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Abstract

Background/Objectives: Clinical seizures following acute ischemic stroke (AlS) appear to
contribute to worse neurologic outcomes. However, the effect of electrographic epileptiform
abnormalities (EAs) more broadly is less clear. Here we evaluate the impact of epileptiform
abnormalities (EAs), including electrographic seizures, periodic and rhythmic patterns, on
outcomes in patients with AlS.

Methods: This is a retrospective study of all patients with AIS aged >18 years who underwent at
least 18 hours of continuous EEG (CEEG) monitoring at a single center between 2012 and 2017.
EAs were classified according to American Clinical Neurophysiology Society (ACNS)
nomenclature, and included seizures, periodic and rhythmic patterns. EA burden for each 24 hour
epoch was defined using the following cutoffs: EA presence, maximum daily burden <10% vs.
>10%, maximum daily burden <50% vs. >50%, and maximum daily burden using categories from
ACNS nomenclature (“rare” <1%,; “occasional” 1-9%; “frequent” 10-49%; “abundant” 50-89%;
“continuous” >90%). Maximum EA frequency for each epoch was dichotomized into = 1.5 Hz vs.
< 1.5 Hz. Poor neurologic outcome was defined as a modified Rankin Scale score (mRS) of 4-6
(vs. 0-3 as good outcome) at hospital discharge.

Results: 143 patients met study inclusion criteria. 67 patients (46.9%) had EAs. 124 patients
(86.7%) had poor outcome. On univariate analysis, presence of EAs (OR=3.87 [1.27-11.71],
p=0.024), maximum daily burden >10% (OR=12.34 [2.34-210], p=0.001) and > 50% (OR= 8.26
[1.34-122], p=0.035) were associated with worse outcomes. On multivariate analysis, after
adjusting for clinical covariates (age, gender, NIHSS, APACHE I, stroke location, stroke
treatment, hemorrhagic transformation, Charlson comorbidity index, history of epilepsy), EA
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presence (OR=5.78 [1.36—24.56], p=0.017), maximum daily burden > 10% (OR=23.69 [2.43—
230.7], p=0.006), and maximum daily burden >50% (OR=9.34 [1.01-86.72], p=0.049) were
associated with worse outcomes. After adjusting for covariates, we also found a dose-dependent
association between increasing EA burden and increasing probability of poor outcomes (OR 1.89
[1.18-3.03] p = 0.009). We did not find an independent association between EA frequency and
outcomes (OR: 4.43 [.98-20.03] p=0.053). However, the combined effect of increasing EA burden
and frequency = 1.5 Hz (EA burden * frequency) was significantly associated with worse
outcomes (OR 1.64 [1.03-2.63] p=0.039].

Conclusion: Electrographic seizures and periodic and rhythmic patterns in patients with AIS are
associated with worse outcomes in a dose dependent manner. Future studies are needed to assess
whether treatment of this EEG activity can improve outcomes.
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Introduction

Clinical seizures occur in up to 9% of patients with acute ischemic stroke (AIS) (1), and are
associated with increased hospital mortality and worse functional outcomes (2,3). Cortical
location and higher stroke severity are risk factors for clinical seizures (2-6). In addition to
clinical seizures, electrographic seizures and non-convulsive status epilepticus are reported
in 3-9% of patients with AIS undergoing continuous EEG monitoring (1,7,8).

Epileptiform abnormalities (EASs), including not only electrographic seizures but also
periodic and rhythmic patterns have been shown to be associated with worse functional
outcomes in patients with hemorrhagic stroke (9,10). In these patients, EAs show a dose-
dependent relation with outcomes, with a higher burden being associated with worse
outcomes (10-12). A metabolic supply-demand mismatch mechanism is hypothesized to
underly this apparent effect of EAs on neurologic outcomes; i.e. decreased metabolic reserve
of the injured brain, coupled with increased metabolic demand induced by EAs, leads to
secondary brain injury (13-15).

To date no study has investigated the impact of EA burden on neurologic outcomes in
patients with AIS. We hypothesize that EAs seen in AlS have a negative impact on
neurologic outcomes. We also hypothesize that there is a dose dependent relation between
EAs and outcomes in patients with AIS, similar to that seen in hemorrhagic stroke. Our
objectives here are to 1) characterize the frequency and clinical determinants of EAs in
patients with AIS, 2) investigate the impact of EA burden on hospital discharge neurologic
outcomes.

