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I. Monro-Kellie Hypothesis

A. Skull is a tight, rigid box

B. Brain, blood, and CSF exert pressure within skull

C. Changes in volume of brain, blood or CSF require compensatory change in the volume of another

D. If this change is not accomplished there will be an increase in intracranial pressure

II. Normal Intracranial Pressure (ICP)

A. ICP is the pressure exerted by the combined volume of the 3 intracranial components:
1. brain, 
2. CSF, 
3. blood

B. Normal ICP:
0 mm Hg to 15 mm Hg

1. The ICP value constantly fluctuates but the intracranial volume (CSF, blood, brain) remains relatively stable
2. > 20 mmHg will have brain damage. 
III. Cerebral Perfusion Pressure (CPP)

A. CPP is the blood pressure gradient necessary to supply adequate amounts of blood to brain

B. CPP provides a clinical estimate of cerebral circulation

C. CPP = Mean arterial pressure (MAP) - ICP

D. Normal CPP is 70 mm Hg to 100 mm Hg = normal cerebral blood flow. 
E. 80 is what you like to see.  Mortality rate increases by 20% for each 10 mmHg raise or loss in CPP.
IV. Cerebral Blood Flow (CBF)

A. Normal CBF occurs when the CPP is in normal range (70-100mm Hg)

B. Autoregulation is a compensatory mechanism that keeps CBF constant by maintaining adequate CPP. Automatic by altering resistance of cerebral blood vessels. 
C. Cerebral vessels vasodilate or constrict in response to CPP changes to maintain adequate blood supply/oxygen delivery to brain 

D. Autoregulation won’t work right if the patient has:

1. ischemia, 
2. hypoxia, 
3. hypercapnia, 
4. brain trauma

V. Causes of increased ICP

A. Severe head injury 

B. Subarachnoid hemorrhage

C. Hydrocephalus

D. Intracranial infection

E. Masses  - chemo cannot cross the blood-brain barrier. 
F. Anything that alters blood brain barrier

VI. Signs & Symptoms of Increased ICP

A. Change in level of consciousness: 1st indicator!!!! Glasgow measures level of consciousness. 
B. Pupillary changes (fixed, dilated, unequal)

C. Visual changes, 
D. weakness, 
E. Decreased response to pain:  if patient crosses the midline to meet stimulus to pain, they are localizing vs. simply pulling away from the pain, not localizing.
F. Headache

G. Vomiting: will see projectile vomiting without nausea. 
H. Bradycardia, 
I. Bradypnea: neuro patients respiratory arrest first.  TX: hyperventilate.
J. SBP rises, 
K. DBP decreases 

L. Decerebrate & decorticate posturing, with flaccid extremeties: 
1. decerebrate is more serious, arms are extended.
2. decorticate, arms are flexed towards the midline.
VII. Uncontrolled Increased ICP

A. Herniation may result--

1. protrusion of brain from one compartment to another due to increased ICP

2. brain compression results in distortion of other brain structures & vascular compromise. 

3. results in brain damage & eventual death

VIII. Increased ICP Management 

A. Hyperventilation

1. PaCO2 is a potent cerebral vasodilator. 
2. decrease cerebral blood flow by reducing carbon dioxide levels

3. goal is to keep PaCO2 at 27-33 mmHg

4. reducing CO2 initiates cerebral vasoconstriction, lowering ICP

B. Osmotic diuretics

1. Mannitol – first line of defense. Lasix works well but not as well. 
a. Need filter, mannitol turns to crystal with exposure to air. 
b. Keep foley in.
c. Only good for 72 hours, will get rapid rebound effect.
2. Lowered ICP & increased urine output within 30-60 minutes

3. Monitor serum electrolytes
a. Can over dry. 
b. Osmolality increases the dryer the patient is.  Usually normal is around 300. 
C. Sedatives, analgesics, paralytic agents

