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Foreword

Modern hospitals in the developed countries have changed remarkably in character over the last quarter-century, no
longer serving as a hospice for the chronically sick. Instead, their focus is now primarily on surgical patients requiring
perioperative care, patients requiring a procedural intervention, and patients with critical illnesses requiring care in the
intensive care unit because of the complexity of their disorders. In the same manner as many other medical disciplines,
neurology has become for the most part an outpatient specialty. Patients requiring surgery or with complex neurologic
disorders necessitating a multidisciplinary approach and constant monitoring now make up a large component of the
patients admitted to hospital and seen by neurologists. It was with this in mind that we felt the need to include critical
care neurology within the embrace of the Handbook of Clinical Neurology series. To this end, we approached two
leaders in the field to develop the subject, and are delighted that they agreed to do so and with what they have achieved.

Eelco Wijdicks is professor of neurology and chair of the division of critical care neurology at the Mayo Clinic
College of Medicine, Rochester, Minnesota, and is a well-known author and the founding editor of the journal
Neurocritical Care. Andreas H. Kramer is a clinical associate professor in the departments of critical care medicine
and clinical neurosciences at the Hotchkiss Brain Institute of the University of Calgary, in Alberta, Canada. Both
are leaders in the field of neurointensive care, with wide experience in patient management and an international record
in developing evidence-based guidelines for optimizing patient care. Together they have developed two volumes of the
Handbook to cover the pathophysiology and treatment of patients with acute neurologic or neurosurgical disorders
requiring care in the intensive care unit (Volume 140), or with neurologic complications that have arisen in the setting
of a medical or surgical critical illness (Volume 141).

Forty-one chapters deal with all aspects of these disorders, including ethical and prognostic considerations. Many of
the management issues that are discussed in these pages are among the most difficult ones faced by contemporary
clinicians, and the availability of these authoritative reviews — buttressed by the latest advances in medical
science — will increase physician confidence by providing the most up-to-date guidelines for improving patient care.
We are grateful to Professors Wijdicks and Kramer, and to the various contributors whom they enlisted as coauthors, for
crafting two such comprehensive volumes that will be of major utility both as reference works for all practitioners and
as practical guides for those in the front line.

As series editors, we reviewed all of the chapters in these volumes, making suggestions for improvement as needed.
We believe that all who are involved in the care of critically ill patients in the hospital setting will find them a valuable
resource. The availability of the volume electronically on Elsevier’s Science Direct site should increase their acces-
sibility and facilitate searches for specific information.

As always, we extend our appreciation to Elsevier, our publishers, for their continued support of the Handbook
series, and warmly acknowledge our personal indebtedness to Michael Parkinson in Scotland and to Mara Conner
and Kristi Anderson in California for their assistance in seeing these volumes to fruition.

Michael J. Aminoff
Francois Boller
Dick F. Swaab



Preface

New subspecialties in neurology continue to germinate, and critical care neurology (also known as neurocritical care) is
one of the more recent ones. The field has matured significantly over the last two decades, and a neurointensivist is a
recognizable and legitimate specialist. The field involves primarily the care of patients with an acute neurologic or
neurosurgical disorder. These disorders are life-threatening because the main injury may damage critical structures
and often affects respiration and even the circulation. A neurologic complication may also appear de novo in the setting
of a medical or surgical critical illness. These two clinical situations form the pillars of this field and therefore justify
two separate volumes. In these two books we include traditional sections focused on epidemiology and pathophysi-
ology, but others are more tailored towards management of the patient, sections we think are informative to the general
neurologist. Therapeutic interventions and acute decisions are part of a daily commitment of a neurointensivist. We
assumed that a focus on management (and less on diagnostics) will be most useful for the reader of this handbook
series. The immediacy of management focuses on prevention of further intracranial complications (brain edema
and brain tissue shift, increased intracranial pressure, and seizures) and systemic (cardiopulmonary) insults.

We have written extensively on many of these topics but in these two volumes we let other practitioners write about
their practice, experiences, and research. They have all made a name for themselves and we are pleased they were able
to contribute to this work. Although the major topics are reviewed, we realize some may have been truncated or not
covered because we tried to avoid a substantial overlap with other volumes in the series.

This is a contributed book with all its inherent quirks, stylistic mismatches, and inconsistencies, but we hope we
have edited a text that is more than the sum of its parts. We appreciate the fact that the series editors of the Handbook of
Clinical Neurology recognized this field of neurology. Herein, we are making the argument that delivery of care by a
neurointensivist is an absolute requirement and its value for the patient is undisputed. Still, the best way to achieve this
is through integrated care, and neurointensivists can only function in a multidisciplinary cooperative practice. The new
slate of neurointensivists in the USA can be certified in neurology, neurosurgery, internal medicine, anesthesiology, or
other critical care specialties and time will tell if this all-inclusiveness will dilute or strengthen the specialty. One fact is
clear: our backgrounds are different and this significantly helped in shaping this volume.

We thank the editors of the series — Michael Aminoff, Francois Boller, and Dick Swaab — for inviting us three years
ago to prepare these volumes. We must particularly thank Michael Parkinson and Sujatha Thirugnana Sambandam,
who steered the books to fruition.

I—Eelco Wijdicks—know the series very well and when I did my neurology residency in Holland in the early 1980s
it was known as “Vinken and Bruyn,” and residents and staff would always look there first to find a solution for a
difficult patient, to read up on an usual disorder or to understand a mechanism. I admired the beautiful covers and
authoritative reviews and I remember it had a special place in our library. I was thrilled to see the complete series
in the Mayo Neurology library when I arrived in the USA.

We are both honored to have contributed to this renowned series of clinical neurology books.

Eelco F.M. Wijdicks
Andreas H. Kramer
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Chapter 24

The scope of neurology of critical illness

E.F.M. WIJDICKS*
Division of Critical Care Neurology, Mayo Clinic and Neurosciences Intensive Care Unit, Mayo Clinic Campus,
Saint Marys Hospital, Rochester, MN, USA

Abstract

Critical illness increases the probability of a neurologic complication. There are many reasons to consult
aneurologist in a critically ill patient and most often it is altered alertness with no intuitive plausible expla-
nation. Other common clinical neurologic problems facing the intensive care specialist and consulting neu-
rologist in everyday decisions are coma following prolonged cardiovascular surgery, newly perceived
motor asymmetry, seizures or other abnormal movements, and generalized muscle weakness. Assessment
of long-term neurologic prognosis is another frequent reason for consultation and often to seek additional
information about the patient’s critical condition by the attending intensivist. Generally speaking, consul-
tations in medical or surgical ICU’s may have a varying catalog of complexity and may involve close
management of major acute brain injury.

This chapter introduces the main principles and scope of this field. Being able to do these con-
sults effectively—often urgent and at any hour of the day-requires a good knowledge of general
intensive care and surgical procedures. An argument can be made to involve neurointensivists or

neurohospitalists in these complicated consults.

The subspecialty of critical care neurology has two major
pillars — the care of patients with critical neurologic ill-
ness and the care of critically ill patients who during
the most treacherous phase of their clinical course, or
soon thereafter, develop a neurologic complication. This
second part of the volume Critical Care Neurology is
about the second category of patients, namely those
admitted to medical and surgical intensive care units
(ICUs) presenting with a de novo neurologic problem.
These patients are seen in consultation by neurologists
for diagnosis and management — often expediently —
but remain under the care of intensivists and surgeons.
The complications observed may be quite specific and
neurologists immediately appreciate that a neurologic
complication in a critically ill patient often occurs in a
complex, rapidly changing clinical situation. Moreover,
most intensivists feel uncomfortable in handling this new
neurologic condition themselves, and request not only
assistance with identification of the neurologic disorder,
but also in management. Many general neurologists who

work on the hospital consultation service — often not
more than a few weeks a year — feel uncomfortable seeing
these medically unstable patients, who every so often
cannot even leave the ICU for neuroimaging. It is there-
fore common that neurologists or neurohospitalists
request formal assistance by a neurointensivist, if these
individuals are among the staff. Furthermore, once the
patient is assessed, continuous attention may be needed,
which may involve prolonged bedside care and later calls
at night by nursing staff or attending intensivists to help
direct management.

More than in any place in the hospital, consulting in
the ICU involves questions about de-escalating care.
The attending team and family may consider withdraw-
ing life-sustaining interventions, or at least a do-not-
resuscitate status, and therefore need a neurologist’s
input. Such involvement is partly a reflection of the high
prevalence of neurologic catastrophes in patients with a
critical illness. Frequently the clinical situation is clear,
such as, for example, in persistently comatose survivors

*Correspondence to: Eelco F.M. Wijdicks, Department of Neurology, Mayo Clinic, 200 First Street SW, Rochester MN 55905, USA.

E-mail: wijde@mayo.edu
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following prolonged cardiopulmonary arrest and in
patients with polytrauma and severe traumatic brain
injury—in other situations the degree of brain injury
may be far more difficult to ascertain.

Neurologists are asked to participate in family con-
ferences and they can be helpful in clarifying the bigger
picture. Sometimes the neurologic complication is a
defining moment and little can be done to help the
patient. In such situations, neurologists could be con-
clusive if there is an undeniable poor outcome and
thereby keep the managing team from treating a patient
in a futile situation. However, although it is important to
decisively prognosticate when certain, another funda-
mental rule of ICU consultation is to hold back when
information is incomplete or the clinical situation is
not fully understood. Some neurologic manifestations
(e.g., coma in progressive multiorgan failure) are a
direct manifestation of a relentless downward spiral.
At the other end of this spectrum of severity are tran-
sient manifestations (e.g., briefly altered consciousness
or twitching). Many of these passing manifestation have
no impact on outcome and may remain unexplained or
attributed to a probable drug effect.

Critical illness increases the probability of a neuro-
logic complication, and current best estimates are that
approximately 10% of patients will develop some
sort of neurologic manifestation (Bleck et al., 1993;
Howard, 2007; Wijdicks, 2012). Neurology of critical ill-
ness is an important field, which requires renewed atten-
tion and research. The rationale for this expertise is
summarized in Table 24.1 and shows common clinical
neurologic problems facing the intensive care specialist
and consulting neurologist in everyday decisions.

Most ICU consults are relatively urgent or emergent
consults. The urgency is often determined by the inability
to understand the full clinical picture and when the situ-
ation is particularly concerning at face value. Examples

Table 24.1
Why neurology consults in the ICU matter?

Neurologic consultation in the ICU requires a broad base of
medical knowledge

Neurologic consultation provides diagnostic, therapeutic, and
prognostic advice

Neurologic consultation may detect an unsuspected neurologic
disorder

Neurologic consultation in the ICU may change approach to the
patient

Neurologic consultation involves end-of-life decisions for
some patients

ICU, intensive care unit.

From Wijdicks (2016a) Solving Critical Consults. In: Core Principles
of Acute Neurology Series. Used with permission from Mayo Founda-
tion for Medical Education and Research.

are consults in the ICU for acutely impaired conscious-
ness that require a rapid but comprehensive assessment
of the cause of coma and whether it can be immediately
reversed (Wijdicks, 2016b). In this ICU practice we can
expect three clinical scenarios: acute loss of conscious-
ness, failure of patients to fully awaken after recuperation
from a major surgical procedure, and, occasionally, coma
in a developing but as yet undiagnosed critical illness.
These latter situations are the most challenging both
for the neurologists coming to the bedside and the inten-
sivist trying to grasp the situation.

Another common issue is the patient with “altered
mental status.” This category of neurologic deficits —
patients who are agitated and less responsive — may in
comparison appear less concerning. Patients are con-
fused and may not respond quickly, rarely fixate on
objects, and cannot follow simple commands. Some
are able to speak, others are unable to respond. We
assume that, in most situations, patients will have acute
brain dysfunction from sepsis-associated encephalopa-
thy, the effects of medications, or from new-onset acute
renal or liver failure, or both.

Unfortunately, for many years, neurologists had the
tendency to call any patient with an encephalopathy
“multifactorial metabolic encephalopathy,” followed
by listing the abnormalities that make up the patient’s
critical illness. None of this would advance understand-
ing of these complicated patients. More experience in
examining and following such patients has resulted in
a better effort to try to understand the true nature of acute
brain dysfunction. One principle is to set apart the major
driver of neurologic manifestations, but equally common
now is to consider other possible explanations, such
as structural injury (Lockwood, 1987; lacobone et al.,
2009; Hughes et al., 2012). We now know that
many patients termed “encephalopathic” really had a
structural brain injury, including those with electroen-
cephalogram (EEG) patterns (e.g., diffuse slowing or tri-
phasic waves) traditionally associated with “metabolic
dysfunction.” Posterior reversible encephalopathy syn-
drome is so prevalent that it is often placed high in the
differential diagnosis, and if the circumstances are right,
should be investigated with magnetic resonance
imaging.

Acute confusional state or delirium may trigger a con-
sult, but many intensivists do recognize this entity and
treat it appropriately (Brown, 2014). The most difficult
situation is to assess a patient with decreased or
increased arousal, abnormal perception, abnormal atten-
tion, and incoherent language. Within this category are
patients with apraxia and aphasia. Abulia is suggestive
of a frontal syndrome, but may be misinterpreted as
so-called “hypoactive delirium,” although most patients
with delirium have no new structural central nervous
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system lesion (Devinsky and D’Esposito, 2004). A large
proportion of ICU patients with “sundowning” or agi-
tated delirium have pre-existing cognitive decline or
prior undiagnosed advanced dementia. An unexplained
observation is that delirium is associated with prolonged
ICU stay and increased mortality (Ely et al., 2004;
Pandharipande et al., 2013), yet none of the clinical trials
that have aggressively treated patients with delirium
have shown an improved mortality rate (Zaal and
Slooter, 2012; Flannery and Flynn 2013). Most physi-
cians feel that treatment should be swift with
potent sedative drugs because there are few other options
to calm the patient and ensure safety (Makii et al., 2010).

Consults for new-onset seizures or new movement
abnormalities are also comparatively frequent. A new
focal finding (i.e., hemiparesis or marked asymmetry) is
less commonly, but consults are often for newly perceived
asymmetries. A major challenge is to recognize an acute
stroke during a critical illness or after a major vascular pro-
cedure. Patients may have a delayed presentation or recog-
nition of neurologic deficits, particularly when anesthetic
drugs have been and are still being metabolized in the
postoperative phase of surgery. The challenge here is early
recognition to allow an endovascular intervention because
intravenous thrombolysis is usually contraindicated.
Acute ischemic stroke may warrant endovascular treat-
ment if the situation allows, although the computed
tomography scan may already show an established infarct.
In unclear situations we often perform a CT angiogram
with or without CT perfusion. This gives a good sense
of injury and what tissue is at risk.

Consults in surgical and trauma ICUs are often related
to diagnostic evaluation of new spinal cord and traumatic
brain injury. In most instances, other specialties have
already been involved (i.e., neurosurgery). A special cat-
egory is consultation in the transplant recipient, which
may have already started before transplantation (e.g., ful-
minant hepatic failure) The neurologist’s presence is
often appreciated by the attending intensivist or surgeon
if care involves management of increased intracranial
pressure (brain edema in fulminant hepatic failure or
traumatic diffuse axonal injury),recognition of neuro-
toxicity and co-management of opportunistic CNS infec-
tions. Another special category is the patient admitted
with a left ventricular assist device and new neurologic
symptoms. Decisions on discontinuation or modification
of anticoagulation often involve a neurologist.

In the surgical ICU, consults may involve sudden
appearance of paraplegia after awakening from anesthe-
sia. Acute infarction of the spinal cord could allow imme-
diate placement of a lumbar drain to reduce cerebrospinal
fluid spinal pressure and possibly blood pressure aug-
mentation to improve residual spinal blood flow. In each
of these scenarios, prompt decisions are warranted that

could lead to improved outcome if appropriate measures
are taken. Urgent consultation for a possible complica-
tion of carotid artery surgery involves assessment for
ischemic stroke or management of blood pressure and
heart rate instability (the latter is mostly managed by a
neurointensivist, but a general neurologist should be
aware of this major complication involving damage to
the baroreceptors).

Generalized weakness in the ICU is very common and
nearly always prompts a neurologic consult (Maramattom
and Wijdicks, 2006). Most neurologists will expect (and
diagnose) critical illness polyneuropathy, critical illness
myopathy, or both. These are the most common causes
of weakness in the ICU setting. The prevalence of
ICU-acquired weakness is high in survivors of critical ill-
ness and will likely increase further as more patients
survive sepsis, multiorgan failure, and other fulminant
conditions.

Failure to wean off the ventilator (or unexplained rein-
tubation) is another trigger for a comprehensive neuro-
logic assessment and a neurologic disorder other than
critical illness polyneuropathy may be found.

Finally, consults may involve explanation of neuroim-
aging findings or interpretation of an abnormal EEG in a
patient with an undefined repetitive movement (Firosh
Khan et al., 2005; Oddo et al., 2009; Young, 2009;
Claassen et al., 2013).

Any consult in a critically ill neurologic patient must
proceed with the steps outlined in Table 24.2. A neuro-
logic consult in a critically ill patient may lead to a diag-
nosis not initially considered by the managing team and
is frequent in our experience (Mittal et al., 2015). These
recognized neurologic disorders may all have major
consequences — diagnostic, prognostic, and therapeutic.
Consultations may have a varying catalog of complexity
and may involve management of major acute neurologic
injury (Fig. 24.1). Consults in ICUs are complex by

Table 24.2

Essentials of a neurology consult in the intensive care unit

Assess details on severity of critical illness

Assess blood pressure and extent of blood pressure support

Assess drug administration over 5-7 days

Verify onset of symptoms with nursing staff

Assess major confounders (therapeutic hypothermia,
extracorporeal membrane oxygenation, acute metabolic
derangements, and acid-base abnormalities)

Inquire about possible movements, or twitching

Assess for drugs strongly related to delirium, movement
disorders

From Wijdicks (2016a) Solving Critical Consults. In: Core Principles
of Acute Neurology Series. Used with permission from Mayo Founda-
tion for Medical Education and Research.
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acute neurologic injury

Prognostication and
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Fig. 24.1. Complexity of neurologic consults in the intensive
care unit. CT, computed tomography. From Wijdicks (2016a)
Solving Critical Consults. In: Core Principles of Acute
Neurology Series. Used with permission from Mayo Founda-
tion for Medical Education and Research.

nature, and neurologists should expect not only to solve a
diagnostic problem, but to be actively involved in ongo-
ing management of the neurologic considerations. Situ-
ations in which this may occur include acute ischemic
stroke after cardiovascular surgery, recurrent seizures
in acute hyponatremia, posterior reversible encephalop-
athy syndrome, and immunosuppression neurotoxicity.

CONCLUSION

ICU consults are the most challenging in the hospital
because: (1) decisions may have to be made in an evolv-
ing situation; (2) the primary diagnosis may be unclear;
(3) neurologic examination can be compromised when
patients are markedly edematous, jaundiced, immobile,
bruised, and have major operative wounds or an open
abdomen or chest; and (4) neuroimaging and electro-
physiology may not be particularly helpful. One could
argue for a separate hospital service staffed by experi-
enced neurohospitalists or neurointensivists. Still many
of us are caught unaware by a variety of presentations,
and as long as experience is gained, it is ideally gained
by a specialized group that will be able to apply this
knowledge to future patients. We have seen a number
of conditions emerge more clearly as a result of us taking
all ICU consults in both Mayo-affiliated hospital
(Table 24.3). We suspect that telemedicine, would be

Table 24.3

Some initially unrecognized neurologic conditions in the
intensive care unit

Posterior reversible encephalopathy syndrome
Serotonin syndrome

Cefepime neurotoxicity

Nonconvulsive status epilepticus
Amyotrophic lateral sclerosis
Hyperammonemic stupor

Central pontine myelinolysis

ideal for such consults in the future (Wilcox and
Adhikari, 2012; Lilly et al., 2014a, b).
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Chapter 25

Delirium in critically ill patients

AJ.C. SLOOTER*, R.R. VAN DE LEUR, AND LJ. ZAAL
Department of Intensive Care Medicine, University Medical Center Utrecht, Utrecht, The Netherlands

Abstract

Delirium is common in critically ill patients and associated with increased length of stay in the intensive
care unit (ICU) and long-term cognitive impairment. The pathophysiology of delirium has been explained
by neuroinflammation, an aberrant stress response, neurotransmitter imbalances, and neuronal network
alterations. Delirium develops mostly in vulnerable patients (e.g., elderly and cognitively impaired) in
the throes of a critical illness. Delirium is by definition due to an underlying condition and can be identified
at ICU admission using prediction models. Treatment of delirium can be improved with frequent moni-
toring, as early detection and subsequent treatment of the underlying condition can improve outcome.
Cautious use or avoidance of benzodiazepines may reduce the likelihood of developing delirium. Non-
pharmacologic strategies with early mobilization, reducing causes for sleep deprivation, and reorientation
measures may be effective in the prevention of delirium. Antipsychotics are effective in treating halluci-
nations and agitation, but do not reduce the duration of delirium. Combined pain, agitation, and delirium
protocols seem to improve the outcome of critically ill patients and may reduce delirium incidence.

INTRODUCTION

The term delirium is derived from the Latin word
delirare, meaning “to go out of the furrow while plough-
ing a field” which implies to deviate from the straight
track (Adamis et al., 2007). Despite its long history,
delirium in the intensive care unit (ICU) has not received
much attention. In 1980, the third edition of the Diag-
nostic and Statistical Manual of Mental Disorders
(DSM-III) brought cohesion in the various terms
under the umbrella of delirium (American Psychiatric
Association, 1980). Delirium has recently been redefined
in the DSM-5 as an acute disturbance in attention and
awareness, with additional disturbances in cognition,
not explained by a pre-existing neurocognitive disorder,
and caused by another medical condition (American
Psychiatric Association, 2013; Zaal and Slooter, 2014).
Delirium has a heterogeneous etiology, but homoge-
neous presentation. In ICU patients, delirium usually
occurs in the setting of multiorgan failure and in the sick-
est patients.

A related condition to delirium is encephalopathy, for
which there is no uniformly accepted definition and
which may just be another nondistinct term. Acute or
subacute encephalopathy has been defined as the mani-
festations of widespread failure of cerebral metabolism
due to metabolic, toxic, or infectious disease. These man-
ifestations typically involve a disorder of consciousness
or awareness, such as delirium, stupor, or coma, as well
as a variety of focal neurologic signs and sometimes sei-
zures (Lipowski, 1990). Most neurologists use the term
encephalopathy to describe diffuse brain pathology that
manifests as delirium or in more severe cases as coma,
with occasionally focal neurologic signs.

Delirium together with more severe disorders of con-
sciousness has been named by some as “acute brain
failure” (Morandi et al., 2008), analogous to other hetero-
geneous conditions in ICU patients, such as acute renal
failure or acute heart failure. The term acute brain failure
further expresses a continuum of pathology, whereas the
term delirium may falsely suggest a dichotomy. Finally,
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the term subsyndromal delirium has been used to describe
patients with some delirium features, who do not fulfill
diagnostic criteria for delirium (Ouimet et al., 2007b).

DSM-5 criteria for delirium are broad and include
numerous other acute neurologic conditions. The typical
critically ill patient with delirium has been exposed to
a variety of both predisposing and precipitating risk
factors at the same time, and it is usually impossible
to assign one specific cause for delirium (Ely et al,
2001a). The term delirium in the context of acute structural
brain injury is usually used to describe secondary deteri-
oration after the acute event due to systemic disorders,
such as adverse effects of drugs, metabolic alterations,
or infectious diseases. The terminology in delirious
patients remains ambiguous, reflecting the patient’s
symptomatology.

EPIDEMIOLOGY

It has been recently appreciated that delirium is a com-
mon phenomenon in the ICU. A meta-analysis of 42
studies and 16 595 critically ill patients showed an occur-
rence rate of delirium of 31.8% (Salluh et al., 2015). The
rates varied between 9.2% in nonventilated surgical
intensive care patients (Serafim et al., 2012) and 91%
in a group of mechanically ventilated cancer patients
(Almeida et al., 2014). This variation is presumably
caused by a different case mix, as the proportion of elec-
tive surgical patients (versus acutely admitted patients)
and risk factors for delirium is not equally distributed
between study populations. Furthermore, the use of dif-
ferent screening instruments and the subsequent different
interpretation of subsyndromal delirium could have
caused variability (Ouimet et al., 2007b) and is all indic-
ative of a definitional problem.

