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Importance of ICP monitoring in aSAH

The annual incidence of aneurysmal subarachnoid 
hemorrhage (SAH) in the United States is 6-16 cases per 
100,000 population, with approximately 30,000 cases 
occurring each year [1]. Elevated intracranial pressure 
(ICP) is a well-recognized phenomenon that can occur in 
an acute (within 24 hours), subacute (up to 7-10 days) and 
delayed (after 10 days) fashion following hemorrhage [2]. 
More than 50% of aSAH patients will develop elevated 
ICP (ICP>20 mmHg) during their stay in hospital [3], 
which is mostly caused by hydrocephalus, global cerebral 
edema, subdural hematoma, medication for vasospasm, 
etc [2].

ICP monitoring in aSAH

Since elevated ICP can cause herniation with high risk of 
irreversible brain damage and death, precise monitoring 
of ICP is extremely important in clinical practice for 
aSAH patients [4]. Different ICP monitoring techniques 
exist in intensive care unit (ICU) including epidural, 
subdural, intraparenchymal and intraventricular ICP 
monitoring [4]. For aSAH patients, external ventricular 
drain (EVD) is most commonly used due to its ability of 
both monitoring ICP and draining cerebral spinal fluid 
(CSF) [5,6].

Current challenges with EVD practices

 Although EVD can provide precise ICP value while 
it is closed, it cannot monitor ICP while it is open to 
CSF drainage [6]. Documenting an accurate ICP value 
through EVD is important to assess the healthy status 
of the brain [7], however, this clinical practice still faces 
great challenges summarized below:

1. Which protocol should we use? 

Currently, clinicians mainly adopt 2 different protocols 
for EVD treatment: one is ‘ICP monitor-first’ protocol 
which maintains continuous ICP monitoring with 
intermittent CSF drainage and the other is ‘CSF drain-
first’ protocol, which keeps continuous CSF drainage and 
clamping the tap for ICP intermittent checking (Figure 
1) [7]. Studies have been conducted to investigate which 
protocol should be used for aSAH patients and they 
reported conflicting results. Some studies found no 
difference between the two protocols in patient outcome, 
while other studies reported that drain-first strategy is 
associated with morbidity or increased vasospasm and 
hydrocephalus [8-11].
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2. Is the current practice of clamping EVD to 
measure ICP good enough?

For drain-first protocol, Rogers et al. suggested 
a minimum period of 5-minute monitoring before 
documenting the ICP value, because ICP dynamics have 
inherent hysteresis and require a certain amount of time 
to reach a new equilibrium after closing the system to CSF 
drainage [12]. However, in our recent research, we found 
that 66% of EVD closures lasts less than one minute. 
Most cases do not provide sufficient time to reach the true 
ICP level [7]. A standard guideline and proper training to 
nurses are needed for ICP intermittent checking.

3. How to standardize the EVD weaning trial and 
EVD removal protocol?

Many patients after aSAH require permanent CSF 
diversion with ventriculoperitoneal shunting (VPS) 
[13]. To determine which patient need VPS, weaning 
trials are performed with EVD clamped for 1-2 days 
[13]. If the patient passes the weaning trial, EVD will be 
removed or else a VPS will be implanted into the brain. 
It is not abnormal that a patient may experience several 
weaning trials before EVD removal. Moreover, a small 
subpopulation of patients may develop hydrocephalus 
in a delayed fashion after successful weaning trial and 
removal of EVD. Akinduro reported that among the 
patients who initially passed their EVD weaning trial 

and were discharged without a VPS, 15.4% of them 
subsequently develop delayed hydrocephalus and 
ultimately required VPS [14]. The mechanism of the 
failed weaning trials and delayed VPS after initial EVD 
removal remains poorly understood and still need further 
investigation [15,16]. 

Future trends of cerebral monitoring for aSAH 
patients

 Given the fast development of monitoring technology 
in ICU, the future trend of aSAH patient monitoring 
may need to fulfill the three criteria: continuous and 
precise; multimodal and noninvasive; personalized and 
predictive. 

1. Continuous and precise: Current EVD cannot 
monitor ICP while it is open to CSF drainage, which may 
introduce additional risk of missing important information 
due to intermittent nature of the measurement [17]. In our 
previous study, we described a novel ventricular catheter 
(Integra® Camino® FLEX Ventricular Catheter, Integra 
Lifesciences, Ireland) which is a double-lumen catheter 
with one lumen for CSF diversion and the other one for 
ICP measurement. We compared the ICP measure by 
FLEX catheter and traditional EVD, the mean difference 
between the two ICPs was only 1.69 mmHg. This type of 
continuous and precise ICP monitoring system should be 
a future trend for aSAH patients at bedside. 

