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1 Introduction 

 
ICP monitoring is often used to aid management of patients with intracerebral 
pathology, most commonly traumatic brain injury.  

 
2 Guideline Scope 

 
This guideline is intended to be used as a guide for clinical staff on ward 18 at the 
RVI. It should be used in conjunction with expert advice from senior staff from 
critical care and neurosurgery. 
 
3 Main body of the guideline  

 
3.1      Neurophysiology 

 

 The skull is a rigid structure with a fixed volume (1500ml) containing brain 
parenchyma (85%), cerebrospinal fluid (CSF)(10%), and blood (5%).  

 The Munroe-Kellie doctrine dictates if an increase in volume of one 
compartment can no longer be compensated by movement of CSF from the 
ventricles to the extracranial subarachnoid space, a rise in intracranial 
pressure (ICP) occurs. If untreated this elevation in ICP may cause a critical 
reduction in cerebral blood flow or perfusion perfusion (CPP) resulting in 
cerebral ischaemia. 

 In an adult, in the supine position normal intracranial pressure is 0-15mmHg  

 There are 3 components that contribute to ICP 
o Circulating CSF which determines the baseline 
o Vasogenic input from small fluctuations in cerebral blood volume 
o Transmitted changes in pressure related to the respiratory cycle 

(NB Up to PEEP 15cmH20 has minimal effect on ICP when CPP is maintained)  

 Under normal conditions ICP is considered raised when >15mmHg. In 
traumatic brain injury (TBI), the therapeutic threshold is >20mmHg. 

 Causes of raised ICP  
o Increased vascular volume eg Intracranial haemorrhage, traumatic 

brain injury (TBI), Arteriovenous malformation/cerebral aneurysm 
rupture. Reduced venous drainage – cerebral venous thrombosis. 

o Increased parenchymal volume – oedema (cytotoxic or vasogenic), 
infection, ischaemic stroke, neoplasm, metabolic disturbance. 



o Increased CSF production/failure of drainage –infection, subarachnoid 
haemorrhage, congenital malformation, and tumour. 

 

3.2 Indications 
 

 A recent Cochranne review concluded there is no level 1 evidence for ICP 
monitoring in acute coma 

 In traumatic brain injury (TBI), ICP monitoring is recommended by the Brain 
Trauma Foundation consensus guidelines (2007) in patients with severe TBI 
defined as Glasgow coma score (GCS)<8 with  

o abnormal CT head – haematoma, contusion, swelling, herniation or 
compressed basal cisterns (Level 2)  

o 2 or more; Age > 40 years, unilateral of bilateral motor posturing, or 
systolic BP < 90mmHg (Level 3)  

 ICP monitoring is used at the clinicians discretion in conditions such as acute 
liver failure where it is used to guide outcome prior to transplantation  

 It’s role in other settings such as stroke, metabolic encephalopathies or 
diffuse cerebritis is less clear still and a decision made balancing the risks 
versus the likelihood that it will alter management and outcome. 

 

3.3 Contra-indications 
 

 Coagulopathy or thrombocytopaenia 

 Localised infection  



3.4   Benefits of ICP monitoring  
 

In traumatic brain injury 

 Elevated mean ICP>23mmHg and extremes of CPP (<55mmHg or>95mmHg) 
are associated with increased mortality and poor neurological outcome.  

 The cornerstone of modern critical care management of TBI is prevention of 
secondary brain injury using protocolised care to maintain cerebral perfusion, 
delivery of metabolic substrates, reduction of cerebral metabolic activity and 
ICP control. (See secondary brain injury algorithm) 

 Studies thus far evaluating the effect of ICP monitoring on outcome have 
yielded contradictory results. However following the introduction of ICP 
monitoring and protocolised care to control ICP and maintain CPP several 
studies have showed a reduction in mortality and improved neurological 
outcome.  