The median duration of ICU delirium was found to be
3 days (interquartile range 2—7 days) and the median time
to onset 2 days (interquartile range 1-4 days), although
this can vary strongly between patients (Pisani et al.,
2009b; Zaal et al., 2015¢). In some cases, delirium can
be present for weeks.

Over 100 different risk factors have been described
for delirium. In ICU patients, an average of 11 of these
factors has been reported to be present at the same time
(Ely et al., 2001a) and may imply an interaction between
predisposing, precipitating, and triggering factors. In
practice, this means that a young and healthy person will
only develop delirium when seriously critically ill, while
an old and demented person may already become delir-
ious from fever and a urinary tract infection (Fig. 25.1).
A semiquantitative best-evidence approach may identify
risk factors for ICU delirium based on the number,
quality, and consistency of previous studies (Zaal
et al., 2015b).

Vulnerability

No delirium

Disease severity

Fig. 25.1. The interaction between disease severity and
vulnerability in the pathogenesis of delirium.

The risk of delirium increases with 2% with every
additional year once a patient reached the age of
65 (Pandharipande et al., 2006). Dementia doubles the
risk to develop delirium in the ICU (McNicoll et al.,
2003; Van Rompaey et al., 2009). It has been suggested
that there could be a genetic predisposition to delirium
(Ely et al., 2007; Stoicea et al., 2014).

Precipitating factors in the ICU can be classified into
three domains: acute illness, exposure to medications,
and environmental effects. First, acute illness as reflected
in the Acute Physiological and Chronic Health Evaluation
(APACHE) 1II score, emergency surgery, mechanical
ventilation, metabolic acidosis, (poly)trauma, and acute
systemic inflaimmation were precipitating factors. Each
additional point on the APACHE II score on admis-
sion increased the risk of delirium by 5-6%. A score of
18 and higher did not increase the risk any further
(Pandharipande et al., 2006; Ouimet et al., 2007a; Van
Rompaey et al., 2009; Wolters et al., 2015b; Zaal et al.,
2015b). Second, benzodiazepine use, especially with con-
tinuous infusion, causes a dose-dependent increase in the
risk of delirium (Pandharipande et al., 2006, 2008; Zaal
etal., 2015a). Associations have also been found between
use of opiates or corticosteroids and development of ICU
delirium, but these findings have been inconsistent
(Schreiber et al., 2014; Kamdar et al., 2015; Wolters
et al., 2015a; Zaal et al., 2015b). Environmental factors
such as lack of daylight, ICU sound level, and interrup-
tions increased the risk of delirium (Van Rompaey
etal., 2009; Caruso etal., 2014). A summary of predispos-
ing and precipitating risk factors for delirium in ICU
patients is shown in Figures 25.2 and 25.3.

NEUROPATHOLOGY

The pathophysiology is multifactorial and thus remains
poorly understood. A variety of hypotheses on the path-
ophysiology of delirium have been described, which may
be complementary, rather than competing (Maldonado,
2013). The main hypotheses focus on neuroinflammation,
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Fig. 25.2. Predisposing factors in the pathogenesis of inten-
sive care unit delirium.

Coma
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Multibed room

Vulnerability
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Fig. 25.3. Precipitating factors in the pathogenesis of inten-
sive care unit delirium. APACHE II, Acute Physiological
and Chronic Health Evaluation II.

an aberrant stress response, neurotransmitter imbalances,
and neuronal network alterations. In addition, oxidative
stress and a disturbance of circadian integrity may play
arole in the pathogenesis of delirium (Maldonado, 2013).

Critical illness is often associated with an inflamma-
tory response, particularly in trauma or sepsis. A periph-
eral proinflammatory cytokine signal can be transmitted
to the brain through afferents of the vagus nerve, trans-
port across the blood-brain barrier (BBB), or entry at
the circumventricular region, where the BBB is nonexis-
tent or discontinuous. During sepsis increased levels of
interleukin (IL)-1, IL-6, and tumor necrosis factor
(TNF)-o. have been found in the cerebrospinal fluid
(Waage et al., 1989). This could cause activation of
microglia, leading to further cytokine release and neuro-
nal dysfunction (Van Gool et al., 2010). Interestingly,
increased brain TNF-o levels persist in rodents for
months after administration of lipopolysaccharide, used
to simulate sepsis (Qin et al., 2007). Microglia seem to be
inhibited by acetylcholine, and in elderly patients with a
neurodegenerative disorder, the inhibitory function of
acetylcholine may be impaired. This could thus explain
that age and cognitive impairment are risk factors for
delirium and that delirium causes further long-term

cognitive impairment (Ebersoldt et al., 2007; Van Gool
et al., 2010; Field et al., 2012; Pandharipande et al.,
2013). Levels of IL-6, IL-8, procalcitonin, and
C-reactive protein are elevated during delirium (De
Rooij et al., 2007; McGrane et al., 2011). Postmortem
studies of brains of delirious patients showed increased
activity of microglia, astrocytes, and IL-6 and a high fre-
quency of ischemic lesions in different parts of the brain,
especially in the hippocampus (Janz et al., 2010; Munster
et al., 2011). Other possible effects of sepsis in the
pathogenesis of delirium are impaired perfusion pressure
and ischemia due to systemic hypotension and hypox-
emia, as well as microcirculatory alterations, including
endothelial dysfunction (Ebersoldt et al., 2007; Pfister
et al., 2008).

The aberrant stress response hypothesis points out
the possible adverse effects of acute stress. Glucocorti-
coids, the central hormones in the human stress
response, are regulated through the limbic—hypotha-
lamic—pituitary—adrenal axis (LHPA axis). Several
stressors, such as surgery, systemic inflammation, and
pain, cause the brain to activate the LHPA axis and
thereby increase the levels of cortisol. In healthy indi-
viduals, this response is adaptive and has adequate
feedback regulation. Cognitive decline and aging are
associated with impaired feedback regulation of the
stress response pathway and these patients may develop
sustained high cortisol levels. Glucocorticoids, in turn,
can pass the BBB, and sustained high cortisol levels are
known to cause impairment in cognition and attention
(Maclullich et al., 2008). High cortisol levels were
indeed associated with delirium (Mu et al., 2010;
Plaschke et al., 2010; Van den Boogaard et al.,
2011). One study showed that systemic corticosteroid
administration was related to the development of delir-
um (Schreiber et al., 2014), but another study could not
confirm this (Wolters et al., 2015a).

It is further presumed that delirium is associated with
reduced cholinergic activity. The acetylcholine neuro-
transmitter system plays a central role in attention and
consciousness, which are particularly affected in delir-
um (Hshieh et al., 2008). Secondly, the use of anticho-
linergic drugs is associated with an increased severity of
the symptoms of delirium in non-ICU patients (Han
et al., 2001). Exposure to anticholinergic drugs in the
ICU, however, was not associated with a greater risk
of the development of delirium (Wolters et al., 2015b).
Furthermore, cholinesterase inhibitors did not decrease
the risk for delirium (Van Eijk et al., 2010). The cholin-
ergic system is thought to be balanced with dopamine
and serotonin and an excess of these two neurotransmit-
ters may be associated with delirium. Dopaminergic
drugs, like levodopa, may induce delirium and dopamine
antagonists, such as haloperidol, may alleviate certain
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delirium symptoms. Dopamine and serotonin influence
arousal, motor function, and the sleep—wake cycle
(Hshieh et al., 2008). Moreover, dopamine has a regula-
tory influence on the cholinergic system (Trzepacz,
1999). Lastly, release of gamma-aminobutyric acid
(GABA) is presumed to be involved in the development
of delirium, as benzodiazepines, that increase GABA
activity, increase the risk of delirium (Pandharipande
et al., 2006; Zaal et al., 2015a).

Recently, numerous studies have been performed on
neuronal networks in various neurologic and psychiatric
diseases. A functional connectivity study using electro-
encephalography (EEG) and a global approach for net-
work analysis, found delirium to be associated with a
more random functional network and loss of functional
connectivity (Van Dellen et al., 2014). Delirium could
therefore be considered as a disconnection syndrome.
Using a seed-based approach and functional magnetic
resonance imaging, reduced autocorrelation was found
between the executive network and the default-mode net-
work that is involved in attention, as well as disruptions
in interregional connectivity in subcortical regions that
are involved in arousal (Choi et al., 2012). Considering
the aforementioned multifactorial etiology of delirium,
it is assumed that the interaction of different pathways
leads to disruption of large-scale neuronal networks,
and that this disruption causes attention deficits, a
reduced level of consciousness, and other features of
delirium.

In addition, ischemia seems to play a role in the
pathogenesis of delirium. Studies with preoperative
MRI of the brain found white-matter hyperintensities,
carotid stenosis, and new cortical ischemic lesions,
acquired during surgery, to be risk factors for postoper-
ative delirium (Shioiri et al., 2010; Root et al., 2013;
Omiya et al., 2015). During a delirium episode reduced
cerebral blood flow was found in mainly the parietal
and frontal regions, with recovery of blood flow after
symptom resolution (Yokota et al., 2003; Alsop et al.,
2006; Fong et al., 2006). In an investigation where
ICU patients received an MRI scan at hospital discharge
and 3 months later, the duration of delirium was found to
be associated with white-matter disruption and smaller
brain volumes (Gunther et al., 2012; Morandi et al.,
2012; Jackson et al., 2015). It remains unclear whether
these were consequences of delirium, or predisposing
factors.

CLINICAL PRESENTATION

A key characteristic of delirium is a decreased level of
consciousness and disturbance of attention. Attention
disturbances usually manifest with difficulty sustaining

attention, but distraction by irrelevant stimuli also often
occurs. A disturbed sleep—wake rhythm is almost
always present, as well as disorientation in time and
place. Patients with delirium may be restless or not
and some have categorized delirium according to psy-
chomotor alterations into hypoactive, hyperactive, and
mixed motor subtypes (Meagher et al., 2000). The
hypoactive subtype is the most frequent type of delir-
ium but is nondistinct and may be underdiagnosed
because it is characterized by a reduced alertness and
a reduced amount of motor activity (i.e., hypokinesia)
and speech. Hypoactive delirium and metabolic enceph-
alopathy (already an umbrella term for many metabolic
disturbances) cannot be clinically distinguished. The
hyperactive subtype, and for most neurologists and psy-
chiatrists considered the prototype, is characterized by
an increased and inappropriate quantity of motor activ-
ity (i.e., hyperkinesia, albeit usually with bradykinesia),
with restlessness and sometimes agitation. This form of
delirium is more often associated with alcohol with-
drawal (Zaal et al., 2015c). The remaining patients have
the mixed motor subtype, and alternate between the
hyper- and hypoactive type (Peterson et al., 2006;
Pandharipande et al., 2007a; Meagher, 2009). It should
be noted, however, that classifications of motor sub-
types are usually based on brief observations in time,
and that there is no uniform classification of motor
subtypes.

Other features of delirium are disorganized thinking
and memory deficiency but emotional manifestations
such as anxiety, sadness, and irritation are seen. Percep-
tual disturbances (i.e., hallucinations and delusions) have
traditionally been associated with a delirium, but occur in
less than 40% of cases (Marquis et al., 2007). Hallucina-
tions are usually complex visual (landscapes, animals),
and acoustic hallucinations (sounds and voices) are rare.
Autonomic features, such as tachycardia and hyperven-
tilation, are common and may cause additional distress to
the patient (i.e., increased myocardial demand). Delirium
severity often fluctuates during the course of the day,
with classically restlessness at night (“sundowning”),
and sleepiness during the day.

NEURODIAGNOSTICS AND IMAGING

The diagnosis of delirium is not difficult in predisposed
patients with an acute illness who develop a slightly
decreased level of consciousness with disturbed attention
in the course of hours to a few days. Patients with a
more severe decreased level of consciousness (i.e., no
response to voice) are considered unarousable or coma-
tose. There are numerous bedside tests to assess attention
in nonmechanically ventilated patients. Of these,
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repeating the months of the year backward appeared to be
most sensitive to detect delirium in non-ICU patients
(Adamis et al., 2015). In intubated or tracheostomized
patients, the Attention Screening Examination can be
used, which is part of the Confusion Assessment Method
for the ICU (CAM-ICU) (Ely et al., 2001b). The exam-
iner reads a series of 10 letters and the patient is instructed
to squeeze the hand of the examiner when he or she hears
the letter A. Disturbed attention with this test is defined as
two or more errors. Patients with a paresis, for example,
due to ICU-acquired weakness, can close their eyes
instead of squeezing the examiner’s hand. Other impor-
tant features of delirium, such as disorientation, emo-
tional problems, and hallucinations, can be assessed
with close observation in patients who cannot commu-
nicate verbally. Assessment of other core features of
delirium such as a disturbed sleep—wake rhythm and
psychomotor disturbances (bradykinesia, hypo- or hyper-
kinesia) can also only be based on observations, although
it should be noted that estimations of sleep based on
inspection consistently overestimate sleep time (Aurell
and Elmgqvist, 1985).

The diagnostic evaluation of patients with possible
delirium should include tests to detect “red flags”: symp-
toms and signs that suggest a specific neurologic syn-
drome and that are not compatible with the most
common type of ICU delirium, which is due to multiple
interacting predisposing and precipitating factors, as
described above. Important “red flags” are focal neuro-
logic signs, an atypical presentation (e.g., predominance
of hallucinations with preserved attention and conscious-
ness), an atypical onset (either very acute or chronic), and
a paucity of delirium risk factors. Agitation with dilated
pupils, clonus, hyperthermia, and hyperactive bowel
sounds may indicate a serotonin syndrome (Boyer and
Shannon, 2005). Hyperthermia is also a prominent fea-
ture of neuroleptic malignant syndrome, with extreme
rigidity and an elevated serum creatine kinase level.
Wernicke encephalopathy should be considered in mal-
nourished patients with ophthalmoplegia, nystagmus,
pupillary abnormalities, or limb ataxia (Sechi and
Serra, 2007).

EEG changes, including diffuse slowing of back-
ground activity, periodic discharges such as triphasic
waves, and polymorphic delta activity, can support
the diagnosis of delirium (Kaplan and Rossetti,
2011). In addition, EEG may show electrographic sei-
zures and periodic epileptiform discharges in some
patients with delirium, particularly in the context of
sepsis (Oddo et al., 2009). EEG is a sensitive, but less
specific, technique to detect delirium. Neuroimaging
has been used in several studies to improve understand-
ing of the pathophysiology of delirium (Soiza et al.,
2008), but the diagnostic yield in typical cases of

delirium is low, and neuroimaging is not recommended
in typical cases.

Screening

Delirium is often underdiagnosed in the ICU and up to
70% of delirium cases are missed by ICU physicians
(Van Ejjk et al., 2009). A delay of more than 24 hours
in the treatment of ICU delirium was found to be associ-
ated with impaired outcome (Heymann et al., 2010). To
improve recognition of delirium in the ICU, various
screening instruments have been developed. Of these,
the two most commonly used and investigated instru-
ments are the CAM-ICU and the Intensive Care Delirium
Screening Checklist (ICDSC) (Bergeron et al., 2001; Ely
et al., 2001b; Patel et al., 2009).

The CAM-ICU is an assessment at one moment in
time with a binary outcome (delirium or no delirium).
It is an adaption of the CAM for patients who cannot
communicate verbally and can be completed in approx-
imately 2 minutes. It consists of four features: (1) acute
onset of mental status changes, or a fluctuating course;
(2) inattention; (3) disorganized thinking; and (4) an
altered level of consciousness (Table 25.1). The ICDSC
is an eight-item screening tool based on observations
during a nursing shift, with an outcome that can range
from 0 to 8 points. Hence, a patient can be scored as
no delirium (0 points), subsyndromal delirium (1-3
points), or delirium (>4 points) (Ouimet et al., 2007b).
The eight features are an altered level of consciousness,
inattention, disorientation, hallucinations or delusions,
psychomotor agitation and retardation, inappropriate
speech or mood, sleep—wake cycle disturbances, and
symptom fluctuations (Table 25.2).

In two meta-analyses, the CAM-ICU and the ICDSC
had a similar pooled sensitivity (75.5-80.0% vs.
74-80.1%), but the CAM-ICU had a higher specificity
(95.9% vs. 74.6-81.9%) (Gusmao-Flores et al., 2012;
Neto et al., 2012). It should be noted that almost all of
these studies were performed in a research setting. In rou-
tine daily practice, the sensitivity of the CAM-ICU was
47% overall, and 31% for the hypoactive subtype (Van
Eijk et al., 2011).

Various other approaches are currently explored to
develop more sensitive delirium monitoring with objec-
tive tools. These include objective assessments of atten-
tion deficits (Tieges et al., 2015), which require active
collaboration of the patient. Alternatively, monitoring
could be based on physiologic alterations, such as tem-
perature variability, eye movements, and blinks (Van
der Kooi et al., 2013, 2014). A promising approach
seems to be a brief EEG recording with a limited number
of electrodes and automated processing (Van der
Kooi et al., 2012).
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Table 25.1

The Confusion Assessment Method for the Intensive Care
Unit (CAM-ICU)*

Table 25.2

The Intensive Care Delirium Screening Checklist
ICDSO)*

CAM-ICU

ICDSC

Criterium

Criterium

1 Acute onset and/or fluctuating course

2 Inattention
Read the following series of 10 letters and let patient
squeeze on the letter ‘A’
SAVEAHAART Positive if more than two errors.

3 Altered level of consciousness
Positive if RASS score other than zero.

4 Disorganized thinking
Positive if more than 1 mistake on the following questions or
commands.

Ask the following questions:*

e Will a stone float on water?

o Are there fish in the sea?

® Does one pound weigh more than two pounds?
e Can you use a hammer to pound a nail?

Command

Say to patient: “Hold op this many fingers” (hold two
fingers in front of the patient), “Now do the same with the
other hand” (without repeating the number of fingers)

Positive CAM-ICU: Criterium 1 plus 2 and either criterium 3 or 4

Adapted from Ely et al. (2001b).

*The CAM-ICU can only be administered when the RASS score > —3.
"If the patient has a neuromuscular disease and squeezing is impossi-
ble, eye blinks can be used.

*An alternative set of questions are available.

HOSPITAL COURSE AND MANAGEMENT

Treatment of delirium is first management of the under-
lying condition. A delay in treatment of ICU delirium
was found to be associated with impaired outcome
(Heymann et al., 2010). Secondly, symptomatic treat-
ment aims to reduce symptoms such as agitation and hal-
lucinations) (Table 25.3).

Prediction

Based on 10 characteristics that are known within the
first 24 hours of ICU admission, it can be predicted which
patients will develop delirium during their stay in the
ICU (Van den Boogaard et al., 2012a). The pooled area
under the receiver operating characteristics curve
(AUROC) of this PRE-DELIRIC model was 0.85, which
was significantly higher than the AUROC for nurses’ and

1 Altered level of consciousness
Score if RASS score other than zero (without recent sedative
use)

2 Inattention
Score if inadequate response to the following test:
Read the following series of 10 letters and let patient squeeze
on the letter ‘A’
SAVEAHAART

3 Disorientation
Score if disoriented in name, place and/or date

4 Hallucination, delustion or psychosis
Score if present

5 Psychomotor agitation or retardation
Either hyperactive, requiring sedatives or restraints, or
hypoactive

6 Inappropriate speech or mood
Score if present

7 Sleep-wake cycle disturbance
Either frequent awakening/ <4 hours of sleep or sleeping
during most of the day

8 Symptom fluctuation
Fluctuation of any of the above symptoms over a 24 hour
period

Score 1 point for every item present:
0 points: no delirium

1-3 points: subsyndromal delirium
4-8 points: delirium

Adapted from Bergeron et al. (2001) and Ouimet et al. (2007b).

*It is only possible to assess the ICDSC if the RASS score > —3.
The first four criteria are based on a bedside assessment, the other four
on observations throughout the entire shift.

"If the patient has a neuromuscular disease and squeezing is impossi-
ble, eye blinks can be used.

physicians’ predictions (0.59) (Van den Boogaard et al.,
2012a). The same authors developed another model,
based on characteristics at ICU admission, called
E-PRE-DELIRIC, which consists of the following nine
factors: age, history of cognitive impairment, history
of alcohol abuse, admission category (surgery, medical,
trauma, neurology/neurosurgery), urgent admission,
mean arterial pressure, use of corticosteroids, respiratory
failure, and blood urea nitrogen. This model can be used
at ICU admission to calculate the risk for delirium during
the complete ICU stay and has an AUROC of 0.75 (Van
den Boogaard et al., 2014; Wassenaar et al., 2015).
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Table 25.3

Hospital course and management of delirium in the intensive care unit (ICU)

Prediction
E-PRE-DELIRIC model

Non-pharmacological prevention and treatment
Evaluation of precipitating risk factors
Multicomponent prevention protocols

Early physical and occupational therapy

Sleep promotion program:

— Earplugs during the night

— Reduced exposure to light and noise during the night
— Improved exposure to daylight

— Single-room ICU

Reorientation program

Pharmacological prevention

Low-dose haloperidol (in high risk patients)
Risperidone

Avoid continuous infusion of benzodiazepines
Dexmedetomidine for sedation

Pharmacological treatment

Haloperidol (for acute agitated patients)
Olanzapine (if haloperidol is contraindicated)
Quetiapine (in addition to haloperidol)
Dexmedetomidine

Combined pain, agitation and delirium protocols

Wassenaar et al. (2015)

Inouye et al. (1999); Hshieh et al. (2015)
Schweickert et al. (2009)

Van Rompaey et al. (2012)

Zaal et al. (2013); Kamdar et al. (2013)
Zaal et al. (2013); Kamdar et al. (2013)
Zaal et al. (2013)

Colombo et al. (2012)

Van den Boogaard et al. (2013a)

Prakanrattana and Prapaitrakool (2007); Hakim et al. (2012)
Pandharipande et al. (2006); Zaal et al. (2015b)

Maldonado et al. (2009); Riker et al. (2009)

Jacobi et al. (2002); Page et al. (2013)

Skrobik et al. (2004)

Devlin et al. (2010)

Riker et al. (2009); Reade et al. (2009); Barr et al. (2013)

Dale et al. (2014); Balas et al. (2014)

Nonpharmacologic prevention and
treatment

The focus in the prevention of ICU delirium should
be on minimizing modifiable precipitating risk fac-
tors and treatment of underlying conditions (Hsich
et al., 2013).

Multicomponent nonpharmacologic prevention ap-
proaches in non-ICU patients resulted in a significant
decrease in the odds for delirium of about 50%, as shown
in a meta-analysis of 11 studies (Hshich et al., 2015). Sev-
eral practical interventions were used, such as early mobi-
lization, enhancing sleep through a warm drink and
relaxing music at bedtime, quieter hallways and fewer
sleep interruptions for medication and procedures, visual
and hearing aids, and reorientation with a card of care team
members and a day schedule. The prevention program was
especially effective in the primary prevention, as it had no
effect on the risk of recurrence (Inouye et al., 1999). Other
effective interventions included a proactive daily geriatri-
cian consultation and the assistance of family members,
who placed familiar objects in the room and helped the
patient with reorientation (Marcantonio et al., 2001;
Martinez et al., 2012).

There is little evidence on the effects of nonpharmaco-
logic prevention. In a randomized controlled trial (RCT)
on early physical and occupational therapy compared to
usual care, early mobilization was found to be safe and
associated with a decrease of the median delirium duration
from 4 days to 2 days (Schweickert et al., 2009).

Another RCT, comparing 69 ICU patients with
earplugs during the night with 67 patients without ear-
plugs, showed that earplugs decreased the risk for delir-
ium and mild confusion by more than 50%. This
improvement is entirely due to a decline in mild confu-
sion on the Neelon and Champagne Confusion Scale
(NEECHAM), as the frequency of moderate to severe
confusion did not differ between the two groups (Van
Rompaey et al., 2008, 2012).

