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Emergency departments (EDs) are the typical initial contact
for seriously ill and injured patients. Although diverse and
sometimes subtle in presentation, acute neurological diseases
have an urgency that makes their rapid diagnosis and
treatment crucial for improving outcomes. These patients
may need to go to the intensive care unit, the interventional
radiology suite, or the operating room and may require
various consulting services but all of their care begins with
the emergency physician (EP). It is therefore vital that EPs
have expertise in recognizing these disorders and rapidly
initiating appropriate treatments.

Investigators and clinicians from around the world
submitted manuscripts for consideration in this special issue
focusing on neurological emergencies. We are pleased to
present this special issue in order to stimulate international
dialogue and advance efforts for improving the diagnosis,
close monitoring, and initial treatment of these potentially
devastating disorders.

This special issue includes a significant article by Dr.
L. H. Tan and Dr. O. Flower from Royal North Shore
Hospital, Australia on “Reversible cerebral vasoconstriction
syndrome: An important cause of acute severe headache” the
authors describe the epidemiology, pathophysiology, clinical
and diagnostic features, and a summary of the treatments
of this under-recognized syndrome. Dr. C. Tacon from
Sydney Children’s Hospital, Australia and Dr. O. Flower
present an excellent review on “Diagnosis and management of
bacterial meningitis in the paediatric population” it discusses
the changing epidemiology due to new childhood vaccines,

current laboratory testing, and clinical tools that can aid in
diagnosing bacterial meningitis, as well as the controversies
and advances in patient management. Dr. C. McDermott
and Dr. N. Collins from University College Dublin, Ireland
offer a noteworthy research article “Prehospital medication
administration: A randomised study comparing intranasal
and intravenous routes” the authors investigate the safety
and effectiveness of intranasal naloxone administration by
paramedic trainees. An indispensable review on “Sedation
in traumatic brain injury” by Dr. O. Flower and Dr. S.
Hellings from Royal North Shore Hospital, Australia presents
and compares the medication choices using evidence-based
support for recommendations on the optimal clinical context
for the use of each agent. Lastly, Dr. J. V. Pope and Dr. J.
A. Edlow from Harvard Medical School, USA present an
outstanding article “Avoiding misdiagnosis in patients with
neurologic emergencies” this valuable paper is intended to
assist EPs and other healthcare providers in understanding
how diagnostic errors occur in order to make an accurate
diagnosis and improve patient care for the common present-
ing complaints of headache, dizziness, back pain, weakness,
and seizure.

Joseph R. Shiber
Chamisa Macindoe

Oliver Flower
William A. Knight IV

Julian Bösel
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Several different classes of sedative agents are used in the management of patients with traumatic brain injury (TBI). These agents
are used at induction of anaesthesia, to maintain sedation, to reduce elevated intracranial pressure, to terminate seizure activity
and facilitate ventilation. The intent of their use is to prevent secondary brain injury by facilitating and optimising ventilation,
reducing cerebral metabolic rate and reducing intracranial pressure. There is limited evidence available as to the best choice of
sedative agents in TBI, with each agent having specific advantages and disadvantages. This review discusses these agents and offers
evidence-based guidance as to the appropriate context in which each agent may be used. Propofol, benzodiazepines, narcotics,
barbiturates, etomidate, ketamine, and dexmedetomidine are reviewed and compared.

1. Introduction

Several different classes of drugs are used as sedatives in
patients with traumatic brain injury (TBI). Several of these
agents may also have other uses, for example as anticonvul-
sants or analgesics. Whilst none are perfect, they all have
potential roles in managing a condition that is a major cause
of disability, death, and economic cost to society. This paper
discusses and compares these agents and offers evidence-
based guidance as to the appropriate context in which each
agent may be used.

It is important to delineate the contexts in which sedative
agents are used in the setting of TBI and what is considered
a sedative. For the purposes of this paper, sedative agents
are considered to be drugs that decrease consciousness and
have therapeutic applications in the management of TBI.
After primary brain injury, airway protection and control
of ventilation are often required. Induction sedative agents
(distinct from muscle relaxants) are used to safely facilitate
endotracheal intubation in a manner that minimises haemo-
dynamic instability and secondary brain injury. Maintenance
of sedation is then employed as part of the overall manage-
ment of TBI to permit manipulation of ventilation, optimi-
sation of cerebral metabolic rate (CMRO2), cerebral blood

flow (CBF), and intracranial pressure (ICP). See Table 1
for abbreviations with explanations. In TBI confounded by
alcohol or illicit drug intoxication, sedative agents facilitate
safe management whilst these confounding drugs wear off.
For refractory, elevated ICP in severe TBI, sedative agents
play a key role in the escalating tiers of therapy to reduce
ICP. Sedative hypnotics are also employed in seizure control
for refractory acute posttraumatic epilepsy. As with all
ventilated patients, sedatives act as anxiolytics whilst patients
are mechanically ventilated [1].

The primary injury of TBI causes diffuse axonal injury,
cerebral oedema, intracranial haematoma, elevated ICP,
reduced cerebral perfusion pressure (CPP), and cerebral
ischaemia. Therapeutic efforts focus on reducing the sec-
ondary insults of hypoxia, hypercapnea, systemic hypoten-
sion and intracranial hypertension. Sedatives address these
issues in several ways. They allow optimisation of ventilation
to prevent hypoxia and achieve normocapnea (and hypocap-
nea for brief episodes of elevated ICP); they reduce CMRO2

and therefore CBF and cerebral blood volume (CBV) and
reduce ICP. However they may reduce systemic blood
pressure, thereby reducing CPP, and have other adverse
effects. Even a single episode of hypotension is a powerful
predictor of outcome following TBI [2, 3].
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Table 1

Abbreviations and explanations

(i) AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid, GABA: γ-Aminobutyric acid
(ii) EEG: Electroencephalogram
(iii) CMRO2: Cerebral Metabolic Rate of Oxygen
(iv) CPP: Cerebral Perfusion Pressure
(v) ICP: Intracranial Pressure
(vi) IV: Intravenous
(vii) MAP: Mean Arterial Pressure
(viii) t1/2: Half-life
(ix) Context sensitive t1/2: the time taken for blood plasma
concentration of a drug to decline by one half after an infusion
designed to maintain a steady state (i.e., a constant plasma
concentration) has been stopped. The “context” is the duration
of infusion [5].

There is limited evidence available to guide the choice
of specific sedative agents in TBI. A recent systematic review
examining a range of outcomes in TBI concluded that there
was no convincing evidence that any one of the sedative
agent was superior to another [4]. A number of these studies
included patients with less severe traumatic brain injuries
and spanned several decades, further limiting conclusions
that can be made. Multiple sedative agents are often used
synchronously, clouding assessment of individual agents.
The guidelines from the Brain Trauma Foundation also
highlight a lack of high quality evidence to recommend one
sedative agent over another, with the exception of barbiturate
use for refractory elevated ICP. Despite this, each agent has
a potential role in TBI and clinicians must consider the
advantages and disadvantages when deciding what to use in
each context.

2. Propofol

See Table 2. Propofol is a phenol derivative with high lipid
solubility and a rapid onset of action. It has a very low solu-
bility in water so is formulated as an emulsion in soya bean
oil, glycerol, and egg phosphatide. A relatively rapid plasma
clearance ensures a reliable recovery of consciousness even
after prolonged administration, thereby facilitating neuro-
logical examination. However, the context-sensitive half time
does increase with prolonged infusions, though to a much
lesser extent than seen with many other sedatives.

Since its introduction in 1986, propofol has increasingly
been used both as an induction agent and as a maintenance
sedative in the neurointensive care unit. Several studies have
demonstrated the favourable cerebral effects of propofol.
ICP, CBF, and CMRO2, have all been shown to be reduced
with propofol [8, 9]. However, a fall in mean arterial blood
pressure (MAP) may reduce the CPP if this is not mitigated
with adequate fluid resuscitation and vasopressors. When
comparing propofol sedation with midazolam in medical
and surgical ICU patients, propofol has been associated
with improved quality of sedation and a faster recovery of
consciousness on discontinuation of sedation [10].

Table 2

Propofol

Group Phenol Derivative

Mechanism of
Action/Pharmakodynamics

Potentiation GABAA receptors
Na+ channel blocker

Neuroprotective effects

Reduces CBF, CMRO2 and ICP
Reduces MAP, therefore variable
effect on CPP
Increases seizure threshold

Pharmacokinetics

Rapid hepatic metabolised, with
extra-hepatic metabolism
t1/2 2–24 hours, but rapid peripheral
distribution
Short context sensitive t1/2

Advantages

Favourable effects on CBF,
CMRO2 and ICP
Rapid onset of action
Relatively short context sensitive t1/2
facilitating neurological assessment

Disadvantages and major
side effects

Hypotension may worsen CPP
High lipid load
Associated with elevated liver
enzymes & pancreatitis
Potential for PRIS, particularly with
prolonged, high dose infusions
Formulation may support bacterial
and fungal growth
Contraindicated if allergic to egg or
soybeans

Dosage

Induction: 1–2.5 mg/kg,
0.5–1.5 mg/kg in elderly or limited
cardiovascular reserve
Maintenance of sedation:
1.5–4.5 mg/kg/hour, titrated to
desired effect

Other significant facts
Increased risk of PRIS at infusions
>4 mg/kg/h for >48 h

Appropriate roles in TBI

Induction agent, caution in
hypotension
Continuous infusion to provide
sedation in TBI
Refractory elevated ICP
Refractory seizures

There is increasing awareness in the literature of the
central role of mitochondrial dysfunction and cerebral cell
death in areas of the brain with high oxidative stress [11,
12]. Propofol may act as a neuroprotective agent through
limitation of oxidative stress. An RCT employing cerebral
microdialysis catheters compared sedation with midazolam
and propofol, using several cerebral biomarkers as endpoints
in the acute phase of TBI [13]. No difference was found
between the two groups over a 72-hour period in the lactate
to pyruvate ratio, a marker of cerebral oxidative stress.
This was a relatively small study and the concentrations of
propofol used may not have been sufficient to produce an
antioxidant effect nevertheless this is an interesting and novel
area of future research.
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Figure 1: Brugada-like ECG changes that may be seen in propofol
infusion syndrome. Coved ST elevation, at least 2 mm J point
elevation and descending ST segment followed by a negative T wave
(see [67]).

Aside from a reduction in MAP and the need for
increased vasopressor requirements to preserve CPP, the
lipid formulation of propofol may be associated with other
adverse effects. Propofol infusion syndrome (PRIS) was ini-
tially described in case studies of children who were sedated
with propofol infusions. Subsequently it has been reported in
adults, both with long-term infusions in ICU patients and in
the short term when used as a general anaesthetic. Clinically
patients may present with a variety of findings including
lactic acidosis, cardiac dysfunction, and Brugada-like elec-
trocardiogram changes (see Figure 1), which may herald
imminent malignant arrhythmias [14]. This can progress
to rhabdomyolysis, renal failure, and cardiovascular collapse.
The pathophysiology of PRIS is incompletely understood
and involves multiple different pathways. An underlying
imbalance between energy utilization and demand at the
mitochondrial level and effects on lipid metabolism are
postulated mechanisms.

Importantly, it is thought that PRIS is more common in
patients with TBI. In one retrospective cohort study of adult
neurosurgical patients in ICU, 7 of 67 patients displayed
signs of PRIS and died. There was an increased incidence of
PRIS with higher doses [15]. PRIS may be more common in

TBI because large doses of propofol can be used to control
elevated ICP [16]. It has been argued that PRIS may limit the
usefulness of propofol as a sedative agent in traumatic brain
injury, particularly when used in higher doses.

Other potential complications associated with the use
of propofol include an elevation in pancreatic enzymes
and pancreatitis [17]. Concerns have also been raised that
propofol offers a good medium for microbial growth [18],
although this may be less significant with newer formula-
tions. Propofol has a significant calorific content, and this
should be taken into account when performing nutritional
assessments.

Initial reports suggested that propofol may increase
seizure activity in susceptible patients [19]. The extent to
which this activity represented disordered muscle tone or
true seizure activity is unclear [20]. Conversely, propofol has
also been demonstrated to increase seizure threshold and has
been successfully used in the treatment of status epilepticus.
Much of the evidence for the use of propofol in refractory
status epilepticus is derived from case series that demon-
strated cessation of seizure activity with infusions of propofol
[21]. Propofol has been demonstrated to achieve and main-
tain burst suppression, although at the expense of significant
decreases in mean arterial pressure and cardiac index [22].

Therefore, propofol is indicated as a sedative agent in
TBI. It has the advantage of a relatively quick onset and offset
of action facilitating neurological assessment. Clinicians
should be mindful of the risk of PRIS, particularly when
using >4 mg/kg/hour for >48 hours [23]. As an induction
agent it may cause a fall in MAP and thus CPP, and this
should be mitigated through the judicious use of vasopres-
sors and fluid boluses. Propofol may be indicated in the
treatment of refractory status epilepticus. Its use as an agent
to achieve burst suppression may come at the expense of
worsening haemodynamics.

3. Benzodiazepines

See Table 3. Benzodiazepines are commonly used as sedative
agents in patients with TBI. They are nonselective CNS
depressants that augment the action of GABA at GABAA

receptors, causing increased conductance of chloride ions.
They have anxiolytic, amnesic, and anticonvulsant proper-
ties. Prior to the advent of propofol, midazolam was the
most frequently used sedative in TBI in the UK [24], with
lorazepam frequently being used in the US [25]. Midazolam
offers the most benefits of the benzodiazepines for sedation
in TBI, due to its shorter context sensitive t1/2 (2–2.5 hours)
and faster onset and offset of action, compared to lorazepam
(t1/2 10–20 h) or diazepam (t1/2 20–40 hours) [26]. It has a
rapid onset as a result of high lipid solubility at physiological
pH due to the closure of the imidazole ring. Its rapid hepatic
metabolism accounts for its rapid offset of action [27]
however some metabolites are active and accumulate with
prolonged infusions. This may result in continued sedation
even after drug cessation, particularly in the elderly or with
liver impairment.

Whilst benzodiazepines reduce CBF, CMRO2, and ICP
and increase seizure threshold, there is evidence that bolus
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Table 3

Midazolam

Group Imadobenzodiazepine

Mechanism of
Action/Pharmakodynamics

GABAA receptor agonist
Chloride channel activation,
Kappa opioid agonist

Neuroprotective effects

Reduces CBF, CMRO2 and ICP but
minimal effect beyond that of
sedation
Reduces MAP, variable effect on CPP
Raises seizure threshold

Pharmacokinetics

Onset of action 2–4 minutes
94% protein bound
Highly lipid soluble
Hepatic metabolism
Renal excretion (some bile)
Short context sensitive t1/2 (2.4 h)

Advantages

Shorter t1/2 than other
benzodiazepines
Causes less hypotension than
barbiturates or propofol

Disadvantages and major
side effects

Metabolites accumulate delaying
neurological assessment post
cessation of infusion
Boluses in TBI reduce MAP (and
CPP)
Withdrawal syndrome
Delirium
Respiratory and cough reflex
suppression
Tachyphylaxis after 72 hours
Plateau effect on reducing ICP, where
increasing doses have no effect

Dosage
Induction: 0.1 mg/kg
Maintenance of sedation:
0.01–0.2 mg/kg/hour

Other significant facts

Interaction with peripheral
benzodiazepine leucocyte receptors
so may have immunosuppressant
effect

Appropriate roles in TBI

Induction of anaesthesia
Maintenance of sedation in
hypotensive patients with TBI
Maintenance of sedation when
imminent neurological assessment
not required
Treatment of seizures

doses significantly reduce MAP and CPP in severe TBI [28].
The depth of CMRO2 reduction possible with benzodi-
azepines is not as profound as barbiturates or etomidate, and
burst suppression cannot be achieved [29].

