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Management of patients suffering from acute neurologi-
cal injury, such as traumatic brain injury (TBI) or stroke, 
mandates high-quality care throughout the whole trajec-
tory, including adequate triage for multi-casualty trauma 
[1], care path bundles, and early revascularization for 
stroke [2], antifibrinolytic agents in specific subgroups 
of TBI patients [3], and prevention as well as treatment 
of associated systemic effects, such as electrolyte distur-
bances or alterations in kidney function [4]. The benefits 
and safety of early mobilization in the intensive care unit 
(ICU) are well established. However, in a sub-study of 
200 patients from the Surgical ICU Optimal Mobilization 
Score (SOMS) trial [5], patients with an admission Glas-
gow Coma Scale (GCS) < 8 tended to be mobilized later, 
even while the benefits of mobilization were also present 
in this subgroup with severe neurological impairment. 
The management of respiratory failure can be challenging 
in patients with acute brain injury, especially when there 
is concern about increased intracranial pressure (ICP) 
or secondary brain injury. Nevertheless, the literature 
on lung-protective ventilation in these patients suggests 
that low tidal volume, high PEEP, and even rescue thera-
pies, such as prone ventilation, could be applied here, 
with caution and close monitoring [6]. Neuroprotection 
is mainly driven by balancing substrate and oxygen deliv-
ery and demand to the brain [7]. Alternative energy sub-
strates, such as lactate, or ketone bodies, may be potential 
future options to boost cerebral energy metabolism [8], 
but further prospective trials are needed to demonstrate 
their theoretical benefits. Impaired cerebral blood flow 
(CBF) plays an important role in secondary brain injury. 

Brain ultrasonography is a noninvasive method that 
allows to assess structural brain abnormalities, as well as 
a valid option to assess CBF-changes [9]. This technique 
can be taught easily and is increasingly being used in the 
ICU and the emergency department. The large prospec-
tive observational CENTER-TBI study [10] has demon-
strated striking regional and national variations in TBI 
management across different regions and countries. 
There is wide agreement amongst experts, supported by 
experimental work, cohort studies, and clinical expertise 
that a neuromonitoring-based treatment approach allows 
for a rational and physiology-based management in TBI, 
even while evidence from randomized-controlled trials 
for improved clinical outcomes through such strategy is 
currently lacking. The recently published Seattle Inter-
national Severe Traumatic Brain Injury Consensus Con-
ference (SIBICC) guidelines now provide algorithms for 
ICP-based adult TBI management [11]. Using a Delphi-
method-based approach, experts recommend 18 inter-
ventions as fundamental and 10 treatments not to be 
used for the treatment of elevated ICP. A comprehensive 
practical tiered management algorithm was designed, to 
aid clinicians in their choice on the appropriate therapy.

In spite of the evolutions in management, a signifi-
cant proportion of survivors from a severe acute brain 
injury will suffer from long-lasting or even permanent 
disabilities that potentially interfere with their qual-
ity of life. The burden of TBI on individuals and society 
remains huge: in CENTER-TBI [10], TBI mortality was 
lower than expected, but more than half of the moder-
ate to severe TBI patients had unfavorable outcomes at 
6  months. Similarly, while the mortality after Herpes 
Simplex encephalitis has significantly decreased over the 
past years, a retrospective multicenter study found that 
29–43% of survivors continued to suffer from significant 
long-term disabilities [12]: 90 days after ICU admission, 
71% had a modified Rankin Score (mRS) of 3–6, which 
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corresponds with a wide range of disabilities, from mild 
motoric problems (but able to walk independently), to 
being bedridden, or death. In contrast, non-infectious 
auto-immune encephalitis, when recognized in time, and 
with appropriate aggressive therapy, in general has a good 
outcome, even when the ICU length of stay is prolonged 
[13]. Focusing only on survival of critically ill patients 
without considering their long-term quality of life and 
cognitive psychological and physical impairments is no 
longer acceptable. The mRS and the Glasgow Outcome 
Scale (GOS) or GOS-Extended (GOS-E) have been the 
most frequently used outcome scales in neuro-critical 
care research. For statistical convenience in research 
studies, they are often dichotomized into good versus bad 
outcome, which may be acceptable when an intervention 
has a uniform benefit over a wide range of injury sever-
ity [14]. However, these scales, certainly when dichoto-
mized, may obscure a wide spectrum of subtle or even 
overt disabilities that will matter to the quality of life of 
patients, or their relatives. Chronic progression of brain 
injury can persist and evolve over years, through sev-
eral mechanisms, including chronic inflammation, loss 
or gains of connectivity, or brain atrophy. Longitudinal 

functional MRI studies [15] have demonstrated white 
matter changes associated with late recovery. Loss of 
brain volume and atrophy can be sensitively measured 
using volumetric analysis of MRI [16]. Figure 1 is a sum-
mary of potential clinical or mechanistic outcome meas-
ures for brain injury. Outcome assessment is usually 
performed relatively early after the injury (for instance 
at 28 or 90 days). The initial speed of neurological recov-
ery can be informative on longer-term outcomes, as was 
done in the amantadine trial for prolonged vegetative 
or minimally conscious states after TBI [17]. Complete 
rehabilitation from a severe neurological injury may take 
months or longer. For instance, in the large randomized-
controlled RESCUE-ICP on decompressive craniectomy 
as a last tier therapy [18], the benefits of the intervention 
on GOS-E only became apparent at 12-month follow-up, 
indicating a significant progression from 6 to 12 months. 
In that perspective, relatively short follow-up intervals to 
assess outcomes are not always appropriate. Long-term 
follow-up, however, is hard to achieve, and at least 15% 
loss to follow-up at 1 year is to be expected [19].

Even while novel agents or therapies with a demon-
strated effect on outcomes in brain injured patients 

Fig. 1 Important early and long-term outcomes in neuro-critical care. The mentioned late post-injury biomarkers are mainly established for 
traumatic brain injury (TBI) and are taken from [20]. Measurement instruments to assess long-term outcomes include (1) the EQ-5D and the 36-item 
Short Form (SF36) Health Surveys for quality of life, (2) the Hospital Anxiety and Depression (HAD) Scale and the Impact of Events Scale-Revised 
(IES-R) for mental health, (3) the Montreal Cognitive Assessment (MOCA) or the mini-mental state examination (MMS), and the Repeatable Battery 
for Assessment of Neuropsychological Status RBANS for cognition, (4) the modified Rankin scale (mRS) and the Glasgow outcome scale-extended 
(GOS-E) for overall functional status. MRI magnetic resonance imaging; MMM multimodal (neuro)monitoring; TCD transcranial doppler
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have not been discovered recently, longitudinal epide-
miological studies do demonstrate that over decades, and 
intensive care medicine has been successful in gradually 
reducing the mortality. Future studies should focus on 
longer-term patient centered functional outcomes and 
quality of life, even while collecting these data is a huge 
effort.
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