In a before-and-after study on several sleep quality
improvement interventions (prevention of daytime
sleeping with more daylight and more daytime acti-
vities and reduction of nighttime noise and light), a
lower incidence of delirium and coma was found. Sleep
ratings, however, did not improve after the interven-
tion and it is therefore not possible to attribute the
lower delirium incidence specifically to sleep (Kamdar
et al., 2013).
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Another before-and-after study showed that moving
from a conventional ICU with wards to a single-room
ICU with a view, designed to reduce noise and improve
daylight exposure, led to a shorter duration of delirium
(mean 0.4 days). The incidence of delirium was however
similar in both groups (Zaal et al., 2013).

An ICU reorientation strategy halved the occurrence
rate of delirium in a third before-and-after study.
Nurses stimulated the memory of the patients, provided
them with information about their location and illness
progression, and asked if patients wanted to read or listen
to music. The rooms were equipped with a clock in front
of every bed and nighttime noises were reduced to a min-
imum (Colombo et al., 2012).

In summary, multicomponent nonpharmacologic
strategies have been shown to be effective in non-ICU
patients. Considering the fact that ICU patients are
exposed to numerous risk factors for delirium, a multi-
factorial approach is preferable. The few studies in
ICU patients suggest that implementing an early mobili-
zation program, the use of earplugs, reductions of night-
time light and noise, with increased exposure to daylight
and a reorientation program, can reduce the frequency of
delirium substantially.

Pharmacologic prevention

Based on the presumed pathogenesis of delirium,
several groups of medications could be avoided in the
prevention and treatment of delirium: antipsychotics,
alpha-2-receptor agonists, statins, corticosteroids, and
cholinesterase inhibitors. The number of trials on phar-
macologic prevention of delirium in the ICU is limited
and most of these trials concern elective surgery patients
(Serafim et al., 2015).

Only two randomized placebo-controlled trials have
been conducted on antipsychotics as prophylaxis and
early treatment for delirium in ICU patients. In the
Hope-ICU trial, treatment with haloperidol, a first-
generation antipsychotic, 2.5 mg intravenously every
8 hours or placebo was initiated within 72 hours after
ICU admission in 141 patients. Patients in the haloperidol
group spent about the same number of days without delir-
ium and without coma, as did patients in the placebo group
(median 5 days vs. 6 days (Page et al., 2013). The study
has been criticized for not discriminating between deliri-
ous and nondelirious patients at baseline and thereby fail-
ing to make a distinction between prophylaxis and
treatment.

In a recent multicenter placebo-controlled RCT, low-
dose haloperidol (1 mg every 6 hours) was studied for the
prevention of delirium in 68 ICU patients with subsyn-
dromal delirium (ICDSC 1-3). A similar number of
patients given haloperidol (35%) and placebo (23%)

developed delirium (p =0.29). Haloperidol did however
reduce agitation (Al-Qadheeb et al., 2016).

A recent observational study suggested even a detri-
mental effect of haloperidol on the occurrence of delirium.
The cumulative dose of haloperidol and next-day diagno-
sis of delirium was studied in 93 older medical ICU
patients. Each additional cumulative milligram of haloper-
idol was associated with 5% higher odds of next-day delir-
ium in nonintubated cases, although no association was
found in intubated patients (Pisani et al., 2015).

By contrast, a beneficial effect of haloperidol has been
observed in a placebo-controlled RCT on 457 noncardiac
surgery ICU patients. Prophylactic low-dose haloperidol
(0.5 mg bolus followed by 0.1 mg/hour) during the first
12 hours resulted in a decreased incidence of delirium of
15%, compared to 23% in the placebo group (p=0.03).
With a low mean APACHE II score and median length of
stay in the ICU shorter than 24 hours, this study popula-
tion can however not be considered as critically ill (Wang
et al., 2012).

In addition, a strong positive effect of haloperidol pro-
phylaxis was found in a before-and-after study. Patients
with a predicted risk of more than 50% or a history of
dementia or alcohol abuse received a prophylactic halo-
peridol dose of 1 mg every 8 hours intravenously during
the intervention period. Delirium incidence decreased
from 75% to 65% and mortality from 12% to 7.3%
(Van den Boogaard et al., 2013a). Based on this study,
haloperidol prophylaxis is currently studied in a
placebo-controlled RCT in 2145 ICU patients (Van den
Boogaard et al., 2013b).

Another strategy for the prevention of delirium is to
minimize the effects of pharmacologic risk factors,
which may induce or prolong ICU delirium. Especially
benzodiazepines seem to be associated with delirium
in the ICU, but there is also evidence that opioids, anti-
cholinergic drugs, and corticosteroids are risk factors
(Han et al., 2001; Schreiber et al., 2014; Zaal et al.,
2015b; Wolters et al., 2015a, b).

Benzodiazepines appear to increase the risk for tran-
sitioning into delirium in a dose-dependent way. In one
study, the risk of delirium was raised from 60% without
lorazepam to a plateau of 100% for doses larger than
20 mg of lorazepam (Pandharipande et al., 2006).
Another study confirmed these results with other more
common benzodiazepines in the ICU, such as midazolam
and oxazepam, and showed that for every 5 mg midazo-
lam equivalent, the risk increased 4% with a plateau for
doses of 150 mg and more. The association was only
found in awake patients who received benzodiazepines
by continuous intravenous infusion and the increased
risk continued to exist for 2 days after the exposure. Inter-
mittent administration of benzodiazepines was not asso-
ciated with an increased risk (Zaal et al., 2015a).
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As mentioned earlier, it is unclear if opioids are a risk
factor for delirium, including positive and negative asso-
ciations (Zaal et al., 2015b). Since undertreated severe
pain is a presumed risk factor for delirium, adequate pain
management is important (Morrison et al., 2003). Con-
cerning drugs with anticholinergic side-effects and corti-
costeroids, little and conflicting evidence is available and
it is therefore not possible to make recommendations
(Schreiber et al., 2014; Wolters et al., 2015a, b). Anticho-
linergic drugs possibly increase the symptom severity of
delirium, but not the frequency (Han et al., 2001). Cur-
rently, over 600 drugs are presumed to have anticholiner-
gic effects, and additive effects of these drugs seem to
result in side-effects (Tune, 2001). It should however be
noted that there are various scales available to assess anti-
cholinergic effects, and that there is no consensus which
scale represents anticholinergic load best (Carnahan et al.,
2006; Rudolph, 2008; Duran et al., 2013).

Dexmedetomidine, a highly selective a,-receptor ago-
nist with sedative and analgesic effects, is an acceptable
alternative for both benzodiazepines and opiates. One
double-blind multicenter RCT with 375 medical and surgi-
cal ICU patients compared continuous infusion of dexme-
detomidine with midazolam. The drugs were equally
efficient in maintaining a Richmond Agitation and Seda-
tion Scale (RASS) between —2 and +1, but the dexmede-
tomidine group had significantly lower delirium
prevalence (54% vs. 76.6%) and more delirium-free days
(mean of 2.5 vs. 1.7 days) than the midazolam group
(Riker et al., 2009). Another RCT in the same population
investigated lorazepam instead of midazolam and showed
a similar delirium prevalence and delirium-free days
(Pandharipande et al., 2007b). The higher costs of dexme-
detomidine in comparison to propofol and midazolam
might be compensated by reductions in ICU costs, due
to shorter duration of mechanical ventilation and ICU stay
(Turunen et al., 2015). The application of clonidine,
another o-receptor agonist, has been suggested to reduce
costs as well (Gagnon et al., 2015). It is unclear whether
dexmedetomidine is superior to clonidine.

Statins may have, besides inhibiting cholesterol
synthesis, an anti-inflammatory and neuroprotective effect
and could therefore be beneficial in delirium. A prospective
cohort study compared patients who used statins at home
and continued using them in the ICU with patients who
did not. Statin use was associated with more delirium-free
days and a lower C-reactive protein (Morandi et al., 2014).
Based on this study, and on a possible beneficial effect in
cardiac surgery patients (Katznelson et al., 2009), a
placebo-controlled RCT has started on prophylaxis and
early treatment with simvastatin (Casarin et al., 2015).

Based on the hypothesis that reduced cholinergic activ-
ity plays a central role in the pathogenesis of delirium, pro-
phylactic use of rivastigmine, a cholinesterase inhibitor,

has been investigated in one RCT in cardiac surgery
patients. Rivastigmine or a placebo was administered from
1 day preoperatively to 6 days after the procedure, and no
difference was found in the incidence or duration of delir-
ium between the groups (Gamberini et al., 2009).

Sleep—wake cycle disruption is often observed in
delirium and some studies found lower melatonin levels
in delirious patients (Mo et al., 2015). As melatonin plays
an important role in the sleep—wake cycle, exogenous
melatonin administration is suggested for the prevention
of delirium. The only RCT on this subject compared
ramelteon, a melatonin receptor agonist, at night with a
placebo in 67 nonintubated ICU and acute ward patients.
Delirium incidence was significantly lower in the ramel-
teon group (Hatta et al., 2014). This trial was however
small (n=67) and the benefit was exceptionally large
and questionable (risk of delirium 3% vs. 32%).

In summary, the evidence on the prophylactic use of
antipsychotics is contradictory. Findings in postopera-
tive patients cannot always be extrapolated to all criti-
cally ill patients. Avoiding delirogenic drugs can be an
effective strategy in the prevention of delirium. Infusion
of benzodiazepines has the strongest evidence as being a
risk factor for delirium, whereas alpha-2 agonists seem to
be a good alternative.

Pharmacologic treatment

The pharmacologic treatment of delirium in the ICU is still
mostly based on clinical experience, as there is little high-
quality evidence for its efficacy (Serafim et al., 2015).
The rationale for treatment of delirium with antipsy-
chotics is that delirium may be associated with increased
dopaminergic activity and decreased cholinergic activity.
However, evidence is limited (Meagher et al., 2013).
Antipsychotics can be divided into two classes, typi-
cal (or first-generation) versus atypical (or second-
generation) antipsychotics, which differ in receptor
binding and side-effects. The typical antipsychotics, like
haloperidol, were developed in the 1950s and are high-
affinity dopamine receptor antagonists. This may lead
to acute extrapyramidal side-effects, such as parkinson-
ism, akathisia, and dystonia. Clozapine, quetiapine, and
risperidone are examples of atypical antipsychotics and
have been shown to cause fewer extrapyramidal symp-
toms than haloperidol (Leucht et al., 2009). This is
believed to be the result of broader receptor binding,
including serotonergic, adrenergic, and acetylcholinergic
receptors, dopaminergic inactivation, and a faster disso-
ciation from dopamine receptors (Gross and Geyer,
2012). A rare, but serious, adverse effect of some anti-
psychotics (e.g., haloperidol, quetiapine, risperidone,
and ziprasidone) is a dose-dependent blockade of cardiac
potassium channels, resulting in electrocardiogram
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QT-interval prolongation, which subsequently can cause
torsades de pointes and ventricular arrhythmia (Gross
and Geyer, 2012). Guidelines therefore advise not to
use antipsychotics in patients with existing QT-interval
prolongation or who are using other QT-interval-
prolonging drugs (Barr et al., 2013).

Haloperidol is commonly used for the treatment of
ICU delirium (Devlin et al., 2011), although the current
guidelines conclude that no evidence is available that
haloperidol reduces the duration of delirium and that hal-
operidol use should be restricted to ICU delirium with
agitated or psychotic symptoms (Martin et al., 2010;
Youngetal.,2010; Barr et al., 2013). Intravenous admin-
istration is favorable in critically ill patients, as they often
have changed enteral absorption. To treat acutely agi-
tated delirious patients, the following dosage scheme
has been described: a loading dose of 2 mg intrave-
nously, which can be repeated every 20 minutes if agita-
tion persists, with a lower dose in elderly patients. When
delirium is controlled, a maintenance dose can be given
regularly every 4—6 hours for a few days, titrated accord-
ing to symptoms. The therapy should then be tapered for
several days (Jacobi et al., 2002; Young et al., 2010). In
the above-mentioned Hope-ICU trial, the group receiv-
ing a dose of 2.5 mg haloperidol intravenously every
8 hours, supplemented with doses of 2.5-5 mg if agita-
tion developed, had a lower proportion of agitated
patients (RASS score of +2 and more) (Page etal., 2013).

One double-blind multicenter RCT compared haloper-
idol, ziprasidone, and placebo in 103 critically ill patients.
There was no difference in delirium duration, coma/
delirium-free days and extrapyramidal symptoms between
the groups, suggesting that antipsychotics have little effect
on the course of delirium. The small sample size and lack
of standardized sedation protocols could have hindered the
detection of significant differences. As the trial did not dif-
ferentiate between positive symptoms, including agitation
and hallucinations, and negative symptoms, including
inattention, it is possible that antipsychotics treated some
of the positive symptoms (Girard et al., 2010b).

Atypical antipsychotics have been compared to halo-
peridol in two other RCTs in mixed ICU patients. The first
trial randomized 73 patients with delirium to receive either
haloperidol (2.5-5 mg every 8 hours orally) or olanzapine
(5 mg daily orally). The drugs were equally effective in
treating delirium symptoms, but fewer extrapyramidal
side-effects were reported in the olanzapine group. This
suggests that olanzapine can be useful for patients in
whom haloperidol is contraindicated (Skrobik et al.,
2004). In the second trial, an RCT with 36 patients, quetia-
pine or placebo was administered with as-needed haloper-
idol to delirious patients. Patients receiving quetiapine had
a faster resolution of delirium and less agitation, whereas
the incidence of adverse effects was similar between

groups (Devlin et al., 2010). Unfortunately, olanzapine
and quetiapine are only available in tablet form.

In view of the acetylcholine deficiency hypothesis
and previous studies in non-ICU patients, cholinesterase
inhibitors have been studied as treatment of delirium
(Fischer, 2001; Hshieh et al., 2008; Overshott et al.,
2010). In a multicenter, double-blind, randomized
placebo-controlled RCT, the cholinesterase inhibitor riv-
astigmine was added to usual care with haloperidol. The
study was halted after 140 of the planned 440 patients
were included, because of increased mortality (12 vs. 4
patients) and delirium duration (5 vs. 3 days) in the riv-
astigmine group (Van Eijk et al., 2010). In a small pilot
RCT in postoperative hip surgery patients another cho-
linesterase inhibitor, donepezil, was tested. Donepezil
did not reduce the presence or severity of delirium, but
did result in more side-effects (Marcantonio et al., 2011).

Several other drugs have been tried. A small open-
label randomized pilot trial in 20 patients investigated
the use of dexmedetomidine instead of haloperidol for
patients who could not be extubated exclusively due to
hyperactive delirium. Dexmedetomidine shortened the
time to extubation and ICU discharge (Reade et al.,
2009). These results were confirmed in a subsequent ran-
domized controlled trial comparing dexmedetomidine
(starting at 0.5 pg/kg/hr, maximum dose 1.5 pg/kg/hr)
with placebo among 74 patients in whom agitated deli-
rium precluded safe extubation. Ventilator-free days were
increased with use of dexmedetomidine and there was
more rapid resolution of delirium (Reade et al., 2016).
Other small studies and case reports pointed at the use of
methylphenidate for hypoactive delirium and exogenous
melotonin in ICU delirium, but further research is needed
on these drugs (Gagnon et al., 2005; Mo et al., 2015).

In summary, haloperidol is commonly prescribed as
treatment of ICU delirium. While there is no evidence
that it decreases the duration of delirium, it has been
found to reduce agitation. There is limited evidence that
atypical antipsychotics have fewer side-effects than
haloperidol, but atypical antipsychotics cannot be
administered intravenously. It is not recommended to
use cholinesterase inhibitors to treat delirium.

Combined pain, agitation, and delirium
protocols

Several of the measures above described have been imple-
mented in combined pain, agitation, and delirium (PAD)
protocols, as there are many interconnections between
the management of these conditions. Most of these proto-
cols include measures such as validated monitoring and
screening tools for PAD, daily spontaneous awakening
and breathing trials, adequate nonpharmacologic and
pharmacologic management of delirium and pain, and
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early physical therapy (Trogrli¢ et al., 2015). One before-
and-after study with 296 patients showed that, after the
implementation of the Awakening and Breathing Coordi-

et al., 2014). Although evidence is not based on an
RCT, implementation of the PAD protocols seem thus
to be important to improve outcome in ICU patients.

nation, Delirium monitoring/management, and Early
exercise/mobility (ABCDE) protocol, the duration of
mechanical ventilation decreased by 3 days and delirium
incidence from 62% to 49% (Balas et al., 2014). Another
before-and-after study with a similar PAD protocol in sur-
gical ICU patients also resulted in reduced delirium,
mechanical ventilation, and ICU stay duration (Dale

CLINICALTRIALS AND GUIDELINES

Over the years, several guidelines for the management of
delirium have been published. The summary of the
guideline of the Society of Critical Care Medicine, is
shown in Table 25.4 (Barr et al., 2013). Other influential

Table 25.4

“Delirium” in the “Statements and recommendations” section of the “Clinical practice guidelines for the management of
pain, agitation, and delirium in adult patients in the intensive care unit” (Barr et al., 2013)

Outcomes associated with delirium

Delirium is associated with increased mortality in adult ICU patients (A)

Delirium is associated with prolonged ICU and hospital LOS in adult ICU patients (A)

Delirium is associated with the development of post-ICU cognitive impairment in adult ICU patients (B)

Detecting and monitoring delirium

We recommend routine monitoring of delirium in adult ICU patients (+1B)

The Confusion Assessment Method for the ICU (CAM-ICU) and the Intensive Care Delirium Screening Checklist (ICDSC) are the
most valid and reliable delirium-monitoring tools in adult ICU patients (A)

Routine monitoring of delirium in adult ICU patients is feasible in clinical practice (B)

Delirium risk factors

Four baseline risk factors are positively and significantly associated with the development of delirium in the ICU: pre-existing
dementia, history of hypertension and/or alcoholism, and a high severity of illness at admission (B)

Coma is an independent risk factor for the development of delirium in ICU patients (B)

Conflicting data surround the relationship between opioid use and the development of delirium in adult ICU patients (B)

Benzodiazepine use may be a risk factor for the development of delirium in adult ICU patients (B)

There are insufficient data to determine the relationship between propofol use and the development of delirium in adult
ICU patients (C)

In mechanically ventilated adult ICU patients at risk of developing delirium, dexmedetomidine infusions administered for sedation
may be associated with a lower prevalence of delirium compared to benzodiazepine infusions (B)

Delirium prevention

We recommend performing early mobilization of adult ICU patients whenever feasible to reduce the incidence and duration of
delirium (+1B)

We provide no recommendation for using a pharmacologic delirium prevention protocol in adult ICU patients, as no compelling data
demonstrate that this reduces the incidence or duration of delirium in these patients (0,C)

We provide no recommendation for using a combined nonpharmacologic and pharmacologic delirium prevention protocol in adult
ICU patients, as this has not been shown to reduce the incidence of delirium in these patients (0,C)

We do not suggest that either haloperidol or atypical antipsychotics be administered to prevent delirium in adult ICU patients (—2C)

We provide no recommendation for the use of dexmedetomidine to prevent delirium in adult ICU patients, as there is no compelling
evidence regarding its effectiveness in these patients (0,C)

Delirium treatment

There is no published evidence that treatment with haloperidol reduces the duration of delirium in adult ICU patients (no evidence)

Atypical antipsychotics may reduce the duration of delirium in adult ICU patients (C)

We do not recommend administering rivastigmine to reduce the duration of delirium in ICU patients (—1B)

We do not suggest using antipsychotics in patients at significant risk for torsades de pointes (i.c., patients with baseline prolongation
of QTc interval, patients receiving concomitant medications known to prolong the QTc interval, or patients with a history of this
arrhythmia) (-2C)

We suggest that in adult ICU patients with delirium unrelated to alcohol or benzodiazepine withdrawal, continuous intravenous
infusions of dexmedetomidine rather than benzodiazepine infusions be administered for sedation to reduce the duration of
delirium in these patients (+2B)

ICU, intensive care unit; LOS, length of stay.
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guidelines include the British National Institute for
Health and Clinical Excellence (NICE) guideline "Diag-
nosis, prevention, and management of delirium” (Young
et al., 2010) and the guidelines of the American Geriat-
rics Society on postoperative delirium (American
Geriatrics Society Expert Panel on Postoperative
Delirium in Older Adults, 2014).

After the MENDS trial had showed that dexmedeto-
midine sedation resulted in more delirium-free and
coma-free days than lorazepam (Pandharipande et al.,
2007b), the MENDS II trial will compare dexmedetomi-
dine with propofol in a double-blind RCT. The trial’s
study population will consist of 530 ventilated septic
patients and it has delirium/coma-free days as primary
endpoint (Vanderbilt University, 2014a).

As a meta-analysis of small trials in postoperative
patients (Fok et al., 2015) and a before-and-after study
in ICU patients (Van den Boogaard et al., 2013a) sug-
gested a beneficial effect of antipsychotics, a large
(n=2145) multicenter double-blind, placebo-controlled
RCT is currently performed to study whether haloperidol
can prevent mortality (primary endpoint) and delirium
(Radboud University, 2013).

Based on a lower risk of ICU delirium in statin users in
observational studies (Morandi et al., 2014; Page et al.,
2014), a single-center placebo-controlled RCT has
started to investigate the use of simvastatin as prophylac-
tic drug for delirium in the ICU (Casarin et al., 2015).
Another large-scale placebo-controlled RCT investi-
gates treatment with haloperidol versus ziprasidone
(Vanderbilt University, 2014b).

COMPLEX CLINICAL DECISIONS

Delirium is often associated with substantial anxiety that
does not respond sufficiently to nonpharmacologic mea-
sures such as reassurance. In those cases where anxiety is
extreme, it is unclear whether a trial should be started
with a benzodiazepine, which has anxiolytic properties
but may prolong delirium as well (Pandharipande
et al., 2006; Zaal et al., 2015a). It should be noted that
anxiety in delirium may be caused by hallucinations
and delusions, but these are difficult to assess in patients
who cannot verbally communicate, for example because
of mechanical ventilation, and who do not respond to
closed questions. It is important to realize that psychosis
is not limited to hyperactive delirious patients, and a trial
with an antipsychotic may be warranted.

Further, it is controversial whether disturbed sleep is
an early sign of delirium, a risk factor for delirium, or
both. Benzodiazepines are often prescribed to promote
sleep. However, a benzodiazepine may induce delirium
in these cases, and although benzodiazepines may
promote light sleep (nonrapid-eye-movement (REM)

sleep stage 1), it suppresses deep sleep (non-REM stage
3) and REM sleep, which appears to be crucial for recov-
ery. Theoretically, alpha-2 agonists, such as dexmedeto-
midine and clonidine, may promote sleep (Brown et al.,
2010), but this has not yet been studied extensively.

Finally, benzodiazepines are often prescribed to
prevent or treat symptoms of alcohol withdrawal. This
practice is supported by a meta-analysis of RCTs that
showed that benzodiazepines were superior to placebo
in the treatment of alcohol withdrawal (Holbrook et al.,
1999). Patients with isolated alcohol withdrawal syn-
drome are rarely admitted to the ICU, but alcohol
withdrawal often contributes to delirium in ICU patients
who are exposed to a variety of other delirium risk
factors. As benzodiazepines also increase the risk of
ICU delirium, it is currently unclear whether benzodiaz-
epines in alcoholic ICU patients are superior to other
approaches, such as alpha-2 agonists and anticonvul-
sant drugs.

OUTCOME PREDICTION

Delirium has, for a long time, been considered as an
“inconvenient” presentation of critical illness and con-
sidered completely reversible after treatment of the
underlying disorder (Van Eijk and Slooter, 2010). Over
the last two decades, numerous studies have consistently
shown that delirium in ICU patients is associated with a
worse prognosis (Salluh et al., 2015).

The experience of delirium is very distressing for the
patient, but also for family members and caregivers
(Breitbart et al., 2002). Yet, many patients have no recol-
lection of an episode of delirium (Breitbart et al., 2002).
The rate of self-extubation and removal of catheters is
obviously increased in patients with delirium (Dubois
et al., 2001; Van den Boogaard et al., 2012c). Delirium
is incontrovertibly associated with an increased ICU
length of stay and duration of hospital admission. This
is also reflected in the duration of mechanical ventilation
and also significantly longer in patients with delirium
(Zhang et al., 2013; Salluh et al., 2015). Primarily due
to increased duration of admission, delirium results in
higher ICU and hospital expenses (Milbrandt et al.,
2004). Early delirium research showed a two to three
times increased risk of dying during ICU admission for
patients who developed delirium (Salluh et al., 2015),
whereas the underlying pathophysiologic mechanism
remained unclear. In more recent research, with adjust-
ments for disease severity until delirium onset, delirium
was no longer associated with increased mortality in the
ICU (Klein Klouwenberg et al., 2014).