Other disadvantages include significant respiratory
depression and inhibition of the cough reflex, limiting its
use in non-intubated patients. After prolonged sedation with
benzodiazepines, tolerance develops, and on cessation, with-
drawal symptoms including tremors, seizures, hypertension,
and insomnia may occur, requiring ongoing longer acting
benzodiazepines to be prescribed [30]. Benzodiazepines are

a risk factor for ICU delirium [31], which is independently
associated with poor outcomes [32].

There have been several studies comparing the safety
and efficacy of benzodiazepines with other commonly used
agents. In one RCT, 63 trauma patients, the majority with
severe TBI, were randomised to receive either midazolam
or 2% propofol infusions. Patients in both groups received
morphine for analgesia. No significant difference in ICP or
in wake-up time was demonstrated between the two groups.
Similarly no significant differences were seen in haemody-
namic variables between the two groups. Interestingly, there
was a higher incidence of therapeutic failure in the propofol
group either because of inadequate sedation or hypertriglyc-
eridemia [33]. Other smaller, underpowered studies have
also failed to demonstrate a difference in outcomes between
these two agents [34].

Therefore benzodiazepines have a role in the sedation
of patients where imminent neurological assessment is
not required. They have significant disadvantages including
an accumulation of metabolites, increasing tolerance with
prolonged infusions, and an increased likelihood of delirium.

4. Narcotics

See Table 4. Opioid narcotics primarily have analgesic prop-
erties, and their sedative action may even be considered a
side effect. However, various opioids are used in the sedation
of patients with TBI, usually in combination with hypnotic
agents to ensure analgesia and reduce hypnotic dose require-
ments. Analgesia-based protocols are feasible, with certain
advantages over hypnotic (propofol and midazolam) seda-
tive regimens [35]. Intravenous opioids used include mor-
phine, fentanyl, sufentanil, and more recently remifentanil.

Opiates act on μ1 receptors (supraspinal analgesia),
μ2 receptors (ventilatory depression, bradycardia, physical
addiction), κ receptors (sedation, spinal analgesia), ε recep-
tors (dysphoria, hallucinations, respiratory stimulation),
and Δ receptors (analgesia, behavioural effects, and epilep-
togenic). The different opioids have variable effects on each
receptor [26]. Opioids can produce hypotension by a number
of mechanisms including a reduction in sympathetic tone
and the stimulation of histamine release. This hypotension
may be detrimental in patients with TBI in whom mainte-
nance of cerebral perfusion pressure is vital.

Prior to the advent of newer agents morphine has been
most commonly used as a narcotic in TBI. However, pro-
longed use of opioids such as morphine can lead to redis-
tribution and accumulation, with potentially unpredictable
delays in awakening. The t1/2 of morphine is increased in
renal failure, as a proportion of both the parent drug and
an active metabolite, morphine-6-glucuronide, are excreted
renally [36]. In addition, tachyphylaxis can lead to increasing
dose requirements with subsequent withdrawal phenomena
and a possible rebound increase in ICP on cessation.

Shorter acting opioids include fentanyl, alfentanil, sufen-
tanil, and remifentanil. These are more lipid soluble than
morphine and so have a faster onset of action [37]. Metab-
olism to inactive metabolites leads to less accumulation in
renal failure. Nevertheless, with prolonged infusion shorter
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Table 4

Morphine Fentanyl Alfentanil Sufentanil Remifentanil

Pharmacodynamics μ1, μ2, κ and Δ agonists

Elimination t1/2 (h) 3 3.7 1.5 2.2 0.25

Distribution t1/2 3–11 min 10–30 min 15 min 5 min 1 min

Neuroprotective effects May increase ICP Minimal effect beyond the analgesic effect on CBF and CMRO2

Pharmacokinetics

Onset 6 min
Peak effect 20 min
(IV)
30% protein bound
Hepatically
metabolised to active
metabolites
Renal clearance

95% protein bound
High lipid solubility
75% first pass
pulmonary uptake
Hepatically
metabolised to active
metabolites
Renal clearance

Onset
Peak 90 s
Duration 5–10 min
90% protein bound
Hepatically
metabolised
Renal clearance

Hepatically
metabolised
Renal clearance

Peak 60 s
Small Vd
Rapid clearance
Rapid ester
hydrolysis by
plasma esterases
to inactive
metabolite
(Independent of
renal & hepatic
function)

Advantages

Lower cost
Relative
haemodynamic
stability
Hypnotic agent
sparing
Analgesic properties

Lower cost
Relative
haemodynamic
stability
Hypnotic agent
sparing
Analgesic properties

Relative
haemodynamic
stability
Hypnotic agent
sparing
Analgesic properties

Relative
haemodynamic
stability
Hypnotic agent
sparing
Analgesic properties

Very rapid
onset/offset
Less nausea
Relative
haemodynamic
stability
Hypnotic agent
sparing
Analgesic
properties

Disadvantages and major
side effects

Hypotension
Bradycardia
Respiratory
depression
Cough reflex
suppression
Seizures
Rigidity
Constipation
Spasm sphincter of
Oddi
Nausea
Pruritis

Dosage 0.05–0.1 mg/kg/hr

Induction:
1–3 mcg/kg
Maintenance:
0.5–2 mcg/kg/h

Induction:
10–50 mcg/kg
Infusion:
0.5–1 mcg/kg/min

Induction: 4 mcg/kg
Bolus: 1 mcg/kg
Infusion: 0.0125–
1 mcg/kg/min

Appropriate uses in TBI
Long term analgesia
Palliation

Co-Induction agent
Continuous infusion
Palliation

Co-Induction agent Co-Induction agent

Co-Induction
agent
Continuous
infusion
infusion

acting opioids can accumulate and impede neurological
assessment. For example, with an increasing duration of
fentanyl infusion, saturation of inactive tissue sites and a
return of opioid from peripheral compartments mean that
there is a prolonged context-sensitive half time relative to
sufentanil.

Studies of the effects of opioids on ICP have been
inconsistent. However, there is evidence that the adminis-
tration of high bolus doses of opioids may have potentially

deleterious effects in TBI, with some studies showing an
increase in ICP and a fall in CPP. These effects occurred
despite controlling PaCO2. Interestingly, in those studies
that prevented hypotension, an increase in ICP was not
seen. It is suggested that hypotension may increase ICP and
decrease CPP through cerebral autoregulatory reflexes [9]. It
is unclear to what extent opioids may induce seizure activity.
Whilst there are numerous case reports of clinical seizure
activity, it has been argued that many of these represent
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muscle rigidity associated with high doses of opioid rather
than seizure activity per se [38].

There has been increased interest in remifentanil as an
alternative opioid sedative in TBI. Remifentanil is a potent,
synthetic opioid receptor agonist, which differs from other
synthetic opioids in that it undergoes rapid hydrolysis by
tissue and plasma esterases. This rapid metabolism and lack
of accumulation facilitate faster waking and neurological
assessment of patients with TBI [39]. An RCT on neuro-
intensive care patients showed analgesia-based sedation with
remifentanil offered faster and more predictable time to
assessment of neurological function than a hypnotic-based
technique (propofol or midazolam) [40]. Furthermore,
remifentanil was well tolerated in patients with TBI, with
a significantly shorter time to extubation in patients who
had received remifentanil compared with patients who had
received morphine [11].

Opioids have a role as an adjunct to other sedative
agents, for example in combination with propofol. They may
reduce sedative requirements of other agents and provide
effective analgesia and anxiolysis. Prolonged infusions of
opioids, particularly morphine, may accumulate and hinder
neurological assessment. When opioids are administered as a
bolus, there is a risk of increasing the ICP, particularly when
the MAP is allowed to fall.

5. Barbiturates

See Table 5. Barbiturates, particularly pentobarbital and
thiopentone, have previously played a central role in the
sedation of patients with TBI [41]. However, with the
advent of newer agents with less disadvantages, thiopentone
is largely confined to use as an induction agent, for the
treatment of refractory elevated ICP and for status epilep-
ticus. Barbiturates stimulate γ-aminobutyric acid (GABA)
receptors and inhibit α-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid (AMPA) receptors in the CNS producing
dose-dependent sedation and general anaesthesia.

High lipid solubility allows rapid transfer across the
blood-brain barrier and exceptionally fast onset of action.
The induction of anaesthesia sufficient for intubation within
one arm-brain circulation time initially popularized the use
of thiopentone as an induction agent in rapid-sequence
intubation (RSI) [42]. The hypotensive effects caused by
direct myocardial and central vasomotor depression should
be anticipated and addressed by using only low doses
and coadministering vasopressors such as metaraminol or
phenylephrine if the blood pressure is suboptimal before RSI.

A recent Cochrane review concluded that barbiturates
are not indicted as a maintenance sedative agent or for
use prophylactically to prevent elevations in ICP [43], pre-
dominantly because the hypotension and other side effects
offset any ICP lowering effect on CPP.

Significant accumulation will occur with repeated doses
or infusions due to the long context-sensitive t1/2 and the
elimination kinetics changing from 1st to zero order at
plasma levels >30 mg/L. To treat refractory elevated ICP
or refractory status epilepticus, a clinical endpoint of burst
suppression on EEG is targeted, which requires plasma levels

Table 5

Thiopentone

Group Barbiturate

Mechanism of
Action/Pharmacodynamics

Stimulate GABA receptors
Inhibit AMPA receptors

Neuroprotective effects

Reduces CBF, CMRO2 and ICP
Reduces MAP, therefore variable
effect on CPP Raises seizure
threshold

Pharmacokinetics [6]

Hepatically metabolised
0.5% renal excretion unchanged
Elimination t1/2 11.6 h
First to zero order kinetics if plasma
high
Significant accumulation

Advantages

Rapid onset of action as induction
agent
Favourable effects on CBF,
CMRO2 and ICP
Inexpensive

Disadvantages and major
side effects

Accumulation with prolonged
infusion
Hypotension
Gastroparesis
Loss of thermoregulation
Immunosuppression
Hypokalaemia during infusion
Hyperkalaemia on emergence
Life threatening arrhythmias on
coma emergence

Dosage

Induction of anaesthesia: 2–5 mg/kg
EEG burst suppression: 40 mg/kg
followed by infusion at 4–8 mg/kg/h,
titrated to EEG

Other significant facts
May precipitate if given concurrently
with IV muscle relaxants [7]

Appropriate uses in TBI

Induction of anaesthesia, with
caution regarding hypotension
Refractory elevated ICP
Refractory status epilepticus

>40 mg/L. Unfortunately, the high doses of thiopentone
required to achieve this preclude neurological assessment for
several days.

Therefore thiopentone may be used as an induction
agent in TBI if hypotension is not already problematic and
precautions are taken. It has a role in treatment of refractory
elevated ICP and refractory status epilepticus, but not as a
maintenance sedative in TBI.

6. Etomidate

See Table 6. Etomidate is a carboxylated imidazole derivative
predominantly used as an intravenous induction agent in the
setting of haemodynamic instability. It causes less hypoten-
sion and cardiovascular depression than other sedatives in
this context [44], with the exception of ketamine. Other
advantages include a rapid onset of anaesthesia (10s) lasting
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Table 6

Etomidate

Group Caroboxylated imidazole derivative

Mechanism of
Action/Pharmakodynamics

GABAA receptor agonist

Neuroprotective effects
Reduces CBF, CMRO2 and ICP
Maintains or increases CPP
Lowers seizure threshold

Pharmacokinetics

75% protein bound
Highly lipid soluble
High volume of distribution, three
compartment model
Hepatic metabolism
Renal excretion (some bile)
Short context sensitive t1/2 (4.8 h)

Advantages

Rapid onset of action as induction
agent
Only lasts 3–5 minutes after single
bolus
Favourable effects on CBF, CMRO2

and ICP

Disadvantages and major
side effects

Adrenal suppression
Metabolic acidosis from propylene
glycol vehicle
Pain on injection
Myoclonic movements
Nausea and vomiting

Dosage Induction: 0.2–0.4 mg/kg

Other significant facts
Originally developed as an
anti-fungal agent

Appropriate uses in TBI
Induction of anaesthesia, with
caution regarding adrenal
suppression

3–5 minutes following a dose of 0.3 mg/kg, and a short
elimination t1/2 of 2.6 h [45]. There is a reduction in CBF and
ICP [46] and it can even achieve burst suppression on EEG
[47].

However, the safety of etomidate has been questioned.
Continuous infusions have been shown in a retrospective
study to cause a significant increase in mortality [48].
Etomidate causes adrenal suppression by suppressing corti-
costeroid synthesis through the inhibition of the enzyme 11-
β-hydroxylase, which converts 11-deoxycortisol to cortisol.
This effect has been demonstrated with both infusions and
with a single bolus. A single dose of etomidate reduces
the synthesis of cortisol and aldosterone and increases the
risk of relative adrenocortical insufficiency (RAI) for at least
24 hours [49]. Hypotension related to RAI has implications
for CPP and neurological outcome. Etomidate may also
lower seizure threshold [50]. Other adverse effects include
pain on injection, myoclonic movements, and nausea and
vomiting [51].

Therefore etomidate should be avoided as a continuous
sedative agent in TBI but may be considered with caution
as an induction agent, although ketamine offers many of the
same advantages without the risks of adrenal suppression.

Table 7

Ketamine

Group Phencyclidine derivative

Mechanism of
Action/Pharmacodynamics

Competitive NMDA receptor
antagonist
Interaction with opioid and
muscarinic receptors
Na+ Channel

Effect on ICP None or decrease

Neuroprotective effects Decreased glutamate

Pharmacokinetics

20% Bioavailability
40% protein bound
Distribution t1/2 10 minutes
Hepatic metabolism
Elimination t1/2 2.5 h

Advantages Preserves MAP and CPP

Disadvantages and major
side effects

Early studies ↑ICP, ?epileptogenic
Hallucinations/Emergence
phenomena

Dosage
Induction: 2 mg/kg
Maintenance: 50 mcg/kg/min

Other significant facts

Appropriate uses in TBI Haemodynamic instability

7. Ketamine

See Table 7. Ketamine is an N-methyl-D-aspartate receptor
antagonist. It has traditionally been avoided in the manage-
ment of patients with traumatic brain injury owing to con-
cerns that it may increase intracranial pressure. Furthermore,
there are theoretical concerns regarding its epileptogenic
potential. Indeed, it receives little attention in guidelines for
the management of TBI [1]. Conversely, it has been argued
that in comparison to most widely used sedative agents
ketamine does not decrease blood pressure and therefore may
preserve cerebral perfusion pressure. In particular, it has been
argued that this haemodynamic stability enables ketamine to
be used as a safe induction agent in patients with TBI [52].

Concerns regarding the potential for ketamine to raise
ICP stem from small case control series several decades ago
in patients with abnormal CSF flow dynamics [53]. A rise
in ICP was observed in spontaneously breathing patients,
undergoing diagnostic pneumoventriculography, in whom
ketamine was administered to. However, this rise in ICP only
occurred in those patients with abnormal CSF pathways. In
the remaining patients there was an overall rise in MAP,
an increase in cerebral blood flow, and improved cerebral
perfusion pressure [54, 55].

