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Table 4 Sensitivities and specificities of
diagnosis of elevated ICP

From: Diagnosis and management of elevated intracranial pressure in the emergency

department

Quality Sensitivity Specificity

Absence or compression of basal cisterns on 85.9% (95% confidence interval 58.0% to 61% (29.1% 10 85.6%)

CTH 96.4%)

Any midline shift 80.9% (64.3% to 90.9%) 42.7% (24.0% to
63.7%)

Severe midline shift (> 10 mm) 20.7% (13.0% to 31.3%) 89.7% (77.5% to
95.2%)
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ICP pulse waveform represented by three peaks (P1, P2, P3)
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ig. 1

Cerebral volume—pressure curve showing the relationship between ICP and an increase in the

intracranial component volume
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v ICP=PSS+information rate *resistance CSF drain

v CBF=CAP-JVP/CVR
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Figure 2. Theoretic intracranial compliance curves.
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Cerebral autoregulation: preserved vs impaired based
on ICP and CPP ICP-intra cranial pressure;
CPP-cerebral perfusion pressure

Fig. 3

Effect of cerebral autoregulation on intracranial pressure
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Causes of raised intracranial pressure

Pathophysiology

Causes

Focal brain oedema (localized

mass lesion)

Diffuse brain oedema

Disturbance of CSF circulation

Obstruction to major venous

sinuses
Vascular malformations

Idiopathic

Traumatic hematomas (extradural, subdural, intracerebral)
Neoplasms (gliomas, meningiomas, metastasis)
Ischemic or hemorrhagic stroke, abscess

Encephalitis, meningitis, diffuse head injury, seizures,
encephalopathy (hepatic, toxic, uremic or septic), hypoxemic

ischemic encephalopathy, water intoxication, Reye's syndrome

Obstructive hydrocephalus
Communicating hydrocephalus

Subarachnoid hemorrhage

Depressed fractures overlying major venous sinuses.

Cerebral venous thrombosis
Arteriovenous malformation

Benign intracranial hypertension
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Raised ICP resulting from

increased cerebral blood
volume

Venous congestion, e.g.
Trendelenburg position,
cervical collars, positive end-
expiratory pressure

Cerebral venous thrombosis

Drugs causing dilation of
cerebral vessels, e.g. nitrates

Raised ICP from

Raised ICP from increased brain volume i
increased CSF

Space-occupying lesions, e.g. tumour, cysts,

arteriovenous malformation, Hydrocephalus:
intraparenchymal clots, abscesses, obstructive
subarachnoid, subdural, extradural clots, communicating
contusions

Increased CSF production

Cerebral oedema from metabolic, _
or decreased absorption,

electrolytic, infective causes o
e.g. meningitis, tumour

ICP: intracranial pressure; CSF: cerebrospinal fluid.
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Intracranial Pressure

Volume Compensation
Mechanisms
Reaching Exhaustion

N

Volume Compensation
CSF, Blood

— P

Intracranial Volume

CPP Reduction
Herniation Risk
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Table 2

Symptoms and signs of rICP

Headache

Nausea and vomiting

Systolic hypertension

Bradycardia Cushing's triad
Irregular respiration, Cheyne-stokes respiration

Decreased mental abilities

Contusion

Double vision

Pupiis not reacting to light and unequal pupils

Loss of consciousness and finally coma as the pressure worsens.
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- . )
Herniation sitesZ: 1. Subfalcine/Cingulate; 2. Central transtentorial; 3. Lateral transtentorial

(Uncal); 4. Tonsillar; 5. Transcalvarial H T N /
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Eye response 4 = eyelids open or opened, tracking or blinking to command

3 = eyelids open but not tracking

2 = eyelids closed but open to loud voice

1 = eyelids closed but open to pain

0 = eyelids remain closed with pain

Motor response 4 = thumbs-up, fist or peace sign

3 = localizing to pain

2 = flexion response to pain

1 = extension response to pain

0 = no response to pain or generalized myoclonus status

Brainstem reflexes 4 = pupillary and corneal reflexes present

3 = one pupil wide and fixed
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2 = pupillary or corneal reflexes absent

1 = pupillary and corneal reflexes absent

0 = absent pupillary, corneal, and cough reflex

Respiration 4 = not intubated, regular breathing pattern

3 = not intubated, Cheyne-stokes breathing pattern

2 = not intubated, irregular breathing pattern

1 = intubated, breathes above ventilator rate

0 = intubated breathes at ventilator rate or apnea



Behavior Response Score

Eye opening Spontaneously

To speech

MNOW |

To pain

—l

No response

Best verbal response Oriented to time, place, and person

Confused

Inappropriate words

Incomprehensible sounds

—l

No response

B8 (a)@) (3) (5 (8) (=)

Best motor response Obeys commands

Moves to localized pain

Flexion withdrawal from pain

Abnormal flexion (decorticate)

MW R Oy

Abnormal extension (decerebrate)

No response T



Neurological examination

Signs and symptoms of raised ICP or GCS <8

Care of airway, breathing & circulation
Endotracheal intubation
CT scan/MR imaging

Y

Insertion of ICP monitor and ICP & CPP monitoring

Target ICP <20 & CPP 60-70 mmHg

Y

If resectable mass, hydrocephalus

or bleed

Y

(I"
Surgical resection

Ventriculostomy

— CSF diversion

Evacuation
.

