cardiogram, serum electrolytes, urine toxicology test, se-
rum ethanol, serum acetaminophen, and serum salicylate 
levels in addition to obtaining a CT scan of his brain. All 
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5.	 An 8-month-old boy is brought to the ED for 
lethargy. Over the last 3 days, he has had recur-
rent episodes of crying, flexing his hips and 
knees. His mother states that his stool seems 
slightly bloody. He has not had fever, and does 
not currently have an episode. His examination 
is normal except for mild tenderness and full-
ness of his abdomen. The most likely cause of 
this patient’s lethargy is:
a.	 Meckel diverticulum
b.	 Intussusception
c.	 Botulism 
d.	 Meningitis
e.	 Septic arthritis

6.	 A 7-year-old girl with astrocytoma presents 
with ALOC. She underwent cranial surgery 
1 month ago and she is currently undergoing 
chemotherapy. She is afebrile and her physical 
examination is otherwise normal. You obtain 
a brain CT scan, which shows no new changes 
from her brain imaging done postoperatively. 
Which of the following causes is the most 
likely cause of her ALOC?
a.	 Ondansetron
b.	 Vincristine
c.	 Polyethylene glycol
d.	 Diazepam
e.	 Morphine sulfate

7.	 A 7-week-old infant is brought to the ED for 
high fever and lethargy. The results from his 
cerebrospinal fluid tests show an elevated 
white blood cell count, normal red blood cell 
count, elevated protein, and decreased glucose. 
Which of the following organisms is the most 
likely etiology of this patient’s condition?
a.	 Group B Streptococcus
b.	 Listeria monocytogenes
c.	 Neisseria meningitidis
d.	 Lyme disease
e.	 Ehrlichiosis

8.	 A 1-month-old infant was brought to the ED for 
concerns of ALOC. He is sleeping through the 
night and requires his parents to wake him to 
feed. On examination, he is difficult to arouse, 
but his examination is otherwise normal. One 
of the first laboratory evaluations you should 
obtain for this patient is:
a.	 Point-of-care glucose level
b.	 Serum ammonia level
c.	 Complete blood cell count
d.	 Comprehensive metabolic panel
e.	 Urine toxicology screen

1.	 Late on a cold winter night, 3 children are 
brought to the ED with the chief complaint of 
altered level of consciousness (ALOC). Anoth-
er child was pronounced dead at the scene. The 
3 children are comatose upon arrival. History 
reveals that they were all well prior to pre-
sentation. Which of the following is the most 
likely etiology of the symptoms?
a.	 Codeine
b.	 Carbon monoxide
c.	 Propionic acidemia
d.	 Hyponatremia
e.	 Hypoglycemia

2.	 A 17-year-old adolescent girl with ALOC is 
brought to the ED from a rave party. Her friends 
said that she received some pills from an ac-
quaintance and, after taking them, she became 
agitated and began to sweat. In the ED, her vital 
signs are: temperature, 38ºC; heart rate, 130 
beats/min; respiratory rate, 24 breaths/min; and 
blood pressure, 150/90 mm Hg. The girl’s pupils 
are dilated and she is diaphoretic. What is the 
most likely cause of her symptoms? 
a.	 Gamma hydroxybutyrate
b.	 Fentanyl
c.	 Toxic mushrooms
d.	 Ecstasy
e.	 Jimson weed

3.	 A 15-year-old boy is brought to the ED for 
ALOC by emergency medical services. The boy 
works on his father's farm every afternoon, and 
he has had vomiting and diarrhea for the last 
few hours. In the ED, he is diaphoretic, drool-
ing, and tearing. His pupils are constricted. 
The most likely cause of his symptoms is:
a.	 Imipramine overdose
b.	 Jimson weed ingestion
c.	 Toxic mushroom ingestion
d.	 Ketamine ingestion
e.	 Insecticide exposure

4.	 A 12-year-old girl presents to the ED with 
ALOC. She was doing homework at home 
when she complained of a headache and then 
suddenly became altered. She had no pre-
ceding trauma or fever, and is an otherwise 
healthy child. What is the most likely cause of 
her symptoms?
a.	 Meningitis
b.	 Encephalitis
c.	 Arteriovenous malformation rupture
d.	 Intracranial abscess
e.	 Astrocytoma
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10.	 A 5-year-old boy presented to the ED with 
ALOC. The parents say he has a metabolic 
disorder, but cannot name the specific condi-
tion. He has been vomiting for 2 days, and he 
appears lethargic on examination. His vital 
signs are: temperature, 37ºC;  heart rate, 120 
beats/min; respiratory rate, 26 breaths/min; 
blood pressure, 110/70 mm Hg; oxygen satura-
tion, 99% on room air. His airway is intact, and 
his breaths are equal and adequate. The most 
important next step in treatment should be 
administration of:
a.	 Sodium phenylacetate IV
b.	 Sodium benzoate IV
c.	 Dextrose 10% IV at 1.5 times maintenance 