Several recent studies have refuted the original find-
ings and showed no statistically significant rise in ICP in
brain injured patients who are sedated with ketamine [56].
Bourgoin et al. randomised patients with TBI to receive
either sufentanyl-midazolam or ketamine-midazolam seda-
tion using target controlled infusions. The target con-
centrations of sufentanil and ketamine were doubled for
15 minutes, and the plasma concentrations of both were
measured. There was no significant change in ICP or CPP
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Table 8

Dexmedetomidine

Group Selective α2 adrenergic agonist

Mechanism of
Action/Pharmacodynamics

Peripheral α2A, brain & spinal cord
α2B, α2C adrenoreceptor subtypes

Neuroprotective effects Reduces CBF and ICP

Pharmacokinetics
Hepatic metabolism
Distribution t1/2 6 minutes
Elimination t1/2 2 hours

Advantages
Minimal respiratory depression
Reduction in delerium

Disadvantages and major
side effects

Hypotension (28%)
Bradycardia
Arrhythmias including atrial
fibrillation
Relatively high cost

Dosage
Loading dose: 1 mcg/kg
Infusion: 0.42–1.0 mcg/kg/hour

Other significant facts
Minimal effect on respiratory
function

Appropriate uses in TBI
Maintenance sedation agent pre &
post extubation
Management of agitated delirium

with increased plasma concentrations. In an interesting edi-
torial, the possibility that cerebral haemodynamics are better
preserved through the use of target controlled infusion was
discussed [57]. Whilst bolus doses of some commonly used
sedatives may adversely affect haemodynamics and increase
ICP, it is argued that a system relying on pharmacokinetic
models alone is insufficient in managing patients with TBI.

Another study looked at the use of ketamine in 30 sedated
and ventilated children with TBI and raised ICP resistant
to first-tier therapies [58]. Variables examined included ICP,
hemodynamic variables, and CPP. Ketamine was admin-
istered as a single dose of 1–1.5 mg/kg either to prevent
further ICP increases during distressing procedures or as
an additional measure to lower ICP. There was an overall
decrease in ICP and increase in CPP in both situations. The
authors conclude that ketamine is a safe and effective sedative
agent to use in patients with TBI.

There is conflicting data as to whether ketamine induces
epileptiform activity. The blocking of NMBA receptors and
subsequent entry of calcium into neurons may limit seizure
activity. Furthermore, the use of ketamine as an adjunct in
the treatment of status epliepticus is well described in the lit-
erature [59]. The antagonism of NMDA receptors decreases
the release of neurotoxic glutamate and may impart a
protective effect in patients with traumatic brain injury [60].

Therefore ketamine is indicated particularly as an induc-
tion agent in patients with TBI and haemodynamic instabil-
ity. It may have a role for refractory seizure activity.

8. Dexmedetomidine

See Table 8. Dexmedetomidine is a highly selective alpha-
2 receptor agonist that acts by a receptor distinct from the

GABA receptor utilised by propofol and the benzodiazepines.
A high selectivity for alpha-2 receptors, seven to eight times
that of clonidine, explains its anxiolytic and sedative effects.
A relatively short elimination t1/2 of two hours enables intra-
venous titration to effect. Furthermore, dexmedetomidine
does not appear to cause respiratory depression, with one
study reporting no significant difference in respiratory rate
and oxygen saturations between dexmedetomidine recipients
and those that received placebo. This enables it to be
continued after-extubation [61, 62]. Hypotension and brady-
cardia are among the most commonly reported side effects
of dexmedetomidine, particularly when using a loading
dose. For this reason, some commentators recommend an
avoidance of a loading dose in patients with TBI.

Several trials have examined the use of dexmedetomidine
sedation in ICU patients.

Riker et al. performed a prospective, double-blinded RCT
in medical and surgical ICU patients comparing the efficacy
and safety of dexmedetomidine with midazolam sedation
[63]. Patients in the dexmedetomidine arm spent less time
on the ventilator and experienced less hypertension and
tachycardia. 42.2% of patients in the dexmedetomidine arm
experienced bradycardia compared to 18.9% of patients who
received midazolam sedation.

A potential advantage of dexmedetomidine may be in
decreasing the incidence or severity of delirium. Many
commonly used sedatives, including opioids and benzodi-
azepines, have been shown to increase the risk of delirium. In
one prospective, double-blinded RCT, patients after cardiac
surgery were randomised to receive either a dexmedetomi-
dine or morphine-based sedative regimen [64]. Patients in
the dexmedetomidine arm showed a significant reduction in
the duration of delirium, although there was no statistically
significant reduction in the incidence of delirium. A reduc-
tion in the incidence of delirium was also found in an a priori
subgroup analysis of the MENDS trial. There was a reduced
duration of brain dysfunction, particularly in septic patients
[58].

There have been relatively few studies examining the
role of dexmedetomidine in patients with TBI. Its use in
neurosurgical patients was described in a retrospective study
by Aryan et al. [65]. They describe a mean increase in cerebral
perfusion pressure and a decrease in intracranial pressure
in the 39 patients studied. The relatively small sample size
and retrospective nature of this study limit its conclusions,
and the authors argue for further studies to establish an
optimal dosage regimen in neurosurgical patients. Grof et
al. undertook a small, prospective, observational study, of
patients receiving dexmedetomidine on a neurosurgical ICU
[66]. The majority of these patients had traumatic brain
injury. Dexmedetomidine was utilised in an attempt to wean
patients off other sedative regimens. Relatively high doses of
dexmedetomidine were required to achieve the desired level
of sedation, up to a rate of 2.5 mcg/kg/hour. The authors
postulate that significant changes in neurotransmitter sys-
tems in TBI might explain the need for higher doses of
dexmedetomidine in this patient population.

There is a need for further high-quality RCTs to evaluate
the use of dexmedetomidine as a sedative agent both in
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Table 9

Induction agents

(i) Haemodynamically unstable
Ketamine (2 mg/kg) OR
Midazolam (0.1 mg/kg) and
fentanyl (1–3 mcg/kg)

(ii) Haemodynamically stable
Thiopentone (1–3 mg/kg OR
propofol (0.5–2.5 mg/kg),
with fentanyl (1–3 mcg/kg)

Maintenance agents
Propofol (1.5–4.5 mg/kg/h)
and fentanyl (0.5–2 mcg/kg/h)

general ICU patients and in patients with TBI. The SPICE
pilot study will examine the feasibility of conducting a large
multi-centre trial, comparing current sedation practice with
a dexmedetomidine-based sedation regimen. The DahLIA
trial is currently recruiting patients and is a prospec-
tive, double-blinded RCT comparing dexmedetomidine to
placebo in the treatment of delirium and agitation.

Therefore dexmedetomidine has a number of potential
advantages as a sedative agent in TBI. There is evidence that
it may reduce delirium and a lack of respiratory depressant
effects enables it to be used in non-intubated patients.

9. Conclusion

Sedation is a vital component of the management of patients
with traumatic brain injuries. However, there is limited high-
quality evidence examining outcomes in TBI to guide clini-
cians on their choice of agent. Consequently a wide variety
of agents and dosages are used. Recent work has challenged
traditional views on the best agents to use in TBI. For exam-
ple, there is increasing evidence that ketamine may be safe to
use in TBI as an induction agent and has advantages over
traditional agents such as the barbiturates. There has also
been increased interest in shorter acting, newer agents such
as remifentanil and dexmedetomidine. These offer potential
advantages in allowing faster recovery of consciousness and
assessment of neurology in patients.

There is a need for further prospective, randomised
controlled trials, examining both physiological and clinical
outcomes, to assess these agents in the context of traumatic
brain injury. Meanwhile, in the absence of extensive high-
quality evidence to guide clinicians in their choice of agent,
there is a need for a pragmatic approach, based on the clinical
situation and knowledge of the potential advantages and
disadvantages of each agent.

10. Recommendations

See Table 9. For induction of anaesthesia in TBI, there is no
single agent that is perfect and the way in which the medica-
tion is given, and the dose used, may be more important than
the agents themselves. Considered preparation, experienced
assistants and meticulous control and monitoring of blood
pressure are essential. Thiopentone remains a reasonable
choice, with the proviso that it is used judiciously in the
haemodynamically unstable patient. Alternative induction

agents include propofol (usually requiring a concomitant
vasopressor bolus) or ketamine. There is little role for
etomidate either as an agent for induction or continued
sedation.

Propofol as an agent for continued sedation, usually
administered with a short-acting narcotic, offers the advan-
tage of a relatively rapid offset of sedation, facilitating
neurological assessment. Remifentanil has many advantages
over other narcotics in this setting as long as hyperalgesia on
cessation is considered. In patients who require high doses of
propofol, hypotensive patients, or for more prolonged seda-
tion, midazolam is a suitable alternative. Thiopentone is not
indicated as a maintenance sedative agent in TBI, and its use
is primarily limited to the treatment of refractory intracranial
hypertension. Dexmedetomidine shows promise as a sedative
agent in TBI, particularly in the non-intubated patient.

Thanks to Professor Richard Lee for his helpful sugges-
tions regarding this review.
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Paediatric bacterial meningitis is a neurological emergency which, despite advances in medical management, still has a significant
morbidity and mortality. Over recent decades new vaccines have led to a change in epidemiology of the disease; however, it remains
a condition that requires a high index of suspicion, prompt diagnosis, and early management in the emergency department. New
laboratory techniques and clinical tools are aiding the diagnosis of bacterial meningitis, yet some controversies still exist in its
management. This paper outlines the changing epidemiology of the disease, current diagnostic techniques as well as controversies
and advances in the management of bacterial meningitis in the paediatric population.

1. Introduction

Bacterial meningitis is a medical emergency characterised by
inflammation of the meninges in response to bacterial infec-
tion. Untreated, its mortality approaches 100%, and even
with current antibiotics and advanced paediatric intensive
care, the mortality rate of the disease is approximately 5–
10% [1]. Worldwide, the risk of neurological sequelae in
survivors following hospital discharge approaches 20% [2].
Early diagnosis and appropriate management of the child
with meningitis is therefore critical. The management and
epidemiology of bacterial meningitis in the neonate differs
from that of the infant and child; it will not be reviewed here.

2. Epidemiology

The incidence of bacterial meningitis is approximately 5–7
per 100 000 population [1]. In developed countries, Neisseria
meningitidis and Streptococcus pneumoniae are now the
commonest causes of acute bacterial meningitis in otherwise
healthy children [3] (see Table 1). Previously, Haemophilus
influenzae type B (Hib) accounted for up to 48% of all
bacterial meningitis cases [4]; however, the introduction of

the Hib vaccination program led to a dramatic reduction
in the incidence of Hib meningitis. Hib now accounts
for only 7% of meningitis cases in the United States and
is predominantly seen in unvaccinated adult patients [4].
However, the burden of Hib in developing countries without
adequate vaccination programs still remains significant; by
2007 only 42% of children worldwide had access to the Hib
immunisation program [4].

Streptococcus pneumoniae is now the commonest cause
of bacterial meningitis in the United States and Europe
[4]. Although seen in the healthy child, children with
a basilar skull or cribriform fracture with a CSF leak,
asplenism or HIV infection are at particular risk of devel-
oping pneumococcal meningitis [3]. Furthermore, patients
with cochlear implants have a 30 times increased risk of
developing pneumococcal meningitis [5]. The development
of pneumococcal conjugate vaccines has led to a decline in
the incidence of pneumococcal meningitis in countries with
an active immunisation program; however, concern exists as
to the emergence of pneumococcal serotypes not covered by
the vaccines [4]. This, coupled by the increasing resistance
of Streptococcus pneumoniae to conventional antibiotics, is of
growing concern [1].
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Table 1: Causative organisms.

Organism Comment

Streptococcus pneumoniae

Commonest organism
Affects healthy children
Additional risk factors: basilar
skull or cribriform fracture,
asplenism, HIV, and cochlear
implants

Neisseria meningitidis
Can cause epidemic, endemic, or
sporadic infections

Haemophilus influenzae
type B

Reduced incidence after
introduction of vaccination
program

Group B streptococcus

The less common pathogens
Group B streptococcus, E. Coli and
L. monocytogenes more common
in neonates

Escherichia coli

Non typeable H. influenzae

Other gram-negative bacilli

Listeria monocytogenes

Group A streptococci

Staphylococcal species
Penetrating head trauma and
neurosurgery

Streptococci

Aerobic gram-negative
bacilli

There are six serogroups of Neisseria menigitidis with the
ability to cause severe meningitis: A, B, C, X, Y and W-
135 [6]. Infection with Neisseria meningitidis can be either
epidemic or endemic [3], and although the majority of cases
in the United States are sporadic [4], N. meningitidis is the
only bacteria that can cause epidemics of meningitis [6].
Throughout America and Europe serogroups B, C, and Y
account for the majority of meningococcal meningitis cases
[4], with serogroup B being the leading cause of endemic
meningitis in developed countries overall [6, 7]. Serogroup
A N. meningitidis is also a significant problem, particularly
in the sub-Saharan “meningitis-belt,” where it is responsible
for a number of large-scale epidemics [6]. While a conjugate
meningococcal vaccine for serogroups A, C, Y, and W-135
has shown reductions in meningococcal disease in some
populations [3], development of an effective vaccine against
serogroup B has been difficult. Recent trials have shown
promise in the use of a new multicomponent serogroup B
vaccine [7, 8], but currently the lack of a widely available,
effective vaccination against N. meningitidis B, as well as
the lack of access to vaccinations in populations at risk
of epidemics, such as in sub-Saharan Africa, means that
N. meningitidis still remains a significant cause of bacterial
meningitis [6].

In developed countries less than 20% of bacterial
meningitis in the paediatric population aged 3 months
and over is caused by organisms other than S. pneumoniae
or N. meningitidis. The less-common causative organisms
include Group B Streptococcus, Escherichia coli, nontypeable

H. influenzae, other gram-negative bacilli, Listeria monocyto-
genes, and group A streptococci [4]. In addition patients who
have had penetrating head trauma or neurosurgery are also
at risk of developing meningitis from staphylococcal species,
streptococci, and aerobic gram-negative bacilli [3, 9], and
this should be considered in such a child presenting with
possible bacterial meningitis.

3. Diagnosis

Early diagnosis and treatment of bacterial meningitis is
critical, and a high index of clinical suspicion is essential.
Diagnosis involves both clinical assessment and the use of
laboratory investigations.

3.1. Clinical. The clinical symptoms and signs of bacterial
meningitis in children vary depending on the age of the child
and duration of disease. Nonspecific signs include abnormal
vital signs such as tachycardia and fever, poor feeding,
irritability, lethargy, and vomiting [4]. Signs of fulminant
sepsis such as shock, disseminated intravascular coagulation
(DIC), purpuric rash, and coma may be present and are
more common in meningococcal meningitis [1]. These signs
however are more likely to develop later in the course of the
illness (median time between 13 and 22 hours) [10] whereas
nonspecific, often overlooked symptoms, such as leg pain,
may be present within 8 hours in more than 70% of children
with meningococcal meningitis and should prompt further
immediate evaluation [10, 11]. Classical signs of meningitis
such as nuchal rigidity, bulging fontanelle, photophobia, and
a positive Kernig’s or Brudzinski’s sign (more common in
children older than 12 to 18 months) may also be present
[3]. A recent systematic review found that the presence of
meningeal signs increased the likelihood of the diagnosis
of meningitis, and conversely their absence decreased the
likelihood [12]; however, other studies have shown that
no classical symptoms and signs of meningitis are able to
distinguish accurately between children with or without
meningitis [13], and so these signs should be interpreted
with caution.

