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Long-term neurological prediction of hypoxic ischemic encephalopathy
Hypoxic ischemic encephalopathy (HIE) is a frequent and severe neurological complication after cardiac arrest (CA).
HIE is often related to a poor neurological outcome (death or persistent vegetative state), due to severe and large
hypoxic ischemic brain damage. However, sometimes it may be related to a better neurological outcome (recovery
of consciousness with severe or minor disability), because it has been caused by a minor brain injury. Neurological
outcome prediction of comatose HIE patients is still challenging for physicians, mainly in the early stages after CA
and to date it still represents an important goal. In fact, an early but accurate and reliable neurological prognosis,
on the one hand, allows optimization of the diagnostic–therapeutic pathway of CA patients among ICUs, such as
for the patients who undergo invasive treatments. While, on the other hand, it may improve communication with
the patient’s family. Moreover, a reliable neurological prognosis may allow physicians to identify the best postacute
care, such as an intensive rehabilitation unit or long-term care, in accordance with the real expectations regarding
the clinical recovery of the patients.

The multimodal approach
Given the great relevance of this topic, several studies and guidelines for postresuscitation care of CA patients have
been proposed in recent years in the literature. In particular, the European Resuscitation Council and European
Society of Intensive Care Medicine co-issued the actual guidelines for postresuscitation care [1], suggesting a
multimodal approach for a reliable neurological prognosis of HIE. To be more specific, these guidelines, according to
the evidence of literature relating to those years, identified a clinical assessment, based on pupillary reflex evaluation
and short-latency somatosensory evoked potentials (SEPs) as robust predictors, whereas electroencephalogram
(EEG), brain computed tomography, serum biomarkers and early myoclonus were identified as less robust predictors.

SEPs as robust neurological predictors of comatose survivors after CA
In recent years, SEPs have been evaluated as neurological outcome predictors of CA patients in many studies.

However, in most of these papers [2,3], the clinician adopted withdrawal of life-sustaining treatment protocols,
using SEPs as index test, then creating a self-fulfilling prophecy bias.

Another limitation was related to the definition of poor neurological outcome, because some studies identified
death (cerebral performance categories [CPC] 5) and a persistent vegetative state (PVS; CPC 4) as ominous
outcomes [4,5], whereas other work also defined severe neurological disability (CPC 3) as a poor outcome [2,3].

Robinson et al. [6] were the first authors who suggested that the bilaterally absent (AA) cortical SEP pattern was
related to nonrecovery of the conscious state.

Some years later, Wijdicks et al. [7] confirmed these results and suggested that comatose patients with a SEP
pattern AA at 72 h after CA demonstrated a long-term poor neurological outcome. Moreover, according to Wijdicks
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et al. and the American Academy of Neurology guidelines, some clinical parameters observed at 72 h after CA,
such as bilaterally absent pupillary and corneal reflexes, a motor Glasgow Coma Scale score of ≤2 and the presence
of a myoclonus, had the same poor prognostic meaning as the SEP pattern AA. However, during the same period,
the increase in the use of the Targeted Temperature Management (TTM) protocol in the clinical practice of CA
patients had affected the prognostic value of the clinical features included in the American Academy of Neurology
guidelines, when observed at 72 h after CA. In particular, some studies [8,9], demonstrated that only the SEP pattern
AA kept its poor prognostic power unchanged during TTM, in contrast to clinical parameters. These results were
also confirmed in a later study by Grippo et al., [4] in which the authors reported that the SEP pattern AA performed
during TTM had the same poor prognostic power as that obtained after the end of the TTM protocol.

Limitations of SEPs
According to the majority of the literature, SEPs have a false-positive rate of zero percent (CI: 0–3) [1] for an outcome
no better than PVS. Repeated testing should always be considered when cortical responses N20 are present but
with severe reduced amplitude at an early stage (12–24 h) after CA, as they may later disappear. However, despite
this homogeneity of thought among the authors, in a multicenter cohort representing clinical practice [9], the
interobserver agreement of SEP interpretation in patients with hypoxic ischemic coma was only moderate. The
noise level strongly influenced interobserver disagreement. Finally, in another study [10], the authors demonstrated
that neurologic recovery was possible in a small number of patients (one out of 36 patients) treated with induced
hypothermia after CA and with bilaterally absent N20 responses. However, the authors did not report possible
variables such as technical factors or neuroimaging data in their study.