Materials and Methods

Study design and inclusion criteria

This is a retrospective cohort study of patients with AIS admitted to the Massachusetts
General Hospital between September 2011 and February 2017. The study was conducted
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under a protocol approved by the Institutional Review Board. Informed consent was not
required for this retrospective study. We included all patients aged = 18 years diagnosed with
AIS who underwent continuous EEG monitoring (CEEG) for at least 18 hours. Prior work by
our group has shown that for patients at risk for seizures, the highest probability for
detecting seizures is during the first few hours of recording and decreases to < 5% at 16
hours (16). We therefore chose a minimum duration of 18 hours as inclusion criteria to
ensure we capture all patients that could potentially develop EAs. Presence of AIS was
confirmed by clinical presentation, computed tomography and/or magnetic resonance
imaging (MRI). Patients with hemorrhagic stroke were excluded from the study. Subsequent
hemorrhagic transformation of AIS was not an exclusion criterion.

Clinical covariates

Demographic and clinical variables were abstracted from the electronic health record.
Clinical covariates included past medical and surgical history, and the Charlson Comorbidity
index (CCI). Stroke severity was defined by the National Institutes of Health Stroke Scale
(NIHSS). Stroke etiology was categorized using TOAST criteria as: large atherosclerotic,
embolic, lacunar, other etiologies, or undetermined (17). Stroke location was determined
using imaging. Acute stroke treatment with intravenous thrombolytics or mechanical
thrombectomy was recorded. In addition, we recorded development of cerebral edema and
hemorrhagic transformation of ischemic stroke. Additional clinical covariates and hospital-
acquired complications included: admission Acute Physiology and Chronic Health
Evaluation Il (APACHE II) score, duration of mechanical ventilation, and hospital acquired
infections including hospital acquired pneumonia and catheter associated infections.

CEEG recording and features

Indications for cEEG monitoring included suspected nonconvulsive seizures, altered mental
status and unexplained loss of consciousness. All cEEG recordings were obtained using 21
electrodes and the conventional International 10-20 system. Raw EEGs were reviewed and
reported clinically by 2 clinical neurophysiologists per institutional protocol. All
neurophsyiolgists are board certified in Neurology and have passed the Critical Care EEG
Monitoring Research Consortium (CCEMRC) certification test. All EEG findings were
reported using the American Clinical Neurophysiology Society nomenclature (ACNS) (18).
The relevant EEG data was subsequently abstracted from the clinical EEG reports.

We operationally defined epileptiform abnormalities (EAS) for this study as electrographic
seizures and periodic and rhythmic patterns. Periodic and rhythmic patterns were defined
using ACNS nomenclature (18), including: lateralized periodic discharges (LPDs), bilateral
independent periodic discharges (BIPDs), generalized periodic discharges (GPDs),
lateralized rhythmic delta activity (LRDA). We excluded generalized rhythmic delta activity
(GRDA) from our definition of EAs because prior studies show, at best, only weak
associations with both seizures and functional outcomes (11,19,20). We also excluded
sporadic epileptiform discharges from our definition of EAs, because these findings are non-
continuous and thus less likely to cause metabolic stress/crisis according to the metabolic
supply-demand mismatch hypothesis.
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Electrographic seizures were defined as repetitive spikes, sharp waves, sharp-slow wave
complexes, or rhythmic activity lasting at least 10 seconds at a frequency of 3Hz or more, or
patterns with lower frequencies with evolution in frequency, morphology, or spatial extent
(10).

EA burden was abstracted from the EEG reports. We recorded EA burden in each 18-24
hour epoch using ACNS terminology: continuous, >90%; abundant, 50-89%, frequent, 10—
49%; occasional, 1-9%; rare <1% (18).