Seizures may be present in 20–30% of children with
bacterial meningitis, more commonly with S. pneumoniae
and Hib infections than with N. meningitidis [3]. A recent
study has suggested that the presence of complex seizures
more than doubles the risk of meningitis [12]. Focal
neurological signs may also be found, as may a reduced level
of consciousness. Coma on presentation is associated with a
worse prognosis than a child presenting with irritability or
lethargy alone [3].

3.2. Laboratory Investigations

3.2.1. Lumbar Puncture. Whilst a lumbar puncture (LP) is
necessary for the definitive diagnosis of bacterial menin-
gitis and should be performed where a clinical suspicion
for meningitis exists, contraindications often preclude this
investigation. These contraindications (see Table 2) include
signs of raised intracranial pressure, such as an alteration
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Table 2: Contraindications to lumbar puncture [9].

Contraindication Comment

Raised intracranial pressure:

Alteration in level of
consciousness

Papilloedema

Focal neurological signs
Excluding an isolated cranial
nerve VI or VII palsy

Prolonged seizures
Delay lumbar puncture for 30
minutes in simple, short seizures
only

History of selected CNS
disease

CSF shunts, hydrocephalus,
trauma, post neurosurgery, or
known space-occupying lesion

Immunocompromise
HIV/AIDS, on
immunosuppressive therapy,
post-transplantation

Coagulation disorders

Cardiorespiratory
insufficiency

Localised infection at site of
needle insertion

in level of consciousness, papilloedema, prolonged seizures,
or focal neurological signs, as well as coagulation disorders,
cardiorespiratory instability, a history of immunosuppres-
sion, certain central nervous syndrome (CNS) conditions,
or localised infection at the site of insertion of the lumbar
puncture needle [1]. LP may be delayed until these con-
traindications no longer exist; however, administration of
antibiotics and appropriate therapy should not be delayed if
the LP cannot be performed immediately.

Initial analysis of the CSF should include microscopy
with gram stain, culture and measurement of protein, and
glucose levels. CSF findings suggestive of bacterial meningitis
are outlined in Table 3. Typically the CSF white cell count
(wcc) is >1000 cells/mm3 although it may not be elevated
in the early phase of the infection [3], and the majority of
white cells are polymorphonuclear (PMNs). CSF protein is
typically elevated (100–200 mg/dL) and glucose low (CSF
to serum ratio <0.4) [3]. In untreated bacterial meningitis
the CSF gram stain may be positive in 80–90% of patients
[3] and varies with both the CSF concentration of bacteria
and type of bacteria [9]. The overall probability of obtaining
a positive gram stain result increases 100 times by using a
cytospin technique [14] (the use of a high-speed centrifuge
to concentrate cells). Patients with bacterial meningitis who
have been pretreated with antibiotics are more likely to have
a higher glucose and lower protein level although the CSF
wcc and absolute PMN count are not normally significantly
affected [15].

A clinical prediction rule, the Bacterial Meningitis Score,
has been developed to assess the risk of bacterial meningitis
in patients with CSF pleocytosis. It assesses patients as
being of very low risk of bacterial meningitis if none of the
following are present: positive CSF gram stain, CSF absolute

PMN count ≥1000 cells/mm3, CSF protein ≥80 mg/dL,
peripheral blood absolute PMN count ≥10 000 cells/mm3,
and history of seizure before, or at the time of presentation
[17]. The score however is not applicable to children
with features of severe sepsis, known neurosurgical disease,
known immunosuppression, traumatic lumbar puncture, or
previous antibiotic therapy within the past 48 hours [18].
While a large multicentre study has validated this score,
showing that if all criteria are absent, the risk of bacterial
meningitis is 0.1% [17], as the score has less than 100%
sensitivity, its use alone to decide individual patient therapy
is not currently recommended [9, 18].

While the presence of an organism on gram stain, or
culture of bacteria from the CSF, is diagnostic of bacterial
meningitis, a number of other investigations may also be
performed on CSF to aid diagnosis. Latex agglutination may
be performed to detect the presence of bacterial antigens in
the CSF. It has the advantage of being able to be rapidly
performed, with a result available in less than 15 minutes,
well before culture results are available [9, 19]. Although it
may remain positive for up to 10 days after the initiation of
antibiotics [19], it is neither 100% sensitive or specific [9, 19].
One study has shown a sensitivity of only 7% for detecting
bacterial antigens in culture-negative bacterial meningitis
[20]; hence, its use may be limited [4].

Polymerase chain reaction (PCR) may also be used to
detect microbial DNA in CSF. It also has the advantage of
being relatively rapid and is able to detect low amounts
of bacteria in the CSF [21]. PCR results may be positive
despite pre-treatment with antibiotics [21], and although
not 100% specific, some studies have found PCR to have
100% sensitivity, allowing antibiotics to be ceased if PCR is
negative [9], although further refinements in PCR techniques
are probably necessary.

CSF lactate may be elevated in patients with bacterial
compared with viral meningitis. Two recent meta-analyses
have suggested that an elevated CSF lactate is a good dis-
tinguishing marker of bacterial meningitis [22, 23]. However
as it may be affected by a number of factors, including pre-
treatment with antibiotics (reducing the level), seizures, or
cerebral hypoxia (increasing the level), its routine use in
the assessment of community-acquired meningitis is not
currently recommended, and further prospective studies are
needed [9].

3.2.2. Other Laboratory Investigations. Initial blood tests
should be performed for full blood count, coagulation
studies, and electrolytes to assess for complications of sepsis
and to guide fluid management. Serum glucose should be
routinely measured as it may be low in the child with
meningitis, contributing to seizures. Its measurement is also
needed to accurately interpret the CSF glucose.

Blood cultures should be performed in all patients with
suspected bacterial meningitis. They may be of particular
value if a lumbar puncture is contraindicated. The likelihood
of a positive blood culture result varies with the infecting
organism; 40% of children with meningococcal meningitis
will have a positive blood culture, whereas 50–90% of H.
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Table 3: Lumbar puncture findings1 [3, 9].

CSF finding Normal2 Viral Bacterial Partially treated bacterial

White cell count (cells/mm3) <5 <1000 >1000 >1000

PMNs 0 20–40% >85–90% >80%

Protein (mg/dL) <40 Normal or <100 >100–200 60–100+

Glucose (mmol/L) ≥2.5 Normal Undetectable–<2.2 <2.2

Blood to glucose ratio ≥0.6 Normal <0.4 <0.4

Positive gram stain — — 75–90% (depending on organism) 55–70%

Positive culture — — >70–85% <85%
1
Other investigations may also be performed on CSF to exclude nonbacterial causes of meningitis depending on the clinical scenario; including India Ink

staining or antigen testing for Cryptococcus neoformans, Herpes simplex virus (HSV), cytomegalovirus (CMV) and enterovirus PCR.
2 Values for paediatric patients >1 month of age; some values vary for neonates [16].
Neonates: white cell count may be higher (<20 in the form of lymphocytes); normally zero PMNs, however some studies have found up to 5% PMNs in
neonates without meningitis.
Neonates: normal protein <100 mg/dL.

influenzae and 75% of S. pneumonia meningitis patients will
have a positive culture result [4].

Both CRP and procalcitonin have been evaluated to
distinguish between viral and bacterial meningitis. Several
studies have shown procalcitonin to have a better diagnostic
accuracy than CRP in differentiating between aseptic and
bacterial meningitis [24, 25]. Procalcitonin levels in com-
bination with other clinical scoring systems have also been
studied to evaluate the risk of bacterial meningitis [18, 26].
Although potentially increasing the sensitivity of scoring
systems, the use of procalcitonin in association with clinical
scores to exclude the diagnosis of bacterial meningitis is
not currently recommended. As such, while an elevation in
either CRP or procalcitonin is more suggestive of bacterial
infection, neither can establish, nor exclude the diagnosis of
bacterial meningitis [4, 24].

PCR for bacteria may be performed on blood and urine,
especially if CSF is not obtainable.

Investigations are summarised in Table 4.

3.3. Imaging. Computed tomography (CT) of the head is
indicated if a child has signs of focal neurology, increased
intracranial pressure (including papilloedema) deteriorating
neurological function (such as increasing obtundation or
seizures), immunocompromise or history of neurosurgical
procedures, and shunt or hydrocephalus [1, 9] (see Table 2).
In these patients it should be performed before a lumbar
puncture is attempted although a normal CT scan does not
entirely exclude the risk of raised intracranial pressure [1].

4. Management

Bacterial meningitis is a neurological emergency, and it is
critical that appropriate empirical antibiotics are adminis-
tered as soon as possible after the diagnosis is considered.
A flow chart for the management of suspected bacterial
meningitis is provided in Figure 1.

4.1. Specific Therapy

4.1.1. Antibiotics. The choice of empirical antibiotics is
guided by knowledge of local resistance patterns of
pathogens. Antibiotics should be administered parenterally,
preferably by the intravenous route. In patients where
intravenous access is not immediately possible, antibiotic
administration should not be delayed, but given by the
intraosseous or intramuscular routes. Most treatment guide-
lines recommend the use of a third-generation cephalosporin
(such as ceftriaxone or cefotaxime) in conjunction with
vancomycin as initial antibiotic therapy [9, 27]. Cefotaxime
and ceftriaxone have excellent activity against all Hib and N.
meningitidis strains. Increasing resistance of S. pneumoniae to
penicillins has been reported, and although cefotaxime and
ceftriaxone remain active against many penicillin-resistant
pneumococcal strains, treatment failure has been reported
[3], hence the addition of empirical vancomycin. Listeria
monocytogenes is an unlikely pathogen in the immunocom-
petent child older than 3 months of age although the addition
of benzylpenicillin to cover this organism may be considered
for the immunocompromised patient [27].

Once the organism is isolated and sensitivities are
confirmed, antibiotics may be rationalised. The duration of
antibiotics is based primarily on expert opinion, rather than
evidence-based data, and, although dependent on clinical
response, common guidelines suggest a 7-day treatment
course for Hib or N. meningitides and a 10–14-day course
for S. pneumoniae [9]. A recent multicentre trial found that
children with H. influenzae, S. pneumonia, or N. meningitidis
meningitis could have antibiotics safely discontinued at 5
days, rather than 10 days if they were clinically stable [28];
this however has not been adopted as the current standard of
care in most centres.

4.1.2. Steroids. Empirical use of adjuvant dexamethasone
(0.15 mg/kg/dose, 4 times a day) given before or up to a
maximum of 12 hours after the first dose of antibiotics
and continued for 2 to 4 days is currently recommended
[9, 27, 29, 30]. This is based on evidence from studies in the
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Table 4: Investigations for suspected bacterial meningitis.

Investigation Comment

Blood:

Full blood count Neutrophilia suggestive of bacterial infection

Serum glucose Often low; allows interpretation of CSF glucose

Electrolytes, urea, and creatinine To assess for complications and fluid management

Coagulation studies To assess for complications

Blood cultures Positive in 40–90% depending on organism

Inflammatory markers Elevation suggestive of bacterial infection; procalcitonin of more value;
neither can establish nor exclude diagnosisCRP, procalcitonin

CSF:

Protein and glucose

Microscopy, culture, and sensitivities

Gram stain:
S. pneumoniae—gram +ve cocci
N. menigitidis—gram −ve cocci
H. influenzae—gram −ve rod

Latex agglutination1 Rapid; not 100% specific or diagnostic

PCR2 Rapid; good sensitivity, techniques improving

Lactate Routine use not currently recommended

Imaging:
Computed tomography of the head

Indicated for focal neurology, signs of increased intracranial pressure (ICP),
deteriorating neurological function, previous neurosurgical procedures, or
immunocompromised
May show evidence of hydrocephalus, abscess, subdural empyema, or
infarction
Normal scan does not entirely exclude risk of raised ICP

Other:
PCR on blood or urine

Useful if CSF not obtainable

1
Latex agglutination depends on laboratory availability; including N. meningitidis, S. pneumoniae, H. influenzae type B, Escherichia coli and group B

streptococci.
2PCR depends on laboratory availability; including N. meningitidis, S. pneumoniae, H. influenzae type b, L. monocytogenes, HSV, CMV, Enterovirus and
Mycobacterium tuberculosis.

late 1980s and 1990s that suggested improved neurological
outcomes, particularly in hearing impairment, in children
who had H. influenzae meningitis [9]. Recent studies have
suggested that, unlike adults with bacterial meningitis,
steroids do not improve mortality in children [31], and,
hence, with the decline in incidence of Hib meningitis, the
use of steroids in children with bacterial meningitis has
increasingly been questioned.

The most recent Cochrane review of the use of steroids
in bacterial meningitis showed a significant reduction in
hearing loss (from 20.1% to 13.6%) and severe hearing
loss (from 11.2% to 7.3%) in children with meningitis, but
no benefit on mortality [32]. Although overall this hearing
benefit was seen in children affected by Hib meningitis,
a subgroup analysis of children in high-income countries
also showed a protective effect of steroids on hearing loss
in non-H. influenzae meningitis [32]. This was not seen in
low-income countries, in fact, overall no significant benefit
of corticosteroids at all was found in children in low-
income countries [32]. Other recent meta-analyses have
found no benefit in any subgroup of children receiving
adjuvant dexamethasone [33]. Overall, despite theoretical
harmful effects of corticosteroids, no meta-analyses have

shown harm with their administration, and as such it is still
recommended to administer steroids before, or with the first
dose of antibiotics, especially in the child with suspected Hib
meningitis. Adjuvant dexamethasone should not be given
to children who have already received antibiotics, as this
is unlikely to improve outcome [9]. As dexamethasone has
better penetration into the CSF than other corticosteroids, it
is considered to be the corticosteroid of choice.

4.1.3. Controversial Therapy: Glycerol. The use of oral adju-
vant glycerol may be beneficial for children with bacterial
meningitis through its action in increasing plasma osmo-
lality, without inducing diuresis, leading to a reduction
in cerebral oedema and an improvement in cerebral cir-
culation and brain oxygenation [34]. A large randomised
trial in Latin America showed a significant reduction in
neurological sequelae in children given adjuvant glycerol, or
glycerol in combination with dexamethasone, as compared
with placebo [35]. No reduction in mortality or hearing
impairment was seen [35, 36]. As glycerol is a relatively safe,
cheap medication that can be administered orally, it may
be especially beneficial in resource-limited settings. Some
criticism however has been made about this large trial’s
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Figure 1: Management of suspected bacterial meningitis [9].

design. This, in addition to a recent trial which failed to
show any benefit of glycerol in adult meningitis patients [37],
means that further well-designed prospective studies should
be performed before glycerol is recommended as routine
therapy.

4.2. Supportive Care. Any child with a diagnosis of bacterial
meningitis will need supportive therapy, which may include
cardiorespiratory support in a paediatric intensive care
unit and directed management of complications, such as
seizures, cerebral oedema, SIADH, DIC, or shock. Early,
protocolized, aggressive care by a consultant supervised
paediatric team improves survival and outcomes [38]. Early
intubation and ventilation should be considered for any child
with evidence of respiratory compromise, threatened airway,
ongoing shock, retractable seizures, or elevated intracranial
pressure [30]. A recent Cochrane meta-analysis found some

evidence to support the use of maintenance, rather than
restrictive fluids in the first 48 hours [39]. This meta-
analysis found an improvement in the rate of early spasticity
and seizures and in later overall neurological sequelae in
children receiving maintenance fluids [39]. These findings
were however based on studies where late presentation and
high mortality rates were common. In areas where early
presentation is more common there are currently insufficient
studies to definitively guide fluid management [39].

