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As 2013 winds down, we pause to reflect on the accomplishments 
of the past year with respect to our journal. It has been a time of 
transition the past year, with the first highlight being the move 
from a paper-based journal to web-based. The Canadian Jour-
nal of Neuroscience Nursing (CJNN) is now posted online, on the 
new Canadian Association of Neuroscience Nursing (CANN) 
website; Pappin Communications continues as our publisher and 
handles posting of new editions to the “wall”. We continue to look 
for articles for the journal and encourage our readers to try their 
hand at writing! We accept research articles, position papers, 
case reports, literature reviews, protocols, and other literary and 
scholarly writing. To complement articles submitted for publi-
cation, with approval from the authors, we will begin to publish 
chapters (or portions thereof) from the recently published Nav-
igating Neuroscience Nursing: A Canadian Perspective textbook. 

Another highlight for CJNN this year has been the recruitment 
of assistant editor, Corbin Lippert, MN, NP, and CANN Ontario 
West Chapter Councillor. I am very happy to welcome Corbin 
to the editorial board of CJNN and look forward to work-
ing with him on article submissions and journal issues. With 

Corbin’s assistance, we will continue to bring you articles and 
information pertinent to your practice setting and of interest 
to you, as clinicians working with patients and families living 
and coping with neurological disorders. 

It has been a year of growth, achievement and challenges. As 
editor of CJNN, let me express my sincere appreciation for your 
incredible work and commitment to excellence in neuroscience 
nursing throughout 2013, which is truly brought to the forefront 
at our annual CANN conference. What strikes me most when 
travelling to other centres for work and conferences is that, 
despite all the stress and irritations we face in our work and 
daily lives, we still seem to be having more fun than most. We 
must be doing something right and I think it is because neuro-
science nurses are quite simply, just the right people!

May your holiday season be blessed with the comfort and joy 
of friends, family, and play! Many thanks for your support of 
CANN, CJNN and neuroscience nursing. 

Best wishes,
Theresa & Corbin

Alors que s’achève l’année 2013, arrêtons-nous une minute pour 
réfléchir aux succès de notre journal cette année. Ces douze 
derniers mois ont été une période de transition, dont le premier 
moment marquant a été de passer d’un journal papier à un jour-
nal en ligne. Le Journal canadien des infirmières et infirmiers en 
neurosciences (JCIIN) est maintenant posté sur l’Internet, sur 
le nouveau site de l’Association canadienne des infirmières et 
infirmiers en neurosciences; Pappin Communication demeure 
notre éditeur et s’occupe de publier les nouvelles éditions sur la 
« toile ». Nous sommes toujours à la recherche d’articles pour 
le journal et encourageons nos lecteurs à s’essayer à l’écriture! 
Nous acceptons des articles de recherche, des exposés de posi-
tion, des études de cas, des études de la documentation, des 
protocoles et tout autre ouvrage littéraire et universitaire. Afin 
de compléter les articles soumis pour publication, et avec l’ac-
cord des auteurs et auteures, nous commencerons à publier les 
chapitres (ou certaines de leurs parties) du manuel Navigating 
Neuroscience Nursing: A Canadian Perspective, récemment paru.

Un autre fait saillant pour le JCIIN cette année a été le recrute-
ment comme rédacteur adjoint de Corbin Lippert, M.Sc.Inf., IP,  
et conseiller du Chapitre de l’ACIIN de l’Ouest de l’Ontario. Je suis 
très heureuse d’accueillir Corbin au sein du comité de rédaction 
du JCIIN et suis impatiente de travailler avec lui à la soumission 
d’articles et aux numéros du journal. Avec l’aide de Corbin, nous 

continuerons à vous proposer des articles et des informations en 
lien avec votre milieu de pratique et en rapport à vos intérêts : 
ceux de cliniciens et cliniciennes travaillant avec des patients et 
des familles qui doivent faire face à des troubles neurologiques.

Cette année a été marquée par la croissance, le succès et les 
défis. En tant que rédactrice en chef du JCIIN, je tiens sin-
cèrement à vous remercier de votre incroyable travail et de 
votre volonté d’excellence dans le domaine des sciences infir-
mières en neurosciences pour 2013, que la conférence annuelle 
de l’ACIIN fait particulièrement ressortir. Ce qui me frappe le 
plus lorsque je voyage vers d’autres centres pour le travail ou 
des conférences est qu’en dépit du stress et des irritations aux-
quels nous sommes tous confrontés au travail et dans nos vies 
quotidiennes, il semblerait que nous nous amusions plus que la 
plupart des gens. Il faut croire que nous allons dans le bon sens, 
et je pense que c’est parce que les infirmières et infirmiers en 
neurosciences sont tout simplement… les bonnes personnes!

En cette période estivale, nous vous souhaitons tout le bonheur 
et la joie possibles en compagnie de vos amis et de vos familles, 
et vous remercions chaleureusement de votre implication dans 
l’ACIIN, le JCIIN et les sciences infirmières en neurosciences.

Meilleurs vœux,
Theresa & Corbin
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The 45th Annual Meeting and Scientific Sessions of the 
Canadian Association of Neuroscience Nurses will be held in 

Banff, Alberta, Canada, June 3–6, 2014

La 45ème édition du congrès annuel et des sessions 
scientifiques de l’Association canadienne des infirmières 
et infirmiers en neurosciences se tiendra à Banff, Alberta, 

Canada, du 3 au 6 juin 2014

Scaling New Heights in Neuroscience 
Nursing—Practice, Education, Research, 

Leadership, Patient safety, Quality 
improvement

We invite you to join us and share in learning with your neuro-
science nursing colleagues how many are scaling new heights 
in areas such as:
•	 determining and implementing best practices
•	 program planning, delivery and evaluation
•	 conducting and translating original research
•	 reviewing case studies
•	 conducting literature reviews
•	 improving the quality of care through quality improvement 

or patient safety work
•	 implementing proven treatments and/or nursing techniques

Conference and accommodations at Banff Park Lodge—watch 
for a reservation code with registration details http://www.
banffparklodge.com/

Registration will open in early spring 2014!

Atteindre de nouveaux sommets 
dans les sciences infirmières en 

neurosciences—Pratique, Formation, 
Recherche, Leadership, Sécurité des 
patients, Amélioration de la qualité

Nous vous invitons à nous rejoindre et à partager avec vos 
collègues infirmières et infirmiers en neurosciences de nou-
veaux sommets dans des domaines tels que :
•	 déterminer et mettre en œuvre des pratiques optimales
•	 planifier, exécuter et évaluer des programmes
•	 mener et traduire des travaux de recherche originaux
•	 examiner des études de cas
•	 étudier la documentation
•	 améliorer la qualité des soins à l’aide de travaux sur la sécurité 

des patients ou l’amélioration de la qualité
•	 mettre en œuvre des traitements éprouvés et/ou des tech-

niques de soins infirmiers

Conférence et hébergement au Banff Park Lodge : http://www.
banffparklodge.com/ Utilisez le code de réservation qui vous 
aura été transmis avec les détails de votre inscription

Les inscriptions ouvriront au début du printemps 2014. 
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Neuroanatomy and physiology
Dawn Tymianski, RN(EC), MN, CNN(C)

This revised version of chapter 1 is reprinted with permission 
from Navigating Neuroscience Nursing: A Canadian Perspective.

Introduction
The goal of this chapter is to familiarize you with the basics of 
the nervous system, how it began, what it’s all about and what 
it looks like when it doesn’t work. A portion of the chapter will 
also focus on relating neurological illness to the anatomy of the 
nervous system.

Need-to-know facts about the  
nervous system: fundamentals
The nervous system can be divided into three main anatomical 
divisions: 
•	 the central nervous system (CNS): consists of the brain, 

brainstem and spinal cord 
•	 the peripheral nervous system (PNS): comprising the nerves 

that leave the brainstem and the spinal cord  
•	 the autonomic nervous system (ANS): includes the sympa-

thetic and parasympathetic systems.

The overall function of the nervous system is to integrate and 
coordinate all internal and external signals between its different 
parts, whether to control heart rate when stressed or propagate 
a grand mal seizure. 

The nervous system is capable of extracting various types of sensory 
information in order to refine a motor or an emotional response, 
and effect change in the surrounding environment. Most creatures, 
including your pet duck, have a nervous system. Given this, part 
of the purpose of the CNS is species survival and reproduction.

The CNS is1,2:
•	 composed of a trillion neurons that communicate with each 

other through axons, dendrites and synapses with the help 
of neurotransmitters

•	 rapidly adaptive and can alter responses based on our 
environment 

•	 covered by meninges
•	 hydrated by cerebrospinal fluid (CSF) 
•	 protected from infiltration of bacteria by the blood-brain barrier
•	 well supplied by a highly anastomotic vascular system
•	 housed within static bone (skull and vertebral bodies)
•	 composed of grey and white matter found within the brain 

and spinal cord 
•	 disrupted through structural and metabolic conditions
•	 controls other organs through the activation of muscles or 

through secretions of hormones and neurotransmitters.

The brain
The brain accounts for two per cent of total body weight, has 
the consistency of firm custard and contains two hemispheres, 
a cerebellum and the brainstem. The four lobes within the hem-
ispheres are each separated by a longitudinal fissure (crack), are 
mirror images of each other, but each contains areas of specialty 
only found in particular locations, such as expressive speech. 
“Gyri” or bulges of grey matter alternate with “sulci” or “fissures” 
that further separate each lobe.1

The brain contains both grey matter (made up primarily of cells) 
and white matter (made up primarily of cell processes, or axons), 
is protected by the meninges and eight fused bones (adult). It 
“floats” in CSF and receives blood flow through arteries that enter 
the cranial cavity through the base of the skull, and that join into 
an anastomotic network called the Circle of Willis. Information 
to be processed in the brain is encoded by neurons using electri-
cal and chemical signals, and is transmitted by axons (the main 
anatomical outputs) to other neurons. Information is transmitted 
back and forth between the two cerebral hemispheres through 
the corpus callosum, a white matter structure that only contains 
axons and physically joins the two hemispheres (Figure 1).

Grey 
matter White

matter

Figure 1: MRI of the brain: axial cut. Grey and white matter

Agnosia: complex cerebral receptive 
disabilities (e.g. inability to recognize faces)

Aphasia: inability to comprehend speech 
(receptive) or speak fluently (expressive)

Apraxia: inability to complete complex 
motor tasks

Babinski reflex: toes flaring out, great 
toe moving upwards. Is normal in babies, 
abnormal in adults. Is representative of a 
contralateral UMN lesion 

Drift: a term used to describe a motor 
weakness in an arm (most often tested in 
people with SDH, vasospasm)

Hemianopsia: loss of vision in half the 
visual field in each eye

Neglect: inability to recognize the left side 
of the body as their own

Nystagmus: incoordination of eye 
movement secondary to cerebellar 
dysfunction

Glossary:

Introduction
Ce chapitre vous présentera les grandes lignes du système 
nerveux, comment il a commencé, de quoi il s’agit, et à 
quoi il ressemble lorsqu’il ne fonctionne pas. Une partie 
de ce chapitre portera également sur les liens entre les 
maladies neurologiques et l’anatomie du système nerveux.
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The brain can further be divided into three “brains”1–3

•	 cerebrum: is highly advanced and includes the cerebral cor-
tex, white matter, thalamus, hypothalamus and basal ganglia 

•	 cerebellum or hindbrain: is responsible for integrating and 
coordinating signals required for fine motor control of the 
trunk and limbs

•	 brainstem: is composed of the midbrain, pons and medulla 
oblongata, contains areas that connect the cerebrum and 
cerebellum to each other and to the spinal cord, as well as 
circuits responsible for primitive reflexes, autonomic control 
(e.g. heart rate and respiration), level of consciousness and 
arousal (the reticular activating system [RAS]) and gives rise 
to the cranial nerves (CN) (Figure 2).

The brainstem1,2

The brainstem is on average the length and width of the adult 
thumb and connects the spinal cord to the cortex and cerebel-
lum. The brainstem houses and functionally manages 10 out of 
the 12 cranial nerves, pyramidal and extrapyramidal tracts, the 
RAS, the respiratory and cardiac centres and is supplied by the 
“posterior circulation” through the vertebral arteries that join 
to become the basilar artery. Given its small size and eloquent 
function, injuries to the brainstem are generally poorly toler-
ated, and this leads to high mortality and morbidity (Figure 3).

The spinal cord1,3

The spinal cord is approximately 42 cm in length in the average 
adult and is about the width of the adult thumb. The spinal 
cord is surrounded by CSF and meninges and is protectively 
housed within a bony cavity of vertebrae. The vertebrae are 
held in place by vertical and longitudinal ligaments and are 
separated by small pulpous cushioning discs. Between the ver-
tebrae are spinal nerves 
that are part of the PNS, 
and that become the pe-
ripheral  ner ves that 
innervate the body. These 
nerves contain both sen-
sor y (spinothalamic , 
spinocerebellar)  and 
motor (corticospinal) 
pathways connecting our 
external body to our inter-
nal environment. A total 
of 31 spinal nerves exit at 
various levels from the 
spinal cord with the chief 
goal of connecting the 
CNS with the body and 
effecting motor and/or 
sensory responses to envi-
ronmental cues (Figure 4).

The peripheral nervous system (PNS)
Spinal cord and cranial nerves: lower motor neurons 
(Figure 5)
The PNS is composed of the cranial and spinal nerves. Many 
fibres of those nerves arise from neurons located in the brain-
stem or spinal cord that send motor signals to various muscles 
in the body (lower motor neurons, or LMN). Other PNS fibres 
are sensory, and arise in neurons found in sensory ganglia that 
send processes to the periphery as well as into the spinal cord. 
LMN cell bodies are located in the anterior grey columns of the 
spinal cord, and send axons that extend within the peripheral 
nerve directly to the muscle.2 Other peripheral nerves, the cra-
nial nerves (CN), can be motor or sensory nerves (or both), and 
supply most of the face. The spinal nerves are topographically 
associated with specific myotomes (muscle groups) and 

Figure 2: Forebrain-hindbrain: sagittal MRI image of the brain. 
Cerebrum/cerebellum/brainstem

Brainstem

Cerebrum

Cerebellum

Did you know?
That the sea sponge lacks a nervous system and that the 
jellyfish and starfish lack a brain (but have a central nervous 
system).4

The fruit fly and the roundworm hold the record for being 
the most studied organisms of all brain researchers — the 
researchers even discovered our biological clock gene in 
the fruit fly!5

Figure 3: Brainstem 
in sagittal MRI: the 
brainstem is located 
between the two lines

1
2

3

1. Midbrain
2. Pons (rounded area)
3. Medulla

Figure 4: Spinal cord

Subcutaneous 
fat

Spinal 
cord

Vertebral 
bodies

Disc

dorsal
ramus

spinal
nerve

white
matter

grey
matter

dorsal root

grey ramus
white ramus

Lower motor neuron component

ventral
ramus

ventral root

Figure 5: Lower motor neurons
Reference: http://en.wikipedia.org/wiki/Lower_motor_neuron_lesion
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dermatomes (sensory areas). For example, the sixth cervical 
nerve (C6), supplies motor function to the biceps and sensory 
function to the radial side of the forearm and to the thumb. 
Examples of diseases affecting the LMN include spinal cord 
lesions affecting the anterior horns, poliomyelitis and amyo-
trophic lateral sclerosis (ALS).

