
II./2.11.3. Examinationof the unconscious patient

Consciousness

Consciousness has two elements: arousal and awareness. Arousal and
awareness are controlled by different but interconnected physiological
mechanisms.

Arousal means partly the ability to wake up from sleep when stimuli
are applied, leading to eye opening and behavioral changes, but it also
means that specific structures of the nervous system of an awake
individual may be stimulated to achieve a state of alertness. The most
important structure of arousal is the reticular formation (FR), which is a
part of the brainstem ascending activating system. The arousal reaction
is the effect of the reticular activating system in the intralaminar and
midline nuclei of the thalamus on the cortex, which is activated by the
cholinergic network of the ʽnon-specific pontomesencephalic FR. The
monoaminergic neurotransmitter systems of the brain stem, basal
forebrain and the hypothalamus exert a direct activating effect on large
areas of the cortex without being relayed in the thalamus.

Awareness is the ability of an individual to process external and
internal stimuli, and to think. Awareness also refers to the
understanding of an individual of the environment and of his/her own
existence, and to the content of consciousness, which can be used and
compared with previous perceptions and knowledge.

The most important structures that play a role in learning and recall are
the parietal associative cortex, hippocampus, entorhinal, orbitofrontal
and insular cortices, the medial part and pole of the temporal lobe, the
septum, amygdala, midline nuclei of the thalamus, and the cholinergic
activating system of the basal nucleus of Meynert (NBM). The NBM
influences the function of limbic nuclei of the thalamus, and the limbic
and paralimbic cortices, and thereby introduces motivational and
emotional effects into the cognitive systems.

Normal consciousness depends on both adequate arousal and a clear
content (appropriate awareness).

Attention

Attention is an element of arousal. Attention is bound to specific
structures: (1) Perception of stimuli is possible when the ascending
activating system (arousal) is normally functioning. (2) Structures
controlling goal-directed activity, orientation: prefrontal cortex (frontal
eye field and adjacent associative areas), anterior cingulate
(paralimbic) cortex, posterior parietal and parieto-occipital regions.

Disorders of consciousness

Disorder of arousal

Disorder of arousal (vigilance) results in a sleep-like state. The patient
lies with closed eyes, may have spontaneous movements depending on
the degree of dysfunction, and is difficult or impossible to arouse with
external stimuli. Dysfunction of arousal is caused by damage to the
pontomesencephalic and diencephalic reticular and the monoaminergic
activating system. The cortex is intact. The degree (depth) of
dysfunction is established by observing the spontaneous activity of the
patient and his/her responses (eye opening, motor reaction, speaking) to



certain stimuli.

What are the different
grades of severity of
disorder of arousal?

a.) Somnolence is the mildest form of arousal disorder. The
patient may be aroused by verbal stimuli, opens the eyes when
asked, and may say a few words, however goes back to sleep
when left alone. The posture and movements of the patient are
similar to those of a sleeping person. Responses to painful
stimuli are appropriate motor reactions.

b.) Stupor: Verbal stimuli are hardly effective in arousing the
patient. Painful stimuli may result in eye opening and the
patient may vocalize, but doesn’t speak. Motor reactions to
painful stimuli may still be appropriate, but slow.

c.) Coma I: The patient doesn’t speak, there is no spontaneous
eye opening, nor when stimulated. There are no spontaneous
movements, the patient cannot be aroused. Painful stimuli may
result in primitive, inappropriate motor responses. Depending
on the site of lesion, abnormal posture and muscle tone
(decerebrate or decorticate posture) may be seen. Pupillary
light reactions are present.

d.) Coma II: loss of muscle tone, areflexia, wide and fixed
pupils, and no reaction to painful stimuli.

The disorder of arousal may be the consequence of a primary brainstem
disease (occlusion of the basilary artery, pontine hemorrhage,
meningitis, encephalitis, contusion), or of brainstem compression due
to transtentorial herniation. Once herniation occurred, clinical signs of
the hemispherical lesion can no longer be discerned.

Disorders of awareness

In these conditions, physiological signs of sleep are not seen, arousal-
vigilance is normal, but the awareness of the patient is affected. The
contents of consciousness are lost or disordered, and behavioral
responses to external and internal stimuli are no longer appropriate: the
patient is confused. In disorders of awareness, (1) the cortex, (2) the
thalamus and (3) the white matter of cerebral hemispheres may be
damaged, but basic brainstem functions are normal.