rate
d.	 Ceftriaxone IV
e.	 Oxygen via nonrebreather mask

9.	 A 4-month-old boy is being transferred to your 
medical center for further care. He had been 
fed diluted apple juice for the last 3 days. He 
has been lethargic, has had decreased urine 
output, and no tears. He was found to have a 
sodium level of 121 mEq/L and was given hy-
pertonic saline to correct his sodium deficit. He 
is at risk for developing:
a.	 Renal failure
b.	 Dysrhythmia
c.	 Increased intracranial pressure
d.	 Central pontine myelinolysis
e.	 Intussusception
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Points
• Cervical artery dissections involve the carotid or 

vertebral arteries. An intimal tear creates a pseu-
dolumen with intramural hematoma, which can 
later lead to vessel occlusion, thrombus forma-tion, embolus, pseudoaneurysm, or rupture.

• Cervical artery dissections from blunt trauma are 
caused by direct blow to the neck, hyperexten-sion or contralateral rotation, intraoral trauma, or skull-base fractures. However, they can also occur spontaneously or with minor trauma. On 

average, symptoms occur 2 to 3 days after the traumatic event.• Cervical artery dissections may present with headache, facial pain, or neck pain and may be associated with neurological symptoms, dysgeu-
sia, pulsatile tinnitus, or cervical radiculopathy. 
Risk factors include connective tissue disease and 
vascular abnormalities. • Liberal screening criteria are recommended. High-risk findings include lateralizing neurologi-

cal deficits, Glasgow Coma Scale score < 8, cervi-
cal hematoma, bruit, thrill or crepitus, anisocoria, 
Horner syndrome, cervical spine fracture, and Le 
Fort type II or III fractures.• Though digital subtraction angiography is the gold standard for diagnosis of cervical artery dis-

sections, computed tomographic angiography is 
an accepted choice, with 98% to 100% sensitivity 
and 95% to 100% specificity while having fewer risks and delays compared to angiography. Mag-
netic resonance angiography is also an alternative, 
but is not sensitive for vertebral artery dissection.

• Early administration of antithrombotic therapy with antiplatelet agents (eg, aspirin) or anticoagu-
lants (eg, heparin) has been shown to significantly 
reduce the risk of stroke in cervical artery dissec-
tions. There is no clear benefit of one agent over another, but many prefer heparin in the setting of 
an acute thrombus or vessel occlusion. If there are 
contraindications to antithrombotic therapy, endo-
vascular treatment should be considered.

• Cervical artery dissection is not a contraindication 
for thrombolytics for ischemic stroke. Patients with 
acute strokes can receive thrombolytics safely even 
when cervical artery dissection is suspected. After 
thrombolytics, antiplatelet agents and anticoagula-
tion should be delayed for 24 hours.• Patients diagnosed with a cervical artery dissec-
tion should be admitted and closely monitored. 
Follow-up imaging is needed to assess disease progression in 7 to 10 days.• Due to the lack of data, blood pressure manage-

ment targets are up to individual providers based 
on specific patient characteristics.

Pediatric Severe Traumatic Brain Injury: An Evidence-Based Review

A Quick-Read Review Of Key Points & Clinical Pearls, July 2016
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Cervical artery dissections can even occur with minor trauma or spontaneously.
Maintain a high index of suspicion of cervical artery dissections in patients presenting with risk factors or with any concerning associated finding.

Early administration of antiplatelet agents or anticoagulants significantly reduces the risk of stroke in cervical artery dissections.
Cervical artery dissection is not a contraindi-cation for thrombolytics for ischemic stroke.
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always think of dissections, even with 

minor trauma.

Excellent CME questions. I enjoyed 

answering them.

After reading this issue, I will now 
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I will more liberally use CTA as a 

screening tool for dissection.
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Figure 5. Cerebral Herniation Syndromes

• In children with cervical artery dissection, if 

symptoms of are present, they have slightly 

different features than those seen in the adult 

population. In a cohort of 213 children with 

acute dissection, the most common present-

ing symptoms were focal neurological deficits 

(87.5%), headache (44%), altered level of con-

sciousness (25%), and seizure (12.5%).

• The Eastern Association for Surgery of Trauma 

guidelines state that the pediatric population 

should be evaluated using the same criteria as 

adults. 

1: Subfalcine herniation 

2: Central herniation

3: Transtentorial (uncal) herniation

4: Tonsillar herniation
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