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Abstract  
Intensive Care Medicine is a relatively new discipline that 

now deals with increasingly complex patients. Aside from the 
various specificities of the Intensive Care Unit, there are transver-
sal skills that can aid in the care of critically ill patients. Some 
neurocritical care tools, in particular, deserve adequate dissemi-
nation because they have the potential to be useful for a variety 
of purposes. This manuscript discusses specific indications for 
electroencephalographic monitoring systems, the use of ultra-
sonography to measure the diameter of the optic nerve, and, final-
ly, the use of transcranial Doppler. The last two are for the diag-
nosis or suspicion of intracranial hypertension. 
Multidisciplinarity and the culture of “patient-centered approach 
to care” are non-technical skills that are indispensable for quality 
personalized medicine. 

Introduction 
Several reflections can be made to emphasize and provide 

additional insights on the nature of Neurocritical Care (NCC) as a 
multidisciplinary sub-specialty requiring numerous skills at the 
bedside.1 NCC is inherently multidisciplinary, requiring collabo-
ration among neurologists, neurosurgeons, neuro-angiographers, 
intensivists, anesthetists, nurses and nurse practitioners, pharma-
cists, physiotherapists, nutritionists, and many more health care 
professionals. This collaborative approach is crucial for address-
ing the complex nature of most critical neurological conditions. 
Proficiency in hands-on patient care, rapid decision-making, and 
effective communication with patients, families, and the broader 
healthcare team is therefore essential.  

Defining the skills needed at the bedside in NCC as well as in 
general Intensive Care Units (ICUs) involves recognizing the 
unique challenges and dynamics of caring for critically ill neuro-
logical patients. These (bedside clinical) skills extend beyond ini-
tial assessment; they encompass continuous monitoring and 
adaptation to the evolving dynamic clinical status of patients. 
NCC professionals are comfortable utilizing monitoring tech-
nologies and integrating real-time data into their decision-making 
processes.  

The authors will present skills that include the ability to work 
cohesively with diverse healthcare professionals, ensuring a com-
prehensive and patient-centered approach to care. Simulation-
based training and real-world case studies can be invaluable in 
preparing professionals for the dynamic challenges they will face 
at the bedside in NCC. 

Intensive Care Medicine (ICM) is a relatively young disci-
pline, and it has recently evolved using different models. One end 
of this spectrum is represented by specialized units such as cardiac 
ICUs, pediatric ICUs, NCCs, and others. On the other hand, some 
hospitals have adult or pediatric mixed ICUs. These last models 
are becoming very common for adult patients due to the increase 
in comorbidities, the aging of the population, and the complexity 
of neurological pathologies treated.2 Moreover, there is a substan-
tial difference between the "open" ICU model most frequent in the 
United States of America (physicians of different specialties - pul-
monologists, cardiologists, neurologists, surgeons - who treat 
patients hospitalized in critical areas) and the "closed" ICU model 
mostly used in Australia, New Zealand, Canada and in some 
European countries (clinicians dedicated trained intensivists).3  

ICM is a specialty that can be performed by physicians training 
in internal medicine or emergency medicine as well as anesthesiol-
ogy. In some other cases, doctors in the ICUs are cardiologists, neu-
rologists, or pediatricians dedicated to critical care patients.4 
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Leaving aside this merely organizational interpretation, the 
NCC could be defined as the care environment in which the "ICU 
culture" becomes highly focused on neuroprotection, preventing 
secondary brain injury. The most recent literature shows that 
despite the heterogeneity of the studies, mortality is lower in neu-
rocritical patients admitted to specialized NCC.5 However, the 
exclusive presence of a neuro-intensivist is not enough, and it is 
also unclear what specific elements can concretely make a differ-
ence in terms of care.6  

The table in the Appendix could summarize specific skills 
needed in NCC. In this manuscript Authors will focus on some 
macro-categories: i) the neurological clinical examination and 
neuro-imaging; ii) the brain ultrasound and electrophysiology; iii) 
teamwork and multidisciplinary approach in the golden hours. 

 
 

The neurological clinical examination and 
neuro-imaging 

The clinical neurological examination is fundamental to recog-
nizing the level of consciousness as well as the severity of the 
coma. An adequate examination could distinguish structural cere-
bral pathologies from reversible non-structural causes of decreased 
consciousness or coma (intoxication, metabolic). These are poorly 
defined and communicated using for example the Glasgow Coma 
Scale. Recognizing the signs of deep coma helps prevent misdiag-
nosis for brain death. These skills are important, even in a general 
ICU. In an ideal world, all ICUs should declare brain death appro-
priately given a possible organ or tissue donation.7,8 A simple tool 
to implement the clinical examination is represented by automated 
pupillometry and provides valuable data, much less operator-
dependent. The automated pupillometry generates some derived 
indices that are increasingly correlated with prognosis in some spe-
cific pathological contexts (post-anoxic coma after cardiac arrest):9 

it is an inexpensive, easily usable bedside device, through which 
data can be collected that can be easily communicated even from 
the territory to the hospital, with almost no learning curve. 