"'\

/

Head midline

elevation to
20-30 degrees

e

Minimum stimulation
Adequate sedation
and analgesia

Normocarbia
Avoid hypoxaemia
PaO, >60 mmHg
SpO, >92%

Normovolemia Prevent or:
fever and sei
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From: Diagnosis and management of elevated intracranial pressure in the emergency

department

Class

Diffuse injury | (no visible pathology)

Description

No visible pathology was seenon CTH

Diffuse injury Il

-Midline shift of 0 to 5 mm
-Basal cisterns remain visible

-No high or mixed-density lesions > 25 cm?3

Diffuse injury [l (swelling)

-Midline shift of 0 to 5 mm
-Basal cisterns compressed or completely effaced
-No high or mixed-density lesions > 25 cm?

AY Diffuse injury IV (shift) Midline shift > 5 mm

No high or mixed-density lesions > 25 cm?
V Evacuated mass lesion Any lesion evacuated surgically
Vi Non-evacuated mass lesion -High or mixed-density lesions > 25 cm?

-Not surgically evacuated

cee@eereme



RICP ko 43 J g

RSI oSOl V7

s V55 gy i by il b il 5 gl (40,57 und pae v/

s5 93l 5l oolitul ks pas &ygo 45 5 (el Jlo ) (sl Slasle b gl 50 g ST Jleys 9 BP Lad> v/
JSes e g5 L ENS i Log 5 51 AL (gmj95 Sod 55 (ogada( on 8l Jeid 5 (n iyl j5)le

gl B> v/

U 3l Gl

50,0 gt 4 S8 sl Oy 599 J5g j0a=,0V BV cogoms )o).wo-&-,’.gﬂ\/

S
=
=
(=
©



RlCPQlo 4o J 3-0‘
AS e adgi |y ICP s 5eS A4S s g Casdge sl o HOB e 5l sslaiwl TBI Slie ICP Gars J,S b o) lows 0 v/
ICP owims 381 sl yg5lo 5 (518 50 00 5l ol V/
AsS o Sn o 45 b g T b Sl 55505 pm0 16 dniio 1 (36 50,15 (5313 ployo v/
(505 Bgaap ol v/
0 0 (95 (3lod LSy (g Yo (239 w9l Cewgie (6l by 3l 6 S el ¥
)33y S i (sles halS 5 S Sy (T L o g5 J SV
CMRO2 CBF  zals an b (p5S5g g5 5 geind JyiiS v/
el &5 gis ] dglliws S L (Bgpe JS1 Fgo pxo DoV

099550 5 St 45 Sy pol y3 (Sl (95555 g3kl 35 ¥/

0 : JOOIOOIGIOIONe



RICP (ko o g

TBI DEPRESSED s zuiis Sy 6o 8)lg0 10 1o Jlis bsid s si 8 wsl) AED SSHdg y pexs vV

e ol )b el SKULL FRACTURE

PTS are) )3 (y99) g5 10 (9 (o8 SasSMS 9 9o Uy V/

oais Sl (x1aS pé gilinl dine) 18 Gres SlosS b 2o TBI o (o g¥ (8 43 Jogd (55 0 jo20 Y/
ebshyl 5 p¥55lee BZD b GleST gl (yloyo v/

GoLed SIL il 5285, L DC sl LEVD dusss 5,15 3929 (solas] o> Jlaws ou anles CTS o 31V
YE LYY e sl bugio (oy5gumd vV

gy S A &S RlCP&)ﬁi‘Sﬁ) 3)lge ds 09350 B o o0l S gﬁ.m‘ @u)" (SO g v

' JOIOIOIEIOIOIONS



Medication Intracranial Cerebral Cerebral Cerebral Keypoints
pressure (ICP) blood flow  blood metabolic
(CBF) volume rate (CMR)
(CBV)

Barbiturates l l l l

Benzodiazepines | or NC | | l -Neutral hemodynamic profile
-anxiolytic and anticonvulsant effects

Etomidate l l l l -Mild hemodynamic profile
-For the normotensive/hypertensive
patient

Ketamine 1 1 1 ror NC -Can be neuroprotective without
increasing cerebral oxygen
consumption
-Has sympathetic stimulation
properties that may aid in increasing
MAP and CPP
-For the hypotensive patient

Opiates NC NC L or NC NC -Neutral hemodynamic profile
-Can blunt the sympathetic response
of elevated MAP and heart rate in RSI
-For the normotensive/hypertensive
patient

Propofol l l l l -Decreases cerebral metabolic

“Decrease (1), increase (1), no change (NC)

demand and cerebral blood volume
-For the normotensive/hypertensive
patient
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ICP >20 mmHg

©
©

Y

4 N
Optimise sedation Osmotherapy Mild hyperventilation
Consider NM Mannitol/Hypertonic saline PaCO, 30-35 mmHg
blockade
\. J

Y

Barbiturate = Moderate hypothermia  Brief hyperventilation = Decompressive

therapy Rectal temp: 32-35°C PaCO, <30 mmHg craniectomy y
\-

N

2nd tier therapy

808 (8) (98 (8 ()

Figure 4. Management of raised ICP.
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Intracranial
Hypertension
or Herniation

) 4

Tier O:
Standard
Measures

Y

Tier 1
Measures

y

Tier 2
Measures

y

Tier 3
Measures

Assess ABCs T
Minimize noxious stimuli
Analgesia/sedation

Target normothermia

Head of bed > 30°

Neck midline . .

