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Abstract 

TCD/TCCS are fundamental neurosonological modalities that have become 

indispensable in the management of critically ill patients [1,2]. Their non-invasive, 

portable, and repeatable nature enables real-time cerebrovascular monitoring directly at 

the bedside. Beyond their traditional use in stroke medicine, these modalities provide 

early diagnostic, preventive, and monitoring advantages across a broad spectrum of 

intensive care and anesthesiology-resuscitation contexts [3]. 

In the ICU, TCD/TCCS and carotid Dopplerography are increasingly applied for the 

evaluation of acute thrombosis and arterial dissection, early detection of intracranial 

pressure (ICP) elevation through flow waveform alterations and increased pulsatility 

index (PI) [4,5]. In ophthalmic neurosonology, optic nerve sheath diameter (ONSD) 

measurements serve as a validated proxy marker of raised ICP and providing a non-

invasive tool where invasive monitoring is not feasible [6]. TCD/TCCS support the 

diagnosis of cerebrovascular arrest, characterized by systolic spikes in basal arteries, 

offering a reliable, bedside solution [7,8]. 

Vasospasm monitoring following subarachnoid hemorrhage and traumatic brain injury 

is among the most established applications. Progressive increases flow velocities in the 

basal cerebral arteries, in combination with Lindegaard ratio calculations, allow 

differentiation between cerebral hyperemia and vasospasm [9,10]. Continuous bedside 

monitoring with TCD contributes to timely therapeutic interventions and prevention of 

delayed cerebral ischemia. TCD also plays a central role in the assessment of 

recanalization after intravenous thrombolysis or mechanical thrombectomy, where 

standardized grading systems such as the Thrombolysis in Brain Ischemia (TIBI) flow 

grades indicate the presence, timing, and quality of restored cerebral perfusion [11,12]. 

Another crucial innovation is microemboli detection, based on the identification of 

high-intensity transient signals during TCD monitoring. This technique has significant 

clinical implications in carotid atherosclerotic disease, cardiac shunts and intensive care, 

as it allows stratification of embolic risk, monitoring of treatment efficacy, and 

reduction of ischemic events [13,14]. 

In anesthesiology and perioperative practice, TCD serves as a valuable adjunct for 

monitoring cerebral autoregulation and perfusion during neurosurgical and 

cardiovascular interventions [15]. It enables intraoperative detection of cerebral emboli 

during carotid endarterectomy or cardiopulmonary bypass, facilitates identification of 

hypoperfusion and hyperemia during aortic arch surgery, and assists in evaluating the 

influence of anesthetic agents on cerebral vasomotor tone [16]. TCCS complements this 

role by providing structural orientation of ventricular dilatation, midline deviation, and 
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acute hematomas, thereby enhancing intraoperative decision-making and perioperative 

brain protection [17]. 

The advantages of TCD/TCCS expand the reach of point-of-care ultrasound (POCUS) 

into neurocritical care, promoting the development of Neuro-POCUS frameworks that 

integrate cerebral hemodynamic assessment into multimodal critical care and 

anesthesiology practice [18]. 

The integration of AI and robotic ultrasound with cerebrovascular monitoring will 

further enhance neurosonology. Automated vasospasm detection, emboli classification, 

and waveform interpretation are likely to reduce operator dependence and support 

continuous monitoring. These technological advances may enable personalized, real-

time cerebrovascular profiling in critically ill patients [19,20]. 

In conclusion, transcranial ultrasound techniques represent a truly innovative, 

preventive, and physiologically grounded approach to brain monitoring in ICU and 

perioperative settings. TCD/TCCS provide unique bedside access to cerebral circulation 

pathology. Their integration into multimodal monitoring frameworks underscores their 

indispensable role in intensive care and anesthesiology. 
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