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Learning Objectives

§ To be able to recognize coma and distinguish 
from distinct states that are clinically similar.

§ To know the appropriate initial work-up for a 
patient presenting with coma, including a 
targeted neurologic exam.

§ To be familiar with the early treatment of coma 
that is appropriate for most etiologies.



What is CONSCIOUSNESS?

Descartes:
1) The physical brain 

worked by the flow of 
animal spirits through 
its cavities. 

2) The immaterial soul 
was connected to the 
body and brain through 
the pineal gland which 
lies in the midline. 



Gilbert Ryle: 

‘the dogma of the 
Ghost in the 
Machine’. 



What is CONSCIOUSNESS?



DEFINITION

• Consciousness is the spontaneously occurring 
state of awareness of self and environment.

• Consciousness has two dimensions –
wakefulness and awareness [Multi-Society Task 
Force on the Persistent Vegetative State, 1994]. 



ANATOMICAL BASIS OF CONSCIOUSNESS



NORMAL STATE OF CONSCIOUSNESS

• Level of consciousness (state/clarity of consciousness, 
quantitative level of consciousness, vigilance, alertness, arousability);

• Content of consciousness (quality of consciousness, 
awareness); 

• and Wakefulness.
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Acute Disturbances of Consciousness 

117

Normal state of consciousness

Apallic syndrome

Disturbance of arousal (hypersomnia)

Acute confusion

Somnolence, stupor

Level of 
consciousness

Content of consciousness

Sleep-wake phases

Acute Disturbances of Consciousness

D
is
tu
rb
an

ce
s
of

Co
ns
ci
ou

sn
es
s

Rohkamm, Color Atlas of Neurology © 2004 Thieme
All rights reserved. Usage subject to terms and conditions of license.



This is the condition of the 
normal person when 
awake. 

Normal Consciousness



Inattention and Confusion .

In these conditions 
the patient does not 
take into account all 
elements of his 
immediate 
environment.  

Impaired Consciousness



Drowsiness denotes an 
inability to sustain a wakeful 
state without external stimuli. 

Stupor describes a patient who 
can be roused only by 
vigorous and repeated 
stimuli.

Impaired Consciousness



STIMULUS
• Calling patient’s name
• Simple commands
• Light touch with soft scrap by surface of eyelash, 

ear, nose, lips
• Patting on the face
• Shaking the shoulders
• Pricking the arms or thighs 
• Pressing distal phalanx
• Knuckle the sternum
• Gag reflex
• Supraorbital or temporo-manibular joint projection 

pressure 



COMA

1) Extreme 
unresponsiveness.

2) No voluntary
movement or 
behavior.



Physiology and Morbid Anatomy of COMA

1. lesions in the upper 
brainstem and lower  
diencephalon,

2. widespread changes 
throughout the hemispheres. 

1 + 2



CLINICAL APPROACH TO THE COMATOSE PATIENT

COMA is not a disease 
per se but is always a 
symptomatic expression 
of an underlying disease. 



STATES MIMICKING COMA
• Brain death

• Persistent vegetative state

• Minimally conscious state

• Locked-in syndrome

• Psychogenic unresponsiveness



EVALUATION OF THE COMATOSE PATIENT

• Temperature

• Pulse

• Respiratory rate

• Blood pressure

• Posturing

• Skin

• Meningeal signs

• Neuro Exam

• Labs

• EEG

• CT, MRI



Evaluation - temperature
FEVER HYPOTHERMIA
Systemic infection (pneumonia, 
bacterial meningitidis)

Heat stroke

Anticholinergic drug toxicity

Disturbing the temperature regulating 
centers (very rare)

Alcoholic intoxication

Barbiturate intoxication

Drowning

Exposure to cold

Peripheral circulatory failure

Myxedema



Evaluation - pulse
• Rate (if exceptionally slow, should suggest heart block, or - if 

combined with periodic breathing and hypertension - an increase in 
intracranial pressure)

• Rhythm
• Volume
• Force
• Equality
• Condition of arterial wall



Evaluation – respiratory rate

SLOW RAPID
Opiate intoxication

Barbiturate intoxication

Hypothyroidism

Pneumonia

Diabetic or uremic acidosis

Pulmonary edema

Central neurogenic 
hyperventilation



BREATHING PATTERNS AND LOCALIZATION:



Evaluation – blood pressure
Marked HYPERtension HYPOtension
Cerebral hemorrhage

Hypertensive 
encephalopathy

Greatly increased 
intracranial pressure

Diabetes intoxication

Alcohol intoxication

Barbiturate intoxication

Internal hemorrhage

Myocardial infarction

Dissecting aortic aneurysm

Septicemia

Addison disease

Massive brain trauma



Evaluation – posturing



Evaluation – posturing

The predominant 
postures of the limbs 
and body, the 
presence or absence 
of spontaneous 
movements, the 
position of the head 
and eyes…



Evaluation – posturing

• Vocalization
• Grimacing
• Deft avoidance 

movements
• Yawning
• Shifting of body 

positions



Evaluation – inspection of the skin

Cyanosis of the lips 
and nail beds -
inadequate 
oxygenation. 