 
3.5   Information provided by ICP monitor 
 

 Numerical value and trend of ICP 
o May provide an early indication of worsening intracranial pathology in 

those sedated and paralysed. 

 Facilitate maintenance of CPP as part of secondary brain prevention protocol  

 Analysis of ICP waveforms.  
o A waves or “plateau” waves are pathological rises in ICP to 50-

200mmHg for 5 – 20mins duration in patients with critically high ICP 
and intact auto regulation. They are caused by cerebral vasodilatation 
in response to reduced CPP. 

o B waves - <50mmHg lasting under 1 minute often associated with 
periodic respiratory effort. 

o C waves occur 4-8/min < 20mmHg lasting seconds associated with 
changes arterial blood pressure and vasomotor tone 

 Using the ICP and arterial waveform information may be obtained to select 
the optimal CPP 

o Intracranial compliance - if oscillations in arterial blood pressure 
correlate with changes in ICP this suggest the patient is on the steep 
part of the compliance curve with critically low cerebral compliance.   

o Cerebral pressure–reactivity – ie  the response of ICP to slow 
spontaneous changes in arterial blood pressure over a prolonged 
period. Passive transmission of arterial trends to ICP suggests loss of 
cerebral auto-regulation, which is associated with poor outcome.   

 Prognostication – Increase in mortality from 17 to 47% and decrease in good 
outcome associated with a mean ICP>20mmHg (p,0.0001)  

 
3.6   Limitations 
 

 Intraparenchymal ICP monitors gives information of local pressure changes 
which many not reflect the pressure in the opposite hemisphere or 
infratentorially. 

 Does not provide information regarding local perfusion, metabolic activity or 
oxygenation.  



3.7  Methods of measuring ICP 
 

 Intraventricular catheter – gold standard 
o A fluid filled catheter inserted into the lateral ventricle (See External 

Ventricular drain guideline) 
o Allows measurement of global ICP, therapeutic drainage of CSF, CSF 

culture, administration of antibiotics and in vivo calibration is possible. 
o Risks and complications – difficult placement if ventricular effacement, 

excessive drainage or leak from around the catheter site, infection in 6-
11% increasing after day 5 and blockage requiring flushing of catheter 
(by neurosurgical team) which further increases infection risk.  

 Microtransducer tipped sensor – Intra-parenchymal, or subdural monitor with 
a fibreoptic cable, or resistance strain gauge translate changes in reflected 
light or resistance at the tip into a pressure waveform.  

o Inserted via burr hole in the prefrontal area using local anaesthetic 
infiltration and sedation on ICU 

o Useful in those with inaccessible ventricles  
o Cannot be recalibrated in vivo.  
o Does not allow therapeutic CSF drainage 

 Risks and complications   
o Haemorrhage from the dura or cortical surface.  
o Infection rate 1.7-4%  
o Measurement of local rather than global pressure, and dislodgement 

risk inaccurate ICP reading in an estimated 5%. Is subject to drift over 
time, > 5 days (placement of a new system is recommended after 5 
days).  

 
 

3.8  Pre procedure preparation 
 

 A consented patient with no contraindications 

 A clinician competent in ICP insertion (usually the neurosurgical registrar) 

 Functioning equipment (including Philips link cable) 

 Full asepsis including sterile pack and suitable personal protective equipment 

 Appropriate anaesthesia/analgesia and paralysis 
o Local anaesthetic – Lignocaine with Adrenaline infiltration to the skin 
o Adequate depth of sedation/analgesia – a bolus of maintenance 

sedation & analgesia required to prevent increase in ICP  
 
 



3.9 Brief summary of insertion procedure  
 

Once the site has been prepared, the safety stop on the drill is adjusted to 
dictate the depth of penetration into the skull, attached to the drill and inserted 
into the skull. The drill is removed, the hole irrigated with sterile saline and 
using a fine needle a hole is made in the dura followed by the stylet to clear 
the passage for the Camino catheter. The Camino bolt is then manually 
screwed into the skull at a depth determined by the patient size and operator. 
The Camino bolt is then irrigated with non bacteriostatic sterile saline in 
preparation for the catheter. 