4.3. Chemoprophylaxis. Close contacts of all children with
meningococcal meningitis should receive chemoprophylaxis
(ceftriaxone, rifampicin, or ciprofloxacin), and contacts of
those with Hib should receive ceftriaxone or rifampicin
[3, 27]. Unvaccinated children less than 5 years of age should
also be vaccinated against H. influenzae as soon as possible
[27]. Patients should be kept in respiratory isolation for at
least the first 24 hours after commencing antibiotic therapy
[1].

5. Conclusion

Paediatric bacterial meningitis is a medical emergency which
requires a high index of clinical suspicion, prompt diag-
nosis, and early, aggressive protocolized management. New
vaccination programs have led to a change in epidemiology
of the disease; however, it remains prevalent worldwide.
Advances in clinical and investigation techniques are aiding
the diagnosis of bacterial meningitis, and a combination of
techniques is useful to confirm or exclude the diagnosis.
While antibiotics, steroids, and supportive therapy remain
the mainstay of treatment, further research should be
performed into the roles of adjuvant therapy.
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Introduction. Opioid overdose is an ever-increasing problem globally. Recent studies have demonstrated that intranasal (IN)
naloxone is a safe and effective alternative to traditional routes of naloxone administration for reversal of opioid overdose. Aims.
This randomised controlled trial aimed to compare the time taken to deliver intranasal medication with that of intravenous (IV)
medication by advanced paramedic trainees. Methods. 18 advanced paramedic trainees administered either an IN or IV medication
to a mannequin model in a classroom-based setting. The time taken for medication delivery was compared. End-user satisfaction
was assessed using a 5-point questionnaire regarding ease of use and safety for both routes. Results. The mean time taken for
the IN and IV group was 87.1 seconds and 178.2 seconds respectively. The difference in mean time taken was 91.1 seconds (95%
confidence interval 55.2 seconds to 126.9 seconds, P ≤ 0.0001). 89% of advanced paramedic trainees reported that the IN route was
easier and safer to use than the IV route. Conclusion. This study demonstrates that, amongst advanced paramedic trainees, the IN
route of medication administration is significantly faster, better accepted and perceived to be safer than using the IV route. Thus,
IN medication administration could be considered more frequently when administering emergency medications in a pre-hospital
setting.

1. Introduction

The mortality associated with opioid overdose has continued
to increase globally in recent years. In 2009, the number of
Irish drug-related deaths attributed to opioid intoxication
rose by 20% [1], while in Europe, opioids were responsible
for 75% of all drug-related deaths [2]. In the United States
in 2007, there were 11,499 deaths resulting from opioid
overdose [3]. The main cause of death is as a result of opioid-
induced respiratory depression [4]. After the initiation of
basic life support measures, naloxone is an opioid antagonist
that is used to reverse respiratory depression and mental
state changes. It is widely marketed under the brand name
Narcan. The common routes of administration of naloxone
are intravenous (IV), intraosseous (IO), intramuscular (IM),
and subcutaneous. Intranasal (IN) administration is an
alternative route for naloxone delivery [5].

When a patient presents in opioid-induced cardiorespi-
ratory arrest, immediate effective antagonism by naloxone

reverses the opioid-induced side effects. Direct entry of
naloxone into the systemic circulation is required and this
is most reliably achieved with IV or IO medication admin-
istration. Vascular access is often a major challenge when
treating a patient with opioid overdose in the prehospital
setting due to damage to veins from repeated drug use [6].
Multiple attempts at intravenous cannulation may result in
an increased risk of exposure to blood-borne infections,
in a group of patients that have a high seroprevalence
of blood-borne transmissible viral infections (hepatitis B,
C, and human immunodeficiency virus) [6]. The rate of
occupational blood exposures for prehospital providers is
estimated to be in excess of 49,000 per annum, which
includes over 10,000 cases of needlestick injuries [7].

Most opioid overdoses occur in a prehospital setting,
arising from unintentional self-poisoning [8]. Emergency
medical services (EMS) providers are usually the patient’s
first contact with the health service. In many jurisdictions
worldwide, naloxone is used by EMS personnel to treat
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opioid overdoses [9–13]. In Ireland, the prehospital emer-
gency medical care system is regulated and governed by the
Pre-Hospital Emergency Care Council [14]. EMS personnel
(paramedics and advanced paramedics) are permitted to
administer naloxone to treat a suspected opioid overdose
in accordance with national clinical practice guidelines
[15]. However, there is currently no provision for the use
of IN naloxone in prehospital medicine in Ireland. The
introduction of an alternative needle-free route of naloxone
delivery that is fast acting, effective, and safe would be
beneficial to patients and EMS providers.

Intranasal administration of naloxone obviates the need
for IV catheter placement in high-risk patients and could
reduce some of these associated risks. The nasal route is pre-
sented as an alternative for drug delivery since the rich vas-
cular plexus of the nose offers a direct route for medication
entry into the bloodstream [5, 8]. Also, especially relevant to
prehospital clinical practice, the nasal cavity is a readily acces-
sible and pain-free site for use in any emergency situation.

While the bioavailability of IN naloxone reaches almost
100% that of IV naloxone and achieves peak plasma
concentration in 3 minutes in animal studies [16], there
is a lack of human pharmacokinetic data. Previous studies
have demonstrated that IN naloxone is effective and safe
when used to treat an opioid overdose [9–11]. Several non-
randomised pre-hospital studies have also shown that the
overall time interval from patient contact to patient recovery
is similar for IN and IV naloxone [12, 13].

The primary aim of this study is to compare the time
taken to administer a medication via the IN and IV routes. A
secondary aim is to assess the end-user satisfaction for both
routes in a cohort of advanced paramedic trainees.

2. Methods

2.1. Study Setting and Design. This was a randomised
controlled trial that took place at the National Ambulance
Services College in Dublin, Ireland. A class of 18 advanced
paramedic trainees, registered with a University College
Dublin training programme, were asked to participate in
a classroom-based study that was used to simulate a real-
life patient encounter of an opioid overdose. Standardised
formal IV cannulation techniques had previously been
taught using a mannequin and each trainee had completed
a five-week hospital placement during which time super-
vised IV cannulations were performed on patients. Each
trainee also received formal instruction regarding the use
of a mucosal atomizer device (MAD) to deliver intranasal
medication. This is a single-use atomizer device with a
luer-lock connector for delivery of a measured dose of IN
medication via a syringe (Figure 1).

Block randomisation was used to assign trainees equally
to each study group—9 trainees were allocated to group A
(IN) and the remainder was assigned to group B (IV).

The study was designed to mirror a real-life patient
encounter. A table was arranged at bed height with a
mannequin for IN administration and a phlebotomy arm for
IV cannulation (Figure 2). A standard advanced paramedic
kit bag, containing the MAD, a 3 ml plastic syringe, a 21G

Figure 1: Mucosal atomizer device for delivery of intranasal
medication (reproduced with permission from Wolfe Tory Medical,
Inc., USA).

hypodermic needle, and a 20G IV cannula in a clear plastic
pouch was placed beside the table. A clear glass vial, filled
with 1 ml of saline solution was used for both groups.
Trainees were instructed to administer the medication as per
the route indicated at randomisation. A research assistant
who was not involved in the study design or result interpre-
tation recorded the time taken for each trainee to prepare
the medication and prepare the route of administration (i.e.,
insert a cannula or check the nose). The clock was started as
the trainee opened the kit bag and stopped as the medication
was delivered. Each trainee was permitted to complete the
task once only.

2.2. Outcome Measures. The primary outcome measure in
this study was the time taken by trainees for completion of
the task in group A (IN) and group B (IV) as detailed above.

Practitioner satisfaction with each route of medication
administration was the secondary outcome measure. Follow-
ing completion of the procedure, each trainee was asked to
fill out a 5-point Likert rating scale. This was used to measure
the trainees’ satisfaction in terms of user-friendliness and
safety of the procedure that they had been assigned to. A
procedure was defined as “safe” if the trainee did not expect
to encounter a blood exposures or needlestick injury while
using that technique in a real-life scenario.

2.3. Data Analysis. Descriptive statistical analysis was
applied to the data in this study (mean, median, standard
deviation and mean time difference with 95% confidence
intervals, CI). The data was found to follow a normal
distribution using the Anderson-Darling test; thus, the
difference in mean times for both groups was compared
using a two-tailed student’s t-test. A P-value < 0.05 was
chosen as significant.

3. Results

18 advanced paramedic trainees participated in this study—
15 males and 3 females. The mean age of participants was
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(a)

(b)

Figure 2: Materials used to carry out classroom-based study in the
National Ambulance Services Centre.

50.5 years and the age range was 32 years to 57 years. Table 1
compares the route of medication administration and time
taken for each advanced paramedic trainee.

The mean time taken for group A to deliver medication
via the IN route was 87.1 seconds. The standard deviation
was 20.35 (range 57.4 to 114.9 seconds). The mean time
taken for group B to insert a cannula and administer the
medication IV was 178.2 seconds. The standard deviation
was 36.71 (range 133.7 to 240.6 seconds). There was a
difference in mean delivery times of 91.1 seconds (P ≤
0.0001) with 95% CI ranging from 55.2 seconds to 126.9
seconds. Thus, there was a statistically significant difference
in the primary outcome measure in this study in favour of IN
medication administration.

Table 1: Advanced paramedic trainees shown by time taken for
medication delivery.

Trainee
Group A

IN (s)
Group B

IV (s)

1 185.4

2 159.4

3 240.6

4 103.8

5 103.4

6 133.7

7 231.6

8 152.2

9 95.7

10 82.3

11 114.9

12 186.2

13 95.3

14 68.8

15 62.3

16 161

17 153.4

18 57.4

Eighty-nine percent (8 out of 9) of trainees from group A
“strongly agreed” that the IN technique was both easy to use
and safe to use. Most trainees from group B regarded the IV
technique as easy to use but most “disagreed” (67%) that the
technique was safe to use (Figures 3(a) and 3(b)). All trainees
completed the study and no adverse incidents occurred.

4. Discussion

The findings of this study show that it is faster to deliver
a medication via the IN route than the IV route when
administered by a cohort of advanced paramedic trainees. To
our knowledge, no study has yet attempted to quantify the
actual time difference that occurs as a result of the route of
administration used to deliver naloxone. In this study, the IN
route was also preferred over the IV route, both in terms of
ease of use and safety profile.

Two randomised controlled trials have compared the
time taken to achieve adequate patient response when using
IN and IM naloxone [9, 10]. A positive clinical response in
both of these studies was defined as the time taken to regain
a respiratory rate of 10 breaths per minute. Patients in the
initial study had a slower response when given IN naloxone
(IN 8 minutes versus IM 6 minutes, P = 0.006) [10] while
mean response times were similar in the more recent study
(IN 8.0 minutes, IM 7.9 minutes, difference 0.1, 95% CI−1.3
to 1.5) [9]. A more concentrated solution of IN naloxone was
specifically manufactured for use in the later study—this was
thought to account for the difference in response time for IN
naloxone between these studies.
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Figure 3: (a) Advanced paramedic trainee response to question-
naire regarding ease of use of IN or IV delivery. (b) Advanced
paramedic trainee response to questionnaire regarding safety of use
of IN or IV delivery.

Additional nonrandomised studies have shown that
the overall time intervals from initial patient contact by
paramedics to patient clinical response (defined as an
increase in respiratory rate and Glasgow Coma Score) were
not prolonged when using IN naloxone compared with IV
naloxone [12, 13]. The authors concluded that any delay in
the clinical response to IN naloxone is compensated for by
the time taken to establish IV access.

A mean time difference of 91.1 seconds was recorded
in this study with the 95% confidence interval ranging
from 55.2 seconds to 126.9 seconds. A clinically significant
difference in patient response times has previously been
defined as 1 minute, based on respiratory depression and
oxygen desaturation that may occur after this time [9]. Thus,
the use of the IN route of delivery of naloxone to treat an
opioid overdose may have an important impact on successful
patient resuscitation in a real-life clinical scenario.

The results of this study also concluded that there
was high level of practitioner satisfaction among advanced
paramedic-trainees in relation to the ease of use of the
IN route of administration. In this cohort, 89% of users
found the IN route easy to use. Paramedics in other studies
perceived IN naloxone to be less effective than its parenteral
counterpart [11]. It has been reported that there is a
preference by paramedics toward one route of delivery or
another based on personal experience and not on the level

of patient intoxication [11]. However, advanced paramedic
trainees in this study expressed a clear preference for the IN
route.

In the United States (US), in 2000, the Needlestick Safety
and Prevention Act was enacted into federal law [17]. Under
this new legislation, the Occupational Safety and Health
Administration established requirements for all employers
to reduce percutaneous injuries in at-risk employees from
contaminated sharps by using safety-engineered medical
devices [18]. Prior to this, the rate of needlestick injury was
estimated at 378,000 to 756,000 incidents per annum [19].
Since its introduction, there has been a steady decline in the
annual rate of percutaneous injuries in the US, for example,
in 2001, a reduction of almost 38% was reported amongst
hospital employees [20]. The results of this study show that
most advanced paramedic trainees perceived the IN route
(89%) to be safer than the IV route of administration (33%).

Thus, IN naloxone is proposed as one such needle-free
initiative that may reduce exposure of EMS personnel to
blood-borne viruses, when treating high-risk patients with
an opioid overdose.

5. Limitations

The limitations of this study include its small sample size
(n = 18) and that it lacked blinding. The small sample size
was due to the availability of advanced paramedic trainees
that were enrolled in the teaching programme at the time of
the study. Also, the participants were advanced paramedic
trainees and may not yet have sufficient experience in IV
cannulation techniques, which may have increased the time
taken to gain IV access in some cases. Finally, this was a
classroom-based study designed to simulate real-life events.
In clinical practice, a field-based patient encounter may have
other confounding patient and environmental variables that
could potentially affect the outcomes.

6. Conclusion

This study demonstrates that, amongst advanced paramedic-
trainees, the IN route of medication administration is
significantly faster, better accepted, and perceived to be safer
than using an IV route of administration. The authors
therefore, propose that this needle-free route of medication
administration be employed more frequently when treating
high-risk patients with an opioid overdose.
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Approximately 5% of patients presenting to emergency departments have neurological symptoms. The most common symptoms
or diagnoses include headache, dizziness, back pain, weakness, and seizure disorder. Little is known about the actual misdiagnosis
of these patients, which can have disastrous consequences for both the patients and the physicians. This paper reviews the
existing literature about the misdiagnosis of neurological emergencies and analyzes the reason behind the misdiagnosis by specific
presenting complaint. Our goal is to help emergency physicians and other providers reduce diagnostic error, understand how these
errors are made, and improve patient care.

1. Introduction

Approximately 5% of emergency department (ED) patients
present with neurological symptoms [1]. The most common
symptoms or diagnoses that these patients have are headache,
dizziness, back pain, weakness, and seizure disorders [2–
6]. In recent years, improved time-dependent treatments
for patients with acute neurological emergencies have been
developed, increasing the importance of a rapid and accu-
rate diagnosis. Underdiagnosis may have disastrous conse-
quences. Conversely, overtesting leads to inefficient resource
utilization that is undesirable for both economic and medical
reasons.