Evaluation – inspection of the skin

Cherry-red 
coloration -
carbon monoxide 
poisoning. 



Evaluation – inspection of the skin

Multiple bruises -
cranial fracture 
and     
intracranial 
trauma. 



Evaluation – inspection of the skin

Telangiectasia's 
and hyperemia of 
the face and 
conjunctivae –
alcoholism. 



Evaluation – inspection of the skin

Marked pallor -
internal 
hemorrhage. 



Evaluation – inspection of the skin

A maculohemorrhagic rash -
meningococcal infection, 
staphylococcal endocarditis,          
typhus, or Rocky Mountain 
spotted fever. 



Evaluation – inspection of the skin

Excessive 
sweating -
hypoglycemia or 
shock.



Evaluation – inspection of the skin

Excessively dry 
skin - diabetic 
acidosis,       
uremia, or drug 
overdose with 
anticholinergic 
effect.



GENERALIZED SEIZURES               
Tonic-Clonic Seizures (Grand Mal)

• Contraction of the jaw 
muscles may cause 
biting of the tongue.  



Evaluation - the odor of the 
breath

The ODOR Etiology of coma

Alcohol

The spoiled-fruit odor 

Uriniferous odor

Musty fetor

Burnt almond

Alcoholic intoxication (vodka 
is odorless)

Diabetic coma

Uremia

Hepatic coma

Cyanide poisoning



Evaluation – meningeal signs



Evaluation – meningeal signs



Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)



Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)
ØPupillary light reflex (II, III)



Evaluation – Pupillary Light Reflex                        
Structural Lesions

Bilaterally constricted 
èè Pontine lesions

Unilaterally dilated and 
fixed èè Uncal 
herniation 

Horner syndrome èè
one-sided lesion of the 
brainstem or 
hypothalamus or to a 
dissecting aneurysm of 
the internal carotid 
artery



Claud Bernard-Horner syndrome 



Evaluation – Pupillary Light Reflex                        
Toxic Ingestions

MIOSIS (small pupils) MYDRIASIS (large 
pupils)

Alcohol

Opiates

Barbiturates

Organophosphates

Anticholinergics

Antihistamines

TCAs

Cocaine / 
Amphetamines



Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)
ØPupillary light reflex (II, III)
ØOculocephalic / Doll’s eye reflex (III, IV, VI, VIII)



Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)
ØPupillary light reflex (II, III)
ØOculocephalic / Doll’s eye reflex (III, IV, VI, VIII)
ØOculovestibular reflex (III, IV, VI, VIII)



Evaluation – Oculovestibular Reflex

• Patient’s head is raised 30 degrees from the 
horizontal. (Orients the semi-circular canals)

• Cold water is infused into the auditory canal.

• In an intact reflex, both eyes deviate towards the 
ipsilateral side



Evaluation – Oculocephalic Reflex and 
Oculovestibular Reflex 



Evaluation – NEURO EXAM
• Mental status
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Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)
ØPupillary light reflex (II, III)
ØOculocephalic / Doll’s eye reflex (III, IV, VI, VIII)
ØOculovestibular reflex (III, IV, VI, VIII)
ØCorneal reflex (V, VII, III)
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Evaluation – NEURO EXAM
• Mental status
• Cranial nerves

ØBlink to threat (II)
ØPupillary light reflex (II, III)
ØOculocephalic / Doll’s eye reflex (III, IV, VI, VIII)
ØOculovestibular reflex (III, IV, VI, VIII)
ØCorneal reflex (V, VII, III)
ØGag reflex (IX, X)

• Muscle tonus
• Deep tendon reflexes
• Babinski reflex



The GCS is scored between 3 and 15, 3 being the worst, and 15 the best. It 
is composed of three parameters : Best Eye Response, Best Verbal 
Response, Best Motor Response, as given below : 
Best Eye Response. (4) Best Verbal Response. (5) 
E1.No eye opening. V1. No verbal response 
E2. Eye opening to pain. V2. Incomprehensible sounds. 
E3. Eye opening to verbal command. V3. Inappropriate words. 
E4. Eyes open spontaneously. V4. Confused 

V5. Orientated
Best Motor Response. (6)
M1. No motor response. 
M2. Extension to pain. 
M3. Flexion to pain. 
M4. Withdrawal from pain. 
M5.Localising pain. 
M6. Obeys Commands. 

Note that the phrase 'GCS of 11' is essentially meaningless, and it is 
important to break the figure down into its components, such as 
E3V3M5 = GCS 11. A Coma Score of 13 or higher correlates with a mild 
brain injury, 9 to 12 is a moderate injury and 8 or less a severe brain 
injury. 

Teasdale G., Jennett B., LANCET (ii) 81-83, 1974. 