With regard to long-term mortality, every additional
day of delirium was found to increase mortality by
10% at 6 months and 1 year after discharge (Ely et al.,
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2004; Pisani et al., 2009a). However, when follow-up
was restricted to the period after ICU discharge and more
extensive adjustments were made, no increased 1-year
mortality was observed (Wolters et al., 2014).

Cognitive impairment

Delirium in the ICU was consistently found to be
associated with impaired cognitive function at 3, 12,
and 18 months after discharge, also when patients with
pre-existing cognitive impairment were excluded and
adjustments were made for confounders such as severity
ofillness (Girard et al., 2010a; Van den Boogaard et al.,
2012b; Pandharipande et al., 2013, Wolters et al.,
2014). In addition to cognitive problems, delirium was
found to be associated with more problems in activities
of daily living and worse scores on sensorimotor function
tests at follow-up (Brummel et al., 2014). Anxiety,
depression, and posttraumatic stress disorder are com-
mon in survivors of critical illness (Parker et al., 2015),
and related to delirium in non-ICU patients (Davydow,
2009). However, only very few relatively small studies
have investigated the association between ICU delirium
and subsequent psychiatric morbidity in ICU survivors,
and most of these could not establish a relationship.
One larger study found an association between prolonged
ICU delirium and depression, but not PTSD, 1 year after
ICU discharge (Jackson et al., 2014).

Future studies will focus on cognitive impairment as
this appears to be independently and consistently asso-
ciated with delirium. Alternative explanations for the
association of delirium and long-term cognitive impair-
ment are that delirium is a marker of vulnerability to
cognitive impairment, and that delirium is an intermedi-
ate factor in the development of cognitive impairment
(Fong et al., 2015).

Arguments that delirium may cause cognitive impair-
ment using the Bradford Hill criteria for causality are
shown in Table 25.5 (Hill, 1965; Slooter, 2013). The rela-
tionship between delirium and long-term cognitive
impairment is relatively strong (odds ratio 2-3:
Wolters et al., 2014). It is consistent, as delirium
increases the risk of cognitive impairment in all previous

Table 25.5

Bradford Hill criteria for causality

Strength of association
Consistency

Temporality

Biological gradient
Plausibility and coherence
Experiment

WLAXLL

Adapted from Hill (1965).

studies in both ICU and non-ICU patients, and delirium
is a risk factor for acceleration of existing dementia
(Fong et al., 2015). The relationship shows a biologic
gradient, as more delirium days are associated with more
cognitive impairment (Pandharipande et al., 2013).
“Plausibility and coherence” are supported by observa-
tions that neuroinflammation may persist and increase
also in cases of transient systemic inflammation (Van
Gool et al., 2010). Patient-related factors that link delir-
ium directly to impaired outcome are lethargy (with aspi-
ration pneumonia, pressure ulcers, thrombosis) and
agitation (resulting in falls, and complications of antipsy-
chotics, sedatives, and physical restraints).

By contrast, two criteria for causality seem not to be
fulfilled. First, temporality, as deliritum does not always
precede cognitive impairment, and pre-existing cogni-
tive impairment is also a risk factor for delirium. Second,
the criterion of experiment is not fulfilled as there is no
RCT that shows that treatment of delirium improves
long-term cognitive dysfunction. It should, however,
be noted that multicomponent geriatric interventions
resulted in less cognitive impairment in non-ICU patients
(Pitkala et al., 2006). We cannot definitively conclude
that delirium may have a causal role in the development
of long-term cognitive impairment after critical illness.
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Chapter 26

Posterior reversible encephalopathy in the intensive care unit

M. TOLEDANO AND J.E. FUGATE*
Department of Neurology, Mayo Clinic, Rochester, MN, USA

Abstract

Posterior reversible encephalopathy syndrome (PRES) is increasingly diagnosed in the emergency depart-
ment, and medical and surgical intensive care units. PRES is characterized by acute onset of neurologic
symptoms in the setting of blood pressure fluctuations, eclampsia, autoimmune disease, transplantation,
renal failure, or exposure to immunosuppressive or cytotoxic drugs, triggers known to admit patients to the
intensive care unit (ICU). Although the exact pathophysiology remains unknown, there is growing con-
sensus that PRES results from endothelial dysfunction. Because of the heterogeneous nature of the disor-
der, it is probable that different mechanisms of endothelial injury are etiologically important in different
clinical situations. The presence of bilateral vasogenic edema on brain imaging, particularly in parieto-
occipital regions, is of great diagnostic utility but PRES remains a clinical diagnosis. Although largely
reversible, PRES can result in irreversible neurologic injury and even death. The range of clinical and
radiographic manifestations of the syndrome is probably broader than previously thought, and it is imper-
ative that clinicians become familiar with the full spectrum of the disorder, as prompt recognition and elim-
ination of an inciting factor improve outcome. PRES may be the most frequent toxic-metabolic

encephalopathy seen in the ICU.

INTRODUCTION

A reversible syndrome associated with posterior subcor-
tical white-matter changes and characterized by alter-
ations in consciousness, headaches, seizures, and
visual disturbances was first described by Hinchey and
colleagues in 1996. Initially termed reversible posterior
leukoencephalopathy syndrome, a new name, posterior
reversible encephalopathy syndrome (PRES), was pro-
posed, as it became clear that cortical areas were
also commonly affected (Casey et al., 2000). Initially
described in patients with hypertensive encephalopathy,
eclampsia, chemotherapy exposure, or following alloge-
neic bone marrow and solid-organ transplantation (SOT)
(Hinchey et al., 1996), PRES has been linked with a
growing list of medical conditions and medications
(Table 26.1). Associations with autoimmune diseases,
metabolic disorders, and sepsis/shock have also been
described, and immunosuppressive or cytotoxic drugs
are frequently implicated.

Brain imaging usually reveals bilateral vasogenic
edema predominantly affecting the parieto-occipital
regions. Controversy remains regarding the pathophysi-
ology of PRES, but there is growing consensus that the
syndrome is triggered by endothelial injury leading to
blood-brain barrier disruption and vasogenic edema.
The initial insult to the endothelium can have multiple
causes but is likely secondary to abrupt blood pressure
changes and/or direct effects from circulating inflamma-
tory cytokines or cytotoxic drugs. Prognosis is favorable
but failure to recognize the syndrome and initiate treat-
ment in a timely manner can result in irreversible cyto-
toxic edema and neurologic injury.

In this review, we describe the epidemiology, patho-
physiology, clinical and radiographic features, approach
to diagnosis and treatment, as well as the prognosis of
PRES. We emphasize the importance of recognizing
the entire range of radiographic and clinical presenta-
tions, which is likely broader than previously considered,
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Table 26.1

Conditions and medications associated with posterior
reversible encephalopathy syndrome

Pre-eclampsia/eclampsia

Marked elevation or fluctuations in blood pressure

Hypertensive encephalopathy

Dysautonomia (e.g., Guillain—Barré syndrome, spinal cord
injury)

Induced hypertension (e.g., treatment for vasospasm in
aneurysmal subarachnoid hemorrhage)

Autoimmune disease

Connective tissue inflammatory disease

Scleroderma

Sjogren’s disease

Systemic lupus erythematosus

Vasculitis

Cryoglobulinemia

Granulomatosis with polyangiitis

Polyarteritis nodosa

Inflammatory bowel disease

Crohn’s disease

Ulcerative colitis

Other

Hashimoto thyroiditis

Neuromyelitis optica

Primary sclerosing cholangitis

Thrombocytopenia purpura/hemolytic uremic syndrome

Infection/sepsis/shock

Immunosuppressive, immunomodulatory, and
chemotherapeutic drugs

Combination chemotherapy

Angiogenesis inhibitors

Bevacizumab

Tyrosine kinase inhibitors: pazopanib, sorafenib, sunitinib

Calcineurin inhibitors

Cyclosporine A

Tacrolimus (rarely sirolimus)

Bortezomib

Cisplatin and other platinum-based agents

Cytarabine/gemcitabine

Interferon-alpha

Methothrexate

Rituximab

Vincristine

Disorders of metabolism

Porphyria (acute intermittent porphyria)

Ornithine transcarbamylase deficiency

Miscellaneous

Acute and chronic renal failure

Amphetamine/cocaine use

Blood transfusion

Hypercalcemia, hypomagnesemia

Intravenous immunoglobulin

and which is of relevance both to patient outcome and in
future study design. The more severe presentations of
PRES that may require care in an intensive care unit
(ICU) are described. We also highlight some areas of

ongoing controversy as well as possible directions
for future research.

EPIDEMIOLOGY

Although studies of PRES have increased exponentially
over the last decade, these consist almost exclusively of
isolated case reports or case series. These reports have
been instrumental in enhancing our understanding of
the clinical and radiographic manifestations of the dis-
ease, as well as its associated conditions and risk factors.
Nonetheless, epidemiologic data remain limited. The
syndrome appears to affect patients in all age groups,
including infancy (Kummer et al., 2010). There also
appears to be a female predominance, even when patients
with eclampsia are excluded (Bartynski and Boardman,
2007; Fugate et al., 2010; Liman et al., 2012). However,
the incidence of PRES in the general population is
not known.

Studies have attempted to estimate the incidence in
select populations known to be at risk. A recent retro-
spective review of 2588 admissions to a pediatric ICU
identified 10 patients with PRES, resulting in an esti-
mated incidence of 0.4% in this patient population
(Raj et al., 2013). The incidence of PRES in adult ICU
patients, however, is not known. The reported incidence
of PRES following allogeneic bone marrow transplant
(BMT) in adults varies between 2.7 and 25%, depending
on the underlying hematologic malignancy and on the
myeloablative preconditioning regimen used (Reece
etal., 1991; Bartynski et al., 2004, 2005). The incidence
following SOT is lower and varies between 0.4 and 0.6%
(Bartynski et al., 2008; Wu et al., 2010). Interestingly,
PRES appears to occur earlier following liver transplan-
tation (often in the setting of severe infection) compared
with kidney transplantation (Singh et al., 2000). In a ret-
rospective observational study of incident end-stage kid-
ney disease patients in southwest Ireland over a 10-year
period, 5 out of 592 (0.84%) patients developed PRES
(Canney etal., 2015). A single-center retrospective study
of 3746 patients with systemic lupus erythematous (SLE)
estimated a prevalence of 0.69% in this patient popula-
tion (Lai et al., 2013).

PATHOPHYSIOLOGY AND
NEUROPATHOLOGY

The pathogenesis of PRES remains incompletely under-
stood, but it appears to be related to a breakdown of nor-
mal cerebral autoregulation and endothelial cell function.
This breakdown can be precipitated by several mecha-
nisms, with hypertension being the most commonly
described. Because of the heterogeneous nature of the
disorder, it is probable that different mechanisms are eti-
ologically important in different clinical situations.
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Autoregulatory failure and hypertension

Rapidly developing hypertension with failed autoregula-
tion causing hyperperfusion and associated breakdown
of the blood-brain barrier remain the leading theory of
the pathophysiologic changes underlying PRES. Autore-
gulation is an intrinsic function of the cerebral vascula-
ture, designed to maintain a stable blood flow despite
fluctuations in cerebral perfusion pressure (calculated
as mean arterial blood pressure minus intracranial pres-
sure) (Guyton, 2006; Budohoski et al., 2013). This pro-
cess is largely driven by changes in arteriolar wall
diameter with vasodilation occurring when blood pres-
sure drops and vasoconstriction occurring when pressure
increases (Budohoski et al., 2013; Kowianski et al.,
2013). Chemical signals from neurons, endothelial cells,
and astrocytes all contribute to the control of cerebral
autoregulation (Kowianski et al., 2013), but vascular
tone is primarily modulated by the endothelium via
release of vasodilators (nitric oxide, prostacyclin, hydro-
gen sulfide, and endothelium-derived hyperpolarizing
factor), and vasoconstrictors (thromboxane A,, endothe-
lin 1, and angiotensin II).

In humans, the lower and upper limits of autoregula-
tion are approximately 50-150 mmHg, respectively
(Budohoski et al., 2013). Reduced blood pressure below
the lower limit of autoregulation can result in hypoperfu-
sion and potential ischemia (Kontos et al., 1978). Con-
versely, abrupt and severe increases in blood pressure
above the upper limit of autoregulation result in break-
through with passive arteriolar dilatation, hyperperfu-
sion, and injury to the capillary bed allowing the
interstitial extravasation of plasma and macromolecules
(vasogenic edema) (MacKenzie et al., 1976; Auer, 1978;
Leopold, 2013). Sympathetic stimulation, which can be
heightened during episodes of acute hemodynamic
stress, increases the upper limit of autoregulation in ani-
mal studies (Waldemar et al., 1989; Guyton, 2006). The
upper limit is also known to be increased in the setting of
chronic hypertension (Strandgaard and Paulson, 1984).

The hypertension/hyperperfusion theory is supported
by studies showing that acute hypertension commonly
accompanies PRES and that prompt treatment of hyper-
tension is associated with both clinical and radiologic
improvement (Fugate et al., 2010; Ni et al., 2011; Cruz
et al., 2012). The preferential involvement of posterior
brain regions in PRES may also be explained by this the-
ory in that the relative lack of sympathetic innervation in
the posterior fossa likely renders the area more suscepti-
ble to hyperperfusion injury.

An earlier theory had postulated that PRES results
from autoregulatory vasoconstriction in response to
hypertension, leading to hypoperfusion, ischemia, and
subsequent edema. According to proponents of this the-
ory, vasogenic edema may result from cerebral hypoxia

and associated production of hypoxemia-inducible
factor-10., which in turn upregulates vascular endothelial
growth factor (VEGF), leading to increased vascular per-
meability (Bartynski, 2008b). Blood vessel irregularities
consistent with vasoconstriction have occasionally been
demonstrated on both noninvasive (computed tomogra-
phy (CT) or magnetic resonance angiography (MRA)),
as well as catheter cerebral angiography (CA) (Will
et al,, 1987; Trommer et al., 1988; Singhal, 2004;
Bartynski and Boardman, 2008). Additionally, perfusion
studies in patients with PRES have mostly demonstrated
reduced perfusion. Of a combined 78 patients reported in
the literature with perfusion imaging, 75 (96%) showed
radiographic evidence of hypoperfusion (Schwartz et al.,
1992; Naidu et al., 1997; Engelter et al., 1999; Apollon
et al., 2000; Casey et al., 2004; Brubaker et al., 2005;
Bartynski and Boardman, 2008). However, most patients
with PRES do not have demonstrable vascular narrowing
on imaging, and ischemic infarction is only rarely dem-
onstrated on imaging. Also, the timing of perfusion stud-
ies varied substantially amongst individual patients in the
aforementioned studies and blood pressure values at the
time of imaging were not recorded. Importantly, perfu-
sion imaging was undertaken after treatment of hyperten-
sion, sometimes many days after symptom onset. As
such, they are not necessarily representative of the actual
state of cerebral perfusion at the time of presentation.
Some authors have questioned the etiologic role of
hypertension in PRES by noting that 15-20% of patients
are normotensive or even hypotensive at presentation
(Rabinstein etal., 2012), and that even when hypertension
is present, less than 50% have a documented mean arterial
pressure exceeding the upper limit of cerebral blood flow
autoregulation (Mueller-Mang et al., 2009; Lietal., 2012).
Although an important observation, these findings should
be interpreted with caution, as most of the data comes from
retrospective studies in which the most extreme readings
might not have been measured or reported. Moreover, the
upper limit of autoregulation varies among individuals,
making it difficult to ascertain the etiologic significance
of single recordings (van Beek et al., 2008). It is possible
that, in certain patients, acute hypertension could lead to
endothelial dysfunction and breakdown of the blood—
brain barrier through different mechanisms, even when
the extent of hypertension does not exceed the upper limit
of autoregulation. Certainly, factors other than hyperten-
sion can contribute to endothelial dysfunction and may
render patients more susceptible to changes in blood pres-
sure. The alternative hypothesis, that hypertension is itself
a reaction to insufficient brain perfusion caused by endo-
thelial dysfunction from systemic toxic effects, fails to
explain the finding that hypertension typically precedes
the development of PRES (Rabinstein et al., 2012). Wide
fluctuations in blood pressure, rather than absolute rise in
blood pressure, may be a precipitant of the syndrome
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(Liman et al., 2012), and even patients with sepsis and
hypotension can develop PRES (Bartynski et al., 2006).
Ultimately, the patient’s mean baseline blood pressure,
the proportional rise and rapidity with which changes take
place, as well as the presence of pronounced fluctuations
in blood pressure are all important factors in disrupting the
blood-brain barrier, resulting in vasogenic edema.

Other causes of endothelial dysfunction

Although PRES can occur with uncontrolled hyperten-
sion, it commonly arises in the setting of a significant
systemic/metabolic process or exposure to certain immu-
nosuppressive/cytotoxic drugs (Table 26.1). In addition
to injury caused by hypertension, endothelial dysfunc-
tion may result from direct effects of excessive inflam-
matory cytokines and/or toxicity from certain drugs
(Marra et al., 2014). During an inflammatory response,
activation of lymphocytes and monocytes results in cyto-
kine release (e.g., interleukin (IL)-1, IL-6, tumor necrosis
factor (TNF)-o, and interferon (IFN)-y). Subsequent
endothelial cell activation results in increased production
of adhesion molecules (e.g., vascular cell adhesion mol-
ecule 1 (VCAM-1), intracellular adhesion molecule 1
(ICAM-1), E-selectin) that facilitate interaction with cir-
culating leukocytes. Additionally, TNF-o induces the
expression of VEGF, which induces endothelial cell
swelling and increases vascular permeability, leading
to brain edema (Leopold, 2013).

Pre-eclampsia and eclampsia are associated with a
strong inflammatory cytokine response. Subsequent
endothelial cell activation induces expression of adhe-
sion molecules followed by cell swelling and increased
permeability in the setting of high levels of VEGF-A
(Postma et al., 2014).

The higher incidence of PRES following BMT compa-
red to SOT may be due in part to the preconditioning
regimens used in the former (marrow ablative chemother-
apy, total body irradiation) (Lamy et al., 2014). And
indeed, a greater frequency of PRES is reported in patients
receiving higher-dose myoablative regimens compared to
nonmyoablative ones (Bartynski et al., 2004, 2005).
Myoablative regimens likely lead to endothelial and tissue
injury and induce production of inflammatory cytokines.
Graft-versus-host disease, a complication of BMT, is
probably a more severe immunoreactive process than
solid-organ rejection, also partially accounting for the dis-
crepancy in incidence between the two (Lamy etal.,2014).
Similarly, PRES appears to occur earlier following liver
transplantation compared to renal patients possibly sec-
ondary to the poor health of patients requiring emergent
liver transplantation (Singh et al., 2000). Nonetheless,
transplant rejection and infection are present in most
SOT patients who develop PRES (Bartynski et al., 2008).

PRES has also been associated with infection and sep-
sis. Although the nature of this association remains
incompletely understood, it is likely mediated by cyto-
kine production. Microbes cause a host immune response
leading to increased release of TNF-o and IL-1, and upre-
gulation of VCAM-1 and ICAM-1 (Pruitt et al., 1995).
During an infection, polymorphonuclear cells become
activated and marginated and eventually adhere to the
vascular endothelium, resulting in the release of media-
tors and increased permeability (Parent and Eichacker,
1999). This can lead to interstitial edema, which could
manifest as PRES in the brain.

Nearly half of patients with PRES have pre-existing
autoimmune disease (Bartynski, 2008a; Fugate et al.,
2010; Lamy et al., 2014). Specific disorders include, but
are not limited to, scleroderma, rheumatoid arthritis,
SLE, Sjogren’s syndrome, polyarteritis nodosa, granulo-
matosis with polyangiitis, neuromyelitis optica, Crohn’s
disease, ulcerative colitis, primary sclerosis cholangitis,
thrombotic thrombocytopenic purpura, and hypothyroid-
ism (Burrus et al., 2009; Fugate et al., 2010; Lai et al.,
2013; Shaharir et al., 2013). Many of these patients are
on immunosuppressant drugs, which could exert direct
toxic effects, but endothelial activation and cytokine
production in the setting of chronic or acute inflammation
are likely important drivers behind the association with
PRES.

Immunosuppressive or cytotoxic drugs used after
BMT or SOT, or to treat malignancies, are strongly asso-
ciated with PRES. The effect appears to be time- and
dose-independent; patients can develop PRES months
after initiation and despite normal serum drug concentra-
tions (Schwartz et al., 1995). Drugs often implicated in
PRES include calcineurin inhibitors such as cyclosporine
and tacrolimus (but only rarely sirolimus) (Schwartz
et al., 1995; Wong et al., 2003; Bodkin and Eidelman,
2007). Cyclosporine neurotoxic effects might be facili-
tated by the endogenous vasoactive substance endothe-
lin, hypertension, and hypomagnesemia (Schwartz
et al., 1995). Chemotherapeutic agents include vincris-
tine, cisplatin, gemcitabine, bortezomib, and cytarabine
(Hurwitz et al., 1988; Ito et al., 1997; Rajasekhar and
George, 2007; Kelly et al., 2008; Vaughn et al., 2008),
as well as antiangiogenic drugs that antagonize the action
of VEGF, such as sunitinib, bevacizumab, and sorafenib
(Tlemsani et al., 2011; Seet and Rabinstein, 2012).

Although renal failure is classically associated with
PRES (present in up to 55% cases) (Mueller-Mang
et al., 2009; Fugate et al., 2010; Liman et al., 2012), it
remains unclear whether renal dysfunction is an indepen-
dent risk factor or a marker of comorbid hypertension,
autoimmune disease, or another systemic condition.
Similarly, other metabolic derangements such as hypona-
tremia, hypomagnesemia, hypercalcemia, and hepatic
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dysfunction may be independent risk factors or markers
of systemic disease.

Histopathology

Biopsy samples of PRES patients show reactive endothe-
lial changes, increased VEGF expression, as well as
intravascular and perivascular T lymphocytes without
evidence of inflammation, ischemia, or neuronal damage
(Horbinski et al., 2009). These findings support the
hypothesis that activation and dysfunction of the endo-
thelium underlie PRES.

CLINICAL PRESENTATION

The classic neurologic manifestations of PRES include
encephalopathy, seizures, visual disturbances, headache,
and focal neurologic deficits (Burnett et al., 2010; Fugate
et al., 2010; Cordelli et al., 2012; Li et al., 2012; Liman
et al., 2012). Because most of the literature on the syn-
drome is comprised of retrospective observational stud-
ies, the frequency of symptoms varies depending on the
study population or sample size. The frequency of the
main presenting symptoms is shown in Table 26.2.

The clinical presentation of PRES can be acute or sub-
acute with symptoms developing over 24-48 hours.
Continued progression of symptoms for many weeks is
very uncommon. Encephalopathy ranges in severity
from mild confusion, stupor, or even coma in rare cases
(Keswani and Wityk, 2002). Seizures occur in about
60-75% of cases and can be generalized tonic-clonic
or focal (Burnett et al., 2010; Fugate et al., 2010; Li
et al., 2012; Liman et al., 2012). Although uncommon,
status epilepticus can occur, and clinicians should have
a low threshold to obtain an electroencephalogram
(EEG) in patients with PRES with persistent and unex-
plained altered consciousness (Kozak et al., 2007;
Burnett et al., 2010; Fugate et al., 2010). Visual distur-
bances such as decreased visual acuity, field deficits,
cortical blindness, and hallucinations are common
(Tallaksen et al., 1998; Kahana et al., 2005). Papilledema
with flame-shaped retinal hemorrhages and exudates can
be present in the setting of hypertension, but fundoscopic

Table 26.2

examination is often unremarkable (Dinsdale, 1982).
Headache, when present, is usually dull, diffuse, and
gradual in onset. A thunderclap-onset headache in the
context of PRES should raise suspicion for associated
reversible cerebral vasoconstriction syndrome (RCVS),
and prompt cerebrovascular imaging (Benziada-
Boudour et al., 2009). Focal findings, such as aphasia
or hemiparesis, are present in 5-15% of patients
(McKinney et al., 2007; Burnett et al., 2010; Fugate
et al., 2010; Li et al., 2012). Radiographic and clinical
evidence of myelopathy has been rarely documented
(de Havenon et al., 2014).

