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Abstract

Monitoring the brain after acute injury is central to the practice of 
neurocritical care for patients with a wide range of disorders, including 
subarachnoid hemorrhage, traumatic brain injury, ischemic and hemorrhagic 
strokes, infectious disease of central nervous system as well status epilepticus 
and encephalopathy’s of different origin. Developed over 30 years ago, 
Transcranial Doppler (TCD) and later Transcranial Color-Coded Duplex (TCCD) 
ultrasonography has now become part of the standard care in the Neuro-
Critical Care Unit (NCCU). TCD and TCCD are of critical value in managing 
patients with cerebrovascular disease, sickle cell disease, thrombo-embolic 
occlusion of a large conductance vessel, cerebral vasospasm of any etiology, 
non-invasive assessment of intracranial pressure and have established value 
for the supportive diagnosis of brain death. Today, TCD and TCCD are the 
most innovative techniques for investigation of intracranial circulation and are 
important non-invasive modalities that can provide information about Cerebral 
Blood Flow Velocity (CBFV) and Intracranial Hypertension (ICH). This review 
article has addressed the rationale and clinical value of TCD in the NCCU 
for ICH. Although much of the data collected today is descriptive, TCD offers 
potential application to guide therapy and predict outcome in patients with ICH. 
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Introduction
In the contemporary neurointensive care of patients with acute 

stroke, Subarachnoid Hemorrhage (SAH), traumatic Brain Injury 
(TBI) and other illnesses where cerebral hemodynamics can be 
disturbed or impaired basic neurological monitoring should be 
expanded by extended multi-modality neuromonitoring including 
Transcranial Doppler (TCD) ultrasonography [1]. Growing evidence 
clearly supports the integration of extended neuromonitoring to 
unmask otherwise occult alterations and to differentially adapt the 
type, extent, and duration of therapeutic interventions. By expanding 
our knowledge and experience, the integration of TCD in the daily 
clinical routine in the Neuro-Intensive Care Unit (NICU) will provide 
us with the means to improve outcome, which has not been possible 
by relying only on neurological examination alone as practiced in the 
past. This review will describe specific advanced clinical application of 
TCD for the diagnosis and monitoring of patients with Intracranial 
Hypertension (ICH).

TCD and its Role for Evaluation of 
Intracranial Hypertension

TCD was introduced into the practice of medicine in 1986 and 
has been used extensively in a variety of in- and out-patient settings 
[2]. TCD ultrasonography utilizes a hand-held 2 MHz transducer 
that is placed on the surface of the scalp to measure the Cerebral 
Blood Flow Velocity (CBFV) and Pulsatility Index (PI) within the 
intracranial arteries in the circle of Willis. Due to its noninvasiveness 
and easy applications, TCD examinations have gained an important 
role in the very early phase, as well during the repetitive assessment 
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of patients with acute stroke, to diagnose and monitor vasospasm for 
patients after SAH of a different nature (aneurysm rupture, tumor 
resection, TBI) [3-10]. A recent prospective observational study 
across 17 sites showed that TCD measurements upon admission may 
provide additional information about neurologic outcome after mild 
to moderate TBI [11]. Other important clinical TCD applications 
include emboli monitoring and management of patients with sickle-
cell disease [12-14]. 

Raised Intracranial Pressure (ICP) is a life-threatening condition 
that can result in brainstem compression and compromised brain 
circulation [15-17]. Increased ICP is the most common cause of 
death in patients with severe TBI. However, even in patients initially 
diagnosed with mild or moderate TBI, slow growth of a hematoma 
with consequent development of ICH will adversely affect outcome 
[18]. Increased ICP is associated with increased morbidity and is 
an independent predictor of mortality and outcome in TBI patients 
[19,20] or in patients after SAH [21]. Therefore, ICP monitoring 
is a reasonable approach to discovering a progressive increase 
in ICP in patients, including patients with TBI [22]. Today, the 
ventricular catheter connected to an external strain gauge transducer 
is considered the most accurate, low-cost and reliable method for 
monitoring ICP and it is the established reference standard for 
measuring ICP [23-25]. However, there are few factors limiting 
direct ICP measurements, one is a requirement for neurosurgical 
expertise and this expertise might not be available where or when 
treatment decisions need to be made, and risk of tissue damage and 
infection, particularly for mild and moderate TBI. In real life, ICP is 
monitored in only a small fraction of patients that could benefit from 



