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CRITICAL ILLNESS: THE BRAIN IS ALWAYS IN THE LINE OF FIRE
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Life threatening systemic insults or diseases often affect the brain. In critically ill patients,
acute brain dysfunction manifests in several ways including reduced consciousness, coma, or
delirium. The pathophysiology is complex and incompletely understood, and may relate to
critical illness-related inflammatory changes, neurotransmitter imbalances or failure of
adequate energy substrate delivery [1], as well as to the applied treatments, pharmacological

neurotoxicity or the hostile ICU environment (Figure 1) [2].

Figure 1 near here

Delirium warrants some emphasis because it is the most common manifestation of critical
illness-related brain dysfunction [3]. In a recent study of 420 critically ill mechanically
ventilated adult patients, 54% experienced delirium for at least one day (median delirium
duration 2 days, interquartile range, 1-4 days) [4]. The hippocampus and frontal cortex, both
areas that are extremely vulnerable to metabolic and hypoxic-ischemic insults, appear to be
predominantly involved. Triggers of ICU delirium include predisposing factors (older age,
previous cognitive impairment, arterial hypertension), precipitating factors (mainly related to
the severity of critical illness), and factors that can potentially be treated or avoided including
medications (benzodiazepines, opioids and anticholinergics), pain, sepsis, fever, metabolic
disturbances (dysglycemia, dysnatremia), and environmental factors (sleep deprivation, noisy

environment).

An acute encephalopathy is reported in up to 70% of patients with sepsis. Systemic insults,
such as hemodynamic changes leading to impaired cerebral perfusion, severe hypoxemia,
endocrine dysfunction, or fever, are aggravated by blood-brain-barrier dysfunction,

impairment of the cerebral microcirculation, microglial activation by pro- and anti-



inflammatory cytokines and chemokines, and altered neurotransmission [5]. In some cases

this can lead to cerebral oedema, ischemia, or seizures.

The electroencephalography (EEG) findings of sepsis-related encephalopathy are
characterized by a diffuse cortical dysfunction with generalized EEG slowing and the
presence of theta and delta waves [3]. Seizures in sepsis are often non-convulsive in nature
and require EEG monitoring for their identification. A recent single center study identified a
high incidence of non-convulsive seizures (11%) and periodic discharges (25%) in a cohort
of patients with sepsis-related alterations in mental status, although this was not associated
with a higher mortality or disability rates at six and 12 months after discharge [6]. However,
loss of EEG reactivity to external stimulation, a sign of severe encephalopathy, was
associated with increased mortality in this patient cohort. Large, prospective studies are
required to determine the outcome effects of EEG abnormalities in the critically ill septic

patient and whether their treatment modulates outcomes.

Critical illness-related brain dysfunction is associated with worse short term outcomes, such
as longer duration of mechanical ventilation and increased ICU and hospital lengths of stay,
but its consequences can also extend beyond the ICU episode. Previously assumed to be
completely reversible, it is now clear that sepsis-associated encephalopathy can lead to
permanent neurocognitive impairments and might also increase the brain’s susceptibility to
neurodegenerative disease including dementia [5]. In the BRAIN-ICU (Bringing to Light the
Risk Factors and Incidence of Neuropsychological Dysfunction in ICU Survivors) study,
40% of 821 critically ill adult patients with respiratory failure or shock had global cognitive
dysfunction at 3 and 12 months after hospital discharge [7]. In 26% of patients, 3-month

cognitive function scores were similar to those reported in mild Alzheimer’s disease, and this



poor level of function persisted in 24% of those in whom cognitive assessments were
available at one year. Although the prevalence of post-ICU cognitive impairment declines
over time, it can be long-lasting in some patients. In one study, 20% of survivors of ARDS
had residual cognitive impairment 5 years after hospital discharge [8]. However, the exact
scale of the problem is uncertain because of the large variability in studies investigating
cognitive outcomes after critical illness. A recent systematic review reported a wide range
(4% to 62%) of post-ICU cognitive impairment in adult patients followed-up between 2 and
156 months [9]. This variation is likely related to the different definitions of cognitive
impairment in individual studies, different durations of follow-up, and failure to adjust for

pre-ICU cognitive function and other comorbidities.