NEURODIAGNOSTICS AND IMAGING

The clinical presentation of PRES is often nonspecific
and the symptoms and signs of PRES, such as encepha-
lopathy, seizures, visual disturbances, and headache, can
be seen in many other disorders. Transient elevations in
blood pressure are difficult to interpret in the acute set-
ting, as pronounced hypertension can be a physiologic
response to cerebral ischemia or an underlying systemic
process such as infection. The differential diagnosis
is wide and includes various neurologic conditions,
including other vasculopathies, infectious/inflammatory
encephalitides, malignancy, and toxic/metabolic
encephalopathies (Fig. 26.1).

EEG can help confirm the presence of ictal or epilep-
togenic activity and often demonstrates focal or multifo-
cal sharp waves (Kozak et al., 2007; Lee et al., 2008Db).
Focal or diffuse slowing is also commonly demonstrated.
Although EEG findings are nonspecific, the presence of
bilateral occipital sharp waves in patients with status epi-
lepticus should raise suspicion for PRES (Kozak et al.,
2007). Cerebrospinal fluid (CSF) analysis is likewise
nonspecific but commonly shows an elevated protein
(rarely > 100 mg/dL) (Lee et al., 2008b; Datar et al.,
2015b). Although mild CSF pleocytosis may occur, its
presence should prompt consideration of a different diag-
nosis (Datar et al., 2015b).

Brain imaging is very useful both to rule out other
conditions and to confirm the diagnosis. However, even
when brain magnetic resonance imaging (MRI) shows

Prevalence of clinical symptoms and signs in patients with posterior reversible encephalopathy syndrome

Encephalopathy (50-80%) (Li et al., 2012; Liman et al., 2012; Brewer et al., 2013)

Seizure (60-75%) (Burnett et al., 2010; Fugate et al., 2010; Liman et al., 2012; Brewer et al., 2013)
Headache (50%) (Tlemsani et al., 2011; Legriel et al., 2012; Li et al., 2012)

Visual disturbances (33%) (Burnett et al., 2010; Legriel et al., 2012; Liman et al., 2012; Brewer et al., 2013)
Focal neurological deficit (10-15%) (Burnett et al., 2010; Cruz et al., 2012; Liman et al., 2012)

Status epilepticus (5-15%) (Burnett et al., 2010; Fugate et al., 2010; Li et al., 2012)

Modified from (Fugate and Rabinstein, 2015).
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Ischemic/hemorrhagic stroke
* Hyperacute in onset
+ Findings on MRI can be unilateral

Clinical
mimic

Osmotic demyelinating syndrome

Toxic leukoencephalopathy

« Presence of characteristic toxidrome

CNS vasculitis
* Subacute clinical presentation
« CSF pleocytosis

« History of malignancy or tumor

« CSF pleocytosis

Infectious encephalitis
* Fever
» CSF pleocytosis

» Imaging findings can be unilateral

Acute demyelinating encephalomyelitis
* Mostly a disease of children

M. TOLEDANO AND J.E. FUGATE

« Does not preferentially affect the parieto-occipital lobes
» History of rapid normalization of sodium or glucose concentration (can not always be confirmed)
» Characteristic central pontine signal abnormality in bat-wing shape

+ History of substance use and/or positive drug screen test

* MRI abnormalities tend to be symmetric

« Cytotoxic edema not in topographic distribution typical of PRES

Autoimmune or paraneoplastic encephalitis
» Presence of neural-specific antibody in serum or CSF

* Findings on MRI can be unilateral. Limbic structures are commonly involved

* Positive CSF Gram stain or culture/positive microbial serology or PCR

= Preceded by vaccination or viral/bacterial illness

Mitochondrial encephalomyositis
* Family history

» Presence of hearing loss, opthalmoplegia, short stature, myopathy

* Magnetic spectroscopy can show abnormally raised lactate and decreased N-acetyl-asparate concentrations

Progressive multifocal leukoencephalopathy
« Subacute-to-chronic clinical presentation

Malignancy or tumor (lymphoma, gliomatosis cerebri, metastatic disease)
» Subacute-to-chronic clinical presentation

« History of unintentional weight loss
* Abnormal CSF cytology

* MRIfindings on MRI can be unilateral and fail to resolve

Leukoariosis

Radiographic N )
* No acute clinical presentation

mimic

« Periventricular, mostly confluent signal abnormality on MRI

Fig. 26.1. Differential diagnosis in posterior reversible encephalopathy syndrome (PRES). MRI, magnetic resonance imaging;
CNS, central nervous system; CSF, cerebrospinal fluid; PCR, polymerase chain reaction. (Modified from Fugate and

Rabinstein, 2015.)

regions of T2 signal abnormality suggestive of PRES, the
differential remains wide (Fig. 26.1). Overreliance on
imaging can lead to misdiagnosis and both the clinical
context and the judgment of the clinician are crucial in
establishing the correct diagnosis.

Imaging

Although neuroradiographic abnormalities of PRES
may be apparent on noncontrast CT, they are better

demonstrated on brain MRI. T2-weighted sequences
such as fluid-attenuated inversion recovery (FLAIR)
are the most sensitive (Bartynski and Boardman,
2007). Specificity is not known as there is no accepted
diagnostic gold standard in PRES.

Classically, brain imaging demonstrates relatively
symmetric vasogenic edema involving the parieto-
occipital white matter of both cerebral hemispheres
(Fig. 26.2) but other brain regions are commonly
involved. The frontal and temporal lobes, for example,
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Fig. 26.2. (A-C) Classic radiographic presentation of posterior reversible encephalopathy syndrome. Axial T2 fluid-attenuated
inversion recovery sequences show T2 signal abnormality that is mostly subcortical and involves the bilateral occipital lobes
predominantly.

can be affected in up to 75% of cases (Fugate et al., 2010;
Cruz et al., 2012; Legriel et al., 2012). Brainstem and
basal ganglia involvement can be seen in up to a third
of cases (Muecller-Mang et al., 2009; Fugate et al.,
2010; Liman et al., 2012), and cerebellar involvement
inup to half (Fugate et al., 2010). Rare cases demonstrat-
ing signal change in the spinal cord have also been
described (de Havenon et al., 2014). However, edema
in these regions rarely occurs in isolation and almost
always coincides with parieto-occipital involvement.
Cortical lesions are not uncommon and, although vaso-
genic edema is almost always bilateral, it can be asym-
metric. Strictly unilateral lesions or isolated brainstem,
cerebellar, or spinal cord involvement should prompt
consideration of a different diagnosis.

Three dominant MRI patterns have been described in
the radiology literature and are present in up to 70% of
PRES patients (Bartynski and Boardman, 2007): a
parieto-occipital pattern, holohemispheric watershed
pattern, and superior frontal sulcus pattern. These pat-
terns are supportive of the diagnosis, although not patho-
gnomonic. Interestingly, neither the pattern nor the
extent of brain edema is strongly correlated with the
severity of clinical presentation (Mueller-Mang et al.,
2009; Fugate et al., 2010). T2 signal changes affecting
regions outside these dominant patterns are not
uncommon.

Diffusion-weighted imaging demonstrates restricted
diffusion in 15-30% of cases (Covarrubias et al., 2002;
Burnett et al., 2010; Fugate et al., 2010; Cruz et al.,
2012; Lietal., 2012, 2013; Liman et al., 2012). Usually
small areas of restricted diffusion are embedded within
larger regions of vasogenic edema, although rarely, more
extensive confluent regions of restricted diffusion can
occur (Fig. 26.3). Such lesions can be hard to distinguish
from those caused by ischemic infarction, although in
PRES the distribution of abnormalities is usually not

confined to a single vascular territory (Lamy et al.,
2004). Although lesions demonstrating restricted diffu-
sion can rarely be reversible, their presence is usually
associated with irreversible structural damage and resid-
ual neurologic deficit (Moon et al., 2013).

Gyriform signal enhancement — likely reflecting dis-
ruption of the blood-brain barrier — can be seen in up to
20% of cases following administration of gadolinium
(Fugate et al., 2010; Kastrup et al., 2015) (Fig. 26.4),
but no study has systematically assessed the effect of tim-
ing on the presence or absence of contrast enhancement.

Between 20 and 25% of cases of PRES are compli-
cated by intracranial hemorrhage (Bartynski and
Boardman, 2007; Hefzy et al., 2009; Mueller-Mang
et al., 2009; Burnett et al., 2010; Fugate et al., 2010;
Sharma et al., 2010). Intraparenchymal hemorrhage
(IPH) is most common, followed by sulcal subarachnoid
hemorrhage (SAH), although both types can co-occur in
18-30% of patients (Hefzy et al., 2009; Sharma et al.,
2010) (Fig. 26.5). In one retrospective study of 151
patients with PRES, a single hemorrhage type was found
in 16 out of 23 (70%) patients who bled, compared to
30% who had multiple types (Hefzy et al., 2009). Iso-
lated IPH was found in 13 out of the 16 patients with a
single hemorrhage type (81%), compared to 3 (19%)
who had isolated SAH (Hefzy et al., 2009). In another
retrospective study of 263 patients, sulcal SAH was
found in 14 out of 60 (23%) who bled, compared to
46 (77%) who had IPH (Sharma et al., 2010). Amongst
those patients who bleed, the most common risk factors
are intrinsic coagulopathy and ongoing therapeutic antic-
oagulation (Hefzy et al., 2009). The risk of intracranial
bleed may be greatest following allogeneic BMT
(Hefzy et al., 2009). One study reported a high rate of
microhemorrhages (58%) on susceptibility-weighted
imaging (McKinney et al., 2007), but the clinical signif-
icance of this finding remains unclear.
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Fig. 26.3. Restricted diffusion in posterior reversible encephalopathy syndrome. Restricted diffusion can occasionally be large
and homogeneous, and difficult to distinguish from ischemic infarction (A-C), despite being surrounded by more typical areas
of vasogenic edema (D-F).

Diffuse or focal vasoconstriction, vasodilatation, and
string-on-a bead appearance, consistent with vasospasm,
have been documented in patients with PRES on either
noninvasive (CTA or MRA), or on CA. In a series
of 47 patients with PRES who underwent catheter CA
or MRA, reversible vasculopathy was observed in
40 (85%) (Bartynski and Boardman, 2008). Although
this may suggest that vasospasm is common in PRES,
the finding should be interpreted with caution, as more
than half of thell6 patients with PRES evaluated at
the treatment center during the duration of the study
did not undergo angiography and it is likely that
selection bias resulted in overestimation (Bartynski
and Boardman, 2008). Other studies report lower rates
of vasoconstriction (15-30%) in patients with PRES
who undergo angiography (although still less than half
of patients undergo vessel imaging in these studies)
(Burnett et al., 2010; Fugate et al., 2010; Li et al., 2012).

The imaging features seen in angiography in patients
with PRES are similar to those observed in patients with
RCSYV, a condition of reversible vasospasm that can be
seen postpartum or after exposure to certain vasoactive

substances (Ducros et al., 2007; Singhal et al., 2011,
Fugate et al., 2012). The topographic distribution of
ischemic infarcts seen in RCVS is similar to that seen
in PRES (Singhal et al., 2011), and PRES has been
reported in 17-38% of patients with RCVS (Ducros
etal.,2010; Singhal etal., 2011; Fugate etal., 2012). This
overlap suggests that a clinical and pathophysiologic
continuum may exist between these two entities but more
studies are needed to elucidate the nature of their
relationship.

HOSPITAL COURSE AND MANAGEMENT

Prompt recognition of PRES and elimination or treat-
ment of a precipitating cause usually result in a favorable
outcome. However, no randomized control trials have
been conducted assessing individual therapeutic inter-
ventions and management is largely guided by expert
consensus.

Seizures and status epilepticus are common indications
for PRES patients to be admitted to an ICU. In one multi-
center study of patients admitted to an ICU for “severe”
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Fig. 26.4. Gadolinium enhancement in posterior reversible encephalopathy syndrome. Axial T2 fluid-attenuated inversion recov-
ery sequences (A, C) show T2 signal change in frontal and parieto-occipital regions with associated contrast enhancement in axial

T1 gadolinium sequences (B, D).

PRES, 31 0f 70 (44%) had status epilepticus (Legriel etal.,
2012). Seizures are treated with antiepileptic drugs
(AEDs) as they would be in any acute neurologic condi-
tion, and status epilepticus may require anesthetic agents
and prolonged continuous EEG monitoring. However,
no prospective randomized studies are available to guide
choice of drug or duration of treatment. Periodic sharp
waves in the bioccipital head regions may suggest PRES
and may not necessarily need to be treated with AEDs if
there are no clinical correlates. AEDs can usually be dis-
continued several weeks after the initial presentation and,
in the absence of residual brain lesions; long-term treat-
ment with AEDs is rarely necessary (Lee et al., 2008b).

Magnesium sulfate is indicated to prevent further sei-
zures in women with eclampsia, which can be associated
with PRES. Magnesium has cerebral vasodilatory
effects, and reduces blood vessel permeability. The role
of magnesium supplementation in treating or preventing
seizures in PRES outside the setting of eclampsia is
not known.

Hypertensive encephalopathy is treated with immedi-
ate hypertension reduction, and the choice of a specific
antihypertensive drug is left to the discretion of the phy-
sician. Suitable agents include nicardipine, labetalol,
hydralazine, and sodium nitroprusside (Mancia et al.,
2014). Acute, severe hypertension is one of the most
common reasons for admission of a PRES patient to
the ICU (Legriel et al., 2012). Most experts recommend
that mean arterial blood pressure should not be lowered
by more than 25% within the first few hours so as to
avoid the theoretic risk of cerebral, renal, or coronary
ischemia (Mancia et al., 2014). Pronounced fluctuations
in blood pressure should also be avoided and continuous
infusion of intravenous drugs may be needed to achieve
this goal (Mancia et al., 2014).

There are a few unique presentations of PRES due to
blood pressure fluctuation that may be seen in the neuro-
science ICU. Neurointensivists should be aware that
patients with aneurysmal SAH who become markedly
hypertensive (either spontaneously or by induction with
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Fig. 26.5. Intracranial hemorrhage in posterior reversible encephalopathy syndrome. Axial noncontrast computed tomography
showing acute intraparenchymal hemorrhage surrounded by vasogenic edema in the bilateral posterior regions, associated with
sulcal subarachnoid hemorrhage shown as hyperdensity over the right frontal lobe (A—C). Axial T2 fluid-attenuated inversion
recovery sequences in the same patient showing associated vasogenic edema in the posterior regions and right frontal subarachnoid
blood seen as hyperintensity (D-F).

vasopressors) can develop PRES (Giraldo et al., 2011).
Thus PRES can be a late — albeit rare — cause of second-
ary neurologic deterioration in aneurysmal SAH patients
and should be considered after more common causes
(e.g., delayed cerebral ischemia, infarction, hyponatre-
mia, hydrocephalus) are excluded. Additionally, patients
with dysautonomia may be at risk for PRES. Patients in
the ICU with Guillain—Barré syndrome often have dys-
autonomia and new-onset encephalopathy or seizures
in a patient with Guillain—Barré syndrome should prompt
consideration of PRES.

If PRES is caused by a specific medication, the offend-
ing agent should be discontinued in the acute setting if pos-
sible (Tlemsani et al., 2011). Failure to discontinue can
impede recovery (Junna and Rabinstein, 2007), although
cases are reported where symptoms improve without
discontinuation of the offending agent (Schwartz et al.,
1995). When a substitute agent is initiated, patients should
be followed closely and monitored for recurrence of symp-
toms. It is not advisable to rechallenge the patient with the
same agent as recurrence has been documented in this
setting (Covarrubias et al., 2002; Serkova et al., 2004).
Other systemic conditions such as sepsis or flareups of

autoimmune disorders should be treated according to
existing guidelines.

Rarely, patients may develop cerebellar or brainstem
edema severe enough to cause obstructive hydrocephalus
by compression of the cerebral aqueduct or the fourth
ventricle (Fig. 26.6). If the hydrocephalus becomes
symptomatic, it may need to be treated with an external
ventricular drain. Because the edema in PRES is revers-
ible, long-term placement of a ventriculoperitoneal shunt
is almost never necessary. There are some cases of severe
PRES reported in which the edema was so extensive and
rapidly progressive that it caused significant mass effect
and elevated intracranial pressure (Facchini et al., 2013).
Refractory intracranial hypertension can occur in such
cases, requiring ICP monitoring and barbiturate infu-
sions, but aggressive treatment is fully justified as some
patients may have near-complete or complete recoveries
(Facchini et al., 2013).

OUTCOME PREDICTION

Most of the literature suggests that PRES is a benign dis-
order. In the majority of cases, clinical improvement can
be observed within a period of days to weeks, after



POSTERIOR REVERSIBLE ENCEPHALOPATHY IN THE INTENSIVE CARE UNIT 477

Fig. 26.6. Severe brainstem and cerebellar edema in posterior reversible encephalopathy syndrome. Axial noncontrast computed
tomography showing effacement of the fourth ventricle (A), hydrocephalus causing temporal tip dilation (B), and rounding of the
frontal horns of lateral ventricles (C). Axial T2 fluid-attenuated inversion recovery sequences better demonstrate extensive
cerebellar (D), brainstem (E), and subcortical edema (F).

removal of the inciting cause (Roth and Ferbert, 2010;
Brewer et al., 2013), although occasionally patients
can take a few weeks to recover (Tlemsani et al.,
2011). Radiologic improvement lags behind clinical
recovery by a few weeks. However, despite its name,
PRES is not always reversible. The extent of reversibility
varies in the scientific literature, in part depending on
how PRES is defined. Some investigators have required
clinical and radiographic reversibility as part of their
inclusion criteria (Hefzy et al., 2009; Mueller-Mang
et al., 2009; Fugate et al., 2010; Cruz et al., 2012; Gao
et al.,, 2012), whereas others have not (Burnett et al.,
2010; Liman etal., 2012, 2014). Not surprisingly, studies
that use reversibility to define PRES report almost uni-
versal recovery. On the other hand, studies that do not
exclude patients with clinical and radiographic sequelae
report persistent imaging abnormalities or neurologic
deficits in up to 10-25% of cases (Burnett et al., 2010;
Moon et al., 2013; Shaharir et al., 2013; Liman et al.,
2014). Although not well characterized, epilepsy, persis-
tent hemiparesis, decreased visual acuity, and dizziness
have been reported. Intracranial hemorrhage and pres-
ence of restricted diffusion on MRI have been associated
with incomplete recovery (Covarrubias et al., 2002;

Moonetal.,2013; Shahariretal., 2013). Time from onset
to control of the inciting factor and hyperglycemia were
reported to be independently associated with poor out-
comes in one study of 70 patients with severe PRES
requiring admission to an ICU (Legriel et al., 2012).

In more severe cases death can occur and mortality
rates of up to 3—6% have been reported in some case series
(Mueller-Mang et al., 2009; Legriel et al., 2012; Moon
etal., 2013). Severe brain injury and mortality, when they
do occur, can be attributed to intracranial hemorrhage,
posterior fossa edema with brainstem compression and
herniation or hydrocephalus, as well as diffuse brain
edema and increased intracranial pressure (Lee et al.,
2008a). This subset of patients with significant morbidity
and mortality highlights the importance of prompt recog-
nition and treatment of the causative factor of PRES.

Recurrent PRES has been reported in about 5-10% of
cases and appears to be more common in patients with
uncontrolled hypertension as the precipitating cause of
their syndrome (Li et al., 2013). Recurrent seizures occur
in 10-15% of patients during the first few years follow-
ing PRES (Datar et al., 2015a). However, in the vast
majority of cases these can be attributed to provoking
factors such as recurrent PRES rather than the



478 M. TOLEDANO AND J.E. FUGATE

development of epilepsy. In the absence of recurrent
PRES, recurrent seizures are extremely rare after resolu-
tion of the syndrome, even in cases that had originally
presented with status epilepticus (Datar et al., 2015a).

CLINICALTRIALS AND GUIDELINES

Although studies of PRES have increased exponentially
since its original description more than two decades ago,
these consist almost exclusively of cases series and case
reports. Management is guided by expert consensus, as
no prospective randomized control interventional studies
have ever been conducted. No animal model exists and
pathophysiologic studies are scarce. Consequently our
understanding of the mechanisms leading to endothelial
dysfunction and increased blood—brain barrier perme-
ability remains limited. Treatment consists of correction
or elimination of an inciting factor but no interventions
targeting proximal causes that could possibly prevent
PRES in patients known to be at risk have been proposed.
Large case series have enhanced our understanding of
the clinical and radiologic spectrum of the disorder, its
risk factors, and prognosis. However, it remains unclear
why specific individuals within populations at risk
develop PRES while others do not. Clustering of risk fac-
tors (e.g., a BMT patient on tacrolimus with renal failure)
likely accounts for some, but not all, of this difference.
Genetic susceptibility is a possibility, and one that could
potentially open the way for targeted prevention strate-
gies in the future, but at present no epidemiologic data
or genetic studies exist to support this hypothesis. Based
on the co-occurrence of PRES and neuromyelitis optica
(Magana et al., 2009), we did undertake genotypic anal-
ysis in patients with PRES but did not find associations
with aquaporin-4 pleomorphisms (unpublished work).
As previously discussed, many studies have utilized
reversibility of clinical and radiographic manifestation
of PRES as part of their inclusion criteria, thus cementing
the conception of PRES as a strictly reversible syndrome
and possibly excluding cases with less favorable out-
comes. Similarly, most studies have mandated the pres-
ence of vasogenic edema on brain imaging as part of
their diagnostic criteria. Consequently, a diagnosis of
PRES relies heavily on radiologic studies in clinical prac-
tice. We have seen patients with hypertensive encephalop-
athy presenting with clinical characteristics of PRES but
no evidence of vasogenic edema on MRI. It is highly
likely that these patients have brain injury that cannot
be visualized utilizing current MRI sequences but whose
symptoms are caused by the same underlying pathophys-
iologic mechanism as PRES. Conversely, we have seen
patients with large confluent regions of restricted diffusion
but only scant vasogenic edema occurring in a topographic
pattern highly suggestive of PRES. Elsewhere (Fugate and

Rabinstein, 2015), we have proposed an algorithm for the
diagnosis of PRES that does not require reversibility or the
presence of vasogenic edema (Fig. 26.7). This algorithm
can identify patients falling outside the artificially restric-
tive boundaries of previous definitions and may be used in
future study designs.

COMPLEX CLINICAL DECISIONS

The diagnosis of PRES relies on clinical and radio-
graphic findings of limited specificity and the differential
is wide. Reliance on extensive ancillary testing to rule out
competing diagnoses is rarely necessary. Most patients
with PRES present with one or more characteristic neu-
rologic symptoms in the setting of at least one known risk
factor. Brain imaging showing vasogenic edema in a
topographic distribution typical of PRES helps confirm
the diagnosis. Nonetheless, the diagnosis can be chal-
lenging at times. Clinicians need to be familiar with atyp-
ical presentations and remain vigilant for “red flags” in
order to minimize unnecessary testing or misdiagnosis.

Fever in the setting of encephalopathy should prompt
consideration of a lumbar puncture, which becomes man-
datory if seizures or focal deficits are also present (in
which case, brain imaging should be obtained before per-
forming a lumbar puncture). Persistent encephalopathy in
spite of correction of the presumed inciting cause should
raise suspicion for nonconvulsive seizure activity, and an
EEG should be performed. Similarly, progressive neuro-
logic deficits days to weeks after treatment should prompt
further imaging. Although focal neurologic signs can
occur with PRES, acute onset of a focal deficit should raise
suspicion for ischemic infarction or intracerebral hemor-
rhage. Marked hypertension is also a feature of acute
stroke where it occurs as a physiologic response and is
necessary to maintain perfusion. Most of the time this sce-
nario presents no difficulty but patients presenting with
isolated aphasia can be challenging. Superimposed
encephalopathy, if present, is suggestive of PRES, but this
may not always be apparent. MRI may be helpful but vas-
cular and perfusion imaging may be necessary if doubts
remain. Similarly, patients with PRES can present with
acute brainstem dysfunction and stupor mimicking “top
of'the basilar” syndrome. Brainstem edema can be present
in cases of PRES but further imaging may be necessary to
rule out acute ischemia.