This type of disorder of consciousness is mainly caused by medical
conditions, such as hypoxia, and metabolic encephalopathies.

Persistent vegetative state (PVS)

Where can be the lesion
in persistent vegetative
state?

Other terms used to describe PVS: decorticated state, coma vigile.

PVS may be caused by the following:

1.) diffuse damage to the cortex,

2.) bilateral damage to the thalamus, and

3.) bilateral damage to the subcortical white matter, which
disrupts intracortical and cortico-subcortical connections

Clinical signs:

Patients in PVS appear awake, the eyes are open, but the patient’s
consciousness is ʽempty’, contents of consciousness are lost, there is no
contact with the patient. However, autonomic functions (respiration,
swallowing, chewing, secretion of saliva, sweating) are preserved.



Since the brainstem is functioning, reflex eye (vestibuloocular)
movements are elicitable, but the patient doesn’t follow with the eyes
objects moving in the environment, the eyes randomly wander around.
Decorticate posture (flexion of the upper limbs and extension of the
lower limbs), frontal release signs (sucking and bulldog reflexes) and
bilateral pyramidal signs are seen. Painful stimuli elicit increased
muscle tone, external stimuli may provoke irregular motor reactions
and autonomic reactions (increased salivation, tachycardia, tachypnoe,
sweating). Sleep-wake cycles may be preserved.

PVS may develop in the following conditions: transient global
ischemia, severe hypoxia, disorder of glucose metabolism, head
trauma. In adults, rare causes of PVS may be electrolyte disturbance
(hypernatremia), hepatic and renal encephalopathy, porphyria, status
epilepticus, encephalitis, Creutzfeldt-Jakob’s disease, Parkinson’s
disease, and Huntington’s disease.

In patients surviving global ischemia caused by cardiac arrest,
laminar necrosis of the middle layers of the cortex is seen, particularly
in the anterior watershed areas. Neuronal loss is observed not only in
the cortex, but also in the basal ganglia, thalamus and cerebellum; the
hypothalamus, the basal forebrain systems, the amygdala, the
hippocampus, and the brainstem are relatively spared.

Transient global ischemia and brain contusion may result in necrosis of
the thalamus. This is explained by central herniation caused by brain
edema, leading to the secondary circulatory insufficiency of the
thalamus. Rarely, bilateral primary vascular lesion of the thalamus may
be a cause of PVS.

PVS caused by trauma

Severe brain contusion may cause extensive damage to the cortex,
white matter and the brainstem, therefore the signs of PVS and
brainstem dysfunction may coexist. Symmetric posttraumatic extensive
damage of white matter is a serious late complication of traumatic
PVS. The relative intactness of the brainstem is indicated by preserved
brainstem reflexes (pupillary, vestibuloocular, corneal reflexes, etc.).
Sleep-wake cycles may remain. An intact hypothalamus is needed for
maintaining autonomic control (temperature regulation, endocrine
function, nourishment, vascular tone). Patients may improve depending
on the degree of damage, however recovery is incomplete, severe
intellectual, speech and movement disorders are the usual sequels of
traumatic PVS.

Akinetic mutism (AM)

In akinetic mutism, patients are awake and aware of their environment,
but don’t speak, move or react to the environment. The eyes are open,
eye movements are conjugate and follow moving objects. The motor
system is intact, there is no dysphagia, and polysynaptic reflexes can be
elicited. Sleep-wake cycles may be preserved. It is explained by a
complete loss of motivation (abulia). AM is caused by bilateral
ischemia in the territory of the anterior cerebral artery causing damage
to the anterior cingulate areas, jet-bleeding (hemorrhage from a
ruptured aneurysm) damaging the medial prefrontal areas, severe
contusion of the prefrontal dorsomedial regions, tumors of the 3rd
ventricle, decompensated internal hydrocephalus, and tumors damaging
the cingulate gyrus on both sides (gliomas, butterfly tumors growing
across the corpus callosum).