Glasgow Coma Score



• Blood Glucose!
• Chemical-toxicologic analysis of blood and urine
• Arterial blood-gas analysis
• Measurements of electrolytes, calcium, osmolarity
• Renal function (blood urea nitrogen)
• Hepatic function
• Drug levels of any prescription meds in the home
• CSF examination
• If etiology remains obscure, consider: NH4

+, TSH, 
cortisol, lactate, serum osmoles, co-oximetry

Evaluation – Labs



Evaluation – Hemotympanum



Evaluation – Papilledema



Optic disk modification in increased intracranial pressure

Normal retina Papilledema

Stagnant Optic Disk Atrophy after stagnation



STAGES OF COMA
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Stages of coma

Diminishing responses and reflexes

Spontaneous movements

Motor response (defensive
response) to sensory 
stimulus

Pupillary diameter

Pupillary light reflex 
(direct and indirect)

Vestibulo-ocular reflex
(doll’s -eyes reflex)

Vestibulo-ocular reflex
(cold water in either ear; test
in left ear shown)

Immediate 

Normal

Delayed Sluggish Sluggish or absent Absent Absent

Specifically 
localized

Directed Decortication Decerebration Flexion/
extension Absent
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Evaluation – Imaging

• CT of head without contrast is test of choice. If 
initial work-up unrevealing, and patient is stable, 
can consider MRI

• MRI is better for CT in detecting coma due to:
ØBrainstem and cerebellar infarcts
ØEarly cerebral infarcts
ØHerpes encephalitis
ØAnoxic encephalopathy



Evaluation – EEG

• EEG can detect 
nonconvulsive status 
epilepticus (NSE), as 
well as various 
abnormalities which 
may suggest specific 
additional diagnoses.



Classification of Coma and Differential Diagnosis
I.  Diseases that cause no focal or lateralizing neurologic 

signs, usually with normal brainstem functions. CT scan 
and cellular content of the CSF are normal.

A. Intoxications: alcohol, barbiturates and other sedative 
drugs, opiates, etc. 

B. Metabolic disturbances: anoxia, diabetic acidosis, 
uremia, hepatic coma, hypoglycemia, addisonian crisis, 
profound nutritional deficiency.

C. Severe systemic infections: pneumonia, typhoid fever, 
malaria, septicemia, Waterhouse-Friderichsen syndrome.

D. Circulatory collapse (shock) from any cause.



Classification of Coma and Differential Diagnosis
I.  Diseases that cause no focal or lateralizing neurologic 

signs, usually with normal brainstem functions. CT scan 
and cellular content of the CSF are normal.

E. Postseizure states.

F. Hypertensive encephalopathy and eclampsia.

G. Hyperthermia or hypothermia.

H. Concussion.

I. Idiopathic recurring stupor and coma.

J. Acute hydrocephalus.



Classification of Coma and Differential Diagnosis
II.  Diseases that cause meningeal irritation with or 

without fever, with an excess of WBCs or RBCs in the CSF, 
usually without focal or lateralizing cerebral or brainstem 
signs. Computed tomography or MRI, which preferably 
should precede lumbar puncture, may be normal or 
abnormal.

A. Subarachnoid hemorrhage from ruptured aneurysm, 
arteriovenous malformation, occasionally trauma.

B. Acute bacterial meningitis.

C. Some forms of viral encephalitis.



Classification of Coma and Differential Diagnosis
III.  Diseases that cause focal brainstem or lateralizing 

cerebral signs, with or without changes in the CSF. 
Computed tomography and MRI are usually abnormal.

A. Hemispheral hemorrhage or  infarction.
B. Brainstem infarction due to thrombosis or embolism.
C. Brain abscess, subdural empyema.
D. Epidural and subdural hemorrhage and brain 

contusion.
E. Brain tumor.
F. Miscellaneous: cortical vein thrombosis, some forms of viral 

encephalitis, focal embolic encephalomalacia due to bacterial 
endocarditis, acute hemorrhagic leukoencephalitis, disseminated 
(postinfectious) encephalomyelitis, and others.



Locked-in syndrome 

Is a “de-efferented 
state” in which the 
patient is fully 
conscious but can 
make no 
spontaneous 
movements except 
lid and vertical eye 
movements. 
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Locked-in Syndrome

A patient is fully conscious and 
able to see but unable to feel, or 
move because of brainstem 
damage. Locked-in patients can 
often move their eyes to stimuli

and move their eyes 
voluntarily if only 
upwards. 



Minimally Conscious States 
These patients are in a 
state of deep coma. 
Then they begin to open 
their eyes, at first in 
response to painful 
stimuli and later 
spontaneously and for 
increasingly prolonged 
periods. 

FIG. 4.1. Cerebral herniation secondary to hemispheral infarction. Noncontrast axial CT demonstrates an extensive area of decreased density within the left frontal, 
temporal, and parietal lobes with relative sparing of the left thalamus and left occipital lobe. A dense left middle cerebral artery is seen, consistent with thrombosis. A: 
Obliteration of the suprasellar cistern by the medial left temporal lobe indicates uncal herniation. B: Left-to-right shift of the left frontal lobe, left caudate nucleus, and 
left internal capsule denote severe subfalcine herniation. (Courtesy of Dr. S. Chan, Columbia University College of Physicians and Surgeons, New York, N.Y.)