Absence of a known precipitating factor should
prompt more careful screening. PRES is usually a man-
ifestation of underlying systemic disease and has been
described as the initial presentation of an autoimmune
disease such as SLE (Kur and Esdaile, 2006) or a meta-
bolic disorder such as porphyria (Utz et al., 2001).
Screening should be guided by history, as well as
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¢ Seizure

Acute Neurologic  IRAaCEIEIS

Symptom

(=1)

¢ Encephalopathy / confusion

e Visual disturbances

Risk Factor e Eclampsia

¢ Severe hypertension or BP fluctuations
¢ Renal failure
e Immunosuppressant / chemotherapy

(21) ¢ Autoimmune disorder

e Normal
Brain Imaging

e Bilateral vasogenic edema
e Cytotoxic edema with “PRES” pattern

No alternative diagnosis

“PRES”

Fig. 26.7. Proposed algorithm for the diagnosis of posterior reversible encephalopathy syndrome (PRES). BP, blood pressure.

(Reproduced with permission from Fugate and Rabinstein, 2015.)

additional clinical and paraclinical data, but a wider
search may be warranted in certain cases.

NEUROREHABILITATION

Although reversible in most cases, a small but important
subset of patients with PRES can be left with permanent
neurologic sequelae. Patients whose course is compli-
cated by hemorrhage or ischemic infarction are at higher
risk. Residual focal neurologic symptoms such as hemi-
paresis and permanent visual disturbances have been
reported, but more global dysfunction such as cognitive
difficulties and dizziness can also occur. Neurorehabilita-
tion should be targeted to the patient’s specific deficit and
referral to a physical medicine and rehabilitation special-
ist or, if needed, a speech therapist or neuropsychologist
should be considered.

CONCLUSIONS

PRES is a heterogeneous clinical syndrome character-
ized by acute neurologic symptoms arising in the setting
of severe abrupt hypertension or blood pressure fluctua-
tions, autoimmune disorders, disorders of metabolism,
eclampsia, transplantation, or exposure to immunosup-
pressant drugs. Although some questions remain regard-
ing the details of the underlying pathophysiology, PRES
is caused by endothelial cell dysfunction. This can occur
secondary to changes in blood pressure or as a direct
effect of circulating inflammatory cytokines or cytotoxic
drugs. Brain imaging showing vasogenic edema in one of
the characteristic patterns (parieto-occipital, watershed
zones, or frontal sulcus pattern) can be very useful, but
presence of edema on imaging is not necessary to make
the diagnosis. Prognosis is favorable, but neurologic
sequelae and even death can occur, particularly when
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cerebral ischemia or hemorrhage occurs. Prompt initia-
tion of treatment may improve outcome and clinicians
should be familiar with both typical and atypical presen-
tations of the disorder.

Although endothelial dysfunction underlies the patho-
physiology of this disorder, further studies are needed to
unravel the exact mechanisms of injury. A reliable animal
model would be very helpful in this regard and may open
the way for pathophysiologically guided therapies. Large,
multicenter, prospective studies will be needed to further
define populations at risk, as well as delineate the clinical
and radiographic boundaries of the disorder.
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Acute neurotoxicology of drugs of abuse

S.J. TRAUB* AND M.D. LEVINE
Department of Emergency Medicine, Mayo Clinic, Phoenix, AZ, USA

Abstract

Many substances can affect the central nervous system, and may cause patients to become critically ill.
Acute central neurotoxicologic syndromes associated with drugs of abuse are usually caused by an
overdose of sedative-hypnotic agents (including alcohol) or opioids, withdrawal from sedative-
hypnotic agents, or an overdose of anticholinergic or sympathomimetic agents. Clinical findings are often
syndromic, making physical examination the most important diagnostic tool in the approach to the patient
with an unknown ingestion. Treatment focusses on supportive care as the most important intervention for
all such patients, augmented by antidotal therapy when appropriate.

INTRODUCTION

Toxicology is the study of adverse interactions between
xenobiotics and living organisms. Many toxins directly
affect the central nervous system (CNS), and many
patients poisoned by such toxins become acutely and
critically ill.

In this chapter, we focus on acute central neurotoxico-
logic syndromes of drugs of abuse. When considering
drug-induced alterations in mental status in critically ill
patients, the decision as to which neurotoxicologic syn-
dromes to include and which to exclude is challenging.
We have chosen to exclude subacute and chronic condi-
tions (such as the personality changes that may accom-
pany mercury poisoning), conditions that manifest
predominantly or exclusively with peripheral findings
(such as botulism, tetanus, or strychnine poisoning),
conditions whose presentations are often dominated by
nonneurologic derangements (such as aspirin or tricyclic
antidepressant poisoning), and conditions with CNS
findings that rarely, if ever, produce critical illness (such
as toxicity from marijuana or hallucinogens). This
allows us to focus on six major syndromes that are of
particular interest to those who care for critically ill
neurologic patients: sedative-hypnotic toxicity, opioid
toxicity, sympathomimetic toxicity, anticholinergic tox-
icity, dissociative agent toxicity, and sedative-hypnotic
withdrawal.

In the first section, we discuss each of the syndromes,
with particular attention to pathophysiology, presenta-
tion, and treatment. We depart from the structure of other
chapters in this series in that we omit neurorehabilitation,
as complete neurologic recovery from these syndromes
is the rule unless a secondary complication — such as
intracranial hemorrhage after cocaine use or anoxic brain
damage after opioid use — has occurred. Of note, when
discussing laboratory testing and imaging in the first sec-
tion, we address only laboratory testing that is important
when the diagnosis of agent- or class-specific poisoning
is established.

In the second section, we present an approach to the
undifferentiated patient with a suspected acute central
neurotoxicologic syndrome related to one of the afore-
mentioned drugs of abuse. We focus primarily on the
importance of physical examination to facilitate diagnosis,
mention additional crucial diagnostic interventions to
perform, and discuss pitfalls.

MAJOR NEUROTOXICOLOGIC
SYNDROMES
Sedative-hypnotic toxicity
EPIDEMIOLOGY

Sedative-hypnotic agents refer to a class that includes
ethanol, pharmaceutical agents, and many drugs of abuse

*Correspondence to: Stephen Traub, MD, Department of Emergency Medicine, Mayo Clinic in Arizona, 6335 E. Monterra Way,
Scottsdale AZ 85266, USA. Tel: +1-480-766-9663, E-mail: traub.stephen@mayo.edu
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Table 27.1

Commonly abused sedative-hypnotic agents

Ethanol
Benzodiazepines
Barbiturates
Gamma-hydroxybutyrate
Chloral hydrate
Meprobamate
Carisoprodol
Zolpidem
Zaleplon
Zopiclone
Eszopiclone

(Table 27.1). Sedative-hypnotic abuse and dependence
occur worldwide, and are widespread. In the US, the life-
time rate of alcohol abuse is almost 20%, and the lifetime
rate of dependence is 10-15% (Hasin et al., 2007). In
France, one study found that approximately half of all
patients using prescription sedative hypnotics were phys-
ically dependent on them (Guerlais et al., 2015).
Sedative-hypnotic toxicity is a problem that is encoun-
tered by virtually every clinician who works with the
critically ill.

PHARMACOLOGY

Most sedative-hypnotic agents act directly or indirectly
at the gamma-aminobutyric acid (GABA) receptor to
hyperpolarize neurons. Two distinct subtypes of GABA
receptors play roles in sedative-hypnotic toxicity:
GABA4 receptors (the site of action of benzodiazepines
and barbiturates) modulate neuronal activity via chloride
conductance (Olsen et al., 1986), whereas GABAg
receptors (the site of action of gamma-hydroxybutyrate
and baclofen) exert their effects via modulation of
potassium and calcium conductance (Emson, 2007;
Marshall, 2008). The exact mechanism of action of
ethanol is not entirely known; specific ethanol receptors
(if they exist) have eluded detection and characterization.
It is possible that ethanol does not act via direct receptors,
but rather by inducing conformational changes in pro-
teins via substitution at key water-binding sites (Harris
etal., 2008). Regardless of the exact mechanism, ethanol
likely exerts much of its effect at the level of GABA,
receptors (Valenzuela and Jotty, 2015) and through inter-
ference with stimulatory N-methyl-p-aspartate (NMDA)
neurotransmission (He et al., 2013).

CLINICAL PRESENTATION

The dominant finding in sedative-hypnotic toxicity is
CNS depression, which exists on a continuum that is gen-
erally dose-dependent. Early and mild toxicity manifests
with some degree of slurred speech, ataxia, and delayed

response time to stimuli. As toxicity progresses, patients
often become lethargic; in severe toxicity, lethargy may
progress to coma.

It is worth noting, however, that sedative-hypnotic
agents are not monolithic in their effects. There are
important clinical differences between drugs that work
predominantly at the GABA 4 receptor, and general class
differences between those that work at the GABA 4 ver-
sus the GABAg receptor.

Although both barbiturate and benzodiazepine poi-
soning may present with profoundly depressed mental
status, barbiturate poisoning may also manifest with
apnea or circulatory collapse (Hadden et al., 1969;
Spear and Protass, 1973) whereas such presentations
are rare with benzodiazepine poisoning (Gaudreault
et al., 1991). It is for this reason that benzodiazepines
have essentially replaced barbiturates as the sedative-
hypnotic agent of choice in medical practice. Newer
sedative-hypnotic agents (such as zolpidem), often used
as sleep aids, also demonstrate excellent safety profiles
(Garnier et al., 1994).

Similar to the GABA, agents, GABAg drugs pro-
foundly decrease mental status in overdose. In contradis-
tinction to GABA, agents, however, GABAg agents
may also produce increased muscular activity or seizures
(Leung et al., 2006; Schep et al., 2012).

Peripheral physical examination findings are gener-
ally unremarkable in most cases of sedative-hypnotic
toxicity. Benzodiazepines rarely produce abnormalities
of peripheral physiology, and the term “coma with
normal vital signs” is frequently used in reference to
the clinical presentation of benzodiazepine overdose.
Barbiturates may be associated with bradycardia,
hypothermia, and skin blistering, while gamma-
hydroxybutyrate may be associated with bradycardia
as well. Traumatic injuries should prompt clinicians to
exclude alternative etiologies of altered mental status,
such as subdural hemorrhage.

LABORATORY TESTING

Patients with known uncomplicated sedative-hypnotic
intoxication require minimal, if any, laboratory testing
other than rapid serum glucose testing to exclude
hypoglycemia.

The use of blood or breath ethanol levels to assess the
degree of alcohol intoxication, while appealing, is unre-
liable. Although many legal jurisdictions throughout the
world define blood ethanol levels (such as 80 mg/dL) at
which certain activities (such as driving) are prohibited, it
is not the case that all individuals exhibit the same degree
of intoxication at a given blood ethanol level. Significant
intoxication may occur at levels below legal limits in
alcohol-naive individuals, and chronic ethanol users with
markedly elevated blood levels may appear to be
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minimally affected (Sullivan et al., 1987). For these rea-
sons, ethanol intoxication is a clinical, and not a numeric,
diagnosis.

CLINICAL COURSE AND MANAGEMENT

The treatment of sedative-hypnotic poisoning is almost
entirely supportive. We recommend endotracheal intuba-
tion for airway protection or apnea, supplemental oxygen
as needed to maintain normal oxygen saturation, and
intravenous fluids followed by vasopressor agents to
treat hypotension, noting that these interventions are
rarely needed when the sedative-hypnotic agent involved
is a benzodiazepine or a so-called “z drug” — zolpidem,
zopiclone (or its S-enantiomer, eszoplocine), or zaleplon.

Thiamine deficiency is prevalent not only among
chronic alcoholics but among patients who present to
the emergency department with ethanol intoxication
(Li et al., 2008). Clinicians must maintain a high index
of suspicion for Wernicke encephalopathy or Korsakoff
psychosis (together, Wernicke—Korsakoff syndrome), as
the rate of initial misdiagnosis of these conditions is high
(Harper et al., 1986). Thiamine (100 mg intravenously
(IV)) is appropriate for any patient who presents with
an ethanol-related disorder in whom any suspicion for
Wernicke—Korsakoff syndrome exists.

The use of analeptic (CNS arousal) agents in the treat-
ment of sedative-hypnotic toxicity should be mentioned
only to be condemned. In an era when barbiturate intox-
ication was common and the use of analeptics (such as
amphetamines) prevalent, a landmark study showed that
the use of supportive care alone produced superior clin-
ical results (Clemmesen and Nilsson, 1961). This
“Scandanavian method” has become the cornerstone of
treatment of most poisoned patients, but particularly
those with sedative-hypnotic toxicity.

There is no antidotal therapy for most sedative-
hypnotic agents; benzodiazepines are an exception.
However, the use of specific reversal agents in the treat-
ment of acute benzodiazepine toxicity is controversial
(see section on complex clinical decisions, below).
Patients with presumed sedative-hypnotic toxicity who
fail to improve over time should undergo a more rigorous
workup for altered mental status

COMPLEX CLINICAL DECISIONS

While patients with sedative-hypnotic toxicity may be
critically ill, most treatment decisions are relatively
straightforward, and outlined above. Exceptions to this
rule are the decision to intubate patients with severe
gamma-hydroxybutyrate ingestion and the decision to
administer flumazenil (a specific benzodiazepine rever-
sal agent) to patients with benzodiazepine toxicity.
Gamma-hydroxybutyrate toxicity is often associated
with a waxing and waning mental status. Patients who

appear comatose may become alert with stimulation,
only to lapse back to an apparently comatose state when
the stimulation is removed. In such patients, the decision
to proceed with advanced airway management is compli-
cated. Clinicians with significant experience in airway
management as well as the management of gamma-
hydroxybutyrate ingestion may feel comfortable observ-
ing such patients without intubation; in one series, 87%
of gamma-hydroxybutyrate-poisoned patients with a low
Glasgow Coma Scale score (3—8) were managed conser-
vatively, and none had adverse outcomes (Munir et al.,
2008). We suggest, however, that clinicians with less
experience should have a lower threshold to intubate
such patients.

Flumazenil is a specific antagonist of benzodiaze-
pines at the benzodiazepine receptor. Although its use
in benzodiazepine poisoning is intellectually attractive,
there are significant potential pitfalls. In a patient who
is habituated to benzodiazepines, even at low doses,
administration of flumazenil may precipitate benzodiaz-
epine withdrawal (Mintzer et al., 1999). While flumaze-
nil use at low doses may be safe, particularly in those in
whom habituation may not have had time to occur
(Moore et al., 2014), we recommend against its routine
use as acute benzodiazepine toxicity is rarely if ever
life-threatening, and can almost always be managed
safely and effectively with supportive care alone.

Opioids
EPIDEMIOLOGY

Opioids are naturally occurring or synthetic agents that
are widely used for their ability to relieve pain and abused
for their euphoria-inducing effects. Most opioids are
structural analogs of morphine, a naturally occurring
substance from the opium poppy, Papaver somniferum.

Opioid abuse in the US is a significant and growing
problem. Exposure to opioids often occurs at a young
age, with one in four adolescents reporting some type of
use (Boyd et al., 2014). Prescription opioid diversion
and abuse in the US have increased dramatically (Dart
etal., 2015). In recent years, opioid overdose deaths from
prescription medications have grown faster than those
from heroin, although heroin deaths have increased as well
(Rudd et al., 2014). The current US opioid epidemic has
led to novel interventions in an attempt to stem it, includ-
ing the use of controlled-substance monitoring databases
to help prescribers identify opioid abusers (McAllister
et al., 2015) and the distribution of naloxone, a specific
narcotic antagonist, to laypersons (Wheeler et al., 2015).

PHARMACOLOGY

Opioids are exogenous xenobiotics that mimic the actions
of endorphins (so named because the are endogenous
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Table 27.2

Traditional opioid receptor names and functions

Receptor name Functions

Mu Analgesia
Sedation
Euphoria

Respiratory depression
Decreased gastrointestinal motility

Kappa Analgesia (spinal and suprasinal)
Miosis
Dysphoria
Delta Analgesia (spinal and supraspinal)
Nociceptin/orphanin Analgesia
Anxiolysis

morphine-like substances) — metenkephalin, leuenkepha-
lin, B-endorphin and dynorphin. There are several differ-
ent classification schemasta for opioid receptors: the
classic receptor-naming scheme, with the most significant
clinical findings related to each receptor, is shown in
Table 27.2. Opioid receptors are members of the G super-
family of proteins (Waldhoer et al., 2004), with cellular
mechanisms of action that may involve adenylate cyclase,
calcium channels, or potassium channels.

The rewarding properties of opioids are a fun-
ction of mu-receptor agonism (Lutz and Kieffer,
2013). The cellular neuropathology of the most lethal
aspect of opioid toxicity, respiratory depression, is
also a result of mu-receptor agonism in the brainstem
(Boom et al., 2012). Respiratory effects are caused
predominantly by a depression in both the hypercar-
bic and hypoxic drive to breathe (Weil et al., 1975),
although the former plays a larger role.

CLINICAL PRESENTATION

The most prominent finding in opioid toxic patients is an
alteration in mental status, and patients with opioid tox-
icity present in a stereotypical fashion. Patients may be
euphoric, but are often subdued; with significant toxicity,
they generally present tired-appearing or lethargic. The
term narcotic itself derives from a Greek term meaning
“to make stiff or numb.” Patients may lose their train
of thought or speech, or even “nod off” during the med-
ical interview.

Several peripheral physical examination findings sup-
port the diagnosis of opioid toxicity. Respiratory rate and
depth are slowed, often to dangerous levels. Hypercapnia
may contribute to the depressed level of consciousness.
Pupils are constricted (Knaggs et al., 2004), often to a
degree described as “pinpoint,” and bowel sounds are
markedly decreased or absent.

The acute respiratory distress syndrome (ARDS) may
occur in opioid-poisoned patients. It often comes to
clinical attention immediately after the patient’s ventila-
tory status has improved, frequently after administration
of the narcotic antagonist naloxone (Narcan) (Schwartz
and Koenigsberg, 1987).

Individual opioids may, as a result of their unique
structure, also cause cardiac or neurologic effects via
nonopioid pathways. Propoxyphene and meperidine
may both cause neuromuscular hyperactivity, including
seizures (Hagmeyer et al., 1993; Basu et al., 2009). Pro-
poxyphene may cause QRS prolongation, particularly
in overdose (Afshari et al., 2005), while methadone is
associated with QTc prolongation, even in patients
receiving doses in the lower level of therapeutic (Roy
et al., 2012).

LABORATORY TESTING

When opioid toxicity is known, minimal testing is appro-
priate. We recommend a fingerstick glucose in any
patient with an alteration in mental status, and electrocar-
diogram (ECQG) to exclude any toxin-induced conduction
abnormality (particularly as some opioids have this
effect), a pregnancy test in women of childbearing age,
and testing for salicylates and acetaminophen in any
patient with known or suspected suicidal ideation.

If patients have been immobile for an extended
period, a serum creatine kinase and creatinine are indi-
cated to assess for rhabdomyolysis and pigment-induced
nephropathy, respectively.

CLINICAL COURSE AND MANAGEMENT

Opioid toxicity often presents with respiratory failure,
presenting the treating physician with an immediate
question regarding airway management and correction
of hypoventilation. In most patients who are unrespon-
sive and apneic, endotracheal intubation is the appropri-
ate intervention. In opioid-poisoned patients, however,
administration of a specific narcotic antagonist such as
naloxone may restore consciousness, airway-protective
mechanisms, and ventilation.

In all patients with opioid-induced respiratory depres-
sion, bag-valve mask ventilation should be started and
continued until naloxone has restored appropriate spon-
taneous ventilation. Recommendations regarding the ini-
tial dosing of naloxone vary. We recommend starting
with 0.04 mg IV, a dose that is lower than often advo-
cated, but less likely to precipitate opiate withdrawal.
Although opiate withdrawal per se is not life-threatening,
opioid withdrawal may unmask severe pain syndromes,
particularly in patients with malignancies (Boland et al.,
2013). If there is no response to the initial dose in 2-3
minutes, we recommend an escalating dosing strategy
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of 0.4 mg/2 mg/4 mg/10 mg/15 mg, similar to that
which has been advocated by others (Boyer, 2012). If
a patient has no response to the cumulative dose from this
protocol, then uncomplicated opioid toxicity is almost
assuredly not the cause of the patient’s mental status
changes and respiratory depression.

Because of the relatively brief duration of action
of naloxone, some patients (particularly those who have
ingested long-acting opioid agonists, such as sustained-
release oxycodone or methadone) will require additional
naloxone dosing. When an additional bolus dose is
required due to a recurrence of respiratory depression,
we recommend that the patient be placed on a continuous
naloxone infusion. An appropriate initial dose for contin-
uous infusion is approximately two-thirds of the cumula-
tive dose to which the patient responded, infused per
hour (Goldfrank et al., 1986). For example, if the patient
responded to a cumulative dose of 0.44 mg, an appropri-
ate starting dose for the naloxone continuous infusion
would be 0.3 mg/hour.

Acute complications from opioid use include hypoxic
coma (if the patient has had a prolonged period of
opioid-induced hypoventilation prior to restoration of
appropriate ventilation), ARDS, and rhabdomyolysis
or compartment syndrome (if the patient has had a pro-
longed period of immobility).

COMPLEX CLINICAL DECISIONS

Clinicians who treat patients with opioid toxicity may be
faced with complex decisions. These include the deci-
sion to use naloxone in patients with mild alterations
in mental status and/or respiratory insufficiency, and
the disposition decision for patients who have a clear sen-
sorium after the administration of naloxone and who
wish to leave against medical advice.

The use of naloxone in patients with relatively mild
depression in mental status or respiratory effort deserves
particular discussion. It must be considered in the context
of the appropriate goal of naloxone administration,
which is to restore appropriate spontaneous ventilation.
In patients with normal oxygenation (without supple-
mental oxygen) and mild decreases in mentation or
respiratory rate, naloxone administration may be unnec-
essary. In patients who have mild iatrogenic reduction in
ventilation after administration of known quantities of
opioids for severe pain syndromes, small amounts of
supplemental oxygen may be appropriate, provided that
the patient is closely monitored. However, in patients
who are hypoxemic in the setting of self-induced opioid
toxicity (often with agents or doses that are unknown),
naloxone is the most appropriate intervention. While it
is tempting to simply apply supplemental oxygen to such
patients rather than risk turning a cooperative patient
into a combative one, patients treated in this fashion

are at risk for developing significant hypercapnia. Of
note, this strategy applies to patients without confound-
ing conditions — such as pneumonia or opioid-induced
ARDS — which require the administration of supple-
mental oxygen.

The patient whose sensorium clears after the adminis-
tration of naloxone who wishes to leave the hospital rep-
resents a particular challenge. Such patients often have a
normal mental status, but are at risk for recurrent toxicity,
particularly if they have ingested a long-acting opioid
whose duration of action exceeds that of naloxone.
Although several studies have failed to find evidence
of significant rates of death after opioid-toxic patients
leave against medical advice after naloxone administra-
tion (Vilke etal., 1999, 2003; Wampleretal., 2011), most
of the patients in these studies used relatively short-
acting opioids (such as heroin), and the data cannot
be immediately extrapolated to longer-acting agents.
Whenever possible, such patients should be strongly
encouraged to remain for a period of observation for
several hours.

Dissociative agents
EPIDEMIOLOGY

Dissociative agents have been used medicinally for
decades, with phencyclidine (PCP) first having been
used as an anesthetic in the 1950s. Early reports noted
a profound state of anesthesia, in which major surgeries
were performed without loss of respiratory drive; how-
ever, severe emergence reactions (including psychosis
and hallucinations) limited PCP’s use (Greifenstein
et al., 1958). More recently, ketamine has been intro-
duced for sedation and general anesthesia, and as an
adjunct to treat refractory unipolar major depressive dis-
order, posttraumatic stress disorder, and acute suicidal
ideation (Green and Krauss, 2004; Green and Sherwin,
2005; Potter and Choudhury, 2014; Schwartz et al.,
2016). Dextromethorphan is a widely available over-
the-counter cough suppressant that has dissociative prop-
erties at higher doses.