  
 

 
Figure 1: Two different protocols for external ventricular drain treatment: (A) ‘ICP monitor-first’ protocol which 

maintains continuous ICP monitoring with intermittent CSF drainage; (B) ‘CSF drain-first’ protocol, which keeps 
continuous CSF drainage and clamping the tap for ICP intermittent checking. ICP: Intracranial Pressure; CSF: 
Cerebral Spinal Fluid; ABP: Arterial Blood Pressure.
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2. Multi-modality and non-invasive: The 
emergence of technology that allows continuous real-
time bedside monitoring of cerebral physiology facilitate 
assessment of brain status and provide important 
information for bedside treatment [18]. The international 
multidisciplinary consensus conference on multimodality 
monitoring in neurocritical care recommended ICP 
monitoring for patients at risk of high ICP [19]. For 
severe aSAH patients, EVD is proved to be valuable and 
often lifesaving [20]. Meanwhile, several other non-
invasive technologies that provide information about 
cerebral hemodynamics were also recommended [18], 
including Transcranial Doppler for cerebral blood flow 
velocity detection; Near infrared spectroscopy (NIRS) 

for regional cortical oxygen saturation rSO2 monitoring 
(Figure 2); Continuous Electroencephalogram (EEG) for 
neural activity monitoring and for vasospasm and delayed 
cerebral ischemia detection; Multichannel amplitude-
integrated EEG (aEEG) for seizure or other abnormal 
brain activity detection in neonatal patients (Figure 3) 
[21-23]; Brain tissue oxygen monitoring for cerebral 
ischemia or hypoxia detection; Cerebral microdialysis 
for brain metabolism assessment, etc. [19]. Combining 
these monitors in a multimodal approach may provide 
comprehensive assessment about the brain and is 
promising in the advancement of ICU care of patients 
with aSAH [1].

  

Figure 2: An example of multi-modality monitoring in intensive care unit. From top to bottom, the recorded 
signals are arterial blood pressure (ABP), regional cortical oxygen saturation rSO2 via near infrared spectroscopy 
(NIRS), cerebral blood flow velocity (CBFV) through Transcranial Doppler (TCD), Bispectral Index (BIS) and 
mean flow index (a parameter for cerebral autoregulation assessment).

  

Figure 3: An example of multi-modality monitoring of arterial blood pressure (ABP), cerebral blood flow velocity 
(CBFV) via TCD and amplitude-integrated EEG (aEEG) in one patient. TCD: Transcranial Doppler.
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3. Personalized and predictive: With the concept 
of precision medicine, previous ‘one-to-all’ treatment 
policy needs to be improved. Different strategies 
have been introduced for personalized treatment that 
emphasizes the individual patient’s unique neurological 
and systemic physiology. For aSAH patients, a possible 
way for personalized treatment is through continuous 
cerebral autoregulation monitoring. The Cambridge 
group introduced a practical way of defining personalized 
optimal cerebral perfusion pressure (CPPopt) or arterial 
blood pressure (ABPopt) by identifying the CPP or 
ABP level at which autoregulatory vasoreactivity is 
most robust [24]. Targeting the optimal CPP/ABP  may 
improve neurologic outcomes after adult traumatic brain 
injury [25]. Meanwhile, using continuous assessment of 
cerebral autoregulation, individualized lower limit (LLA) 
and upper limit of autoregulation (ULA) can be identified 
[26]. Studies demonstrated that keeping ABP greater 
than the individual patient’s LLA during cardiac surgery 
may reduce the incidence of post-operative delirium 
or acute kidney injury [27]. Further studies need to be 
conducted to test whether CPPopt or LLA is useful in 
improving aSAH patient outcome. 

Moreover, in his review, Hu mentioned that future ICU 
monitoring will be predictive with the development of 
artificial intelligent technology [28]. Previous studies 
already demonstrated the possibility of using continuous 
EEG or aEEG to predict delayed cerebral ischemia, 
seizures or other neurological outcome [21-23,29-31] 
before clinical deterioration in ICU. For aSAH patients, 
how to combine lab results, electronic hospital records 
data and continuous digital monitoring to predict aSAH 
patient clinical outcome or shorten the duration of 
weaning trial would be of great help.

Advances in technology have made simultaneous 
multi-modality monitoring in ICU feasible and reliable. 
We believe a desired future monitoring system will be 
continuous and precise; multimodal and noninvasive; 
personalized and predictive.
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