EA burden for each patient was quantified in 2 ways:

1 Presence: presence of any EAs within any epoch
2. Maximum daily burden: maximum burden captured within any 18-24 hour
epoch

For analysis we examined the following EA cut-offs: EA presence, maximum daily burden
<10% vs. >10%, maximum daily burden <50% vs. >50%, and maximum daily burden using
an ordinal scale based on the ACNS nomenclature (none, rare, occasional, frequent,
abundant, continuous) (18).

We also abstracted the maximum frequency of EAs from the EEG reports. For analysis, we
dichotomized maximum frequency into = 1.5 Hz vs. < 1.5 Hz. We used the 1.5 Hz threshold
as periodic discharges above this frequency, on scalp recordings, were shown to be
associated with lower brain tissue oxygenation (13) and increased risk for seizures (19).

Our primary objective was to assess the impact of EA burden on neurologic outcome at
hospital discharge, measured by the modified Rankin Scale (mRS) (21) (mRS 0: no
symptoms; mRS 1: no significant disability; mRS 2: slight disability; mRS 3: moderate
disability; mRS 4: moderate severe disability; mRS 5: severe disability; mRS 6: dead). mRS
was abstracted from physician and physical therapy notes at discharge. Outcomes were
abstracted retrospectively and adjudicated by independent reviewers (SFZ, MT, HAN, MS,
SK, ME, EB). At the time of outcome abstraction, the reviewers were blinded to the EEG
findings. For analysis, we dichotomized outcomes into good (mRS 0-3) vs. poor (MRS 4-6)
outcomes.

Statistical analysis

For descriptive statistics, we calculated mean, median and inter quartile ranges. Univariate
analysis was performed using Fisher’s exact test for dichotomized and categorical variables,
and the Mann-Whitney-U-test for continuous variables. Significance was set at 0.05, and 2-
sided P values are reported. We performed multivariate logistic regression analysis to assess
the relation between EAs and discharge mRS. We adjusted for baseline variables that are
associated with worse neurologic outcomes based on prior studies. These included age,
gender, NIHSS, stroke location (cortical vs. subcortical, and temporal vs. extra temporal),
anterior vs. posterior circulation stroke, acute stroke treatment and hemorrhagic
transformation (22-25). To adjust for critical illness severity and baseline comorbidities we
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also included the APACHE II score and Charlson Comorbidity Index (CCl), and prior
history of epilepsy in our multivariate logistic regression models (22,26). Odds ratios and
95% confidence intervals (OR [95% CI]) were calculated to quantify the association of EAs
with outcomes. Goodness of fit for logistic regression models was assessed using the
Hosmer-Lemeshow test.

Demographic and clinical variables

During the study period there were on average 836 ischemic stroke admissions per year
(range 790-895/year). 143 patients met inclusion criteria. Clinical and demographic
variables are summarized in Table 1. There were no missing data. The median age of the
cohort was 66 years. 49.7 % of patients were female. The median NIHSS score on
admission was 10. Most patients (80.4%, n=119) had cortical strokes. The most common
stroke etiology was cardio-embolism (43.4%, n=64).

EA incidence and predictors

46.9% of patients (n=67) had EAs on continuous EEG recording. Table 2 summarizes the
frequency and distribution of all EEG patterns seen in our patient cohort. Sporadic
epileptiform discharges (56.7%, n=81) and GRDA (23.8%, n=34) were the most common
findings. 16.8% of the patients (n= 24) had electrographic seizures. Among patients with
EAs more than half (58.2%, n=39), had multiple overlapping pattern types (Table 2). The
most common isolated patterns were LPDs (14.9%, n=10). We did not see any brief
potentially ictal rhythmic or periodic discharges (B(I)RDs). The only multifocal findings we
encountered were sporadic discharges. Five patients (3.5%) had multifocal sporadic
discharges. Among patients with EAs, 40.3% (n=27) had a maximum daily burden of 50—
89% (abundant) as the most common burden category.

Patients with EAs were more likely to have clinical seizures during the admission (31.4% in
patients with EAs vs. 10.5% in patients without; OR: 3.89 [1.61-9.32] p = 0.003). Patients
with EAs were also more likely to have stroke with temporal lobe involvement (49.3% in
patients with EAs vs. 31.6% in patients without; OR: 2.10 [1.07-4.14] = 0.04). Other factors
such as APACHE |1 score, NIHSS score, presence of cerebral edema, etiology, anterior vs.
posterior circulation and the development of hospital-acquired infections were not associated
with a greater risk for EAs (Table 1).