The autonomic nervous system (ANS)1,2,7 (Figure 6)
The ANS is a system that regulates homeostasis and vital organ 
function through the ongoing manipulation of our visceral 
organs including smooth (involuntary), cardiac muscles and 
glands. The ANS is divided into the sympathetic (SNS) and 
parasympathetic systems (PSNS) and is functionally supplied 
by the somatic nervous system. Though they function in oppo-
sition to each other (fight and flight or rest and digest), these 
two systems are complementary.  For example, the maintenance 

of heart rate is controlled by the PNS and the SNS in a second 
to second complementary system. Most of the neurons for the 
SNS are found in the thoracic and lumbar regions (T1–L2) of 
the spinal cord, whereas the parasympathetic system neurons 
begin in the CN III, VII, IX, X and sacral nerves S2–4. They are 
intricately connected with the hypothalamus. 
•	 sensory neurons of the ANS: Sensory neurons of CN VII, 

IX, and X monitor blood levels of carbon dioxide, oxygen, 
blood sugar, arterial pressure, and composition of the gut 
and relay this information to the medulla oblongata. Infor-
mation from the medulla is used to unconsciously modulate 
the system

•	 motor neurons of the ANS: Motor neurons of the SNS run 
in two chains along the spinal cord, whereas the PSNS neu-
rons are located very close to the target organ. Examples of 
PSNS neurons and location include the salivary glands and 
CN X.

Though the goal of the ANS is homeostasis, either system will 
“kick-in” when required.8

Did you know?
Spinal polio is a highly contagious viral infection of the 
anterior horn cells of the spinal cord (lower motor neu-
rons). Infection leads to destruction of the nerve cells and 
the inability to send impulses to their associated muscles. 
Within two to three days muscles will atrophy, become 
floppy and paralyzed. Polio can affect one or both limbs 
but is often asymmetrical. Of interest, the muscles closest 
to the body are the weakest.6

Figure 6: Depiction of the anatomy and distribution of the 
autonomic nervous system (ANS) 
Reference: from Gray’s Anatomy, Plate # 839, URL: http://www.bartleby.com/107/illus839.html

Table 1: Systemic examples of our ANS responses

System Sympathetic Parasympathetic 

Skin Diverts flow 
away from skin 
Makes you 
sweat

No change or returns 
to normal 

Muscles Enhanced flow No change or returns 
to normal 

Lungs Dilatation of 
bronchioles

Constricts 
bronchioles, 
stimulates secretions 

Heart rate, 
contractility 

Increased Decreased heart rate 
with no change in 
contractility 

Pupils Dilate Constrict

Blood pressure Rises Falls or returns to 
normal value

Blood vessels Dilates cardiac 
and skeletal

No change

Peristalsis Inhibits 
peristalsis 

Increases peristalsis

Gut Diverts blood 
flow away from 
gut
Inhibits motility

Dilates blood vessels 
to gut

Salivation/tearing No effect Stimulation

Urinary system Urinary 
retention 

No change 

Responsible 
neurotransmitter

Norepinephrine
Epinephrine
ATP
Acetylcholine

Acetylcholine
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Cellular structures of the CNS
Back to the beginning
At approximately three weeks’ gestation, the nervous system 
begins as an undifferentiated ectodermal tissue known as the 
“neural crest” (Figure 7). During fetal growth, the neural crest 
folds into the neural.9  By 20 weeks’ gestation, grey and white 
matter are formed.1 The neuron will contain a cell body, an 
axon, multiple dendrites and, in the case of a motor neuron, the 
axon will terminate with a motor end plate. The brain at this 
stage would be the size of a small grape.

Migration of neurons and cells to their final destination does 
not end at birth, but continues for a few months after. Migra-
tion is facilitated with neuronal “growth cones”. Curved 
growth cones, assisted by glial cells, are studded with chem-
icals that “source out” their local environment. They are either 
attracted or repelled, and in the end will be “pulled” to their 
particular destination. Newer cells are formed deep in the 
brain and eventually find their place superficially in the cortex. 
The motor neurons, being the largest, differentiate first, fol-
lowed by smaller sensory and glial cells. Cerebellar cells are 
found superficially, then migrate deep into the cerebellar 
lobes. “Lost” axons, or those unable to find their end destina-
tion, are removed via a process called “pruning” in which these 
axons die back due to the lack of guidance cues and/or trophic 
factors.10

Myelomeningocele, also known as spina bifida (Figure 8), is 
a protrusion of the spinal cord, nerves and CSF through a pos-
terior vertebral defect. About 80% of cases occur in the lumbar 
region.13 In spina bifida occulta, the cord and nerves are ana-
tomically normal and the defect is not apparent to the naked 
eye. It can be found in 10–25% of all infants and commonly 
appears like an abnormal coarse hairy growth at the lumbar 
region or a midline dimple or port-wine stain. It causes mini-
mal to no neurological problems and most can be correctly 
surgically if it causes symptoms.13

Figure 7: Neural tube crest. Fetal development of the CNS
Reference: http://en.wikipedia.org/wiki/Neural_crest
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A note on neural tube defects
Neural tube defects are caused by the failure of the neural 
tube to close during development and is associated with 
folate deficiency.11 Defects are divided into anterior, mid-
line and posterior defects, with posterior defects occurring 
most commonly. Most neural tube defects are accompanied 
by a vertebral defect. With the bony defect, there is a pro-
trusion of the spinal cord and nerves. Some tube defects 
are incompatible with life, such as anencephaly in which 
the entire brain is missing and the bony component (skull) 
fails to form or is empty.12

Figure 8: Diagram of spina bifida
Reference: http://en.wikipedia.org/wiki/spinabifida

2. Spinal cord wedged 
between the vertebrae

1. External sac with 
cerebrospinal fluid
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Did you know?
Men, on average, have more white matter than women with 
the average 20-year-old male having 176,000 km as com-
pared to 149,000 km for women. As we age, our white matter 
decreases by 10% per year.9

Grey matter1–3 (Figures 9 & 10)
The grey matter is 1–4 mm in depth and is found in both the 
brain and spinal cord. It is composed of the cell bodies of neu-
rons and of supporting glial cells. Areas where grey matter is 
found include the cortex, thalamus, cerebellum, hypothalamus, 
basal ganglia, putamen, globus pallidus, brainstem and some 
deep structures, such as the red nucleus and substantia nigra.

White matter1–3 (Figures 11 & 12)
White matter makes up the bulk of the deep parts of the brain, 
cerebellum, superficial parts of the spinal cord and ventricles. 
Grey matter primarily surrounds it. 

Three types of white matter tracts are found within the CNS:
•	 projection tracts: send action potentials from neurons in the 

cortex to other regions, from brain to muscles, or from sen-
sory receptors to the brain

•	 commissural tracts: carry information from left-right 
hemispheres

•	 association tracts: carry information between the lobes on 
the same side. 

Considered the “cables” of the system, white matter is primarily 
responsible for the connection and carrying of neural impulses 
from grey matter to grey matter. White matter fibres can be either 
myelinated (surrounded by insulating myelin produced by oligo-
dendrocytes and able to effect rapid propagation of nerve impulses) 
or unmyelinated (effect slower propagation of nerve impulses).

Axons: are long structures that form the efferent component 
of the neuron. They contain microtubules, which provide them 
with structural integrity (the cytoskeleton). The axon transmits 
electrical impulses that are generated by the neuron and are initi-
ated from the axonal trigger zone (this is the part of the axon that 
receives the first stimulus). Because axons are sometimes very 
long, they also contain a transport system in order to transport 
materials back and forth from the cell body to the axon termi-
nals. Axons can be covered by myelin, which acts as an insulator, 
and can measure microns to metres in length. Axons in the PNS 
are structured somewhat differently than in the CNS, and can 
regenerate if injured in the PNS but not in the CNS.

Dendrites: are the structures that transmit electrical impulses 
toward the cell body. They are the structures that contain the 
receiving side of synapses (the specialized structures in which 
stimuli from one neuron are conveyed to another neuron using 
chemical neurotransmitters), are generally multiple in number 
and receive information from several other neurons.

Figures 9 & 10: Axial MRI showing areas of grey matter. Note how 
thin it is
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Figures 11 & 12: MRI axial cut showing areas of white matter
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Facts about neurons1,2,14 
•	 the CNS contains approximately one trillion neurons 
•	 mature neurons lack mitotic ability and cannot replicate 
•	 motor neurons are the largest
•	 neurons vary in size and complexity: some connect short 

distances such as distances from one cell to another, 
whereas others connect areas all the way from the motor 
cortex to the end of the spinal cord (four feet in the adult)

•	 some neurons carry information from the periphery to 
the CNS (Afferent neurons), whereas some carry infor-
mation from the CNS to the periphery (Efferent neurons)

•	 the majority of neurons in the CNS are “interneurons”. 
These are the neurons that relay information between 
major neuron groups located in the same areas

•	 neurons with a common function are grouped together 
into areas called “ganglia”

•	 neurons with a common target are grouped together into 
areas called “nuclei”

•	 they have a cell body, an axon and a dendrite
■■ cell body: is the metabolic and genetic centre, receives 

information and is covered by processes from other 
neurons and glia

■■ axons and dendrites: most neurons have one axon (the com-
ponent of the neuron that transmits information away from 
the cell body), and multiple dendrites, which are the pro-
cesses that transmit electrical impulses toward the cell body.

Figure 13: Neuron
Reference: http://en.wikipedia.org/wiki/File: complete_neuron_cell_diagram_en.svg
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Tracts: are bundles of nerve fibres (axons) whose function is 
to carry and transfer information. Groups of tracts are called 
“columns”. They can either ascend or descend in the spinal cord 
(e.g. the dorsal columns) or can travel horizontally (commis-
sures) in the brain. In case of injury where a “tract” is damaged 
or lost, the CNS contains multiple tracts that would sometimes 
allow continued transfer of information to support function. 

Myelin: Myelin is the lipid rich layer that surrounds axons and 
gives the white matter its appearance. The development of mye-
lin is not completed until two years of age. In the PNS, myelin is 
produced by Schwann cells and in the CNS by oligodendrocytes. 
The sheaths have small breaks along the way, called the “nodes of 
Ranvier” (Figure 14 and Figure 15). The nodes serve to speed up 
the transmission of electrical impulses along the axon. Generally 
large neurons are myelinated (in order to speed up transmis-
sion) and small ones are not. Myelination of the CNS begins at 
approximately three weeks’ gestation and continues after birth.16 

Cellular injury and regeneration
In contrast to the CNS, which regenerates poorly, the PNS is 
able to regenerate in certain circumstances. In the case of the 
CNS, neuronal death secondary to an injury can be the result 
of damage to any part of the neuron including the cell body 

axon or dendrite. The PNS is slightly different. Shortly after 
an injury to the axon, the damaged end will begin to enlarge. 
These enlargements are known as “growth cones”. Growth 
cones begin to send out “feelers” (Figure 16). If the feelers can 
move past the point of scar or injury and reconnect, then there 
can be regrowth of the axon and a potential for restoration of 
function.17

Myelin regeneration
Myelin in the PNS has 
an ability to regen-
erate as we see in 
patients diagnosed 
with Guillain-Barré 
Syndrome (GBS). As 
the cells “heal”, the 
GBS patients will 
slowly recover neu-
rological function. In 
the CNS, when break-
age in myelin is found, 
for example in MS, the 
myelin is sometimes 
the source of a mye-
lin “scar” that makes 
axonal regeneration 
impossible.

Transmission of information through the CNS2,19  
Neurons transmit information using electrical and chemical 
signals. The electrical signals are transmitted along dendrites, 
cell bodies and axons due to the flow of charged ions across 
the cell membrane. This flow is possible because the ions are 
maintained at different concentrations on the inside of the 

Interesting fact
If we made the cell body the size of a human, the axon of 
a motor neuron would be a few centimetres in width and 
greater than 1 km in length.15

Figure 15: Nodes of Ranvier. Created by oligodendrocytes, myelin 
aids in transmission of information through the CNS
Reference: http://en.wikipedia.org/wiki/File:Neuron_with_oligodendrocyte_and_myelin_sheath-2.svg

Figure 14: Nodes of Ranvier
Reference: http://en.wikipedia.org/wiki/
File:Gray631.png

Critical thinking
“Myelin” tumours develop where white matter is found. 
In the case of the PNS, “acoustic schwannoma” is a myelin 
tumour of the acoustic, or eighth cranial nerve, while “oli-
godendrioglioma” are myelin tumours of the CNS or brain. 
Diagnostically, therefore, myelin tumours are found on the 
cranial nerves or deep within the white matter. This fact is 
important to help identify the possible tumour variety.   

Multiple sclerosis (MS) is a disease of myelin destruction. 
As myelin is found in both hemispheres, MS can be difficult 
to diagnose, as there can be more than one neurological 
presentation.

Figure 16: Image of a neuronal growth 
cone with “feelers”
Reference: http://en.wikipedia.org/wiki/File:Growthcone.jpg

Interesting fact
Motor axons will more frequently reconnect with motor 
neurons and sensory to sensory. Axons will choose the 
original muscle to innervate. Incorrect innervation is called 
“anomalous re-innervation”. This is noted with unwarranted 
motor responses after an injury. For example, with the phe-
nomenon called “jaw winking” the muscle axon intended 
for the jaw also goes to the eye. Every time you chew, you 
blink!18
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cell as compared to the outside. The separation of electrical 
charges across the cell membrane results in a difference in 
voltage (membrane potential) on the inside vs. the outside of 
the cell. When the neuron is in a resting state, the “resting 
potential” is about -70 millivolts (mV) and there is no move-
ment of sodium (Na+) or potassium (K+) ions across the cell 
membrane. There is more K+ generally inside the cell, and more 
Na+ inside the cell.