2. Methods

A PubMed search on February 8, 2012 for the intersection
of “misdiagnosis” and “neurological emergency” as title or
abstract words resulted in 88 results. In addition to this
literature review, we will incorporate experience from over 30
years of ED clinical practice, teaching medical students, and
residents, over a decade of evaluation of medicolegal cases,
and analyzing diagnostic errors committed by our colleagues
and ourselves in peer review.

We review the existing literature about misdiagnosis of
nontraumatic neurological emergencies in general, and then

by specific presenting complaints. We conclude by analyzing
the reasons for misdiagnosis. Our goals are to help emer-
gency physicians (EPs) and other front-line clinicians reduce
misdiagnosis of patients with neurological emergencies and
to be hypothesis generating so that we can better study and
understand misdiagnosis in these patients and to improve
patients’ clinical outcomes.

3. Results

3.1. General Studies about Misdiagnosis of Neurological Emer-
gencies. Few high-quality data on the subject of ED mis-
diagnosis of patients with neurological emergencies exist.
Most papers on misdiagnosis of patients with neurological
emergencies focus on patients with a particular diagnosis or
presenting symptom. Only a few analyze the general topic
of all-comers with neurological symptoms [2–4]. There are
methodological problems with all of these articles. The EP’s
diagnosis is made earlier in a patient’s course. Therefore,
less historical information is usually available, the natural
course of the disease process is less well defined, and almost
always, fewer results of diagnostic testing are available. The
primary job of the EP is to ensure clinical stability and proper
disposition of a patient, both of which are possible without
necessarily making a specific etiologic diagnosis. Therefore,
EP’s charted diagnosis is often a tentative one, or even simply
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a repetition of the major symptom or sign. Neurologists on
the other hand appropriately try to make a specific diagnosis.

For all these reasons, the comparisons being made are not
equivalent. In addition, one must account for the underlying
infrastructure of emergency services where the study was
done. Some data originates from Europe where patients with
acute neurological emergencies are often triaged directly to
neurologists or the “EP” is actually a prehospital provider.
The training of an EP differs across these locales.

Another limitation of all the studies is that they only
examine those patients whom the EP decided to consult
the neurologist; many patients with clear-cut diagnoses
(e.g., peripheral 7th nerve palsy or benign paroxysmal
positional vertigo (BPPV)) may have been well managed
without neurological consultation. Thus, the frequency of
misdiagnosis of patients who did not have a neurology
consultation is unknown. The ideal study would compare
diagnostic accuracy of similar patients at the same phase of
their care and using the same diagnostic information. Of
course it is very unlikely that such a study will ever be done.

A frequently cited article by Moulin and colleagues tried
to assess the impact of neurology consultants on the outcome
of 1679 patients with neurological emergencies in a large
French ED [4]. Neurology consults were obtained in 14.7%
of all patients. They found that there was a complete change
in diagnosis in 52.5% of cases. They included both false
positive (e.g., the EP diagnosed stroke, but the patient had a
tumor) and false negative (e.g., EP diagnosed benign vertigo
but the patient had a stroke) diagnoses. By design, the EPs
were blinded to the study that the neurologists had planned
and executed, clearly introducing potential bias. More
importantly, the neurologists’ diagnoses were made after
access to neurological tests such as computed tomography
(CT), magnetic resonance imaging (MRI), lumbar puncture
(LP), electroencephalogram (EEG), and others, which “could
not have been previously conducted by the ER team.” It is
hardly surprising that many diagnoses would change based
on adding all of those diagnostic modalities to the history
and physical examination. Finally, the training of these
emergency physicians is not specified. These methodological
flaws make this article irrelevant to modern EM practice, at
least in North America.

In a large Canadian ED, Moeller and colleagues studied
493 patients with neurological emergencies who had a neu-
rologist consult in the ED [3]. In 60.4% of cases, the ED diag-
nosis was the same as the final diagnosis. In 19.1% of cases,
there was frank disagreement and in another 16.6%, there
was “significant uncertainly” between the two diagnoses.
Importantly, the “gold standard” diagnosis for patients who
were admitted or had neurologic followup was the final
hospital discharge diagnosis and the ultimate outpatient
neurological diagnosis respectively. When they compared the
consulting ED neurologist’s diagnosis with the final diagno-
sis, there was agreement in 80% of cases. Some of the patients
were referred by family practitioners or other hospitals.
The investigators found that diagnoses made by EPs were
more likely to be concordant with the final diagnoses than
compared with the ones made by the other sources. The vast
majority of the diagnostic error was over-diagnosis.

Two other studies did not so much compare EP versus
neurologists’ diagnoses, as categorize the types of ED
neurological emergencies [2, 5]. In all studies of emer-
gency neurological consultations, stroke, headache disorders,
seizures, and dizziness make up a large majority of the
patients [2–5, 7]. In Hansen’s study, which analyzed 500
neurology consultations at a tertiary U.S. academic hospital,
4.8% of total ED patients had a neurology consultation (1/3
of the number in the French study). The mean length of
stay for those patients was 7.4 hours (significantly longer
than for the average ED patient—4.9 hours) and remarkably
similar to the “just under 8 hours” in the Canadian study.
In the latter study, it is interesting to note that patients
with diagnostic ambiguity stayed in the ED much longer
than those where there was either agreement or disagreement
(between consulter and consultant) about the diagnosis.

Although all these studies have limitations, there is
a common theme that runs through them. Diagnosis of
patients with neurological emergencies is imperfect. There
is significant underdiagnosis (which threatens patient safety)
and overtesting (which wastes resources). Patients with
stroke, dizziness, headache, and seizures are the most
common sources for these errors. In a study of unplanned
ED return visits, many of which were due to missed
diagnoses, headache and vertigo were among the most
common presenting symptoms [8]. Apart from the studies
discussed above, most others have analyzed misdiagnosis by
either specific presenting symptoms (e.g., headache) or by
specific diagnosis (e.g., SAH).

3.2. Headache. Headache accounts for roughly 2% of ED
visits, of which only a very small percentage have seri-
ous secondary causes [9]. This “needle in the haystack”
phenomenon may lead clinicians to not consider serious
secondary causes. Deciding which patients to investigate
beyond clinical evaluation can be difficult; history and
physical examination must focus on uncovering “red flags”
that suggest the need for further testing [10].

Much of the literature about misdiagnosis of headache
focuses on subarachnoid hemorrhage (SAH) [11–13]. While
older literature showed a misdiagnosis rate from 12–25%, the
latest data based on misdiagnosis restricted to the ED puts
that figure at 5% [13]. Recurring reasons for misdiagnosis
include not considering the full spectrum of presentations,
not following an algorithmic workup and not understanding
the limitations of the tests in that workup [11, 12].

Regarding presentation, not all patients with SAH have a
truly abrupt onset of their headache [14]. In some patients,
the headache improves after analgesics including triptans
[15]. Some patients present with prominent vomiting or
fever and neck pain or with hypertension, each of which can
divert the physician’s diagnosis to other less serious problems
such as gastroenteritis, viral syndrome, or hypertensive crisis
[11, 12]. Patients with SAH do not necessarily “look ill,” have
any neurological deficits or meningism.

Even in the less acuity-skewed population of a neurology
practice, some argue for a lower threshold for imaging in
patients with new-onset headache [16]. This is probably
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even more important in an ED practice, where the incidence
of secondary causes may be higher. In ED populations,
patients with thunderclap headache have an incidence of
SAH of between 8–16% [11, 14, 17]. In one large series
of misdiagnosed SAH, failure to do a CT scan was the
most common error [18]. However, a negative CT may not
exclude SAH, especially if performed after 6 hours from
headache onset, and if a CT shows findings of chronic
sinusitis, physicians may inappropriately stop the work-up
and diagnose sinusitis as a cause of an acute headache, which
is actually very uncommon [17, 19, 20].

It is not surprising that patients with less common causes
of headache may be initially misdiagnosed. Most patients
with headache due to a brain tumor have no distinguishing
pain characteristics [21, 22], although persistent vomiting
with headache, especially if associated with lethargy, sug-
gests obstructive hydrocephalus [23]. Patients with other
uncommon causes of headache, such as cerebral venous sinus
thrombosis (CVST) and cervicocranial arterial dissections
are frequently misdiagnosed on the first physician encounter.
These problems may also present with isolated headache
without specific qualities in patients without risk factors [24,
25]. For these diagnoses and other uncommon ones, the issue
of diagnosing a rare condition without major distinguishing
features presents obvious difficulties.

3.3. Dizziness. As with headache, dizziness has both benign
and serious causes that can be difficult to distinguish from
one another. Diagnosis of the dizzy patient is inherently
fraught with problems. The diagnostic algorithms that doc-
tors are taught may be flawed. Increasing evidence suggests
that the traditional “symptom quality” approach (“what do
you mean by “dizzy”?”) is less effective that a new “timing
and triggers” approach, in which the physician asks about
the temporal characteristics of the symptoms [26–28]. Data
suggests that whether the patient uses the word “vertigo” or
“spinning” versus “dizzy” or “lightheaded” is not so useful in
determining etiology. “Vertigo” versus nonspecific dizziness
does not help predict etiology in dizzy patients [29, 30]. For
example, patients with BPPV often use nonspecific (non-
vertigo) descriptors for their symptoms [31] and patients
with clear-cut cardiac causes of dizziness often complain of
“vertigo” [32].

Because of the prevailing paradigm, EPs may have an
overly generalized approach to dizzy patients [28]. There is
also a significant overlap between the presentations of benign
(vestibular neuritis and labyrinthitis) from serious (cerebel-
lar and brainstem stroke) presentations [33, 34]. Deficits in
physician knowledge may also contribute, for example, doc-
umentation of nystagmus is often inaccurate [35]. Finally,
lack of understanding of the limitations of neuroimaging is
another issue. Some EPs incorrectly believe in the sensitivity
of CT to exclude posterior circulation stroke [28], which may
also be undetected by MRI in the first 48 hours [33].

Neurologists may also have difficulty diagnosing dizzy
patients in the ED. Royl reported on 475 patients seen in
a German neurology ED staffed by neurologists. Of the
124 patients for whom followup was available, 43% of ED

diagnoses were “corrected” [36]. Six percent of the patients
diagnosed with benign conditions were changed to serious
ones and 23% of the serious ones were reversed to benign.
In a California study of ED patients discharged with an ICD-
9 code compatible with dizziness, there was an increase in
the incidence of adverse cerebrovascular events in the next
30 days, suggesting that an important diagnosis had been
missed [37].

The most feared misdiagnosis of dizzy patients is stroke.
These are usually ischemic strokes of the brainstem and
cerebellum. In one series of 240 consecutive cerebellar
strokes, 10% presented as an acute vestibular syndrome
(AVS) suggesting a peripheral cause [34]. Nearly all of
these patients had posterior inferior cerebellar artery strokes.
Patients with misdiagnosis may have poor outcomes due
to posterior fossa edema and brainstem compression [38].
Distinguishing stroke from benign peripheral causes is
critical, not just to treat the acute complications, but also to
evaluate and treat the underlying vascular lesion in order to
prevent a second event [39].

3.4. Back Pain. Along with headache and dizziness, back
pain is very common and most patients have benign, self-
limited causes. With back pain, there are fewer “needles”
in a larger “haystack.” Common causes of cord or cauda
equina compression include herniated disk, tumor, abscess,
and hematoma. In primary care practices, all four of these
etiologies amount to roughly 1% of patients with back
pain [40]. Diagnoses generally require MRI, thus setting
up the classic tension between resource utilization versus
patient outcomes [40]. Surprisingly, few data exist about
prevalence in the ED, although it is likely higher due to
skewed acuity. Red flags include new pain in patients >
age 50 years, a history of cancer, fever, weight loss, an
immunocompromised state, intravenous drug use, recent
bacteremia or urinary tract infection, pain that is worse with
rest or at night, sphincter symptoms, bilateral sciatica, failure
to improve over weeks, anticoagulation, and recent spinal
procedure [41]. Some patients have no identifiable red flags.

Cauda equina syndrome (CES) can be misdiagnosed
and/or lead to malpractice claims because of inadequate
history, physical examination, or communication between
physicians and between physicians and nurses [42]. In one
small series of 32 patients with CES, fewer than 20%
presented with the classic presentation of bilateral sciatica,
leg weakness, saddle anesthesia, and sphincter dysfunction
[43]. The most common reason for misdiagnosis in that
series was failure to consider the diagnosis. In a retrospective
study of 23 patients with suspected CES, the diagnostic accu-
racy of individual findings of urinary retention, frequency,
incontinence, or altered urinary or perineal sensation ranged
from 57–65 percent [44]. In another retrospective study of
58 consecutive patients of suspected CES, having 2 of the
following 3 findings (bilateral sciatica, subjective urinary
retention, or rectal symptoms) increased the likelihood of a
positive MRI 48 folds [45].

Another finding that is often ignored is ataxia or new fre-
quent falls. In a study of 63 patients with nontraumatic cord
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compression or CES, nearly one in four patients had ataxia or
gait difficulty with neither sensory nor motor findings [46].
For spinal epidural abscess (SEA), the incidence of the typical
triad of back pain, fever, and neurological deficit is low [47–
49]. For all these reasons, misdiagnosis or delayed diagnosis
is common [47, 50, 51].

Some algorithms include measuring inflammatory
markers such as the erythrocyte sedimentation rate (ESR)
or C-reactive protein (CRP). Sensitivity for an ESR
(>20 mm/hour) in infectious causes of cord or cauda
equina compression such as SEA or vertebral osteomyelitis,
range from 76–95%; the corresponding figures for CRP are
82–98% [41, 52, 53]. For neoplastic causes, the sensitivity of
ESR (>20 mm/hour) is 78% [54]. For the ESR, increasing the
threshold value increases specificity at the cost of sensitivity.

MRI with gadolinium is the test of choice for most of
these problems [50, 55]. A significant diagnostic issue is
that in many practice settings, obtaining an urgent MRI
can be difficult or impossible. In the absence of a strict
diagnostic algorithm that forces the clinician to get the MRI,
even if that requires a transfer, the lack of availability of the
diagnostic gold standard may lead to misdiagnosis. Both SEA
and epidural tumor often affect multiple areas of the spine;
therefore, it is important to decide which part of the spine
to image. Some experts recommend that the entire spine
should be imaged [55]. Finally, there are issues of resource
utilization; in one study of 106 patients undergoing MRI for
possible SEA, only 7 were positive [56].

3.5. Weakness. The majority of patients presenting to an
ED with generalized weakness have a variety of “toxic-
metabolic” problems including electrolyte abnormalities and
dehydration, medication side effects, and systemic infections.
Acute neurological causes of generalized weakness include
uncommon diagnoses such as Guillain-Barré syndrome
(GBS), transverse myelitis, myasthenia gravis, and periodic
paralysis, as well as rarer conditions such as tick paralysis,
botulism, and others.

Misdiagnosis of GBS is common [57, 58]. In a series of 20
ED cases, most patients complained of weakness but some
presented with paresthesia [57]. 15 of the 20 patients were
incorrectly diagnosed on their first ED visit. Four patients
initially presented with sensory symptoms. Six of the 20
had normal cerebrospinal fluid (CSF). The notion that the
CSF protein is always elevated is wrong; normal CSF protein
is common in the first week of GBS [59]. Misdiagnosis of
Lambert-Eaton syndrome is also common [60]. Similarly
with myasthenia gravis (MG), the mean time to correct
diagnosis is over a year [61]. The variability of specific
symptoms and their timing makes diagnosing MG difficult.
Therefore, to diagnose MG in the ED, it is essential to know
the full spectrum of possible presentations [62]. In transverse
myelitis, asymmetric cord involvement can lead to atypical
presentations that make diagnosis more difficult [63]. Unless
one checks the serum potassium at the time of symptoms,
periodic paralysis may be missed. In very rare conditions
such as botulism and tick paralysis, initial misdiagnosis is
quite common [64, 65].