Delirium

Delirium is a type of disorder of awareness, the patient is awake. It is
characterized by confusion, incoherent thinking, disorientation,
behavioral disturbance with aggression, vivid hallucinations,
autonomic symptoms (sweating, tachycardia, cardiac arrhythmia, blood
pressure drop), and tremor. The sleep-wake cycle is also disrupted.
Delirium may develop in alcohol and drug withdrawal states, in
metabolic encephalopathies (e.g. hepatic encephalopathy), meningitis,
encephalitis, and subarachnoidal hemorrhage. Drugs with
anticholinergic effects (parkinsonian patients) and psychotropic drugs
(amphetamine, cocaine, opiates, cannabis and hypnotic drugs) may also
cause a delirium-like disorder of consciousness.

Locked-in syndrome

Is locked-in syndrome a
type of disorder of
consciousness?

This state is caused by damage to the base of the pons, resulting from
occlusion of the basilary artery or its branches, pontine hemorrhage,
tumor, and central pontine myelinolysis. In complete locked-in
syndrome, patients are tetraplegic, unable to speak, and swallow, but –
since pontine tegmentum is more or less preserved- consciousness is
unaffected. Some degree of vertical gaze is retained and/or patients are
able to open and close the eyes, thus some communication may be
established with the patient using yes or no questions. In incomplete
locked-in syndrome, more eye movements and unilateral limb
movements are possible.

Examination

Observation of the unconscious patient with respect to the
following:

1.) semiologic phenomena of sleep (does the patient look like
as if he/she were sleeping?),

2.) reaction to external stimuli, and

3.) spontaneous activity of the patient.

Prognosis may be estimated using the Glasgow-coma scale. Before the
neurological examination of the patient, a life-threatening circulatory or
respiratory disorder should be excluded and treated. Signs of external
trauma should be looked for on the skull. Eye position, brainstem
reflexes (including pupillary reflexes), position and muscle tone of
limbs should be observed. Then painful stimuli are applied and motor
reactions thus elicited are noted. Deep tendon reflexes and superficial
reflexes, and pyramidal signs are also examined.

Ocular symptoms of an unconscious patient

a.) Pupils and pupillary reactions: Bilateral damage of the
hypothalamus and diencephalon causes bilateral pupillary
constriction, unilateral damage causes Horner’s syndrome.
Light reactions of constricted pupils are preserved. In tectum
lesions, pupils are dilated, pupillary light reactions are absent,
and hippus may be seen. In a lesion below the tectum, pupils
are fixed and moderately dilated. Transtentorial herniation
causes anisocoria, the pupil on the side of oculomotor nerve
compression is larger. Pontine lesions may disrupt descending
sympathetic fibers, and pin point pupils may develop as a result
of an unopposed parasympathetic activity.



What are the symptoms
of an MLF lesion?

b.) Gaze disorders: Disorder of vertical gaze (downward
rotated eye bulbs) is caused by damage to the rostral interstitial
nucleus of the medial longitudinal fascicle (MLF) at the
mesodiencephalic junction. In skew deviation, the eyes are
divergent in vertical direction, one is rotated down, the other
up. It is caused by damage to the caudal part of the brainstem
and to the meso-diencephalon. In persistent vegetative state,
the eyes are randomly wandering around, exploratory saccades
and eye movements upon command are missing. Bell’s
phenomenon may be elicied in a somnolent patient, if the
tegmentum and the oculomotor nerves are intact. Persistent
upward deviation of the gaze may be seen following global
cerebral ischemia, and persistent downward deviation may be
seen in hepatic coma.

Vestibular reactions in disorders of consciousness

The vestibuloocular reflex (VOR, ʽdoll’s eye reflex’) is elicited by
turning the patient’s head to the right and left, and backward and
forward. If the brainstem is intact, the eyes will move conjugately in
the opposite direction. The reflex is lost if the eyes move together with
the head (i.e. they are fixed in mid-position).

Reaction to caloric stimulation with cold water has four grades:

I. Following the injection of cold water into the ear, regular
nystagmus with a quick and slow component occurs, beating
towards the contralateral ear.

II. Conjugate deviation of the eyes toward the stimulated ear,
with only a few nystagmoid jerks towards the contralateral ear.

III. Conjugate deviation of the eyes toward the stimulated ear,
but no quick component.

IV. The eyes don’t move at all, indicating severe brainstem
(pretectum and tegmentum) injury.

Motor phenomena in disorders of consciousness

Muscle power and tone of the limbs are assessed by observing the
reactions elicited by painful stimuli.