Respiration having an variably irregular rate and amplitude ( ataxic or Biot breathing) indicates medullary damage and can progress to apnea, which also occurs 
abruptly in acute posterior fossa lesions. Loss of automatic respiration with preserved voluntary breathing ( Ondine curse) occurs with medullary lesions; as the patient 
becomes less alert, apnea can be fatal. Other ominous respiratory signs are end-expiratory pushing (e.g., coughing) and “fish-mouthing” (i.e., lower-jaw depression 
with inspiration). Stertorous breathing (i.e., inspiratory noise) is a sign of airway obstruction.

Pupils

Pupillary abnormalities in coma may reflect an imbalance between input from the parasympathetic and sympathetic nervous systems or lesions of both. Although 
many people have slight pupillary inequality, anisocoria should be considered pathologic in a comatose patient. Retinal or optic nerve damage does not cause 
anisocoria, even though there is an afferent pupillary defect. Parasympathetic lesions (e.g., oculomotor nerve compression in uncal herniation or after rupture of an 
internal carotid artery aneurysm) cause pupillary enlargement and ultimately full dilatation with loss of reactivity to light. Sympathetic lesions, either intraparenchymal 
(e.g., hypothalamic injury or lateral medullary infarction) or extraparenchymal (e.g., invasion of the superior cervical ganglion by lung cancer), cause Horner syndrome 
with miosis. With involvement of both systems (e.g., midbrain destruction), one or both pupils are in midposition and are unreactive. Pinpoint but reactive pupils 
following pontine hemorrhage are probably the result of damage to descending intraaxial sympathetic pathways, as well as to a region of the reticular formation that 
normally inhibits the Edinger-Westphal nucleus.

With few exceptions, metabolic disease does not cause unequal or unreactive pupils. Fixed, dilated pupils after diffuse anoxia-ischemia carry a bad prognosis. 
Anticholinergic drugs, including glutethimide, amitriptyline, and antiparkinsonian agents, abolish pupillary reactivity. Hypothermia and severe barbiturate intoxication 
can cause not only fixed pupils but a reversible picture that mimics brain death. Bilateral or unilateral pupillary dilatation and unreactivity can accompany (or briefly 
follow) a seizure. In opiate overdose, miosis may be so severe that a very bright light and a magnifying glass are necessary to detect reactivity. Some pupillary 
abnormalities are local in origin (e.g., trauma or synechiae).

Eyelids and Eye Movements

Closed eyelids in a comatose patient mean that the lower pons is intact, and blinking means that reticular activity is taking place; however, blinking can occur with or 
without purposeful limb movements. Eyes that are conjugately deviated away from hemiparetic limbs indicate a destructive cerebral lesion on the side toward which 
the eyes are directed. Eyes turned toward paretic limbs may mean a pontine lesion, an adversive seizure, or the wrong-way gaze paresis of thalamic hemorrhage. 
Eyes that are dysconjugate while at rest may mean paresis of individual muscles, internuclear ophthalmoplegia, or preexisting tropia or phoria.

When the brainstem is intact, the eyes may rove irregularly from side to side with a slow, smooth velocity; jerky movements suggest saccades and relative 
wakefulness. Repetitive smooth excursions of the eyes first to one side and then to the other, with 2- to 3-second pauses in each direction ( periodic alternating or 
ping-pong gaze), may follow bilateral cerebral infarction or cerebellar hemorrhage with an intact brainstem.

If cervical injury has been ruled out, oculocephalic testing (the doll's-eye maneuver) is performed by passively turning the head from side to side; with an intact reflex 
arc (vestibular–brainstem–eye muscles), the eyes move conjugately in the opposite direction. A more vigorous stimulus is produced by irrigating each ear with 30 to 
100 mL of ice water. A normal awake person with head elevated 30 degrees has nystagmus with the fast component in the direction opposite the ear stimulated, but a 
comatose patient with an intact reflex arc has deviation of the eyes toward the stimulus, usually for several minutes. Simultaneous bilateral irrigation causes vertical 
deviation, upward after warm water and downward after cold water.

Oculocephalic or caloric testing may reveal intact eye movements, gaze palsy, individual muscle paresis, internuclear ophthalmoplegia, or no response. Cerebral 
gaze paresis can often be overcome by these maneuvers, but brainstem gaze palsies are usually fixed. Complete ophthalmoplegia may follow either extensive 
brainstem damage or metabolic coma, but except for barbiturate or phenytoin sodium (Dilantin) poisoning, eye movements are preserved early in metabolic 
encephalopathy. Unexplained dysconjugate eyes indicate a brainstem or cranial nerve lesion (including abducens palsy due to increased intracranial pressure).

