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The Underappreciated But Potentially
Lethal Role of Brainstem Dysfunction
in Epilepsy

Association of Peri-Ictal Brainstem Posturing With Seizure Severity and Breathing Compromise in Patients
With Generalized Convulsive Seizures

Vilella L, Lacuey N, Hampson JP, et al. Neurology. 2021;96(3):e352-e365. doi:10.1212/WNL.0000000000011274

Objective: To analyze the association between peri-ictal brainstem posturing semiologies with postictal generalized elec-
troencephalographic suppression (PGES) and breathing dysfunction in generalized convulsive seizures (GCS). Methods: In this
prospective, multicenter analysis of GCS, ictal brainstem semiology was classified as (1) decerebration (bilateral symmetric
tonic arm extension), (2) decortication (bilateral symmetric tonic arm flexion only), (3) hemi-decerebration (unilateral tonic
arm extension with contralateral flexion), and (4) absence of ictal tonic phase. Postictal posturing was also assessed.
Respiration was monitored with thoracoabdominal belts, video, and pulse oximetry. Results: Two hundred ninety-five seizures
(180 patients) were analyzed. Ictal decerebration was observed in 122 (41.4%) of 295, decortication in 47 (15.9%) of 295, and
hemi-decerebration in 28 (9.5%) of 295 seizures. Tonic phase was absent in 98 (33.2%) of 295 seizures. Postictal posturing
occurred in 18 (6.1%) of 295 seizures. Postictal generalized electroencephalographic suppression risk increased with ictal
decerebration (odds ratio [OR]: 14.79, 95% CI: 6.18-35.39, P< .001), decortication (OR: 11.26, 95% CI: 2.96-42.93, P< .001),
or hemi-decerebration (OR: 48.56, 95% CI: 6.07-388.78, P < .001). Ictal decerebration was associated with longer PGES
(P ¼ .011). Postictal posturing was associated with postconvulsive central apnea (PCCA; P ¼ .004), longer hypoxemia
(P < .001), and Spo2 recovery (P ¼ .035). Conclusions: Ictal brainstem semiology is associated with increased PGES risk. Ictal
decerebration is associated with longer PGES. Postictal posturing is associated with a 6-fold increased risk of PCCA, longer
hypoxemia, and Spo2 recovery. Peri-ictal brainstem posturing may be a surrogate biomarker for GCS severity identifiable
without in-hospital monitoring. Classification of evidence: This study provides Class III evidence that peri-ictal brainstem
posturing is associated with the GCS with more prolonged PGES and more severe breathing dysfunction.

Commentary

Drug-resistant epilepsy is associated with a lifetime mortality

ratio of 2 to 3 times the general population, and sudden unex-

pected death in epilepsy (SUDEP) is the most tragic outcome in

this disorder. Young people are among those at the highest risk

of succumbing to SUDEP, particularly individuals with a his-

tory of frequent generalized seizures. The mechanisms of

SUDEP are poorly understood but have been hypothesized to

involve brainstem pathophysiology.1 It is possible that both

lower and upper brainstem dysfunction during seizures may

contribute to this phenomenon, leading to respiratory arrest

as well as impairments in ascending arousal systems, respec-

tively. Although some animal studies of seizures have sup-

ported this hypothesis, brainstem involvement during seizures

has not been studied in humans.

In the highlighted study by Vilella and colleagues, the

authors sought to indirectly relate presumed brainstem involve-

ment during generalized seizures with clinical factors that

might predispose to SUDEP in adult epilepsy patients.2 Data

were collected from 295 generalized seizures in 180 patients

undergoing video-electroencephalogram (EEG) monitoring at

multiple epilepsy monitoring units (EMUs), with approxi-

mately half of seizures captured during wakefulness and half

during sleep. Approximately 16% of patients had a generalized

epilepsy subtype, while most had presumed focal or multifocal

onset, with temporal lobe localization being most common.

Investigators correlated tonic seizure phase and postictal semi-

ology with cardiorespiratory measures including hypoxemia,

SpO2 recovery, and central apnea, as well as postictal general-

ized electroencephalographic suppression (PGES) on EEG.

Notably, in the Mortality in Epilepsy Monitoring Unit Study,

PGES and cardiorespiratory instability were observed in all

monitored cases of SUDEP.3

The investigators found that brainstem posturing (decere-

brate, decorticate, hemi-decerebrate), which was present in

two-thirds of seizures, was significantly associated with the
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imaging biomarker for secondary generalization of seizures.

However, the study methods and data/result presentation are

complicated and require some attention before we dive deeper

into the discussion of the results.