Motor reactions may be the following:

1.) appropriate, coordinated withdrawal,

2.) inappropriate movements, and

3.) abnormal increase of muscle tone.

In somnolent or stuporous states, a hemiparetic patient may make
withdrawal movements with the normal limbs. In bilateral diencephalic
lesion, flexion of the arms and extension of the legs are seen
(decorticate posture), which increases when painful stimuli are applied.
In a unilateral thalamus lesion, ipsilateral increase of adductor-extensor
tone may be seen, which is a bad prognostic sign. Damage to the
mesencephalon causes increased extensor-adductor tone in all limbs
(decerebrate posture). Painful stimuli elicit a sudden increase of
adductor-torsional tone. Damage to the dorsal part of the pons causes
increased flexor tone in the lower limbs, and flaccid or increased



extensor muscle tone in the upper limbs.

Disorders of consciousness in cerebral vascular and metabolic
disturbances

a.) Transient global ischemia: After a cardiac arrest lasting for
over 20 seconds, sudden transient increase of muscle tone of
the decorticate or decerebrate type may occur that may mimic
an epileptic seizure. After a cardiac arrest lasting for over 1
minute, pupillary light reactions are lost, pyramidal signs
appear, and enuresis may occur. If a patient suffered a cardiac
arrest and spontaneous movement, gaze and pupillary reactions
are absent on the day following the event, consciousness is
usually not regained.

b.) Hypoxia

Hypoxic hypoxia may occur at high altitudes (low oxygen
tension of the atmosphere), in drowning, and in
pulmonary embolism. If arterial oxygen tension (pO2)
drops below 40 mmHg, consciousness is lost within a few
seconds. Hypoxic hypoxia without ischemia (cerebral
circulation remains above the critical level) can be
tolerated without permanent damage for 10-40 minutes,
even when capillary pO2 is below 20 mmHg. Hypoxia
due to pulmonary embolism causes confusion, lethargy
before loss of consciousness.

In anemic hypoxia (due to bleeding), pO2 doesn’t drop,
but substrate availability is decreased or O2 fails to bind
to hemoglobin.

In histotoxic hypoxia (e.g. cyanide intoxication), oxygen
is not released in the tissues.

Asystole leads to loss of consciousness after 4-8 seconds in standing
position, and after 12-15 seconds in supine positions.

CO intoxication causes bilateral necrosis of the globus pallidus.

Hypoxia (e.g. in alpinists, divers, drowning, strangulation, perinatal
asphyxia) causes PVS if cerebral perfusion also becomes insufficient.

c.) Hypoglycemia may cause disorders of consciousness, for
example in cases of inzulin overdose, fasting, alcohol
intoxication (induced hypoglycemia), and rarely in
inzulinomas.

It may be difficult to differentiate a comatose state due to
hypoglycemia and due to structural damage. In a decerebrate state due
to hypoglycemia, pupillary light reactions may be preserved, whereas
in structural brainstem damage they are usually lost. Hypoglycemia
doesn’t cause focal necrosis in the brain, the brainstem and the spinal
cord remain intact even in severe, long-lasting hypoglycemia; Purkinje
cells in the cerebellum are also preserved. In the cortex, the superficial
layers are damaged, particularly the dendrites, but laminar necrosis as
in global ischemia is not seen. Necrosis also develops in the
hippocampus and the caudate nucleus, and the granular cells of the
dentate gyrus.

d.) Other metabolic causes of disorder of consciousness: CO2
narcosis may occur for example in chronic obstructive



pulmonary disease (COPD) and in obesity-hypoventilation
syndrome if capillary pCO2 exceeds 50 mmHg. Chronic
hypoxia may be associated with polycythemia, and
papillaedema may also develop. In a mild form, symptoms of
metabolic encephalopathy are observed (headache, tremor,
myoclonus).

Hypothermia: common in alcoholics if Wernicke
encephalopathy is present

Hyperosmolar diabetic hypernatremia: mostly seen in
elderly diabetic patients

e.) Diffuse and multifocal disorders: progressive multifocal
leukoencephalopathy (PML) may cause PVS due to the
extensive damage of white matter. Disorder of consciousness
may occur in the following conditions: endogenous (hepatic,
renal) and exogenous (painkillers, antidepressants) toxic
conditions, endocrine disorders (hyperthyroidism,
hypothyroidism, pituitary gland dysfunction), hyponatremia,
hypocalcemia, hypercalcemia, and severe anemia.

f.) Drug intoxication: In clinical practice, the overdose of
combined sleeping pills and tranquillizers with a suicidal intent
is most often seen. Flaccid limbs, small pupils, lack of focal
neurologic signs, and respiratory depression are the signs
suggestive of intoxication (Table 9.).