The flow of K+ and Na+ across the cell membrane is achieved 
through ion channels — proteins that comprise pores in the 
cell membrane that are either open or closed. The ion chan-
nels open or close, depending on the voltage across the cell 
membrane.

Let’s say your CNS needs to transmit information along the 
axon. The sequence is easy to understand and takes millisec-
onds to occur:
1. Firstly, the oncoming electrical impulses pinch the Na+ chan-

nels on the cell membrane. 
2. “Pinching” causes the Na+ channels to open, allowing the 

extracellular Na+ to flood in. 
3. This shift causes the K+ channels to open and forces the 

intracellular K+ out. 
4. At the same time, Na+ continues to enter the cell. 
5. The open Na+ channels cause a very fast depolarization of 

the membrane potential generating a “spike” in the mem-
brane potential. 

6. At this point K+ flows outward, to cause repolarization of 
the membrane potential and the action “spike”, or action 
potential is over.

7. Once the action potential reaches the axonal end, the 
impulse triggers a series of chemical events that cause the 
release of neurotransmitters from the presynaptic terminal. 
Neurotransmitters cross from the presynaptic terminal to 
the postsynaptic terminal found on a dendrite, and trigger 
the opening of more ion channels that cause the propagation 
of the electrical signal. 

These steps cause the action potential to propagate along an 
axon, because one area of an axon that depolarizes causes 
changes in membrane potential in adjacent portions of the 
action. These changes in membrane potential cause the 
ion channels in these adjacent segments to repeat the same 
sequence as above, thus resulting in propagation of the action 
potential.

Myelinated axons: saltatory conduction1,2,20

On the myelinated axon, the process is slightly different in that 
the impulse does not travel along the axon, but jumps from node 
of Ranvier to node of Ranvier, increasing the speed of transmis-
sion. The speed is dependent upon the thickness of myelin and 
the distance between the nodes. 

Critical thinking
Diagnostically, astrocytoma can be found in the thalamus, 
high cortical regions or sitting on the blood-brain barrier 
(BBB). Since astrocytes are found only in grey matter or 
BBB, “astrocytomas” are tumours of grey matter.

Did you know?
That glial cells replicate and are therefore able to form 
primary brain tumours?

Table 2: Primary cells of the nervous system2  

Cell name Function and location

Glial cell •	Outnumber the axons 10:1 
•	Represents about 40% of brain volume 
•	Are responsible for nervous system 

“maintenance”
•	Known as the “glue” of the CNS

Astrocyte •	Are glia found in grey matter
•	Provide structural and nutritional sup-

port by covering the entire brain under 
the pia and surround the blood vessels 

•	Are star-shaped 
•	Help to form the blood-brain barrier
•	Aid in the repair of damaged neural tissue 
•	Maintain K+ concentrations in the 

extracellular space

Oligodendrocyte •	Are glia that predominate in white matter
•	Are responsible for formation and main-

tenance of myelin and covers up to 50 
axons with one sheath

•	Have nutritive properties

Ependyma •	Are glia that line the ventricles and cho-
roid plexus

•	Aid in prevention of bacterial infiltration 
into ventricles 

•	Produce CSF 

Microglia •	Are scavengers of the CNS
•	Migrate to areas of injury and remove 

debris
 

Interesting fact
Action potentials last < 1/1000 of a second and travel  
1–100 m/second (white and grey matter). Electrical signals 
in myelinated axons move faster than in unmyelinated ones. 
Some neurons emit action potentials between 10–100/
second and some are very quiet.

Seizures
It is believed that seizures are the result of neuronal 
“synchronicity”, in that multiple neurons depolarize at the 
same time, resulting in a seizure.



Volume 35, Issue 3, 2013 • Canadian Journal of Neuroscience Nursing 13

Let’s have a “synaptic” moment1,2

For communication between neurons to occur, information 
carried by the action potential needs to be able to jump across 
from one neuron to another. Synapses are the structures across 
which information jumps. Synapses can be found between the 
terminal portion of an axon (pre synaptic terminal) and the 
receiving dendrite (post synaptic terminal). Sometimes, syn-
apses are found between the axon and nerve body or axonal 
terminal and another axon (axon-axonic transmission). Some 
large cell bodies can have multiple dendrites and hundreds of 
thousands of postsynaptic terminals. Propagation of signals 
from the presynaptic junction to the postsynaptic junction is 
accomplished with the use of neurotransmitters.  

What else do we know about synapses? 
•	 some are excitatory (produce a signal that causes excitation 

of the cell—more electrical activity)
•	 some are inhibitory (produce a signal that inhibits the cell from 

producing electrical activity)
•	 some are large, some are small, some are flat and some are round.

I’m so excited: Common neurotransmitters of the nervous 
system (Figure 17)
Neurotransmitters (NT) are chemicals whose function is to 
transfer information from one neuron to another. Neurons con-
sistently release the same single or the same combination of 
neurotransmitters. Made mainly from modified amino acids, 
these abundant transmitters have various functions and can be 
paramount in some disease processes.1,2  

NTs are packaged in tiny vesicles (synaptic vesicles) at the 
pre-synaptic terminal waiting to be called upon. Once an action 
potential reaches the end of an axon, the electrical signal pro-
duced by the action potential causes ion channels permeable to 
calcium to open within the presynaptic terminal. This causes an 
influx of calcium ions into the presynaptic area, and the rise in 
intracellular calcium is the trigger that elicits the release of neuro-
transmitters. The NT diffuses across the synapse (in the synaptic 
cleft) and binds to post-synaptic receptors on the receiving side of 
the synapse (Figure 18). Different neurotransmitters bind specif-
ically to different kinds of post-synaptic receptors. Free-floating 
NTs that are not bound or degraded are taken back up into the 
pre-synaptic terminals for re-use, or are mopped up by glial cells. 

“Excitatory” neurotransmitters bind to postsynaptic receptors 
whose activation increases the probability that the target cell 
will generate an action potential and thus propagate infor-
mation to the next neuron.2,23 “Inhibitory” neurotransmitters 
bind to receptors whose activation reduces the probability of 
generating an action potential.

Did you know?
That a cubic millimetre of cerebral cortex contains one 
billion synapses.22

Did you know?
The average infant has 2,500 synapses per neuron, which 
increases by 600% by the age of two. By the time the brain reaches 
adulthood, we have about 7,500 synapses per neuron. Old, 
damaged or dead synapses are removed via synaptic pruning.21

Figure 17: Depiction of a synaptic transmission
Reference: http://en.wikipedia.org/wiki/File:Chemical_synapse_schema_cropped.jpg
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Figure 18: Synapse
REFERENCE:  http://en.wikipedia.org/wiki/File:Synapse_Illustration_unlabeled.svg

Did you know?
Amphetamines and cocaine bind to the transport-
ers that are used to uptake dopamine in the synapse.  
Excessive synaptic dopamine affects our pleasure centres, 
thereby making us enjoy the drug experience.

Did you know?
That the nearby chemoreceptor centre can detect toxins in 
the blood and CSF and is essential for inducing vomiting. It 
also contains the “conditional taste aversion centre” which 
ensures that once an animal tastes a poison it will never eat 
that object again.25



14 Volume 35, Issue 3, 2013 • Canadian Journal of Neuroscience Nursing

Structures of the brain and skull 
The adult brain is housed within a skull and is surrounded 
by the meninges.2 At any given time, there is a fine balance 
between the skull contents, including brain, CSF and blood. 
The pressure within the skull is measured as intracranial pres-
sure (ICP). Pressure is relatively static with the average ICP 
of 0–15 mmHg, but can fluctuate wildly during normal activ-
ities such as sneezing or lifting weights. In general terms, if 
any one component contained in the skull changes in volume, 
other parts of the system must shift. For example, in the case 
of hydrocephalus, there is an excessive accumulation of the 
CSF component, causing either a displacement of the brain, 
or a rise in ICP. Changes in ICP in compensation to shifts in 
the volume of various intracranial components are described 
by the “Monro-Kellie” doctrine.1,2,26 This “doctrine” describes 
the relationship between changes in intracranial volume and 
pressure. Over time, and if the pressure continues to increase, 
decompensation will occur (see below).

Cranial bones (Figures 19 & 20)
The function of the skull is for protection of the brain and con-
tents. Newborns have a total of six separate cranial bones, sepa-
rated by tough elastic fibrous tissues called “sutures”, “soft spots” 
or “fontanelles”.2 The purpose of the sutures is to allow the head 
to change its shape to facilitate the baby’s delivery, for brain 
growth and development and for protection from minor injury. 
Infants have six sutures, including two major fontanelles: occip-
ital (posterior) and frontal (anterior) (Figure 21). The fontanelles 
can be fused at birth or within two to three months (posterior) 
or by 18 months of age (anterior). Fusion leads to the arrest of 
bony growth and the skull becomes rigid.1–3   

Table 3: Neurotransmitters2,23,24

Transmitter Action Functional location Common neurological illnesses that 
may be related to neurotransmitters

Acetylcholine Excitatory
Inhibitory

ANS
Forebrain, CN, thalamus, 
hippocampus (HC), hypothalamus

Alzheimer’s disease
Myasthenia gravis
Huntington’s chorea  
   (movement disorder)

Glutamate
(most common)

Excitatory
Can detect coincidental 
activity in axons (memory)

Spinal cord, brainstem, HC, cortex Cell death post injury

Dopamine Inhibitory Hypothalamus, midbrain, basal 
ganglia

Parkinson’s, schizophrenia

Norepinephrine Excitatory SNS, wide spread Panic attacks, sleep/wake cycle 
disturbance

GABA (2)  
(γ-amino butyric)

Inhibitory Hindbrain, cortex, HC, limbic Behavioural changes, memory loss, 
emotional and movement disorders

Serotonin Inhibitory PNS in gut, widespread Regulates appetite, affects memory 
and learning, temperature, mood, 
cardiovascular and endocrine function 

Epinephrine Excitatory Adrenal cortex

Interesting fact
In the child, bulging or sunken fontanelles can be a sign of 
increased ICP or of dehydration respectively.

Figures 19 & 20: 
Cranial bones
Reference (19): http://
en.wikipedia.org/wiki/
File:Human_skull_side_
simplified_(bones).svg
Reference (20): http://
en.wikipedia.org/wiki/
File:Cranial_endobasis.jpg

19

20
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Disorders of infant and childhood sutures: Craniosynostosis 
is the premature closure of one or all of the six sutures. This rare 
disorder, more common in males, can result in microenceph-
aly (small head) or an abnormally shaped head. As the skull is 
forced to grow irregularly in a different direction, children will 
begin to show changes in facial appearance.27

The adult skull includes 22 fused bones (except the mandible). 
The adult skull includes eight bones of the skull and 14 bones 
of the face. The intracranial compartment is subdivided into 
anterior, middle and posterior cranial fossa. Most of the bones 
are peppered with holes to allow nerves and arteries to pass 
through.2 

Of note, the temporal bone encases six bones that make 
up the inner ear. The occipital bone contains a large cen-
tral opening to accommodate the brainstem and spinal cord 
known as the “foramen magnum”. The average adult skull is 
6.5–7.1 mm in width and 171–176 mm in length, and has an 
average weight of 2.5 pounds empty and 11–14 pounds with 
all of its contents.2   

Meninges1–3,24 (Figure 22)
The outer coverings of the brain are called the meninges and 
include three layers:
•	 the dura mater, “tough mother”, leather-like outer layer, 

which is fused to the skull in various places, restricts brain 
movement and is continuous with the spinal canal. The dura 
matter separates the hemispheres from each other and also 
separates the cerebellum from the cerebrum. The dura mater 
contains the dural sinuses which form part of the venous 
drainage of the brain, and that also contain structures respon-
sible for passive reabsorption of CSF produced by the brain. 
The dura is innervated by cranial nerve V (trigeminal nerve) 
and by the first cervical nerve

•	 the arachnoid is “spidery mother” and is a layer that forms 
a space over the brain and spinal cord in which is found the 
CSF and the blood vessels. It is usually watertight. The arach-
noid space also contains arachnoid villi or granulations that 
extend up into the dura and the venous sinuses where the 
CSF is reabsorbed into the blood stream

•	 the pia mater is the “soft mother” and is comprised of a thin 
layer of cells. It is adherent to the surface of the brain. 

Frontal suture

Figure 21: Sutures
Reference: http://en.wikipedia.org/ 
wiki/File:Frontal_suture.png

Interesting fact
Getting punched in the nose and sense of smell. The cribiform 
plate is a boney area found at the front of the skull. It is the 
area through which the olfactory nerves, which terminate 
in the olfactory bulbs, extrude processes that travel through 
the cribriform plate and into the nasal cavity. These pro-
cesses contain the receptors that make olfaction possible. 
Fracture of the cribiform plate can disrupt these processes 
and lead to disruption of sense of smell, complete lack of 
smell, or smelling stuff that isn’t there, including smelling 
offensive odours (that could be bad…).

Pia mater

Arachnoid

Dura mater

Bone
Periosteum

Skin

Figure 22: Meninges
Reference: http://en.wikipedia.org/wiki/File:Meninges-en.svg

A word on meningitis
Meningitis is the name given to inflammation of the menin-
ges and comes with a classic set of symptoms: nuchal rigid-
ity, headache, photophobia with or without fever. Remember 
that there are many causes of meningitis including bacteria, 
virus, surgery, and chemical.

Meningeal layers:
Hematomas located between the:
• Bone and dura: epidural hematoma
• Dura and arachnoid: subdural hematoma
• Arachnoid and pia: subarachnoid hemorrhage
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Cerebrospinal fluid: 
•	 is produced in the choroid plexus, a highly vascular delicate 

structure located in the walls of the lateral ventricles and the 
roof of the third and fourth ventricles. The choroid plexus is 
covered with ependymal cells

•	 CSF circulation is aided by pulsations in the choroid plexus 
and ependymal cells

•	 bathes the brain and spinal cord allowing the brain to float, 
and cushions the CNS central from injury

•	 plays a role in homeostasis regulation as it removes toxins 
and metabolites

•	 is fundamental in the maintenance of the Monro-Kellie doc-
trine (see current chapter)

•	 approximately 140 cc of CSF is found within the ventricles 
and subarachnoid spaces at any time

•	 total production is approximately 500 cc/day or 20 cc/hour 
and turns over 3.7 times daily

•	 production in children is only slightly less than in adults. 