 

  



3.10  Setting up and troubleshooting the Camino ICP monitor 

 
1. Remove the Camino catheter from its sterile packaging, connect the 

transducer connector of the catheter to the preamp connector Figure 2 (ie the 
black Integra Camino monitor cable which connects to the right hand side of 
the Camino monitor) 

If the monitor does not automatically zero use the zero adjustment tool from the 
catheter kit to zero the transducer. Figure 3 
2. Once zeroed, the Camino catheter is inserted into the bolt and when at the 

desired length is turned clockwise locking it to the compression cap of the 
bolt. Once in situ verify the catheter is secure and a valid pressure waveform 
is seen. 

If the pressure trace is lost following tightening of the compression cap, loosen 
and reassess. 
3. Slide the strain relief sheath onto the catheter and secure on the compression 

cap. Note when at 5cm (the double line) 0.5cm of the catheter extends 
beyond the bolt approximately in the subarachnoid space. 

4. Note position of red depth line on the Camino cable with respect to the end of 
the strain relief sheath. Figure 4 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



3.11 Connecting the ICP monitor to the Philips IntelliVue monitor 
 

Attach the appropriate end of the grey Integra Camino cable to the back of the 
Camino monitor and the other to the grey Philips link cable (labelled CAMINO) which 
will allow connection to the pressure module. To identify the pressure wave enter 
setup, and select ICP label in pressure monitoring 
 
The CAL STEP button may be used to calibrate or balance the bedside monitor. It 
momentarily interrupts normal pressure display and substitutes a calibration 
pressure signal on both the Camino and on the bedside monitor. Press the 
CAL STEP button repeatedly until 0 mmHg is displayed on the Camino. 
While keeping the button depressed to maintain 0, simultaneously zero the bedside 
Monitor.  Within a few seconds the Camino will return to the pressure display. 
Note that the CAL STEP button may be used at any time, and does not affect the 
transducer calibration. 
 

3.12 Advice and important information for ongoing care of patients with 
Camino ICP monitors 

 
If the red depth indicator (see figure 1) is visible above the strain relief sheath 
the position of the catheter must be checked, as this often represents 
withdrawal of the catheter resulting in inaccurate ICP readings (see page 7) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Avoid extreme bending or kinks which may impair performance of the 
transducer 

 Sterile technique should be employed at all times during dressing changes, 
correction and adjustment of the Camino bolt and catheter 

 Disconnection from the pre amp connector during moving or transportation 
will not affect calibration on the Camino monitor 
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Secondary Brain Injury Chart 
 
Controlling 
ICP 

Goal 0600 0900 1200 1500 1800 2100 2400 0300 

ICP <25mmHg 
  

        

Positioning Head up 15º 
No venous 
obstruction 

        

EtCO2/PaCO2 PaCO2 4.0-5.0kPa         

Sedation To control ICP, to 
stay below sensible 
maximal doses 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Prop 
Morph 
Midaz 
Thio 

Paralysis To prevent ICP 
surge 

(None,prn,infusion) 

        

Osmolality 
Min 12 hrly 

290 -315 
mosmol/kg 
 

        

Fluid Balance 
Last 6 hours 

Minimising fluid 
overload 

        

CT head Investigating ↑ICP 

(record time) 
        

Cerebral O2 
Delivery 

SaO2/PaO2 >95%/ >10kPa         

CPP >60mmHg         

Other 2º  
injury 

Temperature <37.3ºC         

Glucose 6.0-10.0 mmol/l         

Seizures 
likely? 

         



4 Training, Implementation, Resource Implications 
 
Continuous training will be provided by senior clinical staff on ward 18. 
 

5 Monitoring Section 
 
This guideline will be reviewed every 3 years. 
 

6 Evidence Review and Evaluation 
 
See references below. 
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