Austin Neurosurg Open Access 3(1): id1047 (2016) - Page - 02

Alexander R Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

ICP measurement [25]. Non-invasive ICP monitoring would enable 
triage at the point of contact (battlefield, sport arena, ambulance, 
emergency room, out-patient clinic). It could help titrate therapy 
to ICP targets, and can provide long-term monitoring to evaluate 
effectiveness of treatment. Therefore, any non-invasive method that 
can provide information about ICP will be very beneficial. The key to 
successful TCD utilization for its application to make judgment about 
ICP is recognition of the simple fact that unless the right questions 
are asked, it will never contribute towards a sustained reduction in 
the risk of inappropriate utilization of TCD. The primary purpose 
of TCD ultrasonography is to determine the CBFV of flowing 
blood by quantitative interpretation of TCD waveforms. Although 
the qualitative contour of the TCD waveform during ICP elevation 
falls into a recognizable pattern, the interpretation depends on the 
experience and expertise of the TCD examiner and interpreter. 
Objective, reproducible, and verifiable measures of TCD waveform 
changes are necessary for TCD findings to be used with certainty 
for evaluation of ICH. One method of quantifying these changes is 
utilization of the PI which is a reflection of downstream resistance 
and will be affected by distal focal stenosis, ICP and/or diffuse 
atherosclerosis [26]. The pulsatility of the waveform reflects the 
amount of resistance in the more distal cerebral blood vessels and PI 
is a calculated index of the TCD waveform and takes into account the 
peak systolic CBFV (pCBFV) and the end-diastolic CBFV (edCBFV) 
and compares the changes in these variables against the change in 
the standard measure of the entire waveform, such as mean CBFV 
[26]. When ICP is above 15-20 mm Hg, the PI has been evaluated 
as an alternative to direct ICP measurement [18,27,28]. There 
is also a significant correlation between the CPP and PI [29]. In a 
prospective study, it was shown that TCD is valid in predicting the 
patient’s outcome of 6 months, and correlates significantly with ICP 
and CPP values when it is performed within the first 24 hours after 
severe TBI [30]. The high sensitivity of admission TCD to predict 
ICH and abnormal CPP after severe TBI in children demonstrates 
that TCD is an excellent first-line examination to determine those 
who need urgent aggressive treatment and continuous invasive ICP 
monitoring [31,32]. In those children with TBI who initially do not 
meet clear criteria for invasive ICP monitoring but who are at risk for 
development of ICH, TCD may be used as a noninvasive tool to screen 
for the development of elevated ICP in the first 24 hours following 
severe TBI [31]. Prospective, observational cohort study enrolled 365 
patients with mild and moderate TBI and an initial GCS score of 9 to 
15, who’s initial CT scan showed either absent or mild lesions. TCD 
measurements of bilateral MCA’s were obtained on admission in the 
emergency room under stable conditions. Results demonstrated that 
in patients with no severe brain lesions on CT, a TCD on admission, 
complemented with brain CT scan, could accurately screen patients 
at risk for secondary neurological complications [11]. Another recent 
pilot study suggests that in adult patients with severe TBI, TCD could 
be used in pre-hospital care to detect patients whose CPP may be 
impaired [33]. In the ICU setting, serial TCD monitoring allowed 
identification of an imminently fatal complication in time to allow a 
life-saving intervention [34,35]. 

TCD is the non-invasive ultrasound modality capable of 
identifying patients who are progressing to ICH, and it can also 
monitor the effectiveness of any pharmacological intervention, and 

detect normalization of the ICP and PI. However, three conditions 
must be fulfilled: mean arterial pressure, carbon dioxide tension, and 
cardiac output must be within normal limits and not significantly 
different compared to the previous day. Several publications indicate 
the clinical value of TCD for measuring the MCA CBFV and PI as 
possible predictors of outcome in severe TBI management [10,36-
39]. Some authors suggest that early use of PI measurement permits 
identification of patients with low CPP and high risk of cerebral 
ischemia, and in emergency situations PI can be used alone, when 
ICP monitoring is contraindicated or not readily available [40]. 

TCD can be used to evaluate ICP, either independent of or in 
conjunction with other invasive and non-invasive imaging studies. To 
the best of our knowledge, nobody yet suggests use of PI as an accurate 
method to quantitatively express ICP in mm Hg. Nevertheless, in 
numerous publications it was shown that PI correlates well with 
ICP as measured by invasive methods and support use of TCD as 
a predictor of elevated ICP and showed positive linear correlation 
between PI and ICP [28,36,41,42].

At present the role of TCD for the detection of high ICP and low 
CPP due to the presence of ICH could be suggested as: 

1) TCD wave-form changes indicates abnormally high ICP, 
especially above 20 to 30 mm Hg (PI must be 1.2 or higher and 
edCBFV 25 cm/sec or lower for all anterior circulation vessels uni- or 
bilaterally); 

2) TCD changes may alert Neuro-ICU personnel and may 
indicate malfunctioning of ICP probe;

3) Abnormally globally decreased pattern of the CBFV’s in 
parallel with increased PI’s indicates onset of diffuse ICH;

4) Sudden onset of asymmetrical CBFV’s and PI’s changes may 
indicate a potential mid-line shift. 

However, we would like to stress that at present TCD alone 
cannot substitute invasive and quantitative ICP monitoring 
modalities. Nevertheless, in cases when invasive ICP measurements 
are unobtainable TCD can be used to evaluate ICP either independent 
of or in conjunction with other non-invasive imaging studies [43,44].

Conclusion
The strong correlation observed between ICP and PI through the 

management period of patients with suspected ICH can lead us to use 
TCD ultrasonography-derived PI as a guide if invasive ICP monitoring 
is not available [11,28,36,41-45]. At the same time, some authors 
argue that PI is not a reliable predictor of ICP [46,47]. Therefore, 
more studies are needed before we can substitute direct measurement 
of ICP with TCD. In 2012 Kashif et al. presented a retrospective 
proof-of-concept, model based approach to continuous estimation 
and tracking of ICP by use of time synchronized, minimally invasive 
measurements of MAP and CBFV by TCD [48]. We completely agree 
with Kristiansson et al’s. opinion - that TCD is the most promising 
non-invasive techniques for quantitative ICP evaluation, especially in 
the emergency care or NICU settings [49]. It is clear the quest for 
“fine tuning” of this TCD application is still not over but even today 
quantitative and qualitative changes in TCD measured CBFV’s and 
PI’s values and wave-form morphologies may persuade physicians 
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to undertake other diagnostic steps or to change medical treatment, 
thereby improving care of patients and their outcomes. To conclude, 
TCD can be used by experienced examiners to evaluate the presence of 
high ICP/low CPP and TCD as a non-invasive and simple procedure 
could be engaged in the daily management of patients when ICH 
is suspected and/or must be confirmed; although more studies are 
needed before we can substitute direct measurement of the ICP with 
TCD.
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