Dissociative agents are abused recreationally. PCP
(“angel dust”) abuse reached epidemic proportions in
the 1970s (Stillman and Petersen, 1979), but its use today
is sporadic. Ketamine, often referred to as “special K,”
“vitamin K,” or “super K,” has become popular at
rave parties and night clubs (Jansen, 1993). Dextrome-
thorphan abuse, which became popular in the early
2000s, is often referred to as “robo tripping” or
“skittling.” The former term refers to the well-known
dextromethorphan-containing cough medication Robi-
tussin, whereas the latter refers to the resemblance of
many dextromethorphan-containing cough and cold
medications to the candy Skittles.
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Dissociative agents may be ingested via many routes.
PCP is often consumed orally, as thermal degradation
results in inactivation of nearly 50% of the drug
when smoked (National Highway Traffic Safety
Administration, n.d.). Ketamine can be consumed either
orally or parenterally, although poor oral bioavailability
makes insufflation the preferred method. Although
dextromethorphan is typically consumed orally, inhala-
tional use has been reported (Hendrickson and
Cloutier, 2007).

PHARMACOLOGY

Phencyclidine, ketamine, and dextromethorphan all
share common mechanisms of action. These agents bind
to the calcium channel on the NMDA receptor (Siu and
Drachtman, 2007; Lodge and Mercier, 2015), resulting in
NMDA antagonism. These agents also inhibit both
peripheral and central catecholamine uptake (Akunne
et al., 1991; Steinmiller et al., 2003; Boyer, 2004) and
have effects on opioid sigma receptors (Wolfe and De
Souza, 1993). These cellular effects mediate the clinical
effects of pain control (Hillhouse and Negus, 2016) and
psychosis (Jodo, 2013), and cause the dissociative effects
observed in high doses.

CLINICAL PRESENTATION

All dissociative agents may produce a dose-dependent
psychosis and impairment of sensory input, whereby per-
ception and motor activity are separated from each other.
Patients may appear calm, intoxicated, or agitated. Hal-
lucinations may occur, and when present, are frequently
auditory. Horizontal, vertical, or rotatory nystagmus may
be observed (McCarron et al., 1981a, b).

Catecholamine reuptake inhibition may result in sym-
pathomimetic effects, including hypertension and tachy-
cardia. However, unlike other sympathomimetic agents,
hyperthermia is relatively uncommon (McCarron et al.,
1981b: 1000 cases; Ng et al., 2010).

Because ofits effects on serotonin, dextromethorphan
abuse may result in serotonin syndrome, either as an iso-
lated ingestion (Ganetsky et al., 2007) or when taken in
the setting of chronic serotonin selective reuptake inhib-
itor use (Schwartz et al., 2008).

Respiratory depression may occur with dextrome-
thorphan, particularly in children (Shaul et al., 1977,
Henretig, 1994).

The clinical presentation of dissociative agent toxicity
may vary, due in large part to differences in dosing from
patient to patient. Ketamine, for example, produces little
more than analgesia at low doses, sensory distortions at
moderate doses, and complete dissociation and anesthe-
sia at higher doses (Peltoniemi et al., 2016). The route of
administration may also alter the observed clinical
effects; for a given dose of ketamine, insufflation will

cause more symptoms than oral ingestion. If coingestants
are present (as is frequently the case with PCP; Dominici
et al., 2015), a mixed clinical picture may result.

LABORATORY TESTING

When the diagnosis of dissociative agent toxicity is
known, minimal testing is appropriate. Depending on
the scenario, it may also be appropriate to assess serum
glucose, obtain an ECG, perform a pregnancy test,
ensure there has been no dangerous coingestion, and rule
out thabdomyolysis.

MANAGEMENT

The first step in the management of dissociative agent
toxicity is to ensure that the patient’s airway is patent,
and that breathing and circulation adequate. Patients
who are agitated should, if possible, be placed in a quiet,
secluded room to reduce sensory stimuli.

Benzodiazepines are appropriate for agitation, and for
the treatment of dissociative-induced pyschosis. If such
symptoms prove refractory to benzodiazepines, butyro-
phenones are a reasonable alternative (Giannini
et al., 1984).

When present, rhabdomyolysis should be treated with
intravenous fluids per usual protocols.

Patients may develop emergence reactions as their
acute toxicity resolves. Such reactions, which are charac-
terized most frequently by hallucinations and confusion,
are best treated with benzodiazepines.

COMPLEX CLINICAL DECISIONS

The decision to use naloxone to reverse the decrease in
mental status and respiratory depression associated with
dextromethorphan may be difficult. In patients who are
habituated to narcotics, the use of naloxone will precip-
itate opioid withdrawal, further complicating assessment
and management. In patients who are opioid-naive, how-
ever, there is little down side. Of note, higher than usual
doses of naloxone (on the order of 10 mg IV) may be
required (Wolfe and Caravati, 1995; Chyka et al., 2007).
Urinary acidification has been advocated in the past as
a means of enhancing PCP elimination through ion trap-
ping. However, the risks of systemic acidemia are far
greater than the benefits of slightly increased elimina-
tion, and such an approach is no longer recommended.

Sedative-hypnotic withdrawal
EPIDEMIOLOGY

Sedative-hypnotic agents (the class that includes etha-
nol) are the most commonly abused drugs in the world.
In many patients, chronic and habitual use leads to a state
of physiologic dependence; in such cases, abrupt
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cessation of drug use produces significant derangements
in homeostasis, referred to as withdrawal.

In societies in which ethanol use is common, lifetime
ethanol dependence amongst drinkers and former
drinkers is likely on the order of 10% (Grant and
Dawson, 1997); in the US in 2014, over 1.5 million peo-
ple with alcohol use disorder were treated in specialized
facilities (Substance Abuse and Mental Health Services
Administration, 2014).

PHARMACOLOGY

When ethanol is ingested chronically, complex changes
(including alterations in gene expression and receptor
morphology) lead to a reduction in GABA activity
and an increase in glutamic NMDA activity (Littleton,
1998). In such patients who continue to ingest ethanol,
the ongoing CNS-depressant effects of ethanol counter-
act these changes, and the result is a relative homeostasis.

If such patients abruptly cease ingesting ethanol,
however, this CNS-depressant input is lost, and patients’
endogenous state — decreased baseline GABA activity
and increased NMDA activity — produces the signs
and symptoms of ethanol withdrawal.

CLINICAL PRESENTATION

Ethanol withdrawal may begin as early as hours or as
late as days after cessation of ethanol ingestion. Concep-
tually, ethanol withdrawal may be divided into four
syndromes: tremulousness, hallucinosis, withdrawal
seizures, and delirium tremens. It is important to note that
there is no “standard” progression of ethanol withdrawal,
and it is the rule (rather than the exception) that patients
will not pass through all four syndromes. In clinical prac-
tice, nursing protocols have been considered useful and
in the US CIWA protocol is instituted in patients with a
known or suspicious history of alcohol dependence
(Table 27.3).

Alcoholic tremulousness

Early ethanol withdrawal is characterized by sympathetic
hyperactivity; anxiety is the most prominent symptom,
whereas hypertension, tachycardia, and diaphoresis are
prominent signs (Blondell, 2005). In patients with alco-
holic tremulousness, the sensorium remains clear and the
patient often craves ethanol; self-administration of etha-
nol usually abolishes the condition.

Alcohol withdrawal seizures

Alcohol withdrawal seizures may occur after cessation
of ethanol consumption, and a classic study clearly
implicates the causal link between ethanol cessation
and seizures in humans (Isbell et al., 1955). Alcohol
withdrawal seizures may occur at any time after the

cessation of ethanol intake, but the occurrence peaks in
the 12—24-hour range (Victor and Brausch, 1967). Alco-
hol withdrawal seizures are usually characterized by one
or two generalized tonic-clonic events, with a clear sen-
sorium after a brief postictal state, although status epilep-
ticus is reported (Alldredge and Lowenstein, 1993).

Alcoholic hallucinosis

Alcoholic hallucinosis is characterized by a perception
disorder that may be auditory, visual, or tactile in nature,
and the hallucinations are similar to those experienced by
schizophrenics (Soyka, 1990). In one study, the preva-
lence of alcoholic hallucinosis in patients being treated
for ethanol withdrawal was approximately 10% (Tsuang
et al., 1994). Patients with alcoholic hallucinosis have a
clear sensorium and stable vital signs, which distinguishes
them from patients with delirium tremens (see below).

Delirium tremens

Delirium tremens begins several days after the cessation
of ethanol, and is a life-threatening condition character-
ized by profound autonomic instability (severe tachycar-
dia, hypertension, and diaphoresis) in conjunction with
a marked alteration in consciousness (such as marked
confusion and agitation) (Isbell et al., 1955). Patients
with concurrent medical illness, a history of delirium
tremens, and a longer period of abstinence at presentation
are at increased risk of developing delirium tremens
(Ferguson et al., 1996; Lee et al., 2005).

LABORATORY TESTING

In the patient with a clinical diagnosis of ethanol with-
drawal, there are no laboratory tests to either confirm
the disease state or grade its severity. Any patient with
ethanol withdrawal and a clouded sensorium should
undergo rapid glucose testing to exclude hypoglycemia.

A high index of suspicion must exist for concurrent
medical conditions that may have precipitated absti-
nence. We recommend urinalysis and chest X-ray to
exclude obvious infectious causes, a complete blood
count and serum electrolytes; and testing of liver function
and serum lipase.

CLINICAL COURSE AND MANAGEMENT

In patients with ethanol withdrawal, the initial goal of
treatment is to approximate physiologic homeostasis
via agents that have pharmacologic cross-reactivity with
ethanol. Benzodiazepines have an excellent safety pro-
file, even when used in high doses, and for this reason
are superior to barbiturates. Benzodiazepines are also
clearly superior to other agents, such as phenothiazines,
that have been used historically (Kaim et al., 1969).
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Table 27.3

Clinical institute withdrawal of alcohol scale, revised (CIWA - Ar)

Nausea and vomiting
Ask: “Do you feel sick to your stomach? Have you vomited?”

0 no nausea and no vomiting

1 mild nausea with no vomiting

2

3

4 intermittent nausea with dry heaves

5

6

7 constant nausea, frequent dry heaves and vomiting
Tremor

Arms extended and fingers spread apart

no tremor
not visible, but can be felt fingertip to fingertip

0
1
2
3
4 moderate, with patient’s arms extended
5
6
7

severe, even with arms not extended

Paroxysmal sweats
Degree of sweating
no sweat visible
barely perceptible sweating, palms moist

0
1
2
3
4 beads of sweat obvious on forehead
5
6
7

drenching sweats

Anxiety
Ask: “Do you feel nervous?”

0 No anxiety, at ease

1 Mildly anxious

2

3

4 Moderately anxious, or guarded, so anxiety is inferred

5

6

7 Equivalent to acute panic states as seen in severe delirium or
acute schizophrenic reactions

Agitation

Normal activity
Somewhat more activity than normal activity

0
1
2
3
4 Moderately fidgety and restless
5
6
7

Paces back and forth during most of the interview, or constantly
thrashes about

Tactile disturbances
Ask: “Have you any itching, pins and needles sensations, any
burning, any numbness, or do you feel bugs crawling on or under
your skin?”
None
Very mild itching, pins and needles, burning, or numbness
Mild itching, pins and needles, burning or numbness
Moderate itching, pins and needles, or numbness
Moderately severe hallucinations
Severe hallucinations
Extremely severe hallucinations
Continuous hallucinations

NN Nk WD = O

Auditory disturbances
Ask: “Are you more aware of sounds around you? Are they harsh?
Do they frighten you? Are you hearing anything that is not disturbing
to you? Are you hearing things you know are not there?”

Very mild harshness or ability to frighten

Mild harshness or ability to frighten

Moderate harshness or ability to frighten

Moderate itching, pins and needles, or numbness

Moderately severe hallucinations

Severe hallucinations

Extremely severe hallucinations

Continuous hallucinations

N N kWD = O

Visual disturbances
Ask: “Does the light appear to be too bright? Is its color different? Does
it hour your eyes? Are you seeing anything that is disturbing to you?
Are you seeing things you know are not there?”

Not present

Very mild sensitivity

Mild sensitivity

Moderate sensitivity

Moderately severe hallucinations

Severe hallucinations

Extremely severe hallucinations

Continuous hallucinations

N N bR WD = O

Headache/fullness in head

Ask: “Does your head feel different? Does it feel like there is a band
around your head?” Do not rate for dizziness, or lightheadedness.
Otherwise, reate severity

0 Not present

1 Very mild

2 Mild

3 Moderate

4 Moderately severe
5 Severe

6 Very severe

7 Extremely severe

Orientation/clouding of sensorium

Ask: “What day is this? Where are you? Who am 1?”

0 Oriented, can do serial additions

1 Can’t do serial additions or is uncertain about date

2 Disoriented for date by no more than 2 calendar days
3 Disoriented for date by more than 2 calendar days

4 Disoriented to place or person
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In mild ethanol withdrawal, as is seen with alcoholic
tremulousness, small doses of oral benzodiazepines will
often suffice. Patients who require treatment in a critical
care setting, however, usually manifest moderate to
severe symptoms of ethanol withdrawal; such patients
are commonly treated with intravenous benzodiazepines.

While all benzodiazepines possess the requisite phar-
macodynamic profile to achieve sedation, there are
important differences in pharmacokinetics. The ideal
agent would be an intravenous medication with a rapid
onset and a relatively long duration of action, as moder-
ate to severe ethanol withdrawal usually resolves over the
course of several days. For this indication, we believe
that diazepam is superior to lorazepam: the onset of
action is faster (Greenblatt et al., 1989), and diazepam
has active metabolites that prolong its duration of action.
In patients with liver failure, however, lorazepam may be
a better choice as the use of diazepam may result in pro-
longed sedation due to reduced clearance.

Regardless of the agent chosen, the initial clinical goal
is rapid sedation. Dosing is empiric, and tailored to patient
response; while diazepam 10 mg IV is a reasonable initial
choice, rapid escalation is often appropriate (particularly
in patients with a history of significant ethanol consump-
tion) and hundreds of milligrams may be necessary. Once
initial sedation has been achieved, however, further dosing
should be based on symptoms, not a fixed timetable.
Symptom-triggered therapy results in a shorter duration
of therapy with less benzodiazepine use than a fixed-
dosing approach, and has been validated in both the emer-
gency department and inpatient settings (Daeppen et al.,
2002; Cassidy et al., 2012; Sachdeva et al., 2014). We rec-
ommend the use of the Clinical Institute for the With-
drawal of Alcohol scale (Table. 27.3) to guide therapy.

We recommend the administration of thiamine
(100 mg) for all patients with delirium tremens and for
any other patient in whom mental status changes raise
the concern of Wernicke—Korsakoff syndrome.

COMPLEX CLINICAL DECISIONS

Two complex clinical decisions may confront the inten-
sivist treating ethanol withdrawal: how to treat ethanol
withdrawal that is refractory to benzodiazepines, and
whether to use dexmetetomidine as adjunctive treatment.

Some patients with ethanol withdrawal have persis-
tent symptoms despite large doses of appropriate benzo-
diazepines. The reasons why the majority of patients
respond well to benzodiazepine therapy but others do
not are unclear, although ethanol induces changes in
GABA receptors and GABA transmission (Liang
et al., 2006; Follesa et al., 2015) and patient-to-patient
variation in these changes may play a role. One small
study suggests that patients requiring more than 50 mg
of intravenous diazepam in the first hour of therapy are

more likely to develop ethanol withdrawal that is refrac-
tory to benzodiazepines (Hack et al., 2006).

Patients with benzodiazepine-refractory ethanol with-
drawal require additional treatment with agents that are
cross-tolerant with ethanol. The addition of phenobarbi-
tal may provide adequate sedation (Gold et al., 2007),
although the concurrent use of benzodiazepines and phe-
nobarbital increases the risk of severe respiratory depres-
sion requiring mechanical ventilation. Propofol is
another option in such patients (Lorentzen et al.,
2014), and also requires mechanical ventilation.

Dexmedetomidine is a centrally acting alpha-
adrenergic agonist that is used to treat agitation in criti-
cally ill patients; it has also been used in the treatment
of ethanol withdrawal (Muzyk et al., 2013). In one small
study, however, the addition of dexmedetomidine did not
improve outcomes in ethanol withdrawal, and was asso-
ciated with more adverse drug reactions (Mueller et al.,
2014). At this time, we continue to advocate for the
use of medications that are cross-tolerant with ethanol,
and do not advocate for the routine use of dexmedetomi-
dine, even as adjunctive treatment.

Anticholinergic toxicity
EPIDEMIOLOGY

Anticholinergic xenobiotics are abundant in modern
medicine. Some are used specifically for their anticholin-
ergic side-effects (such as tricyclic antidepressants to
treat nocturnal enuresis), whereas others possess anticho-
linergic properties as undesirable side-effects (as is the
case with antiparkinsonian and antipsychotic drugs).
Anticholinergic medications and plants are also abused
for their ability to induce delirium, as a “legal high”
(Thomas etal., 2009; Sutter et al., 2014). Anticholinergic
xenobiotics may be encountered in the form of dermal
preparations (scopolamine), inhalational agents (ipratro-
pium), or oral medications (diphenhydramine).

The use of medications with anticholinergic proper-
ties is common, with some series involving elderly
patients estimating a prevalence of nearly 10%
(Machado-Alba et al., 2016). Overdoses on medications
with anticholinergic effects are responsible for 15-20%
of all poisoning admissions and up to 40% of those
to an intensive care unit (Dawson and Buckley, 2015).
In 2014, more than 100 000 ingestions involving anti-
cholinergic agents were reported to US poison control
centers (Mowry et al., 2015), numbers that likely under-
estimate true prevalence due to underrecognition and
lack of mandatory reporting.

PHARMACOLOGY

Anticholinergic agents block the effects of acetylcholine
through competitive inhibition at the binding site.
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Table 27.4

Common xenobiotics with anticholinergic properties

Belladonna Plants and
alkaloids Antihistamines Antipsychotics Antispasmodics Miscellaneous mushrooms
Atropine Brompheniramine Chlorpromazine Dicyclomine Amantadine Datura
stramomium
Belladonna Dimenhydrinate Clozapine Oxybutynin Benztropine Mandrigora
officinarum
Glycopyrolate Diphenhydramine Loxapine Carbamazepine Hyoscyamine
niger
Homatropine Doxylamine Mesoridazine Cyproheptadine Amanita muscaria
Hyosciamine Hydroxyzine Olanzapine Cyclobenzaprine Amanita
pantherina
Ipatropium Meclizine Quetiapine Tricyclic
antidepressants
Scopolamine Thioridazine
Generally speaking, “anticholinergic toxicity” refers to Table 27.5

inhibition of muscarinic acetylcholine receptors. There
are five unique muscarinic receptors (M1-M5) through-
out both the peripheral nervous system and CNS, all of
which are G-protein-coupled receptors. Activation of
M2 and M4 receptors inhibits adenylate cyclase activity
and activates potassium channels, resulting in hyperpo-
larization (Eglen, 2006; Ishii and Kurachi, 2006); activa-
tion of M1, M3, and M5 receptors results in activation
of phospholipase C, subsequently generating 1,4,5-
triphophate and 1,2-diacylglycerol, ultimately increasing
intracellular calcium and activation of protein kinase
C (Eglen, 20006).

Most antimuscarinic agents contain either a tertiary
or quaternary amine. Quaternary amines (e.g., glycopyr-
rolate) are charged, limiting gastrointestinal absorption
and penetration of the blood—brain barrier. Uncharged
tertiary amines (e.g., atropine), in contrast, are well
absorbed and have significant CNS penetration.

A list of commonly encountered xenobiotics with
anticholinergic properties is presented in Table 27.4.

CLINICAL PRESENTATION

Anticholinergic toxicity classically produces both central
and peripheral manifestations. However, this syndrome
is heterogeneous, and patients may present with a
spectrum of clinical manifestations. Perhaps owing to
the variability of presentation, anticholinergic toxicity
is underrecognized (Corallo et al., 2009; Levine, 2016).

Central manifestations of anticholinergic toxicity
include encephalopathy, agitation, mutism, and coma.
Seizures may also occur. Carphologia, a striking condi-
tion in which patients pick at imaginary objects, is often
present (Levine et al., 2011). A quiet, mumbling speech,

Grading system for anticholinergic-induced central
nervous system effects (Burns et al., 2000)

Grade Clinical findings

0 Relaxed and cooperative

1 Anxious, irritable

2 Intermittently/mildly disoriented, confused,
hallucinations, moderate agitation

3 Incomprehensible speech, marked agitation

4 Seizure, coma

often characterized as a “mouthful of marbles” and
nearly or frankly incomprehensible, is common with
severe toxicity (Levine et al., 2011; Dawson and
Buckley, 2015). A grading system has been proposed
to assess the severity of CNS effects (Table 27.5).

Peripheral manifestations include mydriasis, tachy-
cardia, urinary retention, reduced gastrointestinal motil-
ity (resulting in hypoactive bowel sounds, as well as
delayed drug absorption and toxicity: Dawson and
Buckley, 2015), hyperthermia, and dry, flushed skin.
A palpable bladder may be appreciated on abdominal
examination. Peripheral effects may be dose-related,
with lower doses producing drying of the mucosal mem-
branes and higher doses producing anhydrosis, tachycar-
dia, and mydriasis (Longo, 1966; Gowdy, 1972).
Mydriasis may not be present in cases of mixed ingestion
or with ingestions of drugs which antagonize multiple
receptors. Absence of bowel sounds is often a late find-
ing. Fever may occur due to neuromuscular excitation,
agitation, and impaired heat dissipation (lack of appro-
priate sweating) (Dawson and Buckley, 2015).
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Medications with anticholinergic properties may
produce findings in addition to those in the anticholiner-
gic toxidrome. ECG changes may include QRS widening
(from the sodium channel blockade seen with diphenhy-
dramine) and QT prolongation (from the blockade of
potassium efflux seen with quetiapine). Rhabdomyolysis
may occur as a consequence of agitation, or possibly due
to direct myotoxicity (Levine, 2016). Acute angle clo-
sure glaucoma (Lai and Gangwani, 2012) and urinary
retention (particularly in patients with a predisposing
condition, such as benign prostatic hyperplasia) (Vande
Griend and Linnebur, 2012) are reported. The use of anti-
cholinergic agents in elderly patients has been associated
with an increased risk of falls (Richardson et al., 2015;
Chatterjee et al., 2016; Marcum et al., 2016), which
may be associated with significant morbidity. Elderly
patients and those with underlying organic brain disease
may be at increased risk of developing mild central anti-
cholinergic toxicity, particularly confusion, following
therapeutic drug administration.

LABORATORY TESTING

When anticholinergic toxicity is known, minimal further
testing is required. A rapid bedside glucose should be
performed to eliminate hypoglycemia as an etiology of
any alteration in mental status, and an ECG should be
obtained to assess for conduction system abnormalities.
Additional testing that should be considered is as
described for other poisonings.

CLINICAL COURSE AND MANAGEMENT

The initial management for patients with anticholinergic
toxicity should focus on airway, breathing, and circula-
tion. Endotracheal intubation should be performed in
patients who are unable to protect their airway and in
those with rapidly declining mental status, especially if
there is concurrent concern for possible aspiration.

Seizures are best treated with benzodiazepines
(e.g., 5-10 mg of intravenous diazepam, or 1-2 mg of
intravenous lorazepam); rectal diazepam is an alterna-
tive. Intramuscular absorption of benzodiazepines is
erratic, but this route is also acceptable if intravenous
access cannot be established. Patients who are not void-
ing spontaneously, especially those with a palpable,
distended bladder, should have a urinary catheter
placed. Rhabdomyolysis should be treated as per usual
practice.

COMPLEX CLINICAL DECISIONS

Mechanistically, the ideal treatment for anticholinergic-
induced agitation or delirium would be a selective
agonist of the M1 receptor, but such an antidote does

not currently exist (Dawson and Buckley, 2015). The
two primary pharmacologic options for treatment of
anticholinergic-induced delirium are the administration
of GABA agonists, such as benzodiazepines, or the
administration of a cholinesterase inhibitor, such as
physostigmine.