Outcome Association with EA Burden: Univariate analysis

13.3% (n=19) of patients had good outcome versus 86.7% (n=124) of patients with poor
outcome. The discharge mortality rate was 25.2% (n=36). Discharge mortality was similar
across both groups, and majority of these patients had withdrawal of life sustaining
therapies.

We evaluated univariate association of neurologic outcome with three different notions of
EA burden; all three showed significant associations (Figure 1). First, presence of EAs was
associated with worse outcome (OR 3.87 [1.27 — 11.71] p=0.024). Second and third, the
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maximum daily burden of EAs was associated with worse outcomes, whether using a cutoff
of EA burden >10% (OR 14.34 [2.34-210] p=0.001) or a cutoff of > 50% (OR 8.23 [1.34 —
122] p=0.025).

Outcome Association with EA Burden: Multivariate analysis

We created four multivariate logistic regression models for each of the following EA burden
contrasts: EA presence vs absence; maximum daily burden >10% vs <10%; maximum daily
burden >50% vs <50%; increasing EA burden on an ordinal scale defined by ACNS
nomenclature (none, rare, occasional, frequent, abundant, continuous). The final covariates
included were: age, gender, NIHSS score, APACHE Il score, CCl, prior history of epilepsy,
stroke location (cortical vs. subcortical, and temporal vs. extra temporal), anterior vs.
posterior circulation stroke, acute stroke treatment/intervention, and hemorrhagic
transformation (21-26).

After adjusting for co-variates, EA presence continued to be significantly associated with
worse outcomes (OR=5.78 [1.36-24.56], p=0.017). Similarly, after adjusting for covariates,
maximum daily burden > 10% was associated with poor outcomes (OR=23.69 [2.43-230.7],
p=0.006), as was maximum daily burden >50% (OR=9.34 [1.01-86.72], p=0.049). Finally,
after adjusting for covariates we found that increasing maximum daily burden on an ordinal
scale from none to continuous, as defined by ACNS nomenclature, was also associated with
worse outcomes (OR 1.89 [1.18-3.03] p = 0.009) (Figure 2).

In addition, we estimated the relationship between the probability of poor outcome vs.
maximum daily burden as defined by ACNS nomenclature. The plot shown in Figure 3 was
created using a weighted multivariate logistic regression, where the weighting was used to
account for the small proportion of poor outcomes. The results show a dose-response
relationship: increasing maximum daily burden is associated with a monotonically
increasing probability of poor outcomes.

Outcome Association with EA Burden excluding mortality: Subgroup analysis

Table 1. shows there was no significant difference in discharged mortality between patients
with EAs and those without (OR 1.60 [0.75-3.39], p =0.25). However, almost all these
patients had withdrawal of life sustaining therapies (87.5% (14/16) in patients without EAS,
and 95% (19/20) in patients with EAs). We therefore did a subgroup analysis assessing the
relation of EAs and discharge outcomes excluding mortality. For this subgroup analysis we
dichotomized outcomes into good (MRS 0-3) vs. poor (MRS 4-5) outcomes. 91.5% (43/47)
patients with EAs had poor outcomes compared with 75% (45/60) patients without EAs
(OR: 3.58 [1.15-11.07], p= 0.04). After adjusting for covariates, presence of EAs continued
to be significantly associated with poor outcome in this subgroup analysis (OR 6.35 [1.30-
31.04] p=0.022). Increasing EA burden also continued to be significantly associated with
worse outcomes (OR 1.96 [1.17-3.24] p= 0.01].

Outcome Association with EA maximum frequency and with EA burden*frequency

On univariate analysis, although patients with maximum EA frequency = 1.5 Hz were more
likely to have poor outcomes (93.9 % (46/49) vs. 83.0% (78/94) in patients with maximum
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frequency < 1.5 Hz), this association was not statistically significant (OR 3.15 [0.92-10.59]
p=0.075) (Figure 1D). After adjusting for covariates, maximum frequency = 1.5 Hz
continued to have a non-significant association with poor outcomes (OR: 4.43 [.98-20.03]
p=0.053]. Finally, we created a multivariate logistic regression to assess the combined effect
of increasing EA burden and frequency = 1.5 Hz (EA burden * frequency). After adjusting
for covariates we found EA burden * frequency was significantly associated with worse
outcomes (OR 1.64 [1.03-2.63] p=0.039].