Downward deviation of the eyes occurs with lesions in the thalamus or midbrain pretectum and may be accompanied by pupils that do not react to light ( Parinaud 
syndrome). Downward eye deviation also occurs in metabolic coma, especially in barbiturate poisoning, and after a seizure. Skew deviation, or vertical divergence, 
follows lesions of the cerebellum or brainstem, especially the pontine tegmentum.

Retraction and convergence nystagmus may be seen with midbrain lesions, but spontaneous nystagmus is rare in coma. Ocular bobbing (conjugate brisk downward 
movements from the primary position) usually follows destructive lesions of the pontine tegmentum (when lateral eye movements are lost) but may occur with 
cerebellar hemorrhage, metabolic encephalopathy, or transtentorial herniation. Unilateral bobbing (nystagmoid jerking) signifies pontine disease.

Tests

Computed tomography (CT) or magnetic resonance imaging (MRI) is promptly performed whenever coma is unexplained. Unless meningitis is suspected and the 
patient is clinically deteriorating, imaging should precede lumbar puncture. If imaging is not readily available, a spinal tap is cautiously performed with a no.20 or 
no.22 needle. If imaging reveals frank transtentorial or foramen magnum herniation, the comparative risks of performing a lumbar puncture or of treating for meningitis 
without CSF confirmation must be weighed individually for each patient.

Other emergency laboratory studies include blood levels of glucose, sodium, calcium, and blood urea nitrogen (or creatinine); determination of arterial pH and partial 
pressures of oxygen and carbon dioxide; and blood or urine toxicology testing (including blood levels of sedative drugs and ethanol). Blood and CSF should be 
cultured, and liver function studies and other blood electrolyte levels determined. Coagulation studies and other metabolic tests are based on index of suspicion.

The electroencephalogram (EEG) can distinguish coma from psychic unresponsiveness or locked-in state, although alphalike activity in coma after brainstem 
infarction or cardiopulmonary arrest may make the distinction difficult. In metabolic coma, the EEG is always abnormal, and early in the course, it may be a more 
sensitive indicator of abnormality than the clinical state of the patient. The EEG may also reveal asymmetries or evidence of clinically unsuspected seizure activity. 
Infrequently, patients without clinical seizures demonstrate repetitive electrographic seizures or continuous spike-and-wave activity; conversely, patients with subtle 
motor manifestations of seizures sometimes display only diffuse electrographic slowing. Distinguishing true status epilepticus from myoclonus (common after 
anoxic-ischemic brain damage) is often difficult, both clinically and electrographically; and if any doubt exists, anticonvulsant therapy should be instituted.

COMA FROM SUPRATENTORIAL STRUCTURAL LESIONS



Persistent vegetative state (apallic 
syndrome) 

Is caused by 
extensive injury to 
the cerebral cortex, 
subcortical white 
matter, or thalamus. 
The patients are 
awake but 
unconscious (loss of 
cortical function). 
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The Persistent Vegetative State
Patients who survived for indefinite periods without regaining 

any meaningful mental function. For the first week or two after 
the cerebral injury, these patients are in a state of deep coma. 
Then they begin to open their eyes, at first in response to 
painful stimuli and later spontaneously and for increasingly 
prolonged periods. The patient may blink in response to threat 
or to light and intermittently the eyes move from side to side, 
seemingly following objects or fixating momentarily on the 
physician or a family member and giving the erroneous 
impression of recognition. However, the patient remains 
inattentive, does not speak, and shows no signs of awareness 
of the environment or inner need; responsiveness is limited to 
primitive postural and reflex movements of the limbs. In brief, 
there is arousal or wakefulness, and alternating arousal-
nonarousal cycles are established, but the patient regains 
neither awareness nor purposeful behavior of any kind.



Akinetic mutism 

The patient is awake 
but the drive to 
voluntary movement 
is severely impaired 
and the patient does 
not speak (mutism). 
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Psychogenic disturbances of 
consciousness 

Are relatively rare and difficult to diagnose. The 
lack of arousability can be either an expression of 
a psychiatric disease (conversion or acute stress 
re- action, severe depression, catatonic stupor) or 
a deliberate fabrication. Clues are sometimes 
found in the case history or on neurological ex-
amination (e. g., presence of aversive reflexes, ac-
tive eye closing, preserved optokinetic and vesti-
bulo-ocular nystagmus, catalepsy, stereotyped 
posture). 



Brain Death
A state of coma in which the brain was irreversibly damaged 
and had ceased to function but in which pulmonary and 
cardiac function could still be maintained by artificial means. 

The central considerations in the diagnosis of brain death 
are:

1. absence of cerebral functions (unreceptivity and 
unresponsivity); 

2. absence of brainstem functions, including spontaneous 
respiration; and 

3. irreversibility of the state. To these is usually added evidence 
of catastrophic brain disease (trauma, cardiac arrest, 
cerebral hemorrhage, etc.).