Benzodiazepines are nonspecific CNS depres-
sants, which can be used to treat agitation from many
etiologies, including anticholinergic-induced delir-
ium. As an agonist of the GABA, receptor, benzo-
diazepines result in increased release of inhibitory
neurotransmitters.

Cholinesterase inhibitors such as phyostigmine tem-
porarily prevent the breakdown of acetylcholine in the
synaptic cleft, thereby countering the effects of anticho-
linergic agents (Shannon, 1998). Physostigmine (from an
extract of the Calabar bean) was first used in 1863 to
reverse atropine-induced mydriasis, and the following
year to treat atropine-induced delirium (Nickalls and
Nickalls, 1988). There is substantial variability in the
use of phyostigmine to treat anticholinergic toxicity,
even among medical toxicologists (Dawson and
Buckley, 2015).

A typical starting dose of physostigmine is 1-2 mg for
adults, and 0.02 mg/kg in pediatric patients. The drug
should be administered over at least 5 minutes. It is con-
traindicated in patients with evidence of abnormal car-
diac conduction, including intraventricular conduction
delay or evidence of atrioventricular block.

Safe use of physostigmine relies on careful patient
selection. Adverse effects include “overcorrection” of
the anticholinergic state, with development of choliner-
gic symptoms (salivation, lacrimation, urination, diar-
rhea, vomiting, bradycardia, pulmonary secretions,
bronchospasm). Seizures are reported but rare
(Watkins et al., 2015), and their occurrence is usually
directly related to a rapid rate of administration
(Shannon, 1998). Some toxicologists administer benzo-
diazepines immediately prior to, or concurrently with,
phyostigmine in order to raise the seizure threshold.

There are no prospective studies directly comparing
physostigmine with benzodiazepines. One retrospective
registry of anticholinergic toxicity treated by medical
toxicologists suggested that the intubation rate in patients
receiving benzodiazepines was lower than in those
receiving physostigmine. In another study, physostig-
mine was significantly more effective than benzodiaze-
pines in treating agitation and reversing delirium, and
physostigmine was associated with both a reduced inci-
dence of complications and a shorter time to recovery
(Burns et al., 2000). Regardless of whether a benzodiaz-
epine or physostigmine is used, it is imperative that
patients have frequent reassessment, with additional
medications titrated based on the presence of significant
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symptoms. Because of its short half-life, physostigmine
may require redosing if anticholinergic symptoms return
after the first dose.

Sympathomimetic toxicity
EPIDEMIOLOGY

Sympathomimetic agents — those whose actions tend
to augment or exaggerate the effects of the sympathetic
nervous system — have a long history in modern medi-
cine. In the 1920s, ephedrine was extracted from Ephe-
dra species, and amphetamine became the first drug
marketed specifically to treat depression (Rasmussen,
2006). Since that time, amphetamine and its derivatives
have seen many uses in medicine, including treatment of
narcolepsy and postencephalitic parkinsonism, and have
been used to promote weight loss (Rasmussen, 2008).
Military pilots have used amphetamines for decades to
combat fatigue during long missions (Emonson and
Vanderbeek, 1995; Rasmussen, 2008).

Currently, prescription amphetamines and amphet-
amine derivatives are widely used for the treatment of
attention deficit hyperactivity disorder (ADHD). The
abuse of stimulants is currently a significant public health
concern: diversion of prescription stimulants used to treat
ADHD has been reported in up to 10% of high school
students, and up to 35% of college students are pre-
scribed such medicines (Clemow, 2015).

While diversion of legitimate prescriptions is com-
mon (Chen et al., 2016) and remains a public health
concern, most recreational abuse of stimulants involves
illicit drugs, including cocaine, amphetamines, and
synthetic cathinones (“bath salts). In recent years, the
abuse of phenythylamines and synthetic cathinones has
increased significantly (Baumann et al., 2014).

Cathinones (Table 27.6) are currently gaining in pop-
ularity. This class was originally derived from the plant
Catha edulis, common in the Middle East and parts of
Africa. Cathinone is found only in fresh leaves, within
a few days of harvest. Synthetic cathinones, which are

Table 27.6

Common synthetic cathinones

3-Fluoromethcathinone Ethcathinone
4-Fluoromethathinone Ethylone
(flephedrone)
Alpha- Mephedrone
pyrrolidinovalerophenone
Butylone Methedrone
Brephedrone Methcathinone
Butanamine (BDB) Methylenedioxypyrovalerone
Dimethylecathinone Naphyrone

phenylalkylamines or beta-keto amphetamine deriva-
tives, are designed to produce similar effects, but with
a longer “shelf-life.” These drugs are often referred to
as “plant food” or “bath salts” in an attempt to circumvent
US drug laws and allow for legal sale. Illicit synthetic use
was not widely reported until 2007 (Prosser and
Nelson, 2012).

PHARMACOLOGY

Generally speaking, stimulants such as cocaine,
amphetamines, and cathinones exert their effects by
increasing the synaptic concentrations of excitatory
neurotransmitters.

Cocaine

The principal effects of cocaine are to inhibit the reuptake
of several biologic amines, including norepinephrine,
epinephrine, and dopamine (Tella et al., 1992; Hall
et al., 2004), and to increase the levels of the excitatory
amino acids aspartate and glutamate (Smith et al., 1995).
Cocaine also blocks sodium channels, which accounts
for its use as a topical anesthetic in minor surgical
procedures of the head and neck; at high systemic levels,
however, this may lead to effects on cardiac conduction,
such as QRS widening (Wood et al., 2009).

Amphetamines and phenylethylamines

Most amphetamines exert their actions via release of nor-
epinephrine and dopamine from presynaptic nerve termi-
nals. The precise mechanism of dopamine release is
dose-dependent: at low doses, it is released by exchange
diffusion via the dopamine uptake transporter; at high
doses, amphetamines alkalinize the presynaptic
dopamine-containing vesicles, resulting in release of
dopamine from the vesicles and into the synapse via
reverse transport (Suzler et al., 1995). The majority of
the recognized peripheral effects of amphetamines are
the result of stimulation of alpha- and beta-adrenergic
receptors.

Most designer amphetamines have affinity for the
SHT2 serotonin receptors (Nelson et al., 2014). Their
activity at the serotonin receptor varies, with some acting
as agonists and others acting as antagonists (Dean et al.,
2013). Amphetamines can also block the reuptake of nor-
epinephrine, dopamine, and serotonin. Some amphet-
amines increase the release of monoamines, such as
serotonin and norepinephrine (Nagai et al., 2007), while
others (such as 2C-B) may also function as direct alpha-
adrenergic agonists.
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Synthetic cathinones

Synthetic cathinones are heterogeneous with respect
to mechanism of action. Butylone, ethylone, mephedrone,
methylone, and naphyrone function in a manner similar
to cocaine, serving as nonselective inhibitors of mono-
amine reuptake. Butylone, ethylone, mephedrone, and
methylone cause serotonin release. Cathinone, methcathi-
none, and flephedrone act in a manner similar to am-
phetamines, preferentially causing the release of
dopamine and inhibiting dopamine and norepinephrine
reuptake (Simmler et al., 2013). Pyrovalerone and 3,4-
methylenedioxypyrovalerone (MDPV) inhibit dopamine,
serotonin, and norepinephrine transport (Schifano et al.,
2016), but — unlike amphetamines — do not cause the
release of monoamines (Simmler et al., 2013).

CLINICAL PRESENTATION

Virtually all stimulants produce hyperadrenergic effects.
Central neurologic manifestations include euphoria, ele-
vated alertness, and often a feeling of grandiosity or
manic behavior. Psychomotor agitation is common.
Hypertension, tachycardia, mydriasis, and diaphoresis
are typical, owing to a combination of alpha- and beta-
adrenergic-mediated effects.

Although various sympathomimetic agents can pro-
duce a common toxicity pattern, there are some differ-
ences in the toxicity profile for individual classes of
sympathomimetic agents.

Cocaine abuse can result in numerous cardiovascular
events. Chronic use of cocaine is associated with
accelerated formation of atherosclerosis and left ventric-
ular hypertrophy. Acutely, cocaine toxicity may manifest
with myocardial ischemia or infarction (Mittleman et al.,
1999; Pozner et al., 2005), the risk of which is greatest in
the first hour following use (Mittleman et al., 1999).
Additional cardiovascular events following cocaine
consumption include aortic dissection and ventricular
arrhythmias, the latter owing to the drug’s sodium
channel-blocking properties (Pozner et al., 2005).

Cocaine abuse may also produce prominent cerebro-
vascular effects, including vascular narrowing associated
with vasoconstriction or vasculitis; increased platelet
aggregation (resulting in thrombosis); and complications
attributable to severe hypertension. Consequently, cur-
rent or previous cocaine abuse may be a factor contribut-
ing to both ischemic and hemorrhagic stroke in young
individuals (Treadwell and Robinson, 2007; Cheng,
2016). Cocaine has also rarely been associated with
the development of toxic leukoencephalopathy; it is pos-
sible, however, that this finding is related to adulterants
present in cocaine samples, such as levamisole
(Buchanan et al., 2011; Blanc et al., 2012).

There are several pulmonary manifestations of
cocaine, including noncardiogenic pulmonary edema,
pulmonary hypertension, bronchiolitis obliterans with
organizing pneumonia, alveolar hemorrhage, eosino-
philic lung disease, and aspiration pneumonia
(De Almeida et al., 2014). In addition, the use of cocaine
has been associated with severe asthma exacerbations
(Levine et al., 2005).

Seizures, choreoathetoid movements, abruptio pla-
centae, and perforated gastrointestinal ulcers have all
also been associated with cocaine use.

Compared with cocaine, amphetamines cause more
neuropsychiatric manifestations and less catastrophic
cardiovascular effects, although hypertension and tachy-
cardia are still common. The higher rate of acute psycho-
sis may be related to the increased dopaminergic effects
of amphetamines compared to cocaine (Gold et al.,
1989). However, both ischemic and hemorrhagic stroke
may also occur with amphetamines (Ho et al., 2009), and
there is also a possible association with cerebral vasculi-
tis (Margolis and Newton, 1971).

Many amphetamines, including methylenedioxy-
methamphetamine (MDMA, or “ecstasy”), are seroto-
nergic. Hyponatremia is associated with serotonergic
amphetamines, and may be due to a combination of fluid
loss (via sweating) with free-water replacement and the
syndrome of inappropriate antidiuretic hormone
(SIADH) (Traub et al., 2002). Recurrent seizures and
serotonin syndrome have both been associated with the
use of select amphetamines (Bosak et al., 2013).

Cathinones

While all cathinones are associated with increased motor
activity, some (MDPV and mephedrone) may produce
more motor activity than others (methedrone). In contrast
to the euphoria associated with cocaine and amphet-
amines, the altered sensorium of cathinone use is more
frequently negative, ranging from anxiety and restless-
ness to overt agitation and psychosis (Schifano
et al., 2016).

Rhabdomyolysis is relatively common (O’Connor
et al., 2015) and compartment syndrome may occur in
unique areas (e.g., paraspinal musculature) (Levine
et al., 2013). Hyponatremia, although relatively uncom-
mon, may be due to SIADH (Wood et al., 2010).

LABORATORY TESTING

When sympathomimetic toxicity is known, minimal fur-
ther testing is needed, apart from the general workup
described above for other poisonings (such as rapid glu-
cose testing and an ECG).

Rhabdomyolysis is relatively common with stimulant
toxicity. In one study, rhabdomyolysis occurred most often
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with the synthetic cathinones (63%), and was somewhat
less common with cocaine (33%) (O’Connor et al., 2015).

Patients who present with sympathomimetic toxicity
but with lethargy as opposed to CNS stimulation should
be strongly considered for CNS imaging. Neuroimaging
may demonstrate ischemic or hemorrhagic stroke or
vascular abnormalities in such cases. Characteristic mag-
netic resonance imaging (MRI) findings with cocaine-
induced leukoencephalopathy may include increased
signal intensity in the globus pallidus, splenium, and
other white-matter regions, in some cases with restricted
diffusion (De Roock et al., 2007). Such patients should
also undergo an assessment of serum sodium, particu-
larly when a serotonergic amphetamine (such as MDMA
or a 2C amphetamine) is implicated, to rule out hypona-
tremia as an etiology for their decreased mental status.

Patients with chest discomfort should, in addition to
electrocardiographic testing, have a chest radiograph
performed and be considered for serial cardiac biomarker
(i.e., troponin) testing.

MANAGEMENT

The first step in the management of stimulant toxicity is
to ensure adequate airway, breathing, and circulation.
Agitation should be treated aggressively, as mortality
from sympathomimetic toxicity may be due to excited
delirium and hyperthermia. We recommend benzodiaze-
pines (e.g., 1-2 mg IV lorazepam for adults; 0.1 mg/kg
for pediatric patients); multiple repeated doses, often
higher than usually used, may be required. If hyperther-
mia persists despite repeated doses of benzodiazepines
and active external cooling, we recommend neuromus-
cular relaxation with a nondepolarizing agent.

While agitation should be treated with benzodiaze-
pines, acute psychosis may show some improvement
with the use of a low-dose D, receptor agonist, such as
haloperidol. Such use may be especially relevant in pedi-
atric patients with apparent hallucinations following
amphetamine exposure (Ruha and Yarema, 2000).

Seizures should be initially treated with benzodiaze-
pines. Refractory seizures may require barbiturates (e.g.,
15-20 mg/kg of phenobarbital) or propofol. In general,
patients who require phenobarbital or propofol to control
their seizures should be intubated. Rhabdomyolysis
should be treated with intravenous fluids, as per normal
practice guidelines.

Cocaine can cause sodium channel blockade, which
may manifest as intraventricular conduction delay and
widening of the QRS complex on the ECG. This is best
treated with sodium bicarbonate (150 mEq IV bolus for
adults; 2 mEq/kg IV bolus for pediatric patients).

Patients are commonly hypertensive and tachycardic.
Benzodiazepines are the first choice for control of

hypertension, but if additional blood pressure control is
needed, we recommend nitrates or calcium channel
blockers. Short-acting, titratable medications are preferred.

Beta-blockade should not be used in the setting
of cocaine toxicity. Human cardiac catheterization
studies (Lange et al., 1990) and case reports (Sand
et al.,, 1991; Fareed et al., 2007) suggest that mixed
B1/B>-adrenergic antagonists, as well as [;-selective
antagonists, are either not effective or potentially harm-
ful. Labetalol, a mixed o/f-adrenergic antagonist, did not
reverse vasospasm in a cardiac catheterization study, but
did lower blood pressure (Boehrer et al., 1993). How-
ever, because intravenous labetalol is predominantly a
B-adrenergic antagonist (with a ratio of P:a effect of
7:1) (Richards et al., 1977), we believe that the proscrip-
tion against B-adrenergic antagonists in the setting of
cocaine should apply to labetalol as well.

COMPLEX CLINICAL DECISIONS

Although the decision to not give B-adrenergic antago-
nists in sympathomimetic toxicity is logical, and there
is significant supporting evidence for not using it in
the setting of cocaine toxicity, there is less data with
respect to the use of B-adrenergic antagonists in amphet-
amine toxicity. Cocaine and amphetamines are different
classes of molecules, and although both produce a hyper-
adrenergic state, it does not necessarily follow that the
use of B-adrenergic antagonists will result in the same
outcomes in both conditions. Human data regarding
the use of B-blockers in the setting of amphetamine
use are scant, and limited to case reports and volunteer
studies using small doses of drug. Some advocate for
the use of B-adrenergic antagonists in the setting of
amphetamine use (Richards et al., 2015); however, we
believe that the limited available data are insufficient
to conclude that they are safe in this setting, and continue
to advocate for alternative therapies (such as phentol-
amine, vasodilators, and calcium channel blockers) to
manage hemodynamic abnormalities.

APPROACH TO THE PATIENT WITH AN
UNKNOWN INGESTION

The patient in whom a toxic ingestion is strongly sus-
pected, but the offending agent is unknown, may chal-
lenge the diagnostic abilities of the most senior
physicians. In such cases, meticulous attention to history
(when available) and physical examination will often
provide the most important clues to facilitate diagnosis
and treatment; ancillary testing, while important, often
plays only a supporting role.

Patients suffering from a toxic ingestion are often con-
fused and unable to provide a history. Even in such
patients, however, environmental clues (often available
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from family members or first responders) may provide
useful information that identifies an individual toxin.
Examples include patients with syringes or other drug
paraphernalia near them, and patients found comatose
with an empty bottle next to them when the prescription
was filled just days ago. Even when such relatively obvi-
ous clues are absent, however, ancillary information
(such as pill bottles found in the patient’s medicine cab-
inet or amedication list found in the patient’s wallet) may
provide valuable information.

Most patients with acute central neurotoxicologic
syndromes present with alterations in mental status.
The initial comprehensive physical examination should
be performed while considering other etiologies of alter-
ations in mental status, particularly traumatic. Any con-
cern about trauma should raise the suspicion of traumatic
brain injury. Certain findings, such as Battle’s sign
(ecchymosis posterior to the pinna over the mastoid), rac-
coon’s eyes (bilateral orbital ecchymoses) or hemotym-
panum are concerning for a basilar skull fracture. Skin
findings such as “track marks” (the presence of scarring
or small linearly arranged eschars over a vein) strongly
suggest the use of intravenous drugs.

The toxidrome-oriented physical
examination

A syndrome is a constellation of symptoms and signs that
is characteristic of a disease process; a toxidrome is a
syndrome caused by a given toxin or class of toxins.
As part of the physical examination, the clinician should
specifically look for findings that, when part of a larger

Table 27.7

Characteristics of toxidromes

pattern, provide strong evidence that a patient has been
poisoned by a certain substance or class. The crucial data
to consider in such patients are vital signs, as well as find-
ings related to mental status, the eyes (pupillary findings
as well as nystagmus), mucous membranes, skin, and
abdomen (bowel sounds).

The central findings (affect) of patients with acute
central neurotoxicologic syndromes caused by drugs of
abuse can be quickly triaged into depressed or unrespon-
sive vs. elevated or delirious. Although some patients
with ethanol toxicity may initially present as boisterous
or stimulated, the majority of patients with significant
ethanol toxicity are depressed or unresponsive, as are
patients with opioid and dissociative-agent poisoning.
In contrast, patients with sympathomimetic or anticho-
linergic toxicity and ethanol withdrawal all typically pre-
sent with a heightened state of awareness or delirium.

Most findings related to vital signs, pupil diameter,
mucous membranes, skin, and bowel sounds can be
understood through the effect of the drug on the sympa-
thetic and parasympathetic nervous system. Other key
physiologic points to consider include the effect of opi-
oids on respiratory drive (at the level of the brainstem),
with resultant bradypnea; the ability of stimulants and
ethanol withdrawal to generate heat; the ability of anti-
cholinergic medications to interfere with heat dissipa-
tion, resulting in hyperpyrexia; and the ability of
dissociative agents to produce nystagmus.

The physical examination findings for the toxidromes
of each of the central neurotoxicologic syndromes
caused by drugs of abuse discussed in this chapter are
listed in Table 27.7. Not all findings need to be present

Sympatho- Sedative
Finding Sedative-Hypnotics Opioids Mimetics  Anti-Cholinergic  Dissociative Agents Withdrawal
Pulse Normal or Slightly Normal or Slightly Increased Increased Increased Increased
Decreased Decreased
Blood Pressure Normal or Slightly Normal or Slightly Increased  Normal or Slightly Increased Increased
Decreased Decreased Increased
Respirations ~ Normal or Slightly Markedly Normal Normal Normal Normal
Decreased Decreased
CNS Sedated Sedated Agitated  Agitated Confusion to Agitated,
Delirium Unresponsiveness ~ Tremulous
Mucous Normal Normal Normal Dry Salivating (with Normal
Membranes Ketamine)
Eyes Variable Constricted Pupils  Dilated Dilated Pupils Nystagmus (any Dilated
pupils direction) Pupils
Skin Normal Normal Sweating  Dry Normal Sweating
Lungs Normal Normal Normal Normal Normal Normal
Bowel Sounds Normal Decreased Normal Decreased Normal Normal
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to make a diagnosis; bowel sounds may be present in
patients with anticholinergic toxicity, and patients with
sympathomimetic toxicity may have a relatively normal
blood pressure.

When faced with a patient with a suspected toxic
ingestion and classic toxidrome findings, the patient is
much less of a diagnostic dilemma. One study found that
the accuracy of the toxidrome-oriented physical exami-
nation was on the order of 80-90% in assessing poisoned
patients (Nice et al., 1988).

Laboratory testing and imaging

Most patients with a suspected but unknown toxic
ingestion present with alterations in mental status as their
chief complaint. Central nervous system imaging is gen-
erally not needed in uncomplicated patients. We advo-
cate for judicious use of CNS imaging, particularly
when the diagnosis is unclear or the presentation raises
concerns of a central nervous system complication (such
as ischemic or hemorrhagic stroke in the setting of
cocaine use).

In all patients with alteration of mental status, we rec-
ommend obtaining a rapid serum glucose level immedi-
ately. When an acute central neurotoxicologic syndrome
caused by a drug of abuse is suspected, we also recom-
mend obtaining an ECG to assess for toxin-induced abnor-
malities such as QRS or QTc prolongation. When suicidal
intent cannot be excluded, we recommend serum testing
for salicylates and acetaminophen. Simple blood work
may identify an anion gap or osmolar gap, which may
be a clue regarding the possibility of other ingestions.

Additional diagnostic testing is then determined by
the certainty of the clinical diagnosis. Limited or no test-
ing is necessary when clinical circumstances strongly
suggest a certain toxin or class of toxins, even if the
patient himself or herself does not readily admit to the
ingestion. For example, a patient who presents with
agitated delirium, tachycardia, dilated pupils, dry
mucous membranes, dry skin, and absent bowel sounds,
whose clinical picture improves dramatically after the
administration of physostigmine, likely requires no
further diagnostic workup to determine the etiology of
the alteration in mental status.

When a toxic ingestion is one of several possibilities in
the differential diagnosis, however, a broader approach is
necessary. We recommend a workup that includes com-
puted tomography (CT) of the head, a complete blood
count, and tests of renal and hepatic function. In patients
in whom there is reason to suspect hyperammonemia from
a medical disorder (such as liver failure) or an acquired
condition (such as valproic acid therapy), a serum ammo-
nia level is appropriate. The decision to perform a lumbar
puncture is based on clinical presentation, although

clinicians should be aware that classic history and physical
examination findings alone are insufficiently accurate to
reliably exclude CNS infection (Brouwer et al., 2012).

The reflexive use of urine drug-of-abuse testing (col-
loquially, “tox screens”) deserves specific discussion,
and three points in particular bear consideration. First,
these tests are not measures of intoxication, but rather
an indicator of whether a patient was exposed to a certain
substance. While it is true that patients intoxicated with
cocaine will almost always have a urine drug screen that
is positive for cocaine, the converse — that patients with a
urine drug screen that is positive for cocaine will almost
always be intoxicated with cocaine — is false. The clinical
effects of cocaine usually last on the order of minutes to
hours (depending on route of ingestion), whereas cocaine
metabolites may persist in the urine for several days.
Second, urine drug-of-abuse tests suffer from both
false-negative (Bertol et al., 2013) and false-positive
(Brahm et al., 2010; Rengarajan and Mullins, 2013)
results, potentially steering clinicians away from correct
diagnoses or towards erroneous ones. Third, there is little
evidence that urine drug-of-abuse screening tests alter
patient management (Tenenbein, 2009). For all of these
reasons, we recommend against the routine use of urine
drug-of-abuse tests.

CONCLUSION

Patients who ingest drugs of abuse may present with var-
ied acute central neurotoxicologic findings. In all patients,
initial care requires attention to the airway, breathing, and
circulation. Empiric testing should usually include a fin-
gerstick blood glucose level, an ECG, a pregnancy test
in women of childbearing age, as well as testing for salic-
ylates and acetaminophen in any patient with known or
suspected suicidal ideation. Additional testing is per-
formed based on the patient’s symptoms and the certainty
(or lack thereof) of the toxin-related diagnosis. Manage-
ment is generally supportive, although antidotal therapy
may be appropriate in some cases. When the toxin is
not known, historic clues may be of some help, but the
physical examination — and not indiscriminate testing —
will provide the most useful clinical information.
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Chapter 28

Seizures in the 