Discussion

Our study demonstrates that EAs can be frequently seen in patients with severe AlS,
particularly in patients with clinical seizures during admission and those with strokes that
have temporal lobe involvement. In these patients, EAs are associated with an independent
negative impact on discharge outcomes. Additionally, EAs exhibit a dose-dependent
association with worse outcomes.

We found a higher overall prevalence of EAs including both seizures and other periodic and
rhythmic patterns (46.9%) in our patient cohort compared to prior studies that have reported
a 3-17% rate of electrographic seizures and other inter-ictal activity in patients with
ischemic stroke (8, 27-30). This may be explained by the high overall NIHSS and
predominantly cortical strokes in our patient cohort, both of which have both been shown to
be associated with a higher risk of seizures (29,30). A higher frequency of continuous EEG
utilization (as opposed to short-duration “routine” EEGs) may also explain the higher
prevalence of seizures in our study. Finally, we used standardized ACNS terminology and a
strict definition of electrographic seizures, compared to prior studies that used variable
definitions of seizures and other periodic and rhythmic patterns.

Within our cohort, clinical seizures during hospitalization were strongly associated with a
risk of EAs (OR: 3.89 [1.61-9.32] p = 0.003). The association of clinical seizures with
electrographic seizures is consistent with prior studies (7). In addition, temporal lobe
involvement of strokes was seen more commonly in patients with EAs (OR: 2.10 [1.07-
4.14] = 0.04). This is may be explained by the epileptogenicity of the temporal lobe and
hippocampal involvement (31). Within our patient cohort there was no significant difference
in stroke etiology, and severity, although these have previously been described as risk factors
for seizures (8,29,30). This likely results from our patients being sicker, with higher stroke
scales and the majority of strokes being cortical.

We found an independent association between EAs and worse outcomes. In addition, we
found that increasing EA burden in patients with AIS is associated with worse outcomes.
Seizure and EA burden has similarly been associated with worse outcomes in patients with
aneurysmal subarachnoid hemorrhage, and critically ill pediatric patients (10,12). In the
Columbia Subarachnoid Hemorrhage Outcomes Project (SHOP), each increasing hour of
seizures was associated with worse functional and cognitive outcomes at 3 months (10). We
recently showed that increasing EA burden (including both seizures and periodic and
rhythmic patterns) is associated with worse 3-month functional outcome in patients with
aneurysmal subarachnoid hemorrhage (11). In a study of critically ill pediatric patients, a
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seizure burden threshold of 20% per hour (12 min) was associated with neurologic decline
(12).

Interestingly, we did not find a significant association between higher EA frequency and
discharge outcomes. However, we did find that the EA burden construct combing burden
with frequency (EA burden * frequency) was significantly associated with worse outcomes.
We have several potential explanations for these findings: 1) The main driver for association
with poor outcomes is the EA burden, 2) Frequency alone may not have an association with
outcomes, but higher frequencies may enhance the magnetite of association that EA burden
has on outcomes, 3) Our study may be underpowered to assess impact of frequency and a
larger study with more detailed frequency analysis beyond our binary categorization is
warranted to better understand the association of EA frequency and its interaction with
burden and outcomes.