Updating on the use of SEPs as neurological predictors of comatose patients after CA
Although, the SEP index shows high specificity, they are able to identify only about 50% of patients with poor
neurological outcome [11,12]. Moreover, the bilateral presence of N20 responses does not ensure a good outcome [7].
For this reason, authors have suggested in most recent studies [1,13], that the use of a multimodal approach based
on the evaluation of clinical, serum biomarkers and instrumental predictors should be used in clinical practice, in
order to improve both the sensitivity and reliability of a poor outcome prediction, in addition to the identification
of a subset of CA patients demonstrating a good outcome. According to the results of these studies [5,14–17],
authors observed that a SEP pattern absent-pathological (AP), where pathological and amplitude of the cortical
wave <1.2 μV was concerned, had the same poor prognostic meaning as the SEP pattern AA. The strength
of these works was represented by the absence of withdrawal of life-sustaining treatment in the subset of CA
patients analyzed. This allowed the risk of self-fulfilling prophecy bias to be minimized and the natural neurological
evolution of these patients to be observed.

In the same period, the marked bilateral amplitude reduction of SEP cortical responses (PP) was associated with
a poor neurological outcome, similar to the SEP pattern AA [18,19]. In particular, in a study by Carrai et al., [18], the
authors observed that amplitude reduction values of <0.65 μV for both cortical SEPs were associated with a poor
long-term neurological outcome.

The identification of other SEP patterns with the same poor prognostic meaning as the SEP pattern AA represents
an important goal, because it improved the correct classification of CA patients, thereby increasing the identification
of subjects which demonstrate a poor outcome.

In fact, both the identification of more SEP patterns related to a poor outcome and the use of a multimodal
approach based on different clinical and instrumental predictors, on the one hand, allowed the correct identification
of a greater number of patients with a poor outcome. While, on the other hand, they allowed the identification of
patients demonstrating a good outcome (although limited to the finding of specific EEG patterns at an early stage
[≤12 h] after CA) [17,20].

An increased correct prediction of neurological outcome, based on all the parameters reported above, is important
for reducing the prognostic uncertainty that would result from an approach based on the use of only a single clinical
or instrumental predictor or on the use of only SEP pattern AA, as an index of poor neurological outcome.

SEPs as predictors of evolution toward brain death in patients with HIE
Organ transplantation is an increasingly widespread procedure, as it is the only available treatment for certain
end-stage organ diseases. However, due to the disproportion between the number of patients on the waiting list for
transplantable organs and the availability of organs to donate, the optimization of old strategies may be necessary,
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along with the implementation of new ones aimed at detecting all possible organ donors. For this reason, early
identification of possible organ donors among patients affected by brain injuries, such as HIE, that less frequently
demonstrate an evolution toward brain death (BD), would be an important goal.

In this perspective, SEPs have been evaluated as early predictors of BD in patients with HIE [21]. These authors
demonstrated that the SEP patterns AA and AP were related to an early evolution toward BD, with high specificity
but low sensitivity, since the majority of patients with these SEP patterns remained in a PVS.

However, in another work by the same group [22], the authors, in addition to having confirmed that the risk of
evolution toward BD was related only to the presence of an AA or AP SEP pattern, demonstrated that the presence
of a density ratio value of <1.07 between gray matter and white matter at the basal ganglia level, evaluated by brain
computed tomography, was highly suggestive of an early evolution toward BD.

Conclusion
Prognosticating the neurological outcome of resuscitated patients after CA is still challenging and requires a
multimodal approach. Among the neurophysiological tests suggested by current guidelines [1], SEPs are considered
a robust predictor, demonstrating strong and time-independent results, as the poor predictive meaning of an AA
SEP pattern is the same at any time after CA. Moreover, in the earlier stages after CA (≤12 h), SEPs provide
information complementary to that of an EEG. Thus, the use of both these neurophysiological tests enables correct
classification of a greater number of patients, as an AA SEP pattern enables the identification of CA comatose
survivor patients with a poor outcome, while a continuous, nearly continuous or low-voltage EEG pattern enables
the identification of CA patients with a good outcome [17].

With regards to the poor prognostic meaning of other SEP patterns (such as AP and PP), several studies are
needed to confirm the preliminary results obtained in previous works. In particular, where the PP pattern is
concerned, further multicenter and prospective studies are necessary to strengthen its poor prognostic meaning, in
order to be used like the SEP pattern AA in routine clinical practice.
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