Serious misdiagnosis can occur in patients with stroke
and transient cerebral ischemia (TIA) who present with focal
weakness. Various studies have reported that the rate of ED
misdiagnosis of stroke varies widely, from as low as 2% to
as high as 56% [66–72]. To some extent, the variation relates
to study design. The two most recent North American studies
found rates of misdiagnosis of roughly 10% [69, 70]. Current
diagnostic scoring systems for ischemic stroke emphasize
lateralizing motor findings [72–74]. Factors associated with
stroke misdiagnosis include young age, posterior circulation
or sensory symptoms, and lack of lateralizing weakness [38,
75, 76]. Some stroke patients have NIH stroke scores of
zero [77]. Many of the patients in that study had posterior
circulation strokes. Finally, physicians must understand that
some strokes, even of the anterior circulation, present
with atypical symptoms like neuropsychiatric symptoms or
abnormal movements at stroke onset [78].

Diagnosis of TIA is more difficult because most TIA
patients are neurologically intact by the time they are in the
ED. An early study found a misdiagnosis rate by the emer-
gency physician of 6% [79]. A major limitation of this study
is that neurologists made their diagnosis by reviewing the ED
chart, not by independent clinical evaluation. Another study
found a misdiagnosis rate by EPs of 60%, with factors leading
to misdiagnosis including gradual onset of symptoms, prior
similar episodes, and nonspecific symptoms [80]. The most
recent and methodologically sound study found an ED
misdiagnosis rate of 36% [81]. It also showed that the
presence of headache, involuntary movements, and dizziness
were all associated with a non-TIA diagnosis.

Apart from the aforementioned studies of SAH, there
has not been much systematic study of misdiagnosis of
intracerebral hemorrhage (ICH). Both CT and MRI are very
sensitive for ICH; therefore, when physicians perform brain
imaging in patients with weakness, they will find ICH when
it exists. Although ICH often presents more dramatically
than ischemic stroke, there is significant overlap. It is
certainly possible that patients who are not imaged will be
misdiagnosed.

3.6. Seizures. As with TIA, the diagnosis of a seizure often
depends entirely upon the history of an event that the
physician has not witnessed. Therefore, it is important to try
to obtain information from any witnesses of the event, and
to gather what data one can from the physical examination
to distinguish the causes of these transient episodes of loss
of consciousness. The most common issue is distinguishing
syncope from seizure, but one must also separate true
seizures from pseudoseizures (also referred to as psychogenic
seizures and nonepileptic attack disorder). Of these three
conditions, syncope is by far the most common.

In one review, the misdiagnosis rate overall for seizures
in both children and adults ranged from 5–30% [82]. In
adult patients incorrectly diagnosed with seizure, the most
common final diagnoses were syncope and pseudoseizures
[82, 83]. In children, various benign paroxysmal disorders
such as breathing holding spells and night terrors were
the most common final diagnoses [82]. The source of
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misdiagnosis was not entirely from the ED. It is important
to note that electroencephalography (EEG) is not specific for
seizures and lacks sensitivity. That is to say, an abnormal EEG
does not exclude pseudoseizures and a normal EEG does not
exclude true seizures or confirm pseudoseizures [84–87].

There are several characteristics that help emergency
clinicians to distinguish between syncope, epileptic seizures,
and pseudoseizures. Syncope may have a prodromal sensa-
tion of warmth, lightheadedness, sweating, and facial pallor,
and is often precipitated by various triggers. The event
starts rapidly and recovery is prompt. In cardiac causes
of syncope, palpitations or chest pain may occur together.
Importantly, however, “convulsive syncope,” in which the
faint is accompanied by some tonic-clonic jerking due
to brain hypoperfusion is common [85, 88, 89]. Tongue
biting may occur but it is usually at the tip of the tongue
[90]. Urinary incontinence is unusual but may also occur
[85, 86].

Patients with true seizures often have a preceding aura
or repetitive movements (chewing or lip smacking), lateral
biting of the tongue or cheek, facial cyanosis, sphincter
incontinence, head turning towards one side, and postictal
confusion that is slow to resolve [85, 90, 91]. Postevent
neurological examination may show focal deficits [86].
Though not extensively studied, transient anion gap acidosis
is also associated with true seizure [92]. Up to 36% of
patients with “intractable seizures” actually have pseudo-
seizures [84]. Patients with pseudoseizures may show side-
to-side head movements, changing symptoms if multiple
spells, gradual onset and waxing and waning during the
spell, rapid recovery, and bizarre movements involving the
entire body without any “logical” march [86]. Tongue
biting and incontinence are less common in patients with
pseudoseizures compared with true seizures [90].

In many ED patients with transient loss of consciousness,
a definite diagnosis will not be possible. Coordination of
subsequent care for testing not available in an ED such
as tilt-table testing, continuous loop ECG monitoring, or
video-monitored 48-hour EEG testing may help to reduce
misdiagnosis.

3.7. Conversion Reaction (Functional Neurological Symptoms).
Conversion reactions overlap the symptom-oriented discus-
sion above. The most common conversion reactions relate
to weakness and seizures [93]. One report of ED patients
diagnosed with conversion reaction who later proved to
have organic disease emphasizes that misdiagnosis often
relates to patients having symptoms atypical for organic
disease (e.g., “I’ve never seen anything like this before” or
symptoms being “non-anatomic”) [94]. Hoover’s sign (weak
hip extension that becomes normal on testing contralateral
hip flexion) was found to be moderately sensitive and very
specific for functional weakness [95]. In the specific setting
of possible ischemic stroke, it is obviously preferable to not
give thrombolytic therapy to someone who does not have a
stroke. However, patients with stroke mimics who are CT
negative, have never been reported to have hemorrhagic
complications [96–98]. Although a high degree of diagnostic

accuracy is possible [99], EPs should be very hesitant to make
a diagnosis of conversion reaction in the ED.

4. Discussion

Before discussing the data, it is important to acknowledge
their limitations. The literature does not contain high-
quality data on this subject, and the data derived from
our experience with quality assurance and medicolegal case
review is by definition skewed towards cases with poor
outcomes. We acknowledge that our conclusions are limited
by the weakness of the data upon which they are built;
however, we believe that this is the best available analysis of
the data.

Misdiagnosis contributes to medical malpractice in the
ED and patient harm [100, 101]. The underlying reasons
included inadequate history and physical examination, fail-
ure to order and correctly interpret tests, and failure to obtain
a consultation [101]. In Table 1, we have listed potential
reasons for misdiagnosis of patients with neurological emer-
gencies. Researchers in the field of diagnostic error often
characterize errors in terms of cognitive analysis, which is
useful for research [102]. Herein, however, we will categorize
reasons for error in everyday terms that average clinicians
will not only understand but also relate to.

Time pressures, frequent interruptions, and distractions
are common in the ED. For stroke, time pressures related
to thrombolytic use force EPs to “diagnose” a stroke within
minutes of the patient’s presentation, when key historical
details may be unavailable. For the less common diagnoses,
the “needle in the haystack” phenomenon exists. “Classic”
triads and the “typical” symptoms that are emphasized in
medical education are often absent. Preconceived notions
are sometimes wrong. In addition, examining the nervous
system is more complicated than examining the heart
or lungs. Charting systems, designed to maximize billing,
discourage good documentation. The best test for some
conditions, MRI, is often unavailable. Incidental findings on
physical exam or imaging tests may distract and prematurely
stop the workup. A false normal study (due to interpretation
error or imaging the wrong site or at the wrong time) may do
the same.

Over testing can also result in patient harm. Incorrect
diagnosis of a seizure often leads to anticonvulsant use or
driving restrictions. With respect to investigations, ED use
of CT more than tripled over the period 1995–2007 [103]
and interestingly there is a 3-fold variation of CT use across
individual physicians [104]. Apart from obvious issues of
diagnostic accuracy, evidence is mounting about the long-
term consequences of increasing radiation exposure [105].
Furthermore, incidental findings drive further investigations,
which may lead to adverse consequences [106].

Finally, it must be acknowledged that some degree of
misdiagnosis is unavoidable [107]. Making every diagnosis
every time has costs. Even immediate ED neurological
consultation will not lead to diagnostic perfection. Both
Moeller and Royl showed that neurologic evaluation in the
ED was still associated with some misdiagnosis [3, 36]. In
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a study of malpractice cases against neurologists, EPs were
codefendants in 44% of cases [108]. These data corroborate
the obvious conclusion that simply consulting a neurologist
does not eliminate potential errors. Because some diagnostic
uncertainly is inevitable, explicit communication between
physicians, physicians and patients and thoughtful coordi-
nation of followup care after the ED phase become critically
important.

5. Conclusions and Solutions

A full analysis of the reasons behind these potential errors
and solutions to the problems is beyond the scope of
this review. However, several generic issues exist. Less than
20% of emergency medicine residencies require a neurology
rotation [109]. Education is mostly lecture based; however,
many of these lessons are best taught by studying real-life
patients at the bedside. Important as education is, diagnostic
error is frequently not the fault of a misinformed individual.
Numerous articles have addressed how to reduce diagnos-
tic errors in medicine, from both practical and research
perspectives [110–117]. Some potential components to the
solution include better physician education in neurological
emergencies that encourage detailed history-taking and sys-
tematic physical examination, improved access to supportive
diagnostic tests (MRI), real-time neurology consultation
and communicate clearly with patients and other physicians
who will be seeing them in followup. Further well-designed
studies are needed in the area of misdiagnosis of neurological
emergencies to improve patient care and the use of healthcare
resources.
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Reversible cerebral vasoconstriction syndrome (RCVS) is an increasingly recognized and important cause of acute headache. The
majority of these patients develop potentially serious neurological complications. Rigorous investigation is required to exclude
other significant differential diagnoses. Differentiating RCVS from subarachnoid haemorrhage (SAH) and primary angiitis of
the central nervous system (PACNS) may be difficult but has important therapeutic implications. This paper describes what is
currently known about the epidemiology, pathophysiology, clinical, and diagnostic features of the syndrome, an approach to
investigation, a summary of treatments, and what is known of prognosis.

1. Introduction

Acute severe headache presenting to the Emergency Depart-
ment (ED) accounts for 1-2% of admissions [1]. Whilst the
differential diagnosis in the setting of nontraumatic head-
ache is extensive, it is imperative that life-threatening causes
of headache are identified in a timely fashion and treated
appropriately. Reversible cerebral vasoconstriction syndrome
(RCVS) is one of these differentials that potentially has
dire consequences and, with improving technology and
awareness, is being increasingly diagnosed.

The presence of acute severe headache and characteristic
angiographic findings was initially described in a case series
in which Gregory Call and Marie Fleming were lead
authors, hence the eponym Call-Fleming syndrome [2]. They
described unique features in patients who presented with
sudden onset severe headache and cerebral angiography that
demonstrated reversibility of vasoconstriction of arteries
involving the Circle of Willis and its immediate branches
[2]. Other literature has described similar clinical entities
that appear to fall under the descriptive heading of RCVS.
This includes migrainous vasospasm or migraine angiitis
[3–5], benign angiopathy of the central nervous system
[6], postpartum angiopathy [7], thunderclap headache with

reversible vasospasm [3–5], and drug-induced angiopathy
[7, 8]. Distinguishing all of these disorders from cerebral
vasculitis has also been challenging but is a key diagnostic
step as the treatments are significantly different. The unifying
term reversible cerebral vasoconstriction syndrome (RCVS)
was proposed by Calabrese in 2007 [9]. It encompasses all
of these clinical entities, which share similar clinical presen-
tations, radiological findings, and sequelae. The diagnostic
elements of RCVS are shown in Table 1.

Since the initial descriptions in 1988, much remains
unknown about RCVS and this is reflected in the paucity of
literature on the topic. This is partially due to a previous lack
of a consensus definition, deficits in understanding of the
underlying pathophysiology, and overlapping features with
other conditions such as cerebral vasculitis. The incidence
of RCVS appears to be increasing. This may be due to
the increasing availability and advances in neurovascular
imaging, or a genuine increase, perhaps related to more
prevalent use of vasoactive substances [10].

2. Epidemiology

There is a clear female predominance of RCVS in all pub-
lished case series, with female to male ratios ranging from
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Table 1: Diagnostic criteria for RCVS [9].

Summary of critical elements for the diagnosis of reversible cerebral vasoconstriction syndromes

(1) Angiography (DSA, CTA, or MRA) documenting multifocal segmental cerebral artery vasoconstriction

(2) No evidence of aneurysmal subarachnoid hemorrhage

(3) Normal or near-normal cerebrospinal fluid analysis (protein level <80 mg%, leukocytes <10 mm3, normal glucose level)

(4) Severe, acute headaches, with or without additional neurologic signs or symptoms.

(5) Reversibility of angiographic abnormalities within 12 weeks of symptom onset. If death occurs before the follow-up studies are
completed, autopsy rules out such conditions as vasculitis, intracranial atherosclerosis, and aneurysmal subarachnoid hemorrhage, which
can also manifest with headache and stroke

Table 2: Secondary precipitants of RCVS [9–12].

Vasoactive substances Predisposing conditions

Recreational drugs: Cannabis, cocaine, ecstasy, amphetamines,
LSD, binge drinking

Pregnancy

Sympathomimetics, nasal decongestants: ephedrine,
pseudoephedrine

Eclampsia, preeclampsia

Serotonergic drugs: selective serotonin reuptake inhibitors,
triptans

Neoplasia: phaeochromocytoma, bronchial carcinoid, glomus
tumour

Immunosuppressants: tacrolimus, cyclophosphamide Neurosurgery, head injury

Nicotine patches Hypercalcaemia

Herbal medications: ginseng Porphyria

Blood products: erythropoietin, immunoglobulin, red cell
transfusion

Intracerebral haemorrhage, subarachnoid haemorrhage

2.6 : 1 [11] to 10 : 1 [12]. These differences may be due to
geographical and genetic reasons. Sex predilection seems to
be less significant in secondary RCVS [11]. The typical age
group affected in adulthood is between 20 and 50 years old.
However, there have been case reports of patients under 18
years of age, the majority being male [13, 14].

RCVS can occur spontaneously or be secondary to a
precipitating factor. The proportion of spontaneous cases
has varied depending on the population studied, from 37%
in a French study [14] to 96% in a Taiwanese cohort [12].
Vasoactive drugs and the postpartum period are two com-
mon associations [14], with several other associations being
suggested from previous case series (see Table 2).

3. Pathophysiology

The pathogenesis of RCVS remains poorly understood.
Current consensus on the aetiology focuses around alteration
of cerebral vascular tone. This may occur spontaneously
(primary RCVS) or be triggered by endogenous or exogenous
substances (secondary RCVS) (see Table 2). There appears
to be interaction between sympathetic overactivity and
endothelial dysfunction, resulting in dysautoregulation [11].
With the radiological similarities with postsubarachnoid
haemorrhage vasospasm, it has been postulated that the
mediators of vasospasm in subarachnoid haemorrhage such
as endothelin-1, serotonin, nitric oxide, prostaglandins, and
catecholamines [15, 16] may also be invoked in RCVS by
different mechanisms. It has also been suggested that a
sudden central neuronal discharge may induce vasospasm
and the severe headache be caused by stimulation of the

sensory afferents of the first division of the trigeminal nerve
and dorsal root of C2 which supply these cerebral blood
vessels [9]. Resolution of symptoms does not always correlate
with radiological resolution of vasoconstriction, and the
factors perpetuating this process are also yet to be identified.
Genetic factors are likely to play a role in the predisposition
and development of RCVS.