Post-ICU cognitive impairment occurs in multiple domains but is most pronounced in areas
of memory, executive functioning and attention, suggesting that critical illness results in
diffuse injury to the brain [10]. This is supported by the EEG findings of diffuse
encephalopathy and neuroimaging correlates [3]. Critical illness is frequently associated with
structural and functional neuroimaging abnormalities that can persist for months and years,
and which have been associated with poor cognitive outcomes [11]. Structural brain
abnormalities include global and focal atrophy (particularly in the hippocampus and superior
frontal lobes in patients with delirium), white matter lesions suggesting sepsis-related
increased blood-brain-barrier permeability, and cortical and subcortical lesions likely related
to cerebral hypoperfusion [3]. Reduced white matter connectivity in the corpus callosum and
internal capsule has also been demonstrated in ICU survivors. There are currently only
limited data on neuroimaging findings in ICU survivors and further studies are required to
establish the role of neuroimaging in predicting long-term outcomes and guiding

rehabilitation in ICU survivors [11].



Modulation of microglial activation, prevention of alterations in blood—brain-barrier
permeability and use of antioxidants represent potential future therapeutic strategies, but
current management focuses on prevention and treatment of causative factors. Minimization
of harm from therapies for supporting critically ill patients is possibly more relevant to the
brain than to any other organ system [1]. Much attention has focussed on medications,
particularly benzodiazepines, as important modifiable risks factors. In a cohort study in 1,112
critically ill adults, benzodiazepine administration was associated with an increased risk of
transition from an awake, clear-conscious state to delirium on the following day, and
continuous infusion of the drug was associated with a higher the risk of transition compared
to intermittent bolus [12]. Such findings strengthen the argument for reliance on non-

benzodiazepine sedative agents in critically ill patients.

Dysglycemia, including hyperglycemia, hypoglyemia or marked variability in glucose
concentration, is ubiquitous in the acutely ill and may contribute to the development of
critical illness brain dysfunction [13]. Prolonged hyperglycemia in the context of critical
illness is a particular risk factor. The exact mechanisms are speculative but, like in sepsis, are
multifactorial and likely related to increased blood-brain barrier permeability, oxidative
stress, and microglia activation. While glycemic control with insulin infusion during critical
illness has variable effects on overall outcomes, it might hold promise to preserve brain cell
viability and minimize the risk of brain dysfunction. A meta-analysis of glycemic control in
neurocritical care patients suggested improved neurological outcomes in those treated with
insulin therapy despite an increased risk of hypoglycaemia [14]. While hypoglyemia should
always be promptly corrected in the critically ill, overcorrection must be avoided because

excessive glucose reperfusion may worsen neurologic injury [13].



Early identification of patients with an increased risk of developing delirium might facilitate
more effective preventative strategies. In a large international, prospective cohort study a
multiple logistic regression analysis was used to develop and validate an early prediction (E-
PRE-DELIRIC) model for delirium [15]. Using nine easily assessable variables, E-PRE-
DELIRIC is able to stratify patients at ICU admission for the risk of delirium throughout their
whole ICU episode with high discrimination. Further studies are required to refine and further
validate risk prediction models which can ultimately be used to guide clinical decision
making as well as to risk-stratify participants in therapeutic clinical trials of delirium
prevention and management [16]. Notwithstanding the importance of predicting patients at
high-risk of ICU-acquired delirium, regular monitoring for delirium onset using standard
screening tools cannot be overemphasized. Multi-center randomized clinical trials are also
needed to determine which interventions are most effective in reducing the incidence and
duration of critical illness-induced brain dysfunction, and the impact of this reduction on

short and long-term outcomes.

Whatever the cause of admission to the ICU, there is increasing awareness of the importance
of the adverse effects of critical illness and its treatment on both short and long-term brain
function. Care protocols that aim to optimize cerebral physiology are routinely applied during
the management of acute brain injury [17], and similar approaches are likely to be relevant
more widely. Critical illness always puts the brain in the line of fire and it has been suggested
that a brain-oriented approach should be a unifying concept in the management of all

critically ill patients [1].
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Legend to figure 1

Risk factors and contributors to critical illness-acquired brain dysfunction (blue, red and
yellow boxes), mechanisms of brain injury (red explosions) and long-term neurological
sequelae (orange boxes). The arrow indicates the interconnectivity of the multiple interacting
insults and mechanisms that contribute to the development of critical illness-related brain

dysfunction, and which lead to common outcome effects including long-term cognitive

dysfunction.
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