Table 9

Disorder of consciousness in space occupying lesions

Space occupying lesions of the scala posterior may cause disorder of
consciousness, if

1.) the ascending activating systems in the brainstem are
damaged,

2.) the extracerebral space occupying lesion compresses the
mesencephalon and the pons.

Herniations:

Types of herniation

a.) Central herniation: caused by space occupying lesions
with perifocal edema, venous thrombosis, and brain contusion
in the scala media. Patients are first inactive, then become
somnolent. Hiccup, mastication and Cheyne–Stokes respiration
appear. Pupils are of medium size and react to light, but later
pupillary reactions are lost, eye bulbs become divergent, with a



still normal VOR. Painful stimuli elicit flexion-extension
increase of muscle tone. Respiratory arrest occurs finally when
the medulla herniates into the foramen magnum. At this stage,
VOR is also lost.

b.) Uncus (gyri hippocampi) transtentorial herniation: caused
by space occupying lesions in the cerebral hemispheres. The
herniated brain tissue compresses the oculomotor nerve,
leading to ipsilateral dilation of the pupil, ptosis and laterally
and downward placed eye bulb, and contralateral hemiparesis
and pyramidal signs.

c.) Subfalcial herniation: space occupying lesions located
fronto-parietally, centrally in the cerebral hemispheres lead to
the displacement of medial brain regions (cingulate gyrus)
under the falx cerebri to the other side, where branches of the
anterior cerebral artery (pericallosal and callosomarginal
arteries) and veins leading to the saggital sinus can be
compressed and occluded. As a consequence, bleeding may
occur in the herniated brain tissue.

d.) Foramen magnum herniation: ʽtonsil herniation’. Space
occupying lesions in the scala posterior may press the tonsils
into the foramen magnum, and thereby causing compression of
the medulla: central respiratory disturbance, extensor-adductor
posture of the limbs develops, and the vestibuloocular reflex is
lost, or sudden death occurs. Compression of the pons is
indicated by pin point pupils due to the loss of sympathetic
innervation.

II./2.11.4. Patient examination in Parkinson’s disease

Parkinson’s disease

1.) Examination of muscle tone

2.) Examination of mobility: assessment of standing up,
initiation of gait, change of direction of gait, step length,
synkinesia of upper limbs, turning in bed.

3.) Postural instability: retro-, antero- and lateropulsion tests.
The shoulders of the standing patient is pushed, and any
compensatory postures and steps are observed. Patients may
fall forward when attempting to quickly start walking, or quick
small shuffling steps are seen (ʽfestination’). Loss of Babinski
synergia may also be seen.

4.) Disorder of alternating movements: examined by asking
the patient to quickly touch the thumb of one hand to the other
fingers of the same hand, or to make tapping movements with
the fingers, or to do pronation-supination with both hands. In
parkinsonian patients, these movements may slow down and
fall out of rhythm, usually asymmetrically. Patients may also
be asked to follow a rhythmic movement demonstrated by the
examiner.

5.) Tremor: examined during rest and during movements (e.g.
during goal-directed movements). Tremor may also be
measured by instruments. Resting tremor usually doesn’t
involve the head, as opposed to essential tremor.

6.) Facial expression: loss of facial expressions (hypomimia)



7.) Speech and intonation: depending on the stage of disease,
speech may be monotonous, soft, or quick and jabbering, its
intonation may be lost, and words may be repeated. Both
spontaneous and repetition of spoken words are examined.

8.) Writing: (spontaneous and after dictation) microgaphia is
characteristic, and the patient is unable to keep the line.

9.) Drawing: dot drawing test (the number of dots the patient is
able to draw within a circle in one minute, with both right and
left hands). Motor and visual coordination may also be
examined by asking the patient to draw a spiral with both open
and closed eyes. With closed eyes, spatial orientation
deteriorates, the figure becomes smaller, and takes more time
to draw.
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