Imaging and monitoring include the Magnetic Resonance 
Imaging (MRI). Apparent Diffusion Coefficient Sequence assumes 
an important prognostic value in the diagnosis of post-cardiac 
arrest coma and Return of spontaneous circulation.10 Together with 
the continuous electroencephalogram (EEG),11 from which pat-
terns related to unfavorable neurological outcomes can be high-
lighted (the incidence of non-convulsive status epilepticus ranges 
from 12% to 24%), these skills must also be possessed by the doc-
tor who works in a general ICU (Table 1).11  

 
 

The brain ultrasound and electrophysiology 
An already centralized patient, who after negative brain image 

diagnostics, suddenly does not respond to painful stimulus, and pres-
ents with anisocoria, may have developed intracranial hypertension: 
with a 7.5 Mhz linear probe, reducing acoustic power output, Optic 
Nerve Sheath Diameter (ONSD) can be measured.12,13 Projects are 
already underway on the application of Artificial Intelligence for 
inexperienced operators,14 but with the right ultrasound settings and 
about twenty-five examinations, acceptable images and measure-
ments are obtained.15 ONSD > to 5.5 mm is suspicious for a picture 
of intracranial hypertension warranting coma (Table 2).16 If intracra-
nial hypertension is suspected, applying the first measures of protec-
tive treatment of the brain (30° test-bed tilt, treating pain, hyperther-
mia, agitation, and repeating a brain Computer Tomography - CT), 
helps us gain time:17 time is brain!  

Another method, whose learning curve for a basic examination 
is slightly more complex, but whose availability is probably very 
wide (almost all new generation ultrasound machines have the ded-
icated preset) is TransCranial-Color Doppler (TCCD; Table 3).18  
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Table 1. Electroencephalogram. 
 
Electrophysiological neuromonitoring: now low-cost and available bedside. Bispectral Index (BIS), Sedline©, processed electroencephalography (various 
brands), allow even non-neurologists an approach to reading. Through index generation or spectrogram display, it is possible to interpret the depth of spon-
taneous/pharmacological coma, the presence of critical activity (Status Epilepticus - SE), and the presence of hemispheric asymmetries.18 
Some applications: 
- general anesthesia, correct depth of narcosis; 
- patient in urgent/emergency with altered state of consciousness: discover SE and/or Non-Convulsive SE; 
- continuous monitoring of the sedated patient in a critical care setting: avoid burst suppression and discover Non-Convulsive SE; 
- pediatric patient neuromonitoringann altered state of consciousness, abnormal movements or behavior; 
- patient suspected for meningitis/encephalitis with altered state of consciousness; 
- continuous monitoring in cardiovascular surgery: early signs of hypoperfusion, macro-embolic events 
 
 
 
Table 2. Optic Nerve Sheath Diameter (ONSD). 
 
ONSD: with a 7.5 Mhz linear probe, reducing acoustic power to 20-25%, setting a gain of 50-60%, a measurement of ONSD can be obtained. It is recom-
mended to measure with the patient in the supine position (slightly inclined chest - max 20°), both sagittal and longitudinal diameter, and considering the aver-
age of the two values. The caliper marker should be applied to the outer margin of the sheath (hyperechogenic concerning the optic nerve). By adding the color 
effect, it is possible to visualize the central retinal artery and vein: a useful biomarker to make sure the most accurate measurement possible.16  

Some applications: 
- patient in urgent with sudden cognitive impairment: suspected intracranial hypertension; 
- pregnant patient with eclamptic evolution in whom there is a contraindication to CT examination; 
- pediatric patient with suspected hydrocephalus in whom there is contraindication for CT and MRI examination; 
- intra-operative evaluation of the patient in Trendelenburg position and/or pneumoperitoneum thrust and prolonged (e.g. robotic surgery).
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Team-work and multidisciplinary approach in 
the golden hours 

The importance of teamwork and a multidisciplinary approach 
improve the outcome of neurocritical patients.5 The education also 
of nurses in the approach to neurological emergencies, makes it 
possible to deal with time-dependent conditions such as ischemic 
stroke, reduce the damage produced by the epileptic state, and 
improve the outcome (correct blood pressure and coagulation man-
agement) of the patient with cerebral hemorrhage.19 A basic plat-
form, which aims to share a common “neuro-vocabulary” may be 
Emergency Neurological Life Support, a constantly updated 
Neurocritical Care Society certificate available worldwide.20 

 
 

Conclusions 
There are courses and hands-on, scientific societies with train-

ing pathways worldwide, but only multidisciplinary collaboration 
with experts can lead a team to reliably use these non-invasive 
methods. No system replaces another, but only integration with 
clinics and imaging can be of real support in daily patient care. 
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Online supplementary material: 
Appendix: Key skills that are crucial at the bedside in NCC.
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