The authors present data of a large but overall heteroge-

neous group of TLE patients—MRI-negative patients, patients

with hippocampal sclerosis, dysembryoplastic neuroepithelial

tumors, and cavernomas. While not necessarily a major prob-

lem, combining all these groups prior to showing that their

task-related fMRI activations are not different (and that thala-

mic activations are not different) creates a potential confounder

that is not addressed in the study. Further, they utilize their “go-

to” fMRI task—verb fluency—to assess language lateralization

including thalamic involvement in the task. However, since

there is no performance tracking with this covert task, there

is no way of knowing how well the participants performed the

task and how performance on the task influenced the observed

fMRI activations. To offset this, they tested letter fluency as

part of their neuropsychological battery—there were some

group differences including significant differences between left

TLE with and without generalized seizures.

In the primary analysis, they compared fMRI activation

patterns in patients with FBTCS within the last year to patients

with no FBTCS (ie, only with focal seizures [FS]) in the last

year to find that the activation patterns were different between

the groups with higher fMRI activation and more leftward

activation in patients with FS including differences in thalami.

Of interest is the fact that some of the peak activations fell into

the anterior thalamic nuclei that, as we all know, are the target

of deep brain stimulation. In the post hoc analyses, they showed

that FS patients’ thalamic activations were similar to healthy

controls performing the same task but active FBTCS partici-

pants had overall lower thalamic activations when compared to

either of those two groups. Important is that having FBTCS in

the last year was the most significant determinant of thalamic

activation. The study would be very easy to understand and

interpret had they stopped their analyses here. However, the

authors performed several useful but very complicated analyses

that undoubtedly make the interpretation of the results difficult.

These additional, in-part confirmatory in-part follow-up anal-

yses are psychophysiologic interaction, graph theory, and

receiver operating characteristic (RUC) curve analyses. The

understanding and interpretation of these analyses is neither

intuitive nor simple. While disentangling these analyses is not

part of this commentary, for the purpose of better understand-

ing their approach, we can briefly state that psychophysiologic

interaction is a between regions connectivity analysis for fMRI

data that is context-dependent. Graph theory analysis, as

explained previously in great detail,5 allows mathematical

analysis and description of complex systems using terms such

as “hubs,” “centrality,” and “betweenness.” Finally, the term

ROC—probably most recognized by neurologists—is a binary

classifier that allows diagnostic discrimination between groups.

These analyses show that, in patients with active FBTCS, there

is greater context-dependent thalamo-temporal and thalamo-

motor connectivity, higher thalamic degree and betweenness

centrality, and that ROC curves discriminate well between

individuals with and without active FBTCS. These findings

also indicate that having active FBTCS changes the brain more

than having FS alone and that the presence and the degree of

the changes may be used as a biomarker for disease severity.

As complicated as these analyses are, the authors provide

meticulous description of the procedures performed and of the

results in the main body of the manuscript with additional

details included in the supplement. However, more important

are implications of this study. Since fMRI has been a mainstay

of presurgical language and verbal memory evaluation for

years,6 most epilepsy centers obtain fMRI as part of their pre-

surgical patient staging protocol. However, we cannot expect

that psychophysiologic interaction, graph theory, and ROC

curve analyses of the task-related fMRI data will be performed

in the course of such evaluation. Rather, what the study shows

is that the task fMRI data can be used not only to perform a

rather simplistic analysis of language lateralization but also to

identify the negative effects of pathophysiology (here seizures)

on brain networks. Whether independently or in combination

with other measures (eg, functional connectivity or thalamic

stereoelectroencephalography), future research could teach us

if/how such results could be applied to evaluating disease

severity, staging in presurgical evaluation, predicting out-

comes, or deciding the treatment approaches (eg, resection vs

implantable devices).

Perhaps more importantly, these findings teach us some-

thing about the disease itself. They provide information about

the pathophysiology of temporal lobe seizures, about the

negative effects of seizures not only on local but also on

remote executive brain regions (ie, confirm the proposed a

long-time ago “nociferous cortex hypothesis”7), and outline the

negative effects of FBTCS on brain connectivity and pathways

of information transfer. While previously such negative effects

have been documented in resting-state studies, this effort

extends those findings to cognitive tasks and task-based con-

nectivity. This study shows that the task data can be used not

only to localize and lateralize brain functions but also to mea-

sure the effects of the disease on brain networks and its

severity.
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presence and duration of PGES. The longest episodes of PGES

were seen in seizures with ictal decerebration, and the shortest

episodes were observed during events associated with hemi-

decerebration, but no clear differences in PGES patterns were

noted between seizures occurring during wakefulness versus

sleep. Also, the duration of tonic posturing was associated with

hypoxemia duration and SpO2 recovery, and postictal posturing

was also associated with longer hypoxemia and SpO2 recovery,

as well as a markedly increased risk of post-convulsive central

apnea. Prior work by the authors demonstrated that post-

convulsive central apnea may represent an important biomar-

ker of SUDEP.4 Based on the presently highlighted results, the

authors conclude that brainstem semiology is related to seizure

severity markers such as PGES and peri-ictal breathing dys-

function, with a clear relationship between semiologic severity

and these measures of neurologic and respiratory compromise.