CSF components include:
•	 colour: clear and colourless 
•	 glucose: two-thirds of the serum glucose level or 

3.3–4.4 mmol/L
•	 protein: 15–45 mg/dl
•	 WBC: < 4/mm
•	 RBC: zero

Ventricles1–3

The ventricles are fluid-filled chambers found deep within the 
brain’s core. They are continuous with the subarachnoid space 
and spinal cord. The ventricular system (Figure 23) can be 
thought of by their anatomical location: the “lateral ventricles” 
are located under the two hemispheres and extend from the 
frontal to the occipital lobes (Figures 24a & 24b). The lateral 
ventricles each drain through a foramen (hole) of Monro into 
a single central third ventricle. This ventricle is found between 
the hemispheres surrounded by the thalami on either side, the 
corpus callosum above and is located just behind and above 
the pituitary gland. From the third ventricle, the CSF drains 
through to the cerebral aqueduct of Sylvius. This aqueduct joins 
into the small triangular-shaped fourth ventricle. This ventricle 
is found behind the brainstem at the level of the pons. From 
there, the CSF “journey” exits via the foramen of Magendie and 
bilateral foraminae of Luschka and into the cisterna magna. 
The CSF is now in the subarachnoid space and will flow around 
the brain and spinal cord. CSF is eventually reabsorbed in tiny 
arachnoid villi, located in the dural venous sinuses, and through 
lymphatics with absorption being pressure dependent. 

Summary: Lateral ventricle-third ventricle-cerebral aque-
duct-fourth ventricle-foramen of Magendie and bilateral foram-
inae of Luschka-SAS.

Figure 24a: MRI sagittal view showing ventricles. CSF on this image 
is black.

Figure 24b: MRI axial view showing lateral ventricles. CSF on this 
image is black

Interesting fact
The fourth ventricle is about the size of a pea and holds 
approximately 5 cc of CSF. Having 10 cc of blood in the 
fourth ventricle, through a subarachnoid hemorrhage, can 
cause acute and sudden hydrocephalus.

Figure 23: Depiction of the ventricular system 
Reference: http://en.wikipedia.org/wiki/File:Gray734.png

24a 24b
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Assessment of CSF: Infection or hemorrhage
A lumbar puncture (LP) can obtain CSF for culture and sen-
sitivity and assess for blood products. As the spinal cord ends 
at L1–2, LPs are done at the level of L3–4 or below, as there is 
limited possibility of injury to the cord.

All the values in Table 4 are listed across all age groups.

Intracranial pressure 
The pressure is building: A word on intracranial pressure 
(ICP) and the Monro-Kellie doctrine
ICP is described as the pressure within the incompressible skull 
and includes the dynamic balance of CSF, brain and blood vessel 
volumes. The constancy of cerebral hemodynamics, including 
blood flow, brain volume, CPP and CSF are required to main-
tain ICP at 5–15 mmHg. This is also referred to as the Mon-
ro-Kellie doctrine. 

Factors involved in the maintenance of the Monro-Kellie 
doctrine26,29,30:
•	 compensation: an increase in one component (brain, CSF, 

blood) requires a decrease in another 
•	 about 20% of “brain volume” is fluid that sits around the cells 
•	 CSF is the most readily displaced and can be displaced into 

the spinal cord
•	 ICP can become elevated due to non-pathological causes 

(sneezing, coughing) or to pathological causes (tumour, 
stroke, abscess, hemorrhage) 

•	 ICP can be “managed” until it reaches 25 mmHg, then com-
pensation begins

•	 pressure will eventually look for areas of least resistance (such 
as the brainstem). Movement towards the brainstem is called 
“herniation” (see coma section)

•	 once ICP becomes > 40–50 mmHg, loss of consciousness 
occurs and there is a decrease in cerebral perfusion

•	 sustained ICP > 50 mmHg leads to infarction and death. 

Table 4: CSF results28

Colour Protein Glucose WBC RBC Other

Normal CSF •	clear	and	
colourless

•	15–45	mg/dl •	two-thirds	
of serum 
glucose, 
or 3.3–4.4 
mmol/L

•	<	4	cells •	negative	by	
third/fourth 
tube 

•	negative	bacteria,	virus

CSF with 
subarachnoid 
hemorrhage

•	bloody	at	
third/fourth 
tube

•	slight	
increase

•	no	change	 •	no	change •	very	high	 •	xanthochromia	
(oxyhemoglobin) after 
12 hours

CSF with 
bacterial 
meningitis

•	cloudy	or	
purulent may 
be thick 

•	very	high •	very	low	
(consumed by 
leukocytes)

•	increased	 •	slight	increase	
or normal

•	high	bacterial	count

CSF with 
malignancy

•	clear	yellow,	
may be thick 

•	slight	
increase or 
normal

•	normal •	very	high •	slight	increase	
or normal

•	positive	for	alpha-
fetoprotein (AFP), 
carcinembryonic 
antigen (CEA), 
beta-glucuronidase

CSF with MS/
autoimmune 
disease

•	clear	yellow •	slight	
increase or 
normal

•	no	change •	no	change	 •	no	change	 •	Ig/G	bands
•	>	1.5	(elevated)
•	may	contain	myelin	

fragments

Figure 25: Hydrocephalus. CT of the head. Note the size of 
the enlarged ventricles. This person would be diagnosed with 
hydrocephalus

Lateral 
ventricles

3rd 
ventricle
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Symptoms of elevated ICP
Symptoms of elevated ICP can be listed according to location of 
the elevation within the CNS. Symptoms of increased pressure 
around the level of the brainstem are different from those in 
the cerebrum. Brainstem findings often indicate a grave prog-
nosis (Table 5). 

Table 5: Symptoms of raised ICP29–32

Symptom Anatomical location Significance to the patient

Headache Cortical: pressure on the meninges Can be viewed as an early warning sign. Need to rule out other 
causes of headache 

Pupillary 
changes (dilated 
and not reactive)

Midbrain level and is secondary to 
shifting of the uncus of the temporal 
lobe until it compresses the third cranial 
nerve, which causes the pupillary 
dilatation

*Is a potentially grave, yet early sign. The cause of the increased 
pressure is ipsilateral to the dilated pupil. Suggests that the 
pressure is reaching a level that causes the brain to shift onto the 
brainstem.
Requires urgent surgical attention

Vomiting Roof of fourth ventricle or pressure on 
the hypothalamus

Suggest brainstem or hypothalamic involvement 

Nausea Hypothalamic area Need to rule out other causes of nausea 

Altered level of 
consciousness

Thalamus and upper brainstem 
(involvement of the reticular activating 
system (RAS)) 

Suggests that ICP change is affecting both hemispheres or is 
causing significant pressure on the brainstem
Most likely the ICP is greater than 25 mmHg
Need to rule out other sources of altered LOC: metabolic, 
medications, fever (see coma section below)

Papilledema Optic chiasm and optic nerves Suggests that pressure is longstanding, causing edema in the 
optic nerve all the way to the retina (optic disk). Patient needs a 
diagnosis (start with brain imaging)

Cheyne-stoke 
respiration

Any level throughout the neuroaxis Patient may suffer airway compromise. Need to assess airway 
and oxygen saturation
Requires urgent medical or surgical care

New onset 
hemiplegia

Any level throughout the neuroaxis, but 
is typically due to a unilateral lesion

May be the result of compression of the motor strip, pyramidal 
tract, thalamus, or compression in the brainstem
Should be correlated with other neurological symptoms (such as 
a third nerve palsy)

Pinpoint pupils Pons
Opiate overdose 

Is a late sign (if not due to medication) suggesting brainstem 
involvement and potential fatal herniation
Check medication history  

Hyperventilation Medulla Is a late sign suggesting brainstem involvement and potential 
fatal herniation

Cushing Triad Medulla: hypertension, wide pulse 
pressure, bradycardia, irregular breathing 

Is a late sign suggesting lower brainstem involvement and 
potential fatal herniation

Enlarged 
fontanelles 
when sitting up 

Seen in young children pre-fusion of 
sutures

Is a compensatory mechanism for high ICP

Sunset eyes 
(inability to look 
upwards) 

Brainstem: dorsal midbrain and pons 
Seen most frequently in children and 
suggests pressure on cranial nerves III, 
IV, VI. The eyes appear to look downward

Indicates either increased ICP (e.g. from hydrocephalus), or 
a mass lesion compressing the brainstem — both need urgent 
diagnosis and medical/surgical attention

Bradycardia Seen in patients with high ICP Abnormal finding suggesting brainstem involvement 

Critical thinking
The nurse at the bedside is the first person to assess for 
changes in ICP with accompanying neurological changes. 
It is critical to be aware of any rapid or progressive neuro-
logical change.
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Critical thinking
Cerebral edema can be either vasogenic (meaning that the 
increased water content of the tissues is in the extracellu-
lar compartment) or cytotoxic (meaning that the increased 
water content is intracellular). Though both raise ICP, treat-
ment is not the same. Vasogenic edema is often seen in brain 
tumours and is treated with dexamethasone. Cytotoxic 
edema is treated with osmotic agents such as mannitol (a 
dehydrating agent for the brain). 

Table 6: ICP

Stage ICP Venous 
response

CSF flow Tissue 
response

Arterial response Exam findings

1 •	compensated •	decreased	
flow 
compression 
of veins 

•	 increased	
reabsorption

•	no	impact •	no	change •	confusion,	
drowsiness, slight 
pupil and resp. 
changes

2 •	 intracranial	
hypertension

•	partial	
compensation

•	cont.	
compression

•	maximum	
reabsorption 
reached

•	hypoxia
•	hypercapnia

•	general	
vasoconstriction to 
increase BP to push 
through ICP 

•	cerebral	
vasodilation 

•	decreasing	LOC,	
Cheyne-stokes 
respiration, sluggish 
pupils, bradycardia, 
wide pulse pressure

3 •	dramatic	
rise in ICP, 
decompensation

•	 loss	of	auto-
regulation, 
maximum 
constriction

•	beginning	of	
hydrocephalus

•	severe	
hypoxia

•	acidosis

•	maximum	
vasodilation

•	coma,	pupillary	
changes, minimal 
response to pain

4 •	decompensation  •	obstructive	
hydrocephalus

•	herniation	
ischemia

•	disruption	of	
arterial blood flow

•	coma,	dilated	
fixed pupils, ataxic 
breathing, posturing 

Point of interest
On a normal CT scan or MRI, we often can easily see the 
brain “gyri”. But as ICP rises, the gyri begin to push upwards 
towards the inner table of the skull. As the gyri press up 
onto the skull, they will begin to flatten and become indis-
tinguishable. This is known as “effacement”.

ICP decompensation is categorized into four stages 
(Table 6)29,33,34 
•	 decompensation will occur once all of the compensatory 

mechanisms available to the CSN to prevent a rise in ICP 
fail. Such mechanisms may include a decrease in the intrac-
ranial volume of CSF when there is an increase in the volume 
of another compartment, such as tissue from a brain tumour

•	 death (if untreated and rising) will typically occur from end-
stage raised ICP that causes compression of the brainstem 
(herniation).

Consciousness and coma 
Consciousness can be described as having the awareness of 
one’s environment, being mentally perceptive and awake, pro-
viding responses to our environmental cues and being cogni-
zant of our beliefs, ideals and thoughts. Conversely, coma has 
been defined as the state of altered or impaired consciousness 
in which both the motor and psychological responses to stim-
ulation are completely lost, as in deep coma, to that of reduced 
or rudimentary responses seen in moderately deep coma.35 Two 
key components, arousal and awareness (content), are required 
for both our conscious state and our level of coma.

Critical thinking
Sometimes surgery or other causes of brain swelling (such 
as with infarction, tumour or abscess) cause a patient to be 
more prone to ICP problems. Pathology in the “posterior 
cranial fossa” or the area behind or including the brainstem 
(cerebellum) can be particularly problematic, because a rel-
atively small increase in ICP can directly cause brainstem 
compression and a sudden respiratory arrest. Post fossa 
swelling can compress the fourth ventricle, which leads to 
hydrocephalus.

Often, early symptoms of raised ICP can be missed and 
associated with other common problems. For example, 
post-operative nausea, headache and vomiting are a com-
mon presentation post surgery. 

•	 Headache: can be related to the surgical site, caffeine or 
nicotine withdrawal, blood sugar, etc. 

•	 Nausea: could be related to the analgesics used to treat the 
headache, constipation, general anaesthetic, and ileus

•	 Vomiting: could be related to the analgesics, constipation, 
ileus, etc.

But, they are also symptoms of increasing ICP. So, be 
cognizant of the patient who has post fossa surgery…
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The term “coma” is a lay term that is used to describe an altered 
level of consciousness. However, “coma” means different things 
to different people, because patients can have different levels of 
consciousness. Consequently, medical practitioners do not use 
the word “coma”. Rather, they use a validated scale in order to 
communicate the patients’ level of consciousness. This scale is 
called the Glascow Coma Scale (GCS). 

Other commonly used terms are “arousal” and “awareness”. 
Understanding the differences between the two helps in under-
standing the transition from a normal level of consciousness to 
altered consciousness. Awareness is primarily higher function 
(requiring acknowledgment of sometimes complex external cues), 
whereas arousal is a process that requires the functioning of prim-
itive CNS structures like the brainstem and thalamus. As a person 
moves into a state of coma, levels of awareness are affected first.

Awareness: includes responses to motor stimuli, verbal 
responses to questions and the ability to open the eyes spon-
taneously or when spoken to. Of these, the motor response is 
the most sensitive index of the degree to which a patient’s level 
of consciousness is altered. 

•	 must involve the cerebral hemispheres, which are responsible 
for the processing of multiple higher order functions

•	 must be self-promoting (on-going connections with 
thalamus)

•	 includes: 
■■ frontal lobe: judgment, motor responses, reasoning, mem-

ory and expressive language
■■ temporal and parietal lobe: language, memory, sensation
■■ occipital lobe: interpretation of visual field, visual memory.

Arousal: is maintained or initiated in through the reticular acti-
vating system (RAS) (Figure 27).