Care of the Comatose Patient

1. The management of shock, if it is present, takes precedence 
over all other diagnostic and therapeutic measures.

2. Shallow and irregular respirations, stertorous breathing 
(indicating obstruction to inspiration), and cyanosis require the 
establishment of a clear airway and delivery of oxygen. The 
patient should initially be placed in a lateral position so that 
secretions and vomitus do not enter the tracheobronchial tree. 
Secretions should be removed by suctioning as soon as they 
accumulate; otherwise they will lead to atelectasis and 
bronchopneumonia. Arterial blood gases should be measured 
and further observed by monitoring of oxygen saturation. A 
patient's inability to protect against aspiration and the presence 
of either hypoxia or hypoventilation dictates the use of 
endotracheal intubation and a positive-pressure respirator.



Care of the Comatose Patient

3. Concomitantly, an intravenous line is established and blood 
samples are drawn for determination of glucose, drugs, and 
electrolytes and for tests of liver and kidney function. Naloxone, 0.5 
mg, should be given intravenously if a narcotic overdose is a 
possibility. Hypoglycemia that has produced stupor or coma demands 
the infusion of 25 to 50 mL of 50% glucose, followed by a 5% 
infusion; this must be supplemented with thiamine.

4. With the development of elevated intracranial pressure, mannitol, 
25 to 50 g in a 20% solution, should be given intravenously over 10 to 
20 min and hyperventilation instituted if deterioration from a mass 
lesion occurs, as judged by pupillary enlargement or deepening 
coma. Repeated CT scanning allows the physician to follow the size 
of the lesion and degree of localized edema and to detect herniations 
of cerebral tissue. With massive cerebral lesions, it may be 
appropriate to place a pressure-measuring device in the cranium.



Care of the Comatose Patient

5. A lumbar puncture should be performed if meningitis or 
subarachnoid hemorrhage is suspected, keeping in mind the 
risks of this procedure and the means of dealing with them. A 
CT scan may have disclosed a subarachnoid hemorrhage, in 
which case no lumbar puncture is necessary.

6. Convulsions should be controlled by special measure.

7. As indicated above, gastric aspiration and lavage with 
normal saline may be useful in some instances of coma due 
to drug ingestion. Salicylates, opiates, and anticholinergic 
drugs (tricyclic antidepressants, phenothiazines, 
scopolamine), all of which induce gastric atony, may be 
recovered many hours after ingestion. Caustic materials 
should not be lavaged because of the danger of perforation.



Care of the Comatose Patient

8. The temperature-regulating mechanisms may be 
disturbed, and extreme hypothermia, hyperthermia, or 
poikilothermia may occur. In severe hyperthermia, 
evaporative-cooling measures are indicated in addition 
to antipyretics.

9. The bladder should not be permitted to become 
distended; if the patient does not void, decompression 
should be carried out with an indwelling catheter. 
Needless to say, the patient should not be permitted to 
lie in a wet or soiled bed.



Care of the Comatose Patient

10. Diseases of the CNS may disrupt the control of 
water, glucose, and sodium. The unconscious patient 
can no longer adjust the intake of food and fluids by 
hunger and thirst. Both salt-losing and salt-retaining 
syndromes have been described with brain disease. 
Water intoxication and severe hyponatremia may of 
themselves prove damaging. If coma is prolonged, the 
insertion of a gastric tube will ease the problems of 
feeding the patient and maintaining fluid and electrolyte 
balance. Otherwise, approximately 35 mL/kg of isotonic 
fluid should be administered per 24 h (5% dextrose in 
0.45% saline with potassium supplementation unless 
there is brain edema, in which case isotonic normal 
saline is preferable).



Care of the Comatose Patient

11. Aspiration pneumonia is avoided by prevention of 
vomiting (gastric tube and endotracheal intubation), 
proper positioning of the patient, and restriction of oral 
fluids. Should aspiration pneumonia occur, it requires 
treatment with appropriate antibiotics, and aggressive 
pulmonary physical therapy.

12. Leg vein thrombosis - a common occurrence in 
comatose and hemiplegic patients - often does not 
manifest itself by obvious clinical signs. An attempt may 
be made to prevent it by the subcutaneous 
administration of heparin, 5000 units q 12 h, and by the 
use of intermittent pneumatic compression boots.



Care of the Comatose Patient
13. If the patient is capable of moving, suitable 
restraints should be used to prevent falling out of bed 
and self-injury from convulsions.

14. Regular conjunctival lubrication and oral cleansing 
should be instituted.

Prognosis of Coma
As a general rule, recovery from metabolic and toxic causes of coma 
is far better than from anoxic coma, with head injury occupying an 
intermediate prognostic position. If there are no pupillary, corneal, or 
oculovestibular responses within several hours of the onset of coma, 
the chances of regaining independent function are practically nil (see 
Levy et al). Other unfavorable prognostic signs are absence of 
corneal reflexes and eye-opening responses and atonia of the limbs 
at 1 and 3 days after the onset of coma and absence of the cortical 
component of the somatosensory evoked responses on both sides.
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PRINCIPLES OF CT

CT - computed tomography. 



CT was invented by two researchers independently: British 
engineer Godfrey Hounsfield and Allan Cormack, a South 

African-born physicist, who were awarded the
1979 Nobel Prize.