1. Goal: to reduce metabolic demands
2. Will paralyze a lot of these patients.  Must be used w/sedatives. 

3. Examples:

a. Sedatives (ativan, versed)

b. Opiates (morphine, fentanyl)

c. Anesthetic/sedative (Diprivan)

d. Barbiturate coma (phenobarbital): requires intubation & ventilation

D. Neuromuscular Blocking agents

1. Vecuronium (Norcuron) or Atracurium (Tracrium)

2. NM blocking agents work on post-synaptic element of synapse by blocking receptor sites & thus preventing NT receptor binding & muscle contraction

3. Requires use of peripheral nerve stimulation--”train of four”

a. goal is to elicit one of four impulses
1. Two jerks as a response is optimum.
2. With 4 jerks, need more medicine, with only 1, too much medicine. 
b. test PNS before giving NM blocking agent & q 4-6hrs

E. Anticonvulsants

1. Used to prevent seizures
a. Anything obstructing flow to brain is setting patient up for seizure. 
2. Dilantin: will push, not hang. 
a. precipitates in glucose
1. Will solidify with D5W so use only NS. 
2. Do not push through peripheral IV line because it burns. 
b. monitor serum drug levels: maximum dose is 50 mg/min. > 20 = changes in neuro status.
c. monitor liver enzymes
d. teratogenetic effects
e. Cannot give for STAT use. Will instead use ativan or valium for immediate relief then load patient up with Dilantin.  
F. Vasoactive drugs

1. GOAL: to increase MAP resulting in increased CPP

2. Dopamine, Neo-synephrine, or phenylephrine. Will be in mics/kg/min. 
G. Temperature regulation

1. temperature elevation increases cerebral metabolic demand

2. Antipyretics 

H. Induce hypothermia (32 degrees C) to reduce metabolic demands of brain/body.
1. hypothermia blankets/ iced gastric lavage

2. patient is paralyzed & sedated

3. monitor cardiac dysrhythmias

IX. Management

A. ICP Monitoring (basic function)

1. Purpose:

a. provides continuous intracranial pressure level reading 

b. allows for calculation of CPP, an indicator of cerebral blood flow

c. guides use of treatment modalities (hyperventilation, etc.) to reduce ICP

d. may allow for CSF drainage 

2. Types of procedures:

a. Intraventricular (most common)

1. a twist-hole or small burr hole is placed about 2.5cm from midline & 1.5 cm from coronal suture

2. ventriculostomy catheter inserted through cerebrum into anterior horn of lateral ventricle, because it is the biggest ventricle. 
3. a stopcock/pressure tubing & pressure transducer are connected to the catheter

4. sterile saline or RL is used to provide the fluid column between the CSF & transducer, will be leveled with the foramen of Monro
5. allows for CSF drainage (either continuous or intermittent) 

b. Subarachnoid (SA) technique

1. Alternative to intraventricular ICP monitoring

2. SA screw or bolt is inserted & extends in the subdural or SA space

3. No cannulation of ventricles so you cannot drain CSF

3. Indications

a. patients with actual or potential increased ICP

b. Head injuries

c. Stroke 

d. Subarachnoid hemorrhage (SAH)

e. Brain tumors

4. Contraindications to ICP monitoring

a. localized infection

b. systemic infection

c. coagulopathy

5. Important to remember to:
a. Maintain closed system sterility:
1. Do not open bag unless absolutely necessary. 
2. Utilize specific cleaning techniques.
b. Maintain transducer at level of foramen of Monro (level of ear)

c. Zero balance & calibrate whenever patient’s position is changed

d. Do not “flush” tubing, EVER, NEVER, EVER. We will never put anything into the ventricles.  

X. Nursing care for Increased ICP:

A. Pulmonary care 

1. hyperventilate & hyperoxygenate

2. (100% O2 for up to 2 minutes)

3. Limit suctioning to no more than 10 seconds

4. No more than 1-2 passes

5. Intratracheal or IV lidocaine may blunt cough reflex

B. Maintain body temperature: NO FEVER. 
C. Control patient’s environment

D. Positioning of patient 

1. Elevate HOB 30 degrees, make sure body is aligned. 
2. avoid hip flexion greater than 90 degrees, which cuts everything off to lower body without good drainage