The RAS1–3:
•	 consists of a series of interconnected circuits housed within 

the brainstem, hypothalamus and thalamus
•	 is called the “ignition system” and is divided into ascending 

and descending tracts:
■■ ascending tracts: connect the brainstem, hypothalamus 

and thalamus with the cortex
■■ descending tracts: connects the thalamus, hypothalamus 

and brainstem to the cerebellum and reticulospinal tract, 
modulating sensory input, autonomic activity, spinal cord 
reflexes and postural muscles. 

Start your engines: arousal and awareness-transference of 
information 
Neurons become excited in the ascending tracts of the RAS by 
any form of stimulus: auditory, olfactory or sensory and have a 
non-specific response. Tracts located in the brainstem send this 
stimulus upwards to connect with the posterior portion of the 
thalamus. Almost like a sprinkler system, the thalamus sends 
out projections to the cerebral hemispheres to propagate and 
transmit an appropriate response. In order to remain “aroused”, 
self-promotion and ongoing thalamic connection are required. 

Alterations in consciousness
Early changes to our level of conscious can be related to problems 
within the CNS or those found outside of the CNS. They can be 
fluctuating, progressive or sudden. When patients suffer a change 
in consciousness, it can either be due to metabolic causes (e.g. med-
ications, ketosis) or due to structural causes. In the case of the latter, 
a change in consciousness always raises concern about compression 
or irritation of the strategic areas of the CNS (brainstem, thalamus).

Alterations in consciousness can be:
•	 fluctuating: is generally not strictly related to the CNS only but 

can include CNS and non-CNS causes, for example, delirium 
and anesthesia, or UTI and dementia

Case presentation
A 52-year-old female collapsed at work and was intubated 
at the scene. She arrived in ER with a Glascow Coma Score 
(GCS, see below) of 3/15. The CT scan below shows that she 
has, among other things, an acute subdural hematoma on 
the left side. She also has generalized brain edema, sugges-
tive of a hypoxic episode. Most importantly, her ventricles 
are small, and the midline structures are dramatically shifted 
to the right by the subdural hematoma and the swollen left 
brain. Note the lack of any clear sulci and gyro in scan 1. Her 
scans are suggestive of brain herniation. She succumbed to 
her injury the next morning.

26a 26b 26c

*

Figures 26a, 26b & 26c: CT of ICP
Figure 26a & 26b: Note the inability to see the ventricles
Figure 26c: Note that the ventricles are shifted over the other 
side. The patient also has a small subdural hematoma (*)

Figure 27: Depiction of the RAS from the brainstem to the thalamus
Reference: http://en.wikipedia.org/wiki/File:gray690.png

Brainstem

Thalamus

Just think…
The RAS keeps you awake while driving late at night. Informa-
tion from the brainstem is sent forward to the thalamus, which 
activates the cortex. As the system begins to “peter-out” and you 
get tired, you may notice that you open the window, turn on the 
radio or engage a passenger in conversation. The purpose of this 
is to provide on-going stimulation of the ascending tracts and 
cortical stimulation. The system is, therefore, “self-promoting”.
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•	 progressive: observed primarily with primary CNS pathology 
and encroaching rise in ICP: changes in volumes of brain, 
CSF or blood. This is also witnessed in patients with CNS 
disease and an overwhelming systemic illness such as sepsis

•	 non-pathological: sleep. During sleep the descending tracts of 
the RAS can turn “off”, giving us a perception of rest. Through 
stimulation, such as touch or voice, the ascending RAS is 
re-engaged and turned back “on”.

Causes for changes in the level of consciousness can be 
classified into three areas: 
•	 CNS: requires bi-hemispheric changes to contents or volume 

related to blood, CSF or brain. This can often be measured 
or reflected in a rise in ICP

•	 non-CNS: metabolic, systemic issues (organ failure), toxins, 
acid-based disturbance, and anoxia

•	 CNS and non-CNS: includes a known diagnosis of a CNS 
disease (brain tumour resection) and a non-CNS insult, such 
as sepsis (Table 7).

Components required for structural causes of altered level of 
consciousness:
•	 failure of the Monro-Kellie doctrine
•	 progressive neurological decompensation irrespective of sys-

temic medical condition
•	 pressure, destruction or irritation of consciousness key areas 

(brainstem or thalamus).

Alterations in LOC and progression of coma29,30 (Figure 28)

In the adult, the volume of the intracranial cavity is fixed. When 
ICP begins to build, the intracranial contents will be pushed 
into areas where it is not normally found. This is also known 
as “herniation”:
1. When there is a unilateral increase in intracranial contents, 

such as with a unilateral brain hemorrhage, the intracranial 
contents will shift sideways (e.g. scan 1). The cause of the 
rise in pressure remains ipsilateral, though the increase in 
ICP is distributed throughout the intracranial compartment. 
Patients may exhibit symptoms of headache (see symptoms 
of ICP above) or exhibit focal neurological deficits such as 
weakness contralateral to the affected hemisphere

2. Once the ICP increases further, the intracranial contents 
will shift further sideways, resulting in a shift of the midline 
structures of the brain (thalamus and brainstem). You will see 
changes in consciousness as this progresses, or changes in lev-
els of arousal (content) and progression of focal neurological 
deficits. When the pressure is high, the uncus of the temporal 
lobes may begin to herniate through the tentorial incisura (the 
opening in the dura mater that contains the midbrain). This is 
often referred to as “midline shift” or transtentorial herniation 
(across the “tent”), or “uncal herniation”

3. Once ICP is very high, the intracranial contents will shift 
downwards, under the thalamus to the midbrain. You will see 
obvious changes in LOC, the patient may not respond to pain 
(if compression involves the brainstem), may exhibit pupillary 
changes (third cranial nerve compression), and hemiplegia

4. In its terminal stages, raised ICP causes herniation of the 
brainstem and cerebellum downwards into the foramen 
magnum. This is called “coning”, and is manifest as pro-
foundly impaired consciousness, cardiac and respiratory 
instability, and a loss of cranial nerve reflexes (pupillary, cor-
neal and gag). Death is imminent if left untreated.

Brain death36–38  
Brain death is defined as a complete and irreversible neurological 
failure and is most often associated with a severe brain injury. 
The determination of brain death can vary across age groups. 

Key components are listed below: 
•	 the diagnosis of brain death is based on a number of criteria:

■■ established irreversible neurological pathology
■■ radiological evidence of a devastating neurological injury 

consistent with brain death
•	 must be cleared of all possible systemic variables, such as: 

■■ severe hypothermia, temperature < 34°C 
■■ drug intoxication
■■ unresuscitated shock 
■■ severe metabolic disorders
■■ drug induced coma (can be used for severe head injury or 

status epilepticus)
•	 complete absence of:

■■ bilateral motor responses (spinal reflexes withstanding) 
with any stimulation

■■ respiratory effort (unable to sustain spontaneous respira-
tions without ventilation) 

■■ lack of cranial nerve reflexes: 
■■ pupillary response: CN III, pupils need to be mid-posi-

tion to large and unresponsive
■■ oculocephalic reflex: lack of “doll’s eyes” and failure of 

caloric test
■■ corneal reflex: CN V
■■ facial nerve: CN VII, no facial grimacing to any stimulus 
■■ gag: CN IX–X, no response to posterior pharynx stimu-

lation of cough response during suctioning.
•	 failure of the apnea test. Our levels of arterial carbon diox-

ide serve as a signal responsible for our respiratory drive; 
the retention of CO2 and subsequent high pCO2 levels cause 
tachypnea as we try to “blow off” our CO2.

Apnea test:
•	 patients must have normal pCO2 and be euvolemic
•	 receive 100% oxygen for approximately 10 minutes prior to 

turning off the ventilator

Table 7: Common causes of changes in level of consciousness
Structural 
Shifting of contents 

Mechanical 
Hemorrhage (blood)
Edema (brain)
Hydrocephalus (CSF)

Metabolic 
Fluid and electrolyte imbalance
Toxins
Medications 

Electrical
Seizure

3

2

1

6
5

4

Types of herniation
1. uncal
2. central
3. cingulate
4. transcalvarial
5. upward
6. tonsillar

Figure 28: ICP. Transition of brain herniation
Reference: http://en.wikipedia.org/wiki/File:Brain_herniation_types-2.svg. Author: Delldot
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•	 baseline ABGs are obtained
•	 patient is removed from the ventilator while providing oxygen
•	 signs of respiratory movement, vital signs and oxygen satu-

ration are monitored closely
•	 ABGs are repeated at five minutes and at 10 minutes. CO2 must 

rise above 60 mmHg and 20 mmHg above the previous gas.

The test is stopped if there is:
•	 spontaneous respiration
•	 significant cardiac ectopy
•	 hypotension
•	 desaturation.

Other confirmatory tests that can be used for further evaluation 
(but are not essential for a brain death declaration):

•	 EEG
•	 cerebral angiography
•	 transcranial Doppler
•	 nuclear blood flow studies.

Physical findings that can be misinterpreted as brainstem func-
tion and would require adjunctive findings (listed above):
•	 sweating, tachycardia
•	 normal blood pressure 
•	 presence of spinal reflexes: spinal cord, Babinski
•	 facial movement
•	 lack of DI
•	 false respiration: arching of the back, shoulder elevation, 

intercostal movement without changes in tidal volume.
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Abstract
Background: The acquisition of knowledge and application of 
critical thinking skills are required to tackle the clinical and 
ethical dimensions of new approaches and technologies. Health 
care trainees rely partly on their training to manage, reason 
and reflect on the ethical uncertainties of innovations and new 
technologies. Deep brain stimulation (DBS) is neurosurgery 
involving the implantation of electrodes into deep brain nuclei 
and is approved for Parkinson’s disease and other motor 
disorders. Experimental uses of DBS are emerging in refractory 
obsessive compulsive disorder and depression. 

Methods: We conducted a qualitative interview-based study 
to gather the perspectives of health care trainees from different 
disciplines on the clinical and ethical issues associated with DBS 
in psychiatric disorders. 

Results: First impressions about the use of DBS in mental illness 
were mixed. We identified factors influencing impressions about 
DBS and information missing that compounded uncertainty 
about long-term outcomes and effects on other physical or 
psychological systems. Participants revealed nascent exploration 
of the ethical issues of DBS. They emphasized the obligations of 
health care providers to manage ethical problems and supported 
patient autonomy in guiding choice, even when choosing 
innovative approaches. 

Discussion: We discuss trainee expectations about evidence in 
decision making and the role of ethics education.

Introduction
The landscape of clinical practice and the degree to which 
health care professionals of different disciplines encounter 
ethical dilemmas are constantly evolving. Advances in clini-
cal care require nurses and other health care professionals to 
acquire new knowledge and to apply their critical thinking skills 
in order to actively participate in scoping the clinical and ethical 
dimensions of new approaches and technologies. For trainees 
moving into the workforce, as discussed in the code of ethics of 
the Canadian Nurses Association, the ability to manage, reason 
and reflect on the ethical uncertainties of innovations and new 
technologies may be particularly important (Canadian Nurses 
Association, 2008, pp. 34–35). At the same time, both train-
ees and experienced clinicians need to be prepared to revisit 
the ethics of “established procedures”. Indeed, evolving uses 
of common procedures may demand a re-evaluation of either 
the ethical judgments made about them or the best practices 
guiding their use.

Clinical and ethical dimensions of an 
innovative approach for treating mental 
illness: A qualitative study of health care 
trainee perspectives on deep brain stimulation
Emily Bell, PhD, and Eric Racine, PhD

Les dimensions cliniques et éthiques 
d’une démarche innovatrice pour le 
traitement des maladies mentales : 
une étude qualitative sur la 
perspective de stagiaires dans le 
domaine des soins de santé sur la 
stimulation cérébrale profonde

Résumé 
Contexte : L’acquisition de connaissances et de pratique en 
rapport à la pensée critique est nécessaire pour aborder les 
dimensions cliniques et éthiques de nouvelles démarches ou 
de nouvelles technologies. Les stagiaires dans le domaine 
des soins de santé se servent en partie de leur formation 
pour gérer, raisonner et réfléchir sur les enjeux éthiques que 
posent certaines innovations ou technologies récentes. La 
stimulation cérébrale profonde (SCP) est une procédure 
neurochirurgicale qui comprend l’implantation d’électrodes 
intracérébrales, et à laquelle on a recours pour des cas de 
maladies de Parkinson et autres troubles moteurs. On 
commence à utiliser la procédure de SCP pour les cas de 
trouble obsessionnel-compulsif et de dépression réfractaires.

Méthodes : À partir d’entretiens, nous avons mené une étude 
qualitative afin de recueillir la perspective de stagiaires 
appartenant à diverses disciplines des soins de santé. Cette 
étude portait sur les préoccupations éthiques et cliniques 
liées à la SCP dans le cas de troubles psychiatriques.

Résultats : Les premières impressions sur l’utilisation de 
la SCP pour des cas de maladies mentales étaient mitigées. 
Nous avons identifié certains facteurs ayant influencé 
les impressions sur la SCP, ainsi que les informations 
manquantes ayant aggravé les doutes liés aux résultats à 
long terme et aux effets sur d’autres systèmes physiques et 
psychologiques. Les participants ont clairement commencé 
à explorer les préoccupations éthiques de la SCP. Ils ont 
notamment fait observer la nécessité pour les professionels 
de la santé de gérer les préoccupations d’ordre éthique, et 
ont favorisé l’autonomie des patients grâce aux choix de 
ces derniers, même dans le cas de démarches innovatrices.

Discussion : Nous discuterons des attentes des stagiaires à 
l’égard des preuves nécessaires au processus décisionnel, ainsi 
que le rôle d’une formation dans le domaine de l’éthique.



24 Volume 35, Issue 3, 2013 • Canadian Journal of Neuroscience Nursing

Deep brain stimulation (DBS), brain surgery that involves the 
implantation of electrodes into deep brain nuclei, is one exam-
ple of an established intervention (in Parkinson’s disease and 
other motor disorders) that may call for close attention and 
re-evaluation. In Parkinson’s disease, DBS has become a pre-
ferred strategy for disrupting the abnormal function of brain 
circuits. It has similar clinical effects (i.e., reducing tremor) to 
lesioning, but is both reversible and adjustable (Goodman & 
Alterman, 2012). Goodman and Alterman describe that the 
first published report of DBS for refractory obsessive compul-
sive disorder was in 1999 and for refractory depression was in 
2005. Approximately 150 patients with refractory obsessive 
compulsive disorder or depression have since undergone DBS 
and the results of these studies suggest that, in some cases, DBS 
may lead to long-term improvement in symptoms (Goodman & 
Alterman, 2012). Different clinical centres engaging in experi-
mental applications of DBS have described the implantation of 
DBS into different brain structures. However, its precise mech-
anism of action remains poorly understood.