Postpartum angiopathy is considered a variant of RCVS
occurring after pregnancy. It can occur following uncom-
plicated pregnancy as well as in eclampsia [17]. Acute
severe headaches tend to occur within days or weeks after
uncomplicated deliveries unlike those seen in eclampsia. The
imbalance of angiogenic factors seen in eclamptic patients
has not been demonstrated in patients with uncomplicated
pregnancy that develop postpartum angiopathy.

4. Clinical Features

The most common symptom of RCVS is an acute severe
“thunderclap” headache (TCH), typically in females between
the ages of 20 and 50 years, and this is often the only
symptom at presentation [14]. This TCH is defined as a
severe headache reaching its maximal intensity within one
minute [10]. The headache tends to be recurrent, over a
period of days to weeks. Characteristics of the headache vary
widely from occipital to diffuse and constant to throbbing. It
may occur spontaneously or be precipitated by exercise or a
valsalva manoeuvre. Systemic clinical features such as nausea,
vomiting, and transient hypertension are not uncommon.

Neurological deficits may or may not be present ini-
tially. In a recent cohort study from North America, focal
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neurological deficits were present initially in 43% [14]. These
deficits include visual disturbances, photophobia, blind-
ness, focal facial or limb weakness, dysarthria, and ataxia.
Generalised tonic-clonic seizures occurred in 17%. Most
significantly, severe and permanent neurological deficits and
even death may occur as a consequence. The reversible
component suggested in the description refers specifically to
the angiographic vasoconstriction, and the feared vascu-
lar complications are surprisingly common (81%). These
include ischaemic stroke, nonaneurysmal subarachnoid hae-
morrhage, intracerebral haemorrhage, cerebral oedema and
posterior reversible leucoencephalopathy syndrome (PRES).
Most of these complications occur in the first week of pres-
entation, except cerebral ischaemia, which is more common
in and after the second week [18]. Female gender and a
history of migraines are both independent risk factors for
intracranial haemorrhage [19]. Therefore, RCVS should be
considered in patients presenting with cryptogenic stroke,
particularly if there was an associated typical headache and
imaging reveals symmetrical brain infarctions and oedema.

5. Investigations

An approach to investigation of acute severe nontraumatic
headache is outlined in Figure 1. A noncontrast CT brain
should be performed initially to exclude subarachnoid and
intracerebral haemorrhage. If normal, this should be fol-
lowed by a lumbar puncture (LP). In the majority of acute
presentations of RCVS, the noncontrast CT head shows
no abnormalities [14]. Depending on the history, CT
angiography at the time of a non-contrast CT may be
warranted, looking for evidence of RCVS, cervical artery
dissection, or cerebral venous thrombosis. It should be noted
that all of these diagnoses require different CT imaging
techniques and this should be discussed with the radiologist
and radiographer involved to obtain optimal images. Other
differentials to consider include pituitary apoplexy and
intracranial hypotension. These both have characteristic CT
findings but are better visualised with an MRI, which may
follow if the history and examination are suggestive and
the CT is nondiagnostic. The LP is performed looking for
evidence of CNS infection, subarachnoid haemorrhage, or
primary angiitis of central nervous system (PACNS). A
distinguishing feature of RCVS is an initially normal CSF
result. After a single episode of an acute non-traumatic
headache that has resolved, if the CT with contrast and the
LP are normal, it may be reasonable to consider discharge if
they can be relied upon to return if their symptoms reoccur.

For persistent or recurrent acute severe headaches, four
different imaging modalities are currently used to evaluate
the presence of vasospasm, summarized in Figure 1. In
general, an approach starting with less invasive imaging
is employed. Angiographic changes in cerebral arteries,
described as a “string of beads,” are highly characteristic of
RCVS.

CT angiography (CTA) is readily available, fast, and can
be performed immediately after an initial non-contrast CT.
It is not affected by flow-related inhomogeneities that can
affect MRI and can certainly reveal regions of vasospasm. CT

venography can also exclude cerebral sinus thrombosis, an
important differential diagnosis. However, CTA may lack the
sensitivity of digital subtraction cerebral angiography (DSA),
may poorly visualise smaller distal vessels, has no scope for
intervention, and incurs contrast and radiation exposure.
Modern multidetector-row spiral CT angiography produces
vascular imaging potentially equivalent to DSA [20], unlike
older generations of CT scanners. When looking for evidence
of RCVS with a CTA, the images must include all the cerebral
arteries up to the vertex, so as not to miss spasm in these
vessels, which must also be considered when arranging the
imaging.

MRI with angiography and venography has advantages
over CTA as the next radiological investigation following a
normal CT [10] and has been validated in this context [21].
The MR sequences should as a minimum include T1, T2,
fluid attenuated inversion recovery imaging, gradient-echo
(T2) imaging, diffusion weighted imaging, and apparent
diffusion coefficient mapping for differential diagnosis and
evaluation of complications. Cervical MR using a T1 fat-
saturation sequence with contrast should be considered if
cervical artery dissection is suspected [21]. MRA avoids
potential complications of repeated DSA’s, and the improved
soft tissue imaging may demonstrate small areas of cortical
haemorrhage, ischaemic complications of RCVS not visible
with CT, or changes consistent with PRES. However, MRA
still lacks the sensitivity for vascular imaging of DSA, and
imaging small arteries in the setting of PACNS is more
difficult with MRA [22]. MRA is also not always imme-
diately available and potentially carries the risks of trans-
port, remote-site anaesthesia and the complications of the
gadolinium contrast.

Currently, DSA is still considered to be the gold standard
for the diagnosis of RCVS. It allows real-time appreciation of
vessel calibre and flow and permits better visualization of the
smaller, peripheral vessels with superior spatial and temporal
resolution. More significantly, there is also the potential for
intervention with intra-arterial vasodilators in addition to
the diagnostic advantages. The disadvantages of DSA include
the invasiveness, potential vascular injury with stroke, and
the inherent radiation and contrast exposure. One case series
reported a high incidence (9%) of transient neurological
deficit post-DSA in patients with RCVS [11] however, this
was likely to be related to the underlying pathology, and rates
of 0.5% for permanent and 1% for transient neurological
complications may be expected [23–25].

Transcranial doppler (TCD) imaging has a potential role
in monitoring vasospasm after RCVS has been diagnosed
by another imaging modality. It is a noninvasive way to
assess larger vessel vasospasm, and in one study of TCD in
RCVS, a mean flow velocity of the middle cerebral artery
greater than 120 m/s was associated with a greater risk of
ischaemic complications [26]. However, TCD does not allow
assessment of smaller vessels, is not always available, may
be technically difficult on some individuals, and is subject
to significant inter-observer and interindividual variability.
Centres where there is local expertise and the same operator
is available to repeat the imaging on a regular basis may use
serial TCD to avoid the risks of the other imaging techniques.
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Figure 1: An approach to investigation of RCVS [10]. ∗CT angiography may be considered at this stage, specifically looking for cervical
artery dissection, cerebral venous thrombosis or RCVS, depending on the history, clinical suspicion and contraindications to radiocontrast.

Cervical artery dopplers have been used to investigate for
arterial dissection in the context of acute severe headache;
whilst having a significantly favourable complication profile
compared to any form of angiogram, there are bony regions
limiting ultrasound imaging, greatly reducing the sensitivity
of this investigation.

None of these imaging modalities give an irrefutable
diagnosis of RCVS. The choice of imaging modality should
be chosen based upon the other differential diagnoses sug-
gested from the history, and what is available. A CTA or MRA
may follow a non-contrast CT however, if both of these are
nondiagnostic and clinical suspicion of RCVS exists, a DSA
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Table 3: Distinguishing features of RCVS, cervical artery dissection, PACNS and SAH [9].

RCVS Cervical artery dissection PACNS SAH

History

Sudden onset headache,
often thunderclap

Sudden or subacute, can
have thunderclap features

Insidious, constant,
progressive, dull

Sudden onset headache,
often thunderclap

More common in
females

No sex predilection No sex predilection More common in females

Age 20–50 years old Age less than 50 years old Age 40–60 years old
Age 40–60 years old

Risk increases with age

Likely to be younger in
familial SAH

Risk factors
Drugs, pregnancy,
tumours, neuro injury,
idiopathic

Atherosclerosis, cervical
trauma, connective tissue
disease. Can be idiopathic

Family history
Known cerebral aneurysm

Examination
Presence or absence of
neurological deficit

Presence or absence of
neurological deficit.
Important to rule out in
younger patients.

Presence or absence of
neurological deficit, 5%
spinal involvement

Depends on severity of
haemorrhage

CT brain
Majority normal
Cortical SAH, ICH

Normal in the absence of
cerebral infarct (60%);
crescenteric intramural
haematoma on CTA

Majority
abnormal—diffuse,
multiple small infarcts

Majority abnormal.
SAH, cerebral oedema,
hydrocephalus

CSF studies Majority normal Normal
Majority abnormal—raised
protein, cell count

Abnormal—
xanthochromia, raised red
cell count

MRI brain Majority normal

MRA may reveal
intramural haematoma as
well as demonstrate flow
abnormalities. More
sensitive than CT or early
infarction

Nonspecific changes
Multifocal, cortical or
subcortical infarcts, diffuse
white matter changes, or
leptomeningeal
enhancement

Areas of infarct
corresponding to vascular
territory involved

Cerebral
angiography

Considered gold
standard.
Useful in recurrent TCH
Diffuse segmental
stenosis—medium, large
arteries

Long-segmental stenosis,
intimal flaps, arterial
pseudoaneurysm

Unable to visualise changes
in small arteries

Aneurysm, arterio-venous
malformation
Vasospasm (not multifocal)
at Day 4

CNS biopsy Not indicated
Gold standard.
Skip, segmental vascular
lesions

should follow. Follow-up imaging may be with MRA or DSA
if intra-arterial interventions are being considered. Table 3
shows comparative features of RCVS, cervical artery dissec-
tion, PACNS, and SAH to aid in diagnosis. Angiographically,
SAH-induced vasospasm is more commonly longsegmental
and mainly around the bleeding focus [27], compared to
the multiple, short-segmental and diffuse changes seen in
RCVS; however, this is not 100% specific and a DSA is also
required to look for evidence of an aneurysm if this has
not already been identified. PACNS is radiologically identical
to RCVS, making the clinical history, risk, factors and CSF
studies important in differentiating these conditions. The
reversibility of the angiographic findings is a key component
to the diagnosis but only helpful retrospectively. Therefore,
if a patient presents with a classic history of repetitive
thunderclap headaches, has no evidence of SAH, has normal
CSF analysis and a normal MRI, and shows the typical

findings of RCVS on vascular imaging (DSA, CTA, or MRA),
a diagnosis of RCVS can be made. If the history or CSF
analysis is ambiguous, then the diagnosis of PACNS must be
entertained.

Figure 2 shows some neuroimaging of a 61-year-old lady
with RCVS. These images illustrate the limitations of CTA in
detecting peripheral vasospasm, the benefits of DSA imaging
(which was obtained whilst intra-arterial verapamil was
administered), the limitations of MRA compared to DSA,
and the infarctions which can develop as a complication of
vasospasm.

6. Treatment

The evidence for effective treatment in RCVS is limited to
observational studies at present. Any potential drugs or trig-
gers should be discontinued or avoided in secondary RCVS



6 Emergency Medicine International

(a) (b)

(c) (d)

Figure 2: Neuroimaging in a case of RCVS. Neuroimaging of a 61-year-old female with RCVS. (a) CT angiography demonstrated no evidence
of vasospasm. (b) DSA demonstrated diffuse areas of focal segmental narrowing affecting both the anterior and posterior circulation,
particularly in the A2 segment of the left anterior cerebral artery (arrow). (c) MRA showed predominantly peripheral focal segmental spasm,
though not as clearly as the DSA (d) MRI 6 weeks after presentation reveals high T2 signal representing right occipital cortical infarcts. CT:
computerised tomography; DSA: digital subtraction angiogram; MRA: magnetic resonance angiogram; MRI: magnetic resonance imaging.

[9, 10, 14, 18]. Glucocorticoids were previously considered a
potential treatment; however, they have more recently been
shown to be an independent predictor of poor outcome
[14] and should be avoided. This highlights the importance
of distinguishing the two entities as the use of steroids
(prednisolone 1 mg/kg/day) is the treatment of choice in
PACNS [28].

The calcium channel blocker nimodipine is the most
widely employed treatment for RCVS, although there are no
prospective randomised placebocontrolled trials to support
this. Nimodipine has been shown to terminate the headache
in 64–83% of patients [11, 12, 29], although in the largest
case series reported, treatment with nimodipine showed no
outcome benefit over symptomatic treatment alone [14]. As

in SAH, both oral and intravenous nimodipine regimens
have been used and there is no published evidence support-
ing one over the other.

Other systemic treatments that have been used include
intravenous and oral nicardipine [13], intravenous and oral
verapamil [30], and intravenous magnesium sulphate (in the
treatment of postpartum angiopathy) [31]. These reports all
have the inherent limitations of case studies. Intra-arterial
(IA) vasodilators injected during DSA with and without
angioplasty are also used. These include IA milrinone [30],
IA verapamil [32], and IA nimodipine as both a therapeutic
and diagnostic agent [33], with the evidence, again, limited
to case reports. IA verapamil has been shown to improve
radiological vasospasm [34, 35], but whether this translates
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to improved clinical outcomes remains to be proven. With
the current agnosticism regarding optimal treatment, mul-
ticentre, prospective, randomized, placebocontrolled trials
would seem prudent, though logistically difficult.

7. Prognosis

The most serious complications of RCVS are permanent
neurological deficit and death. In the largest North American
study, 81% of patients developed radiological evidence of
brain lesions as a consequence of RCVS 39% had ischemic
infarcts, 34% had convexity subarachnoid haemorrhage,
20% developed lobar intracerebral haemorrhage, and 38%
had cerebral edema [14]. Despite this, the rate of permanent
neurological disability is surprisingly low. In this cohort,
89% had a good clinical outcome (Modified Rankin Score
at followup or discharge of 0–3) [14], and in a systematic
review, 71% had no evidence of any long-term disability,
29% had only minor disability [18], and 6% had permanent
neurological disability [11]. Cerebral infarction and intrac-
erebral haemorrhage are predictors of a worse outcome [14].
Deaths from RCVS have been reported in the literature but
are rare [14, 36]. The rate of recurrence is approximately 8%
[21].

8. Conclusion

RCVS is a clinical entity and neurological emergency that
is being diagnosed with increasing frequency but is still
underrecognized, and a high index of suspicion is essential.
There are characteristic features in the history and on neu-
roimaging that are distinctive, but overlapping features with
other conditions can make diagnosis difficult. Distinguishing
RCVS from PACNS is important, as the glucocorticoid
treatment indicated for PACNS appears to be harmful in
RCVS. The management is predominantly supportive, whilst
ruling out other life-threatening neurological conditions,
identifying risk factors, and discontinuing offending agents.
Intra-arterial vasodilators and balloon angioplasty offer
promise but as yet have not been proven to improve
clinical outcomes. There are still many areas for future
research including the pathogenesis, the natural history
of the syndrome, the optimal diagnostic strategy and the
treatment.
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