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Association of Periodic Discharges
With Reduced Brain Tissue Oxygenation
No Longer Straddling the Fence?
Brian D. Moseley, MD

One of the diagnostic tools used with increasing frequency in
intensive care units (ICUs) is continuous electroencephalog-
raphy (cEEG) monitoring. In the United States, such monitor-

ing was noted to increase by
more than 260% in only 4
years from 2005 to 2009.1

The increasing use of cEEG monitoring has potentially been
associated with improvements in the morbidity and mortal-
ity of critically ill patients. In a retrospective cross-sectional
study of the Nationwide Inpatient Sample,1 the largest all-
payer data set of inpatient hospitalizations in the United States,
cEEG monitoring was significantly associated with lower in-
hospital mortality. Such reductions may be secondary to the
increasing detection and treatment of clearly ictal EEG pat-
terns. Electrographic seizures have previously been reported
in almost 20% of hospitalized patients undergoing monitor-
ing with cEEG.2 More than 90% of such seizures were non-
convulsive, suggesting they potentially would have been
missed and not treated had cEEG not been performed.2

However, the increasing use of cEEG in ICUs has also re-
sulted in the increasing detection of patterns of less absolute
clinical significance. Chief among these findings are periodic
discharges (PDs). Such waveforms, which may be lateralized
or generalized, consist of repetitive discharges of similar mor-
phology with quantifiable interdischarge intervals recurring
at nearly regular intervals. Controversy continues to exist re-
garding whether PDs are ictal or interictal. Many epileptolo-
gists and critical care physicians are divided on how to best
treat patients when these discharges are recorded. Some view
PDs as part of the status epilepticus condition.3 Others view
PDs as straddling an ictal-interictal continuum, with the iden-
tification of such waveforms justifying more prolonged cEEG
monitoring to watch for the emergence of more definitively
ictal patterns. Supporting such a strategy are studies showing
significantly higher rates of electrographic seizure detection
in patients with generalized PDs vs patients without such dis-
charges. This strategy includes higher rates of nonconvulsive
seizures and nonconvulsive status epilepticus.4

In this issue of JAMA Neurology, Witsch et al5 shed more
light on the potential detrimental effects of PDs that may fur-
ther push them to the ictal side of the fence. The authors stud-
ied of the effect of PDs on brain tissue oxygenation in 90 co-
matose patients after high-grade spontaneous subarachnoid
hemorrhages. All patients underwent scalp EEG and/or intra-
cortical EEG monitoring. Brain tissue oxygenation was moni-

tored with partial pressure of oxygen in interstitial brain tis-
sue (PbtO2) and regional cerebral blood flow (CBF) monitors.
The authors discovered that patients with PDs had reduced me-
dian PbtO2, particularly when the PDs occurred at a frequency
of 2.0 Hz or greater. In addition, the authors observed trends
for increases in regional CBF and global cerebral perfusion pres-
sure when PD frequencies were higher; however, these failed
to meet statistical significance or match the drops in PbtO2.
Witsch et al5 are to be commended for performing such a novel
study. Their results, particularly the mismatch noted be-
tween oxygenation and CBF, suggest that PDs may be damag-
ing in and of themselves and contribute to additional morbid-
ity after acute brain injuries.

Although the findings of Witsch et al5 raise the potential
for PDs to result in cerebral damage, they do not directly and
definitively indicate causality. When reviewing outcome data
in those patients with vs without PDs, the authors failed to dis-
cover any significant differences. Patients with PDs were not
more likely to have unfavorable outcomes (defined as a modi-
fied Rankin Scale score of 4-6) than patients without PDs, re-
gardless of PD frequency. Although the inability to show wors-
ened outcomes in those with PDs calls the clinical significance
of the PbtO2 and regional CBF findings into question, it could
also be explained by other factors. Any EEG waveform that was
periodic and of similar morphology was included as a PD. This
includes generalized PDs with a triphasic morphology (ie, tri-
phasic waves), which can be seen in a variety of metabolic en-
cephalopathies and which are not inherently epileptiform.6 In
addition, the sample size of 90 may have resulted in a lack of
statistical power to detect a difference in outcome. This limi-
tation is suggested by inability of the authors to demonstrate
significant differences using other established predictors of out-
come in spontaneous subarachnoid hemorrhage, including the
Acute Physiology and Chronic Health Evaluation (APACHE) II
score, history of aneurysmal rebleed, and patient age.7-9 Only
admission Hunt and Hess scale scores significantly predicted
differing outcomes in the examined cohort. When attempt-
ing to detect outcome differences (particularly in patients with
a condition associated with 40% mortality and 22% severe dis-
ability in this cohort), larger, multicenter trials will undoubt-
edly be necessary. Only then will the true clinical signifi-
cance of PDs become more apparent.

Another interesting finding by Witsch et al5 potentially call-
ing the clinical significance of PDs into question is the timing
of recorded PbtO2 decreases. Such decreases were observed
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approximately 5 minutes before the onset of high-frequency
PDs. This finding suggests that PDs may have been a delayed
marker of another physiological phenomenon causing the drop
in PbtO2 rather than the cause itself. Another possibility pro-
posed by the authors is that brief episodes of hypoxia may trig-
ger PDs, which in turn facilitate a hypermetabolic state and fur-
ther hypoxia. Such a negative feedback cycle could result in
further cerebral injury unless disrupted. Full elucidation of the
answer to this question using this exploratory study’s data is
impossible. Rather, further studies will be needed to better ad-
dress the ability of PDs to cause cerebral tissue hypoxia. These
studies include animal studies, where injury patterns can be
standardized and experimental conditions can be tightly con-
trolled. Only with such data will clinical trials examining the
treatment of PDs be warranted. How such trials would be de-
signed would likely spur further debate, particularly given the

inconsistent ability of antiepileptic drugs to diminish interic-
tal epileptiform abnormalities.10,11

Despite these limitations, the work done by Witsch et al5

is to be commended. It represents the first systematic study
of interstitial brain tissue oxygenation and regional CBF
changes in association with PDs in human patients moni-
tored with cEEG. Although it does not definitively establish
causality, the finding of reduced PbtO2 in association with PDs
suggests that such waveforms may be associated with a risk
for cerebral damage and ultimately worthy of treatment. The
article by Witsch et al5 provides evidence to justify further stud-
ies of the potential deleterious effects of PDs in animal mod-
els and larger, multicenter studies of critically ill patients. De-
pending on what is ultimately discovered, we may look back
on this study as one that helped to knock down the prover-
bial ictal-interictal fence on which PDs still sit.
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