Overall, the findings of Vilella and colleagues provide a

compelling suggestion that brainstem posturing during and fol-

lowing generalized seizures is associated with clinical factors

that may increase SUDEP risk. The authors acknowledge that a

limitation of the study is that these conclusions can only be

indirectly presumed. SUDEP outcomes were not included in

this patient population, and tonic posturing is not a direct indi-

cation of brainstem influence of seizure activity. Nevertheless,

the case for brainstem involvement in epilepsy and its potential

relationship to SUDEP has been supported by various human

and animal studies.

In rodent models of temporal lobe epilepsy, limbic seizure

activity has been shown to spread to subcortical arousal cen-

ters, including brainstem serotonergic nuclei, which may con-

tribute to suppression of neocortical activity and behavior.5

Also, human neuroimaging studies have demonstrated brain-

stem atrophy and network disruption in focal epilepsy patients

which may affect both caudal respiratory centers and rostral

arousal networks.6,7 It is possible that SUDEP involves not

only seizure-induced hypoventilation, potentially influenced

by the spread of seizure spread from amygdala to the brain-

stem,8 but also a subsequent failure of normal arousability from

hypercapnia, which requires the brainstem ascending reticular

activating system. Continued mechanistic studies in animal

models and neuroimaging investigations of human patients

focusing on the potential contributions of brainstem dysfunc-

tion to SUDEP will be critical moving forward.

There are several practical clinical considerations relevant

to the findings of Vilella and colleagues. Respiratory monitor-

ing is not routinely utilized in many EMUs, but SUDEP and

near-SUDEP events have occurred in the hospital setting. Anti-

seizure medication wean increases the likelihood of general-

ized seizures, which may be less common in a patient’s natural

setting.9 Recently in our own EMU, a patient undergoing intra-

cranial stereotactic EEG monitoring experienced a near-

SUDEP event in conjunction with a severe generalized seizure,

characterized by prolonged PGES, postictal apnea, and

hypoxia.10 Therefore, respiratory monitoring with a respiratory

belt and continuous pulse oximetry should be more strongly

considered in the EMU setting.

Given that generalized seizures with tonic brainstem postur-

ing may convey the highest risk for PGES and apnea, providers

should consider additional SUDEP counseling and precautions

for patients who demonstrate this seizure semiology. Finally,

given that epilepsy surgery has been shown to reduce risk of

SUDEP and mortality in patients with drug-resistant focal epi-

lepsy, referral to a tertiary epilepsy center for surgical evalua-

tion should be expeditiously pursued in these individuals,

particularly in those who have generalized seizures. SUDEP

is a truly catastrophic consequence of epilepsy, so “all hands on

deck” are needed for innovative research, mitigation policies,

and patient education.

By Dario J. Englot

ORCID iD

Dario J. Englot https://orcid.org/0000-0001-8373-690X

References

1. Devinsky O, Hesdorffer DC, Thurman DJ, Lhatoo S, Richerson

G. Sudden unexpected death in epilepsy: epidemiology, mechan-

isms, and prevention. Lancet Neurol. 2016;15(10):1075-1088.

2. Vilella L, Lacuey N, Hampson JP, et al. Association of peri-ictal

brainstem posturing with seizure severity and breathing compro-

mise in patients with generalized convulsive seizures. Neurology.

2021;96(3):e352-e365.

3. Ryvlin P, Nashef L, Lhatoo SD, et al. Incidence and mechanisms

of cardiorespiratory arrests in epilepsy monitoring units (MOR-

TEMUS): a retrospective study. Lancet Neurol. 2013;12(10):

966-977.

4. Vilella L, Lacuey N, Hampson JP, et al. Postconvulsive central

apnea as a biomarker for sudden unexpected death in epilepsy

(SUDEP). Neurology. 2019;92(3):e171-e182.

5. Zhan Q, Buchanan GF, Motelow JE, et al. Impaired serotonergic

brainstem function during and after seizures. J Neurosci. 2016;

36(9):2711-2722.
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