DBS has generated public and media interest because of 
its potential for improving the symptoms of some patients 
with severe mental illness (e.g., refractory major depression, 
obsessive compulsive disorder) (Racine & Bell, 2012). Conse-
quently, health care professionals from different disciplines 
have reflected on the ethical and social challenges of DBS for 
these new indications (Bell, 2011/2012; Bell, Mathieu, & Racine, 
2009; Fins et al., 2011; Glannon, 2010; Hildt, 2006; Lipsman, 
Bernstein, & Lozano, 2010; Lipsman, Giacobbe, Bernstein, & 
Lozano, 2012; Rabins et al., 2009; Schechtman, 2010; Synofzik 
& Schlaepfer, 2008). At the same time, a range of health care 
professionals (e.g., nurses, rehabilitative specialists) involved 
in the care of psychiatric patients have not yet been asked to 
offer their perspectives related to the use of—and ethical issues 
associated with—DBS in these populations.

Our study, therefore, attempted to better understand a range of 
health care trainees’ perspectives (nurses, social workers and 
occupational therapists) on the clinical and ethical issues asso-
ciated with innovative approaches to treat mental illness. Using 
qualitative semi-structured interviews and pre-assigned read-
ings to expose participants to background information about 
DBS, we explored their clinical and ethical reasoning related 
to DBS and innovative therapies for psychiatric disorders, and 
their reactions to psychiatric DBS based on the readings. 

Methods
Research ethics approvals were obtained prior to conducting 
this study (Institut de recherches cliniques de Montréal and 
McGill University). Informed consent was received from all 
participants prior to their participation. Health care trainees 
(baccalaureate and master’s level) in the fields of nursing, occu-
pational therapy and social work were recruited through posted 
advertisements at McGill University and also by describing the 
study in targeted courses (e.g., focused on mental health or 
ethics). We sought participants from these disciplines because 
they were identified as key professions involved in the broader 
care of individuals with mental illness from which perspectives 
on DBS and psychiatry were lacking in the literature.

Participants in the study completed a semi-structured inter-
view with a member of the research team over the phone or in 
person. Participants were required to read three general sci-
entific articles (Kluger, 2007; Kuehn, 2007; Miller, 2009) on the 
topic of DBS to familiarize themselves with the use of DBS in 
psychiatric disorders. One of us (ER) has found previously that 
advance readings (media articles) can be an effective way to 
encourage discussion about the opinions and perspectives of 
stakeholders on ethical issues, especially where they may vary 
in their knowledge about the topic (Forlini & Racine, 2009). 
Although participants were required to read the three articles 
prior to participating, and were asked in the interview to sum-
marize briefly what the articles described, the articles them-
selves were not specifically referenced by the interview grid. 
We acknowledged that the perspectives offered by participants 
would be shaped to some degree by what they read. However, 
this approach allowed us to ensure consistent exposure to DBS 
and to prompt interest in discussion about ethical issues related 
to its use in psychiatry with which we could not assume par-
ticipants would be familiar. It also simulated a plausible sce-
nario where health care providers could be asked by patients 
or their colleagues their opinion about a novel technology. The 
interview questions focused on three general areas: 1) health 
care trainee impressions about refractory mental illness and 
reactions towards DBS as a therapy for psychiatric disorders; 2) 
health care trainee perspectives about ethical and social issues 
described in the broader literature on DBS (i.e., risk/benefit 
appraisals, patient expectations, informed consent, candidate 
selection, personality and social factors); and 3) health care 
trainee appreciation for information received about DBS from 
the articles (e.g., limitations of information given in the articles, 
benefits/knowledge gained by reading the articles). Consistent 
with principles of qualitative research, the individual questions 
posed were iteratively adjusted based on earlier interviews. This 
process led us to ask one additional question to health care 
trainees in both nursing and occupational therapy (recruited 
later in the study) about how they felt that their training pre-
pared them for, or contributed to ethical reflection and the 
management of ethical issues.

We believe that using readings about a specific case (DBS) to 
set the stage for examining, through qualitative interviews, 
the clinical and ethical reasoning and formation of judgments 
by health care trainees is consistent with real world practice 
because it: 1) elicits first impressions and early critical reason-
ing about the ethical and social challenges of innovation; and 
2) mimics the actions that health care professionals might take 
to access information about new advances in medicine (i.e., 
seeking short and readable general science review articles).

The audio-recorded interviews were transcribed verbatim and 
analyzed based on a conventional thematic qualitative content 
analysis approach (Hsieh & Shannon, 2005). A coding guide 
was first drafted where explicit definitions were generated for 
the major content areas (i.e., attitudes towards DBS and its 
use in severe psychiatric disorders, perspectives towards and 
ethical and clinical concerns identified towards DBS and its 
use in severe psychiatric disorders, appreciation of information 
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received about DBS from the articles and appraisal of the con-
tribution of the trainee’s discipline to the ethical debate) and 
sub-themes. The coding guide was then enriched with illustra-
tive examples of included and excluded content for each code/
sub-code, as well as any practical rules of thumb for the inter-
pretation and application of the codes. To test the application 
of the guide, a sample of interviews was coded at the piloting 
stage (EB) and small changes to the coding guide were carried 
out after discussion between the two authors (EB, ER). Once 
the coding structure was agreed upon, qualitative data analysis 
software, NVivo 9 (Doncaster, Australia), was used to conduct 
axial coding of the full set of data where definitions and rules 
for the application of each code ensured exhaustive coding. 
During coding, additions and changes to the coding guide were 
allowed given the qualitative design of the study, leading to 
constant comparison with previous coding to ensure consistent 

and rigorous analysis. The final coding was conducted by EB, 
reviewed by ER and any disagreements were discussed and 
consensus was sought. 

Results of the coding were extracted code by code using NVivo 
to generate a summary of content in each subnode. These sum-
maries were used to identify interrelated data. In this phase 
of data analysis, the following issues were considered: 1) the 
clinical reasoning demonstrated by health care trainees on the 
topic of DBS in psychiatric disorders, 2) basic points of tension 
identified by the ethical reasoning of health care trainees, and 3) 
perspectives of participants regarding their own contributions 
and the contributions of their disciplines to understanding or 
resolving ethical issues. We summarized the interview content 
to generate tables of these observations and used qualitative 
examples to illustrate salient or illustrative features of the inter-
view data. Qualitative data have been edited for readability.

Table 1: Observations about the clinical reasoning of participants

Characteristics of severe, 
refractory obsessive 
compulsive disorder or 
depression

•	Are of a personal and individual nature and will be experienced differently by each person
•	Can	be	relentless	and	can	negatively	impact	many	areas	of	daily	life	and	overall	quality	of	life

Opinions and perspectives 
about DBS in psychiatry

•	Mixed and qualified opinions and impressions about DBS being a potential cure or not in 
psychiatry.

DBS is a cure (qualified):
“It’s a very appropriate word because it could be a cure for many psychiatric illnesses” (Participant S11)

“Uh, um, I think eventually it could be a cure. Um, I mean I think there still needs to be more research done, and like they 
were saying, some a bit more long-term research done … .” (Participant S8) 

DBS is not a cure (qualified):
“I would challenge it in the sense I don’t think it’s been around long enough to see the long-term effects that, yes, this person’s 
lived their whole life without ever having this mental health issues again. I don’t know if I would say cure per se? But it could 
be a form of treatment?” (Participant S7)

“Um, I don’t feel like that is a totally appropriate description of the therapy yet, just given, you know the, the variety of results 
of people are still getting in, that it’s not a 100% guarantee, um… I would probably refer to it as another treatment option, 
maybe that shows promise, or something that’s still experimental.” (Participant N5)

Factors influencing the 
acceptability of DBS in 
psychiatry

•	 Severity of illness
•	 Safety and efficacy 
•	 Trials of conventional treatments
•	 Potential for improving quality of life
•	 Need for new treatment options in severe, refractory patients

Factors creating 
uncertainty about DBS in 
psychiatry

•	 Limited information about long term success and relapse
•	 General lack of understanding of effects on other body or psychological systems
•	 Need for investigational research to further establish efficacy and safety
•	 Missing information about study sample characteristics and mechanism of action of DBS* 

[would appreciate more information about] “the mechanisms like how does it work and 
why does it work, you know? Because from what I can tell, they just, it’s, it’s just kind of 
trial and error for now.” (Participant O6)

•	 Missing information about stakeholder perspectives (patient anecdotes and patient perspectives)*
“Um, there were no personal anecdotes of patients. You know uh, I mean, I’m-, I’m-, 
I’m in nursing so I always want to know what the patient says.” (Participant N5)

* Participants were not given primary sources of research. However, they sometimes described elements of uncertainty related 
to the use of DBS in psychiatry because of information they felt was missing in the advance readings to the interview. See meth-
ods for further methodological details.
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Results
Twenty health care trainees participated in the study from the 
disciplines of nursing, social work and occupational therapy. 
Eight participants were in nursing programs, six were in social 
work programs and six were in occupational therapy programs. 
Participants are identified with a letter that identifies their pro-
fessional program (S= social work; N= nursing; O= occupational 
therapy) and a number that represents the order in which they 
were recruited to participate. All participants were female and 
the average age of participants was 27.5 years (range of 21–45). 

A. Clinical reasoning of participants
Views on (severe and refractory) psychiatric illness
Participants highlighted the diverse experiences of individuals 
with severe and treatment-refractory psychiatric illness. They 
stressed how severe mental illness detrimentally impacts daily 
activities and long-term quality of life (see Table 1) as illustrated 
by the following examples: 

“Well, um, for me what comes to mind is that they’re not 
living, they’re not living a normal life like you would be 
living ’cause they’re constantly, if you’re obsessive-compul-
sive, you’re constantly, well, obsessed and you’re always 
having to perform these rituals, so your life cannot be nor-
mal ’cause that always gets in the way of doing something. 
And then, if you’re a depressed person, you know, you can’t 
experience the joy of life, you can’t laugh and you can’t 
enjoy, you know, people or your friends and so, I feel like 
they’re not living, they don’t have a quality of life or a 
standard of life that we would have, well people, when I 
say ‘we,’ I mean people that don’t have these uh disorders.” 
(Participant S8)

“Uh I would say, first word coming to my mind is uh isola-
tion. Um, you know, necessarily because they’re not, we’re 
not able to, to find that therapeutic um balance where, you 
know, where they’re gonna have some type of quality of life. 
Uh, so I I think these patients are very isolated … .” (Par-
ticipant N1)

Views on DBS in (severe and refractory) psychiatric illness
Opinions and perspectives about DBS in psychiatry varied with 
a mixture of alarmed and surprised reaction:

“I think that um, my initial reaction was, you know, big 
shock and big apprehension.” (Participant O3)

“Never heard about it, but, um, I wouldn’t say it was sur-
prising. I- I personally, I think I was like: ‘Oh this is actu-
ally fantastic!’” (Participant S8)

“Um, I didn’t like, it was the first time I really heard about 
it happening, but it wasn’t, like it kind of made sense, like 
it didn’t shock me, you know?” (Participant O4)

Overall, DBS was judged to have promising potential to treat 
severe obsessive compulsive disorder or depression and par-
ticipants were interested and curious to learn more about it. 
However, most participants were unwilling to take a strong 
position relative to viewing DBS as a cure or not.

“… it would be nice to think that it’s a possible cure, mmm, 
I guess it remains to be seen, uh, I don’t know!” (Partici-
pant S5)

Instead, participants found it difficult to identify the conditions 
to be met for DBS to be considered a cure. Many participants also 
put aside the idea of cure for more meaningful descriptions of out-
comes (e.g., improvement in quality of life). Analogies were drawn 
between DBS and electroconvulsive therapy (ECT), pacemak-
ers and psychosurgery, the latter serving as a cautious reminder 
of a legacy of mistreatment of psychiatric patients. Key factors 
influencing the acceptability of DBS in psychiatric disorders were 
described (see Table 1) with strong confidence in the ability of 
evidence to resolve clinical uncertainty. Participants recognized 
that the goal of continued research is to enhance the available 
evidence and that future data will impact and inform opinions 
and perspectives about DBS and psychiatry in what they judged 
to be the “early days” of a novel intervention.

“… it seems like it’s still uh, a w-, a work in progress, like 
I don’t think I would necessarily feel comfortable recom-
mending the use of the procedure at this point given the 
state of research ’cause it’s still fairly new and it takes time 
to build up evidence and when you are using real people. 
Um, but uh, it seemed promising.” (Participant N8)

Their clinical perspectives and opinions about DBS were 
informed by the advance reading material, especially since many 
claimed never to have heard about DBS or its use in psychiatric 
conditions (see Table 1).

B. Ethical reflections of participants
Embryonic/implicit state of ethics reflection
When asked about a range of potential ethical issues in the use of 
DBS in psychiatric conditions, often participants did not offer an 
explicit ethical analysis of the problem. They also rarely raised the 
potential for ethical concerns without being prompted. However, 
participants delivered an explicit set of ethical reflections where 
it related to the professional and ethical obligations of health care 
providers and to the importance of autonomy as a guiding prin-
ciple for pursuing experimental therapies. 

Emphasis placed on the obligations and duties of health care 
professionals
The professional and ethical obligations to be honest, form 
trusting patient-provider relationships and provide necessary 
information for patients to make free informed decisions were 
identified by participants as essential to managing potential eth-
ical problems. This focus on health care provider obligations was 
conveyed when participants described tackling ethical challenges, 
such as the overly high expectations of patients or managing 
their potential influence on patients deciding on investigative 
approaches. In addition, participants offered their views about 
balancing the known and unknown effects of conventional 
and experimental therapies. They considered a wide range of 
potential effects (e.g., changes to personality, changes to rela-
tionships, undesirable side-effects) to inform these decisions, 
although patient autonomy and the patient’s own evaluation of 
these effects were often prioritized over the judgments made by 
others. Although participants overwhelmingly wanted to support 
patient autonomy in guiding choice, their reflections on auton-
omy revealed a tension where they acknowledged the impact of 
factors that influence freedom of choice (e.g., desperation). They 
suggested the participation of others (i.e., friends, family, health 
care providers) to achieve a valid process of consent. The above is 
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a summary of major themes emerging in the reflections of health 
care trainees and in Table 2 we detail specific observations about 
the ethical reflections of health care trainees. 