PRINCIPLES OF CT
(1) the attenuation of 
the X-ray passage 
through tissues 
depending on their 
density and (2) the 
possibility of the 
computer to quickly 
reconstruct the image in 
transverse plane 
resulting from the scans 
performed from several 
angles.

equivalent to—parallel-ray views of translate–rotate scan-
ners. Spatial resolution in the plane of the CT slice is ulti-
mately limited by the spacing of the measurements (referred
to here as samples) and by the sizes of the detectors (sampling
aperture). Fundamentally, the closer together the samples
and the smaller the aperture, the higher the maximum
resolution (although the actual resolution depends on the
reconstruction filter selected). Views must of course be taken
at a sufficient number of angles to provide sufficient data for
the reconstruction process.

A limitation of third-generation geometry is this sampling.
Although it is possible to collect views at any number of
angles, sample size and spacing are fixed by detector design;
samples cannot be closer together than the distance between
rays associated with each detector at the level of the center of
rotation (supplemental Fig. 9). Obtaining smaller and more
closely spaced measurements would require a detector array
with smaller—and more—detectors. A common technique
for circumventing this limitation is the ‘‘1/4-ray offset.’’
Suppose a scan is performed over 360! rather than 180!. At
some point during the 360! scan, every ray is measured twice,
but with the rays traveling in opposite directions. For exam-
ple, a detector at the center of the array measures the same ray
(i.e., x-rays passing through the same voxels) when the tube is
at 0! and the detector is at 180! and again 180! later when
their positions are reversed. Through a shift of the detector
array mounting by a small amount (1/4 of a detector width)
relative to the center of rotation, these opposing rays can be
made to interleave, effectively doubling the sample density
(i.e., the samples are half as far apart) (supplemental Fig. 10).
An extension of this idea is the dynamic focal spot; although
the tube and detectors are linked, the x-ray beam can move
relative to the detectors through electronic shifting of the
location of the focal spot on the x-ray tube anode. If the focal
spot is shifted by half of a detector width, then interleaved
samples are again obtained (11).

FOURTH-GENERATION SCANNERS

By 1976, 1-s scans were achieved with a design incor-
porating a large stationary ring of detectors, with the x-ray
tube alone rotating around the patient (supplemental Fig. 11).
This approach, known as fourth-generation geometry and de-
veloped under contract with the National Institutes of Health,
is diagramed in Figure 10. Although it appeared later, fourth-
generation technology was in fact developed (for the most
part) in parallel with—and partly in response to—engineering
challenges of the third-generation approach.

With regard to sampling in fourth-generation CT, the set
of rays measured by one detector as the x-ray tube sweeps
across its field of view is analogous to one third-generation
fanbeam view but with the roles of tube and detectors re-
versed (supplemental Fig. 12). Each fourth-generation de-
tector collects a complete fanbeam view (which may be
rebinned into parallel-ray views)—but a view in which sam-
ple spacing may be arbitrarily close, limited only by how

rapidly measurements are made as the tube sweeps across
the field of view of the detector. Also, unlike third-generation
detectors, each fourth-generation detector can measure rays
at any distance from the center of rotation and can be dy-
namically calibrated before it passes into the patient’s shadow,
so that ring artifacts are not a problem. On the other hand,
the number of detectors strictly limits the number of views
that can be acquired.

Drawbacks of early fourth-generation CT included size
and geometric dose efficiency. Because the tube rotated
inside the detector ring, a large ring diameter (170–180 cm)
was needed to maintain acceptable tube–skin distances. On
the other hand, acceptable spatial resolution limited detector
apertures to ;4 mm. Consequently, even allowing for ;10%
space between detectors, 1,200 or more detectors were
needed to fill the ring, but cost considerations initially limited
the number to 600. The result was gaps between detectors and
low geometric dose efficiency (,50%), as shown in supple-
mental Figure 11 (up to 4,800 detectors were eventually
used). A later, alternate design used a smaller ring placed
closer to the patient, with the tube rotating outside the ring;
during tube rotation, the part of the ring between the tube and
the patient would tilt out of the way of the x-ray beam (the
peculiar wobbling motion of the ring was called nutation).

Another disadvantage of fourth-generation designs was
scatter. The scatter-absorbing septa used in third-generation
designs could not be used, because the septa would neces-
sarily be aimed at the center of the ring, which was the
source of the scatter (patient’s location); that is, they would
preferentially transmit scatter rather than primary x-rays.

FIGURE 10. Fourth-generation scan geometry. Fixed detector
ring in original design was quite large, because tube rotated
inside ring. Later designs moved tube outside ring and tilted
ring out of way of x-ray beam as x-ray tube swept by.
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PRINCIPLES OF CT
“Tomos” - Greek spelling - slice, section. 

“Graphe” - Greek spelling – writing, drawing.

example, the x-ray beams associated with consecutive
helical loops are contiguous; that is, there are no gaps be-
tween the beams and no overlap of beams. In the second
example, a 5-mm gap exists between x-ray beam edges of
consecutive loops. In the third example, beams of consec-
utive loops overlap by 2.5 mm, thus doubly irradiating the
underlying tissue. The choice of pitch is examination de-
pendent, involving a trade-off between coverage and accu-
racy. Pitch is discussed in greater detail later in the article.