Majority of our patients had multiple pattern types, with a small number of patients with
each pattern in isolation. Given increasing recognition that these patterns lie on an ictal-
interictal continuum (32), and multiple patterns can be seen in the same patients, we
clustered them together. We did exclude GRDA from our definition of EAs due to its weak
associations with both seizures and functional outcomes (11,19, 20). Increasing evidence in
patients with acute brain injury suggests periodic and rhythmic patterns may contribute to
secondary brain injury (13-15). These patterns are associated with PET hypermetabolism
similar to that seen in patients with acute seizures (15). Intracranial multi-modal depth
monitoring in patients with subarachnoid hemorrhage has revealed brain tissue oxygenation
(PbtO2) reduction, increased cerebral blood flow, and increased cerebral perfusion pressure
associated with these patterns, particularly at high frequencies (13). Similarly, patients with
traumatic brain injury with periodic discharges on depth recordings have evidence of
increased brain metabolism, low brain glucose and elevated microdialysis lactate/pyruvate
ratios (14). Although much of the intra-cranial monitoring data is from subarachnoid
hemorrhage and traumatic brain injury patients, the PET hypermetabolism associated with
these patterns, was seen across multiple disease etiologies including ischemic stroke (15).
This association with secondary brain injury, increased metabolic demand and blood flow,
may explain the association of increasing EA burden, with worse outcomes in our cohort of
patients with AIS.

Although we found EAs to be associated in a dose-dependent manner with worse outcomes
in patients with AIS, our findings suggest but do not definitively demonstrate that this is a
causal relationship (as opposed to an epiphenomenon), nor do our findings necessarily
suggest that EAs warrant aggressive treatment. Despite limited data on the management of
EAs, specifically periodic and rhythmic patterns (32), we found that majority (83%) of our
patients with EAs were treated with anti-seizure drugs (ASDs). Given patients with EAs
were significantly more likely to be treated with ASDs, we considered treatment to be a part
of the causal pathway and excluded ASDs from the final multivariate models assessing the
independent relation between EAs and outcomes. Further investigation of the relationship
between EAs, ASD treatment and outcomes is necessary in order to guide appropriate
treatment. This is particularly important in light of the variable ASD prescribing patterns in
response to EEG findings among physicians caring for patients with acute brain injuries
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across institutions (33). ASDs themselves have side effects such as cognitive slowing,
fatigue, gait unsteadiness, mood symptoms, headaches and drowsiness that can worsen
outcomes (34-36). Additionally, some studies suggest that prophylactic ASD use in neuro-
critically ill patients may worsen cognitive and functional outcomes (37,38).

Limitations of our study include its retrospective nature and its single-center study design
which limit the generalizability of our findings. In addition, the majority of our patients had
poor outcomes explaining the large odds ratios in our study, and we did not assess long-term
outcomes. While reviewers (SFZ, MT, HAN, MS, SK, ME, EB) were blinded to the EEG
findings during outcome adjudication, one of the reviewers (SFZ) was involved in cEEG
interpretation during the period 2015-2016 and may have recalled cases. Although all cEEG
interpreters were familiar with ACNS nomenclature, there may still be some inter-rater
variability. We did not perform a detailed frequency analysis beyond binary categorization,
and did not assess other ACNS modifier terms (i.e., “+F, +S, +R”) as these were not
consistently reported at our center, and some of these modifiers tend to have a lower inter-
rater agreement (39). In addition, our patients had higher stroke severity, and large number
of patients with cortical involvement that limits the generalizability of our findings to all
patients with ischemic stroke. Nevertheless, ours is the first study to perform a detailed
initial analysis of the relationship between EA burden and neurologic outcomes in patients
with AIS.

Conclusions

In conclusion, we found that EAs are associated with worse discharge outcomes in patients
with AIS that have higher severity and cortical involvement. Current stroke guidelines
provide a weak recommendation for EEG monitoring in patients with AIS (40), and our
findings suggest there is a subgroup of patients in whom cEEG monitoring should be
considered more often. Our findings support the need for larger multi-center prospective
studies to investigate the long-term impact of EAs in patients with AlS. Future randomized
studies are indicated to determine whether treatment of these EEG patterns improves
outcomes.
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Figure 1. Differencesin outcomes based on EA burden and frequency: Univariate analyses.
A) Differences in outcomes between patients with EAs based on presence vs. absence. 94%

of patients with EAs had poor outcomes (MRS 4-6) compared with 80 % without EAs (OR
3.87 [1.27 - 11.71] p=0.024).
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B) Differences in outcomes among patients with maximum daily burden > 10%. 98% of
patients with a maximum daily burden > 10% had poor outcomes (mRS 4-6) compared with
79% of patients with maximum daily burden < 10% (OR 14.34 [2.34-210] p=0.001).