C. Perspectives on participants’ own contributions and 
the contributions of their disciplines to understanding or 
resolving ethical issues 
Participants explained that their training as health profession-
als (e.g., nurses, occupational therapists and social workers) 
reinforced specific strengths in the context of ethical dilemmas 
and ensuring good practice. Participants described different 
roles that health care providers in their disciplines played in 
the context of ethical challenges (Figure 1). 

Acting as an advocate was described by a participant in nursing 
(Participant N7):

“Um, well I’m in nursing, right? And, it gets taught very 
early on that you’re an advocate for your patients. And 

there are so many positions out there and so many treat-
ments that get explained to the patient, in terms that they 
don’t understand, and they get explained to the patients 
in terms of giving them hope… . So when I read something 
like this, my advocate flag went up …”

A participant in occupational therapy (Participant O2) stressed 
her role in considering the patient holistically:

“I think my profession really… are characterized by holism. 
So, we really, we are holistic, we really see the patient from 
all points of view, and we all make, we always you know, in 
my studies it is always “have you identified all the stake-
holders? Have you identified, like, affective, emotional, 
whatever, physical component?” So, I think that we, we 
would be hav- having like a very good global picture of the 
patient, as well as like, its relation to like the DBS, and its 
suitability for DBS.”

Table 2: Observations about the ethical reflections of participants *

Identified important and meaningful contrasts between the use of experimental and conventional therapies
•	 Justified the use of DBS (experimental therapy) as a last-resort intervention despite its invasiveness and uncertain risks and 

benefits.
•	Acknowledged that there may be room to consider experimental therapies in light of the undesirable or negative effects of 

other treatment options or the severity of illness. 
“Because it’s still in the um testing phase, I would say, anyone who kind of has very severe side-effects, sometimes they’ve tried 
everything and nothing’s working, for example, schizophrenia, someone who has major depression, a severe case of obses-
sive-compulsive disorder. Like I, someone who’s really at the extreme end, and you know, they haven’t, they’ve tried everything 
else and it’s not working.” (Participant S7)

•	 Identified that the availability of evidence about safety and risk, contrasted with current therapeutic approaches, should 
determine if DBS could be tried before conventional therapies

•	Established that the best course of action for individual patients is determined by weighing the evidence.
•	Supported patient autonomy in determining when and if it is appropriate to seek investigational therapies (although identified 

some boundaries [i.e., should not be first therapy tried, time should have passed, it should be last resort]) and very rarely 
alluded to an obligation of health care providers to grant or refuse access to experimental approaches.

“So, somebody with obsessive compulsive, I guess for us, we don’t see it as that big a deal like being, you know, controlled by 
our thoughts really and doing all the rituals but for them, they’re seeking some kind of treatment that will like get rid of that, 
you know? So, something as invasive as deep brain stimulation would be, you know, something that they might want to try 
because everything else doesn’t work.” (Participant O5)

“So, I don’t see why, you know, someone really wants to try it after a few things? Why not?” (Participant O6) 

“… it’s a very hard limit to put on someone to say you can’t get this treatment until you’ve tried all these other ones.” (Participant O1)

Supported autonomy as a guiding principle for individual choice under certain conditions
•	Emphasised that the ultimate decision about whether to enrol in experimental trials should be that of the patient.

“And, but I still feel like it’s their choice, and we can provide the science and, you, you know, the best treatment we can, but 
they are the ones that need to make the educated um, choice, even though I might not agree with it or not.” (Participant O4)

•	Framed autonomy around a set of obligations of healthcare providers, including:
■■ to assess the patient’s ability to give consent;
■■ to educate the patient about the intervention;
■■ to disclose potential risks and benefits;
■■ to support and uphold patient decisions;
■■ to make patients aware of broad social and relational consequences;
■■ to adopt an individualized approach and to provide counsel that is sensitive to a patient’s situation.

•	 Identified that certain factors may constrain the choices patients see as available to them or limit their ability to make free 
informed decisions (desperation, family, difficulty assessing risk of the intervention, holding out hope).

•	Suggested ways to improve the consent process such as making it an iterative process, increasing education, and involving 
those who have expertise and specific knowledge about the patient and their preferences (interdisciplinary teams, family, 
friends, case workers, social workers, patient advocates). continued on page 28…
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Identified that unrealistic patient expectations must be managed to ensure best clinical and ethical outcomes
•	Expressed concerns about the potential effects of desperation, overly high or biased expectations and hope:

■■ to impact patient’s desire to pursue investigational therapies; 
■■ to shape satisfaction with clinical outcomes (i.e., meeting—or not meeting—expectations of DBS as a cure);
■■ to influence the relationship with healthcare providers. 
“I think uh, there is definitely a possibility that someone could uh, you know, interpret this as their magic bullet or whatever 
you call it.” (Participant N5)

“…I think that can be um, like any other kind of treatment out there that’s held out as the next great thing and um, especially people 
are um, frustrated by, by um, a condition that they’re living with and they do want um, to not have that part of their lives um, I think 
it’d be very important to um, explain that this, this isn’t necessarily um, you know whatever their expectations are there is no guar-
antee that it would turn out um, um perfectly according to their expectations I guess if there is a range of outcomes.” (Participant N8)

•	Suggested actions that may help to ensure realistic expectations and reduce the negative effects of desperation, including:
■■ educating patients and communicating clearly;
■■ being honest, transparent, and realistic about the potential clinical effects;
■■ overly emphasizing the potential for outcomes that do not meet expectations;
■■ drawing on information from empirical studies to substantiate the evidence and disclose all possible effects and outcomes;
■■ adopting an individualized approach to the evaluation and management of patient expectations.

•	Acknowledged that sometimes patient expectations can persist to be out of line with the information disclosed or discussed. 
“Yeah, they probably would think ‘oh this will cure everything’, but I think that’s why they would need to be, you know, told 
that: ‘Look, this is, you know, we’re still testing these things, and again it might not be a complete cure, but you should, you 
probably would feel better, which is better than not feeling better’. You know what I mean? So, I think they need to be fully 
warned of. We can’t stop them from believing what’s, you know, I mean they could be like: ‘OK, you’re telling me this, but I 
still believe I’m gonna be so, a hundred percent better …’” (Participant S8)

Attributed distinctive meaning to personality or personal identity changes that may accompany brain-based 
interventions 
•	Recognized personality as an important feature of the person and gave mixed opinions about what they believed could be 

the effects of DBS on personality (e.g., from “extreme” changes (Participant S11) to more minor changes, “don’t think there is 
gonna be drastic personality changes” [Participant N3]) and about the evaluation of these effects. 

•	Viewed changes to personality as being permissible. 
•	Suggested that the evaluation of personality effects should be done by the patient and/or those closest to the patient, but also 

that these can be given value by external observations (i.e., a change from an individual seeming negative to positive is seen 
as being good).

•	Sometimes equated the concepts of mood and personality and at other times discussed these as being different but 
influenced by each other. Described differences between the concepts as residing in the internal versus external nature (e.g., 
mood as internal, personality as “how we are in the world”) (Participant S4), or the opportunity for change (e.g., mood as 
more changeable than personality). 

Emphasized the importance of understanding and gathering evidence of risk and safety 
•	Understood that risk and safety information is needed to inform the appropriateness of trials (e.g., to inform even the start 

of human trials), and for patients and health care providers to fully appreciate the balance of possible benefits and risks.
“If you make a mistake, it can affect the person’s life, it can change the life completely… you know, somebody would be willing 
to consent to do this and there might be some pretty bad side effects associated with it.” (Participant O5)

•	Viewed a wide range of potential relational effects of DBS (i.e., DBS as restorative for the patient and their relationships 
or DBS as creating new personal identity challenges and making things more difficult for self and for others) that must be 
considered in the broad effects of the intervention. 

“Um, yeah, I guess it’s kind of like somebody who’s, you know, a soldier and returns from the war, and obviously you’re ‘BANG,’ 
how am I supposed to function uh in this society when I didn’t, wasn’t able to finish schooling, don’t know how to relate to 
people too well, it’s always just a bit about basic survival.” (Participant S5)

“And it’s human life, right? And so perhaps this person will end up being really productive and they could turn out to be 
something great, whereas maybe they wouldn’t have had that chance if they didn’t have this.” (Participant S8)

*Other, less salient reflections concerned resource allocation, follow-up in the community and the use of DBS for enhancement 
purposes. Regarding enhancement uses, participants questioned whether there would be an actual demand for such uses, espe-
cially given multiple existing barriers (e.g., regulation, cultural norms). Concerns about follow-up care clustered around possible 
challenges of a newly introduced technology for community care. Only a few comments concerned resource allocation and most 
indicated that resources should be attributed to psychiatric care and that stigma could impede this.

…continued from page 27
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Discussion
Our study intended to better understand the perspectives of 
health care trainees on the ethical and clinical dimensions of 
an innovative approach for treating mental illness using the 
relevant example of deep brain stimulation, which has moved 
from neurological practice to trials in psychiatric conditions. 
Participants’ first impressions about the use of DBS in men-
tal illness were mixed. They identified factors increasing the 
acceptability of its use and missing information, which adds to 
the uncertainty about long-term outcomes, as well as effects 
on other physical or psychological systems. They were par-
ticularly sensitive to the overall impact of mental illness on 
patients, and they acknowledged the important role of using 
meaningful outcomes (i.e., improved quality of life) to estab-
lish treatment success. Participants revealed only fairly nascent 
exploration of many of the ethical issues that have been alluded 
to in the context of DBS (some of which may be common to 
other innovative approaches). They emphasized the obligations 
of health care providers to manage potential ethical problems 
and wanted to support patient autonomy in guiding choice, 
even when choosing innovative approaches. However, a range 
of factors could influence the freedom of this choice in DBS. 
Participants identified specific strengths they bring to under-
standing and solving ethical dilemmas they see as being in line 
with their own professions’ role in caring for patients. Below, 
we discuss two key points of interest stemming from our data: 

(1) expectations for evidence and information to guide clinical 
decision-making regarding innovative approaches, and (2) the 
role of ethics education in influencing the identification, prior-
itization and approach to handling ethical challenges.

Expectations for evidence and information to guide 
clinical decision-making regarding innovative approaches
One key observation in our data was that participants were 
very sensitive to anticipated gaps or the lack of information in 
evidence for DBS in mental illness, which resulted in uncer-
tainties regarding its efficacy and risks. This lack of information 
or evidence also, perhaps understandably, prevented partic-
ipants from taking a definitive position on the appropriate-
ness of the clinical use of DBS. The clinical reasoning of health 
care trainees was, thus, based on the assumption that continu-
ing research would generate new evidence, which would help 
resolve these uncertainties. At the same time, this evidence 
would also resolve questions about the most appropriate time 
for patients to be offered investigational or innovative options 
(as a last resort or even before standard approaches). 

Resolving uncertainty in medical decision making related to 
innovative approaches
Unfortunately, what may seem like a somewhat simple paradigm 
(“evidence needed to inform future use”) is surely more complex 
and is practically complicated by other challenges. For instance, 
it assumes that access to the most up-to-date information in the 
literature regarding experimental or innovative uses will resolve 

Figure 1: The roles described by health care trainees characterizing the contribution of their professions (nursing, social 
work, occupational therapy) to ethical reflection and the management of ethical issues
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some of the uncertainties that affect medical decision making. 
However, considerations regarding the small size of surgical tri-
als, variations in sample characteristics and the impact of case 
studies in the published literature may also influence the quality 
and usefulness of evidence, especially since these are marked 
traits in literature on surgical trials (McCulloch, Cook, Altman, 
Heneghan, & Diener, 2013). Schlaepfer and Fins (2010) have 
highlighted the particular challenges brought by the publishing 
of individual case reports in DBS literature. Selective publishing 
encourages the “excessive reliance on a single-patient case report” 
and can lead to overly optimistic expectations, or dismissals of 
risks (Schlaepfer & Fins, 2010). Another important factor for 
resolving uncertainty, valued by participants in our study, related 
to deliberation about important endpoints or outcomes to mea-
sure in investigative trials. In Parkinson’s disease, an approved 
indication for DBS, the literature presents some evidence of psy-
chosocial and relational challenges faced by patients and their 
partners despite measured improvements in motor symptoms of 
the disorder (Agid et al., 2006; Schupbach et al., 2006). What both 
of these examples put in perspective is that charting the research 
needed or published that is most useful to resolving uncertainty 
is complicated and requires a realistic appraisal of the value of 
different kinds of available evidence.

Incorporating patient values and  
preferences in decision making
When faced with conditions of uncertainty in decision making, 
other important practical and theoretical issues surround the role 
of the patient and the consideration of their values and expec-
tations in making decisions about innovative or experimental 
approaches. Participants stressed the active role that patients 
with severe mental health problems can play, signalling a clear 
deepening of respect for this patient population, with recent DBS 
literature giving credence to this view. Research suggests that 
depressed patients should not be presumed to lack decisional 
capacity (Dunn et al., 2011). In fact, depressed patients may have 
reasonable motivations for entering DBS clinical trials despite 
the fact that they may have some therapeutic misconception (i.e., 
over-estimation of benefits, under-estimation of risks, or con-
flation of the goals of research with those of care) (Christopher 
et al., 2011; Leykin et al., 2011). Of course, making decisions or 
recommendations about the use of innovative approaches relies 
on the ability of practitioners to help patients balance benefits 
and risks (maximize beneficence and minimize nonmaleficence), 
often under conditions of uncertainty and where evidence about 
efficacy and risk is lacking. In our study, participants placed a 
great deal of value on the role of patient autonomy in guiding 
decisions about innovative therapies. It is possible that the pres-
ence of clinical and scientific uncertainty augmented the impor-
tance of patient preferences and values in contributing to clinical 
decisions. Of course, if patient autonomy is to be given priority, 
then it becomes imperative that patients are well informed and 
not acting under the influence of strong bias about the potential 
effects of DBS, a concern generated by overly optimistic portrayals 
of DBS in the media (Racine & Bell, 2012; Racine, Van der Loos, 
& Illes, 2007). Future research could explore whether—under 
conditions of uncertain evidence of risk and safety—health care 
professionals view that there is more room for respecting patient 
autonomy over other principles (beneficence, nonmaleficence).