Another concept associated with helical CT is slice inter-
polation. For step-and-shoot CT, all data for slice reconstruc-
tion are collected at the Z position of that slice before moving
to the next position. Reconstructed slices clearly correspond
to the Z positions at which the data were obtained. Helical
CT, however, provides no obvious slice Z positions; relative
to the continuous helical data path, any arbitrarily selected
slice plane (such as the vertical line in Fig. 11) is equivalent to
any other. Thus, once helical data are acquired, slices may be
reconstructed at any Z position. On the other hand, no slice
plane contains sufficient data to actually reconstruct a slice.
To see the problem, consider the slice plane shown as a
vertical line in Fig. 11; if the helix represents the path of the
detectors, then it is clear that the detectors (and thus the
locations of measured views) are above the slice plane at 0!
but below the slice plane 180! later (or vice versa). Only a
small number of measurements actually lie exactly within the
plane of the slice. Recall, however, that image reconstruction
requires that a sufficient number of views over a sufficiently
large angle (at least 180!) be obtained. To allow image
reconstruction, it is necessary to estimate from the measure-
ments lying above and below the slice what the measure-
ments would have been within the slice. The process known
as interpolation is used to make these estimates.

For example, suppose a scan is performed with a 10-mm
slice thickness and a pitch of 1 and then data (rays) measured
by one particular detector are considered. Suppose that when
this detector is at 50! (i.e., it measures a ray whose path
through the patient is at 50!), the detector is 5 mm above the
plane of the slice to be reconstructed. After one rotation with
a pitch of 1, that detector again measures a ray at 50! but now
5 mm below the desired plane. To estimate the equivalent 50!
ray that would have been measured by this detector within the

slice plane, interpolation between the measurements ob-
tained 5 mm below and those obtained 5 mm above is used. In
this case, because the 2 measurements are equidistant from
the slice, the 2 measurements are simply averaged. If instead
the first measurement is only 2 mm above the slice and the
second measurement is 8 mm below, then the first measure-
ment—being closer—is given greater weight.

It is distinctly possible, however, that the anatomy actually
lying between the 2 measurements in the example just
described differs significantly from that at which the mea-
surements are obtained (there may be rapidly changing
anatomy or small structures). If so, then the estimate may
be significantly in error, leading to image misrepresentation
or image artifacts. As a rule, the farther apart interpolated
data points are, the greater the chance of error. The process
just described is called 360! interpolation, because data are
interpolated between measurements obtained 360! (one full
rotation) apart by the same detector. However, this scheme
can be improved; as noted earlier, at some point during each
360! rotation, every ray is measured twice, but with the
x-rays traveling in opposite directions (i.e., 180! apart).
These 180!-opposed rays are closer together—and thus allow
fewer chances for interpolation errors—than those that are
360! apart. The process that makes use of these rays is known
as 180! interpolation and is the one that is generally used
(Fig. 12). (Note that it is only for detectors at the center of the
array that 180!-opposed rays are exactly half as far apart as
those separated by 360!; for detectors closer to the ends of the
array, measurements will not be as evenly spaced.)

FIGURE 11. Helical CT. Improved body CT was made
possible with advent of helical CT (or spiral CT). Patient table
is moved smoothly through gantry as rotation and data
collection continue. Resulting data form spiral (or helical) path
relative to patient; slices at arbitrary locations may be
reconstructed from these data.

FIGURE 12. Helical CT sample spacing and interpolation. If
data for desired slice of thickness d (dark gray bar in figure) are
interpolated between equivalent rays from adjacent helical
rotations (loops) with pitch of 1.5, samples will be 1.5 d apart
along z-axis (e.g., 10.5 mm apart for 7-mm thickness). Larger
spacing means greater chance that interpolated estimate is in
error. If 180!-opposed rays are included, measurements aver-
age half as far apart (and are more likely to actually lie within
slice). det 5 detector.
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Computed tomography of human brain, 
from base of the skull to top.

Taken with intravenous contrast medium.



PRINCIPLES OF CT
The outgoing intensity I(x) of the beam of photons 
measured will depend on the location. In fact, I(x) 
is smaller where the body is more radiopaque.
Hounsfield chose a scale that affects the four basic 
densities, with the following values:
air = -1000
fat = -60 to -120
water = 0
compact bone = +1000 



PRINCIPLES OF CT
CT scanning of the head is typically used to 
detect infarction, tumors, calcifications, hemorrhage, 
and bone trauma.

Of the above, hypodense (dark) structures can 
indicate edema and infarction, hyperdense (bright) 
structures indicate calcifications and hemorrhage.



CT examination in stroke



CT: solitary fibrous tumor of brain



CT: extensive intracerebral 
calcifications



CT: skull base trauma



Thank you for your attention!
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