Iso- or hyperosmotic fluids
Avoid and correct hyponatremia
Steroids in select conditions *
Obtain non-contrast head CT

Hyperosmolar therapy

« Temporary hyperventilation to a PaCO2

of 30-35 mmHg
CSF drainage .
Consider surgical decompression

Hyplerosmolar therapy for higher Na
oals |
ptimize sedation and analgesia J
Rescue decompressive surgery should
be considered as a life-saving
intervention

Sedation titrated to ICP goal or burst
suppression on cEEG .
Hyperventilation to achieve mild to
mod}sr?te hypocapnia (PaCO2 25-34
mmHg

Moderate hypothermia (target core
temperature 32-34°C)

pewes @ @@ e



RICP (4o 38 J 9o

Joslo

oloys Jgl bas Jlabol j3 GCS<=8 L als TBI o Jg assls )| 5, Jgiile oo (5o ol 333 lojs 0 (S0 Y
CBVy 0jsxuny sals cul HTS

Vool peS Q5 g ¥V 5l a8 iV genl Lais v/

‘P)lee

o> 39dysl @ 32,5 JL 4 (gl 50V

Cuinyd Sy a5l el e g mSUl oYl v

Yo 5l oy 08 & g0 0RICP wily, v/

AKI Jb, eV

pee@uoan e



RICP (ko o g

Jyesle

ICP S y5iige sy JUysis il Gsemli o (2yme 59 slow 5o Jsiile ez 3l oLV

5% ol 4 Jstile uSall g 00,8 S8 S5kl (5558 55320 3l (3L (oo pligmd 5 oolged Gy 4 HTS oo 5 pleys 0¥

Sl Jlg 9550 (o555 Oloys oo (5 &S (o0 SWST HTS polae (45055830 51 (A0 Sii3g5ly (550 pol (o

595 Bl b ez 5V

Hyperosmolar agent Sodium Concentration (mEqg/L) Osmolarity (mOsm/L) Bolus range dosing
Mannitol 20% n/a 1098 0.5-1.0 g/kg
Mannitol 25% n/a 1375 0.5-1.0 g/kg

3% 513 1027 1.4-2.5 mL/kg
7.5% 1282 2566 1 mL/kg

23.4% 4004 8008 30 mL

"mEq milliequivalents, mOsm milliosmole, L liter, g gram, mL milliliters, kg kilogram
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Table 3

Comparisoen of different sedatives and supporting evidence

Sedative Advantages Cautions Literature

Propofel Recommended for the High dose or prolonged  First line sedative 12
control of ICP {level Thb)  infusion: Propofel

infusion syndrome

Midazolam Safe in rICP lowest Tachyphylaxis First line sedative 14
incidence of spreading -Robin et al.; iv bolus of
depolarizations, a midazolam prior to
potentially medifiable sucticning significant
secandary injury reduction in TCP 18
mechanism

Ketamine NMDA receptor Early case reports Intracperative
antagonist nevroprotective  concluded that it administration of
effect incenclusive increases CSF secretion  ketamine for cranictomy:
Lised as an adjunct with increases [CP | megfkg Ketamine
other sedatives: has shown reduced ICP 18
to decrease ICP 2 Further RCTs required

Barbirurates Only for elevated 1CP Prophylactic use against  Brain Trauma

Dexmedetomidine

Inhaled sedatives:
sevoflurane and

isoflurane

refractory to maximum
standard medicat and

surgical treatment.

Sedation and analgesia
without respiratory
depression

Patient is arovsable,
facilitates neurological
assessment

Rapid distribution and

elimination properiies

Emerging as sedative

agent

the development of raised
ICP: not recommended,
Hemodynamic stability is

cssential

Hypotension,
bradycardia, Agitation
Further studies to
establish its dose and

duration

Flow metabolism
uncoupling action
Acute cerebrovascular
disease: sevoflurane was
associated with a
significant increase in

1cp &

Foundation guidelines®

Atyanetal.,
neurosurgical patients:
safe and effective, mean
TCP decreased .2 avoid
lnading dose, higher
maintenance doses to

ensure adequate sedation

Subarachnoid
hemorrhage without
tICP: 0.8 % isoflurane
significantly improved
regional CBF with
modest effect on IC

when compared wit

AT
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Table 6

Contraindications of hyperventilation3®

Prophylactic
For first 24 hours of severe TBI when CBF often is reduced critically?
For prolonged periods (>4—6 hours)

Without brain oxygenation monitoring

Should not stop suddenly: risk of rebound rICP
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