The role of ethics education in influencing the 
identification, prioritization and approach to handling 
ethical challenges
Health care trainees in our study rarely offered unprompted 
descriptions of specific ethical concerns or conflicts in the case 
of DBS in psychiatry. Formal frameworks applied to ethical 
reasoning were not identified, yet health care trainees clearly 
had intuitions about ethical challenges and were able to identify 
potential solutions to mitigate these, especially in cases where 
health care provider obligations figured prominently. Below, 
we discuss two factors that we hypothesize may intersect with 
these observations and that have important ramifications for 
understanding how health care professionals identify and man-
age ethical challenges in their practice. 

Challenges implementing professional ethics education 
An early reaction might be to question if these findings are 
indicative of a failure of ethics education in some disciplines. 
However, professional societies have committed to ethics 
education in training (Weber, 1992) and there is evidence that 
demonstrates that ethics education (and in some cases edu-
cation alone) may, in fact, improve the moral development of 
students in health care disciplines such as nursing (Auvinen, 
Suominen, Leino-Kilpi, & Helkama, 2004; Dierckx de Cast-
erlé, Janssen, & Grypdonck, 1996; Duckett et al., 1997). At the 
same time, there is acknowledged variability in the form and 
content of formal ethics education (Burkemper, DuBois, Lavin, 
Meyer, & McSweeney, 2007) and some disagreement about 
whether particular curricula lead to improved moral develop-
ment (Auvinen et al., 2004). This is overlaid on the challenge 
of carving out ample time for ethics education. In Canada, a 
recent review of ethics content in the online curricula of occu-
pational and physiotherapy programs has demonstrated that a 
mean of only approximately 5.9% to 6.5% of the total propor-
tion of credits contain any ethics training (this includes credits 
for courses where ethics was only a portion of the described 
course) (Hudon et al., 2013). This is despite the fact that health 
care trainees in our study, communicated that the discussions 
about ethical issues surrounding DBS and mental illness were 
interesting and valuable.

A lack of common interdisciplinary understanding about ethics
In fact, differences could exist, and may be encouraged through 
education and professionalization, in the way that disciplines 
conceptualize ethics and interface with the language of ethics. 
In our study, for example, health care trainees seemed more 
sensitive to ethical challenges in situations where health care 
provider obligations were central, where there was an emphasis 
on issues related to preserving autonomy and where solutions 
were characterized by health care teams’ actions. It may not be 
surprising then, when examining both the different philoso-
phies prescribed in education and in these disciplines at large, 
that these issues, over others (i.e., resource allocation), were 
highlighted by the trainees in our study. For instance, weight 
has been placed on education and practice of an ethic of care 
in nursing (Lemonidou, Papathanassoglou, Giannakopoulou, 
Patiraki, & Papadatou, 2004) and values related to increasing 
patient participation and autonomy are central within the pro-
fessional ideals of rehabilitation training programs (Canadian 
Association of Occupational Therapists, 2007). This is not to 
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say that other ethical principles are not emphasized in the codes 
of conduct of these professions (Canadian Nurses Association, 
2008). Other important conceptualizations of ethics might see: 
1) ethics as a form of advocacy to protect patients and their 
rights, 2) ethics as a negotiation of professional values and pro-
fessional identity relative others in the team, and 3) ethics as 
a form of moral agency where health care professionals iden-
tify their own moral positions (Delany, Spriggs, Fry, & Gillam, 
2010). Similarly, Larouche and Flaherty (2000a, 2000b) propose 
an analysis of the contribution of different disciplines to ethical 
analysis/deliberation and emphasize, for example, the potential 
actions of social workers as advocates and as “moral creator, 
emphasizing shared responsibility and broad inclusion”, and of 
nurses as “moral reproducer”, “moral interpreter” and “moral 
creator” (Larouche & Flaherty, 2000a, 2000b). Unfortunately, 
the lack of a common application or meaning of ethics across 
disciplines may seem like different members of a health care 
team are speaking different languages of ethics, influencing their 
identification and prioritization of, as well as their approach to 
ethical issues. As Kaldjian and colleagues (2013) state, “a shared 
language of ethical terms should improve communication, which 
not only carries immediate practical benefits, but also respects 
the moral imperative of explaining and justifying actions that 
affect the lives of other persons …” (Kaldjian et al., 2013). This 
does not decrease the potential importance of having a special-
ized ethics attached to different disciplines, but hazards caution 
in understanding the relative content of different ethical reasons 
drawn from different training or professional contexts. Table 3 
contains suggestions to explore and develop interdisciplinary 
approaches to ethics.

Table 3: Recommended actions for improving 
interdisciplinary ethics

•	Engagement of professional societies and peer groups/
networks in identifying particular discourses about ethics 

•	 Increased awareness of how health care professionals’ 
own training shapes ethical reflection 

•	 Identification of common elements to be taught and 
adopted in ethics (practically and philosophically) among 
allied health care professionals

•	Examination of the ways that ethics learning is 
incorporated into individuals’ identity as professionals 
and into their practice

•	 Identification of ways that multidisciplinary teams impact 
the ethical philosophies of their individual members 

•	Measuring the impact of discipline-specific ethics training 
programs

Limitations of this study include small sample size and con-
text-dependency built into the recruitment strategy. Partici-
pants in the sample had a range of experience working as health 
care professionals and in the trainee setting (some mature stu-
dents had already completed some years of professional work) 
and we do not know the extent of ethics training/education, if 
any, received by any health care trainee at the time of the inter-
view. Unfortunately, our recruitment strategy did not enable us 
to determine how many of the individuals ultimately invited to 
participate declined and only female students volunteered for 

the study. We must also acknowledge that participants’ perspec-
tives were likely shaped to some degree by the advance readings, 
although it is impossible to know by how much or with what 
impact. In addition, the advance readings themselves contained 
some very minimal information about ethical concerns asso-
ciated with DBS and this could have also impacted the issues 
emphasized by participants. We acknowledge common limita-
tions of qualitative research such as unknown generalizability, 
as well as the possibility of subjective input of researchers into 
study designs, questions and data analysis. 

Implications for nursing 
There is a need to better explore the meaning of ethics in the 
context of the nursing profession and the core features that sig-
nal the identification of ethical challenges from the perspective 
of nurses. Training programs should seek to incorporate per-
spectives of nursing that are coherent across the discipline and 
highlight where differences in discourse may exist with other 
professions. Ultimately, the recognition of diverse discourses 
about ethics will inform the management of ethical challenges 
within multidisciplinary care teams. Nurses could play a lead-
ing role in the development of interdisciplinary health ethics.

Conclusions
New technologies and health interventions are creating a 
dynamic clinical environment where the ethical responses 
they generate may need to be revisited periodically. The recent 
development of trials for DBS in psychiatric disorders—beyond 
approved neurological conditions—creates such a situation. We 
explored the case of DBS and found that trainees from nurs-
ing and other disciplines struggled with both the uncertainty 
surrounding such new applications of technology and how to 
factor their own disciplinary backgrounds into a broader eth-
ical analysis. Specific actions for enriching our understanding 
of ethics discourses could include engagement of professional 
societies in understanding the relationship between profes-
sional training and attitudes towards ethical dilemmas. 
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Call for abstracts
The theme for 2014 is Scaling New Heights in Neuroscience Nursing—practice, 

education, research, leadership, patient safety, and quality improvement.

The southern Alberta Chapter of CANN invites you to share in 
our efforts to showcase the important work neuroscience nurses 
do every day and across various settings. The 45th meeting of 
the Canadian Association of Neuroscience Nurses will be held 
June 3–6, 2014, in Banff, Alberta. We are looking specifically for 
presentations that integrate the conference theme with one or 
more of the focus areas outlined above. We invite you to share 
how you are scaling new heights in areas such as: 
•	 determining and implementing best practices.
•	 program planning, delivery and evaluation.
•	 conducting and translating original research.
•	 reviewing case studies.
•	 conducting literature reviews.
•	 improving the quality of care through quality improvement 

or patient safety work.
•	 implementing proven treatments and/or nursing techniques. 

Abstract guidelines and template are available on the CANN 
website: http://cann.ca

CANN award guidelines (Codman, Brain Tumour Foundation, 
Medtronic, CJNN Author) are available on the CANN website: 
http://cann.ca/awards/awards.php

Additional notes
Please note the deadlines associated with these awards. 

Requirements for preparing abstracts
1. On a single page, the abstract must describe the central 

theme of the paper, workshop or poster. Maximum length 
200 words or fewer.

2. Type your name and the title of your poster or presentation 
or workshop on the top of the page. The first author should 
be the person presenting the paper, workshop or poster. Sub-
mit a second copy of the abstract with the title only. Do not 
include any names on this second abstract. A blind review 
process is used for abstract selection.

3. Indicate the following on the abstract page: 
i. Intended level of audience (basic, advanced, or all 

participants).
ii. Intended subspecialty (e.g., pediatrics, neurology, neuro-

surgery, neuro-critical care, etc.).
iii. Preferred format of your session (plenary, concurrent, 

workshop or poster).
4. Send the following via e-mail only: Microsoft Word files: 

i. One file of the completed abstract with title and author.
ii. One file of the completed abstract with title only.

iii. One file with curriculum vitae for each presenter.
iv. One file with authors’ information and audiovisual 

requirements.
v. Your return e-mail address.

5. If you wish your abstract to be considered for one of the 
awards available, please indicate this with your initial sub-
mission. Details of the awards available are at www.cann.
ca, or speak with your local chapter councillor.

Please forward the above to: Nancy Thornton via e-mail: 
nancy.thornton@albertahealthservices.ca

Acknowledgement of receipt of any files or communication will 
be sent via email soon after receipt. If you do not receive this 
acknowledgement, or if you need to communicate with Nancy 
Thornton, please contact her at the above email.

Deadline for abstract submissions
January 15, 2014: All abstracts for paper and workshop presen-
tations must be received. If the Codman, Brain Tumour Foun-
dation Award, or Medtronic Award is being sought, this must 
be noted at the time of abstract submission.
January 15, 2014: All abstracts for poster presentations must 
be received.

Additional guidelines for workshop submissions: please 
indicate
1. The desired length of the workshop (i.e., number of hours, 

half a day or full day).
2. The desired minimum and maximum number of workshop 

participants.
3. Learning objectives for the workshop (to be included in 

abstract submission—please refer to Requirements for Pre-
paring Abstracts or online www.cann.ca).

4. AV equipment, room set-up, and other logistic constraints.
5. Refreshments and/or meals, name of sponsor(s).
6. Handouts and/or any learning materials required are the 

responsibility of the workshop organizers. 

Additional notes and award guidelines
Canadian Journal of Neuroscience Nursing has the first right of 
refusal for the publication of the Mary Glover, Codman Award, 
Brain Tumour Foundation, and Medtronic Award papers pre-
sented at these scientific sessions.

All presenters must register for the conference at least for the 
day of their presentation and pay the applicable registration fee.
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Demande de résumés
Le thème de 2014 est Atteindre de nouveaux sommets dans les sciences 
infirmières en neurosciences – pratique, formation, recherche, leadership, sécurité 
des patients et amélioration de la qualité.
Le chapitre de l’A.C.I.I.N. de l’Alberta du sud vous invite à par-
tager vos connaissances dans le cadre de nos efforts pour mettre 
en valeur le travail important qu’effectuent quotidiennement les 
infirmières et infirmiers en neurosciences dans divers milieux. 
Le 45ème congrès de l’Association canadienne des infirmières 
et infirmiers en neurosciences se tiendra du 3 au 6 juin 2014 à 
Banff, Alberta. Nous recherchons principalement des présenta-
tions qui s’intègrent au thème de la conférence, et plus particu-
lièrement dans au moins un des domaines mentionnés ci-dessus. 
Nous vous invitons à venir partager vos façons d’atteindre de 
nouveaux sommets dans certains domaines, notamment :
•	 déterminer et mettre en œuvre des pratiques optimales.
•	 planifier, exécuter et évaluer des programmes.
•	 mener et traduire des travaux de recherche originaux.
•	 examiner des études de cas.
•	 examiner la documentation.
•	 améliorer la qualité des soins à l’aide de travaux sur la sécurité 

des patients ou l’amélioration de la qualité.
•	 mettre en œuvre des traitements éprouvés et/ou des tech-

niques de soins infirmiers.

Les directives et des modèles de résumés sont à consulter sur 
le site internet de l’ACIIN : http://cann.ca

Les directives afin de remporter un prix de l’A.C.I.I.N. (Codman, 
Fondation des tumeurs cérébrales, Medtronic, prix des auteurs 
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http://cann.ca/awards/awards.php

Remarques supplémentaires
Veuillez noter les dates limites liées à ces prix.

Conditions à remplir pour la préparation 
d’un résumé
1. Le résumé doit tenir sur une seule page et décrire le thème 

principal de l’article, de l’atelier ou de l’affiche. Longueur 
maximum de 200 mots ou moins.
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devrait être la personne qui fera la présentation de l’article, 
de l’atelier, ou de l’affiche. Veuillez envoyer une deuxième 
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simultanée, atelier ou affiche).
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Microsoft Word :
i. Un fichier comprenant le résumé avec le titre et l’auteur.
ii. Un fichier comprenant le résumé avec le titre seulement.

iii. Un fichier comprenant le curriculum vitae de chaque pré-
sentateur ou présentatrice.

iv. Un fichier comprenant des renseignements sur l’auteur 
ou l’auteure et ses besoins en équipement audio-visuel.

v. Votre adresse courriel.
5. Si vous désirez que votre résumé soit considéré pour un 

prix, veuillez l’indiquer lors de votre soumission initiale. Des 
informations sur les prix sont disponibles à www.cann.ca, 
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la conseillère du chapitre de votre région.
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15 janvier 2014 : Tous les résumés de présentations d’article ou d’ate-
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Websites of interest
Canadian Association of Neuroscience Nurses and  
Canadian Journal of Neuroscience Nursing website: www.cann.ca
Check this site often for updates on information. 
Reports will be on the website.

Canadian Nurses Association: www.cna-nurses.com

Canadian Congress of Neurological Society: www.ccns.org
Please check out the web page to learn more about the  
society to which we belong. CANN is an affiliate of this society.

Canadian Journal of Neurological Sciences: www.CJNS.org

World Federation of Neuroscience Nurses: www.WFNN.org 
All CANN members are automatically members of WFNN.
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