C) Differences in outcomes among patients with EAs based on maximum daily burden
>50%. 98 % of patients with a maximum daily burden of >50% had poor outcomes (MRS 4-
6) compared with 83% of patients with a maximum daily burden < 50% (OR 8.23 [1.34 —
122] p=0.025).

D) Differences in outcomes among patients with EAs based on maximum frequency =
1.5Hz. 94 % of patients with a maximum frequency > 1.5Hz had poor outcomes (MRS 4-6)
compared with 83% of patients with maximum frequency < 1.5 Hz (OR 3.15 [0.92-10.59]
p=0.075).

EAs: Epileptiform abnormalities
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Figure 2. Association of maximum daily EA burden with neurologic outcome.
The proportion of patients within each burden group during the epoch with maximum daily

burden is compared between patients with poor versus good outcome. Patients with poor
outcomes tend to have higher maximum daily burden. After adjusting for covariates (age,
gender, APACHE 11, NIHSS, stroke treatment, cortical location, temporal vs. extratemporal
stroke, anterior vs. posterior circulation, hemorrhagic transformation, CCl, history of
epilepsy) we found that increasing maximum daily burden was associated with worse
discharge outcome (OR 1.89 [1.18-3.03] p = 0.009).
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Figure 3. Probability of poor outcomewith increasing EA burden.
This dose-response prediction plot is obtained from the multivariate logistic regression

model assessing the relation of increasing maximum daily burden defined by the ACNS
nomenclature (none, rare, occasional, frequent, abundant, continuous), after adjusting for
covariates (age, gender, APACHE Il, NIHSS, stroke treatment, cortical location, temporal
vs. extratemporal stroke, anterior vs. posterior circulation, hemorrhagic transformation, CCl,
history of epilepsy). The plot was obtained after application of weights to balance outcomes
during the model parameter estimation procedure given the small overall proportion of good
outcomes. The probability of poor outcomes increases with increasing maximum daily
burden. The shaded area represents the 95% confidence intervals of the model predictions.
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Table 1.
Clinical and demographic variables.

All patients (n=143) EAs present a (n=67) EAs absent (n=76) | P value
Age: median, (IQR) | 66 (54-77.5) | 67 (56.5-77.8) | 66 (49-77.5) | 0.37
Gender: F (%) | 71 (49.7%) | 34 (50.8%) | 37 (48.7%) | 0.81
Apache II: median, (IQR) | 21 (15-26) | 20 (14.3-25.8) | 21 (15-26) | 0.78
NIHSS: median, (IQR) | 10 (6-17) | 10 (6.3-18.5) | 10.5 (6-16.5) | 0.97
CCI: median, (IQR) | 4 (2-6.8) | 4 (3-7) | 4 (2-6) | 0.18
Stroke Etiology
Large Artery 48 (33.6%) 19 (28.4%) 29 (38.2%) 0.19
Embolic 62 (43.4%) 30 (44.8%) 32 (42.1%)
Small vessel 6 (4.2%) 1(1.5%) 5 (6.6%)
Other etiology 12 (8.4%) 7 (10.5%) 5 (6.6%)
Cryptogenic 15 (10.5%) 10 (14.9%) 5 (6.6%)
Stroke location
Cortical 115 (80.4%) 56 (83.6%) 59 (77.6%) 0.41
Subcortical 28 (19.6%) 11 (16.4%) 17 (22.4%)
Anterior circulation 78 (54.6%) 40 (59.7%) 38 (50.0%) 0.43
Posterior circulation 29 (20.3%) 11 (16.4%) 18 (23.7%)
Multiple vascular territories 36 (25.2%) 16 (23.9%) 20 (26.3%)
Temporal 57 (39.9%) 33 (49.3%) 24 (31.6%) 0.04
Extra-temporal 86 (60.1%) 34 (50.8%) 52 (68.4%)
Thrombolytic treatment/Stroke intervention | 16 (11.2%) | 5 (7.5%) | 11 (14.5%) | 0.29
History of epilepsy | 17 (11.9%) | 11 (16.4%) | 6 (7.9%) | 0.13
Clinical seizure on presentation | 23 (16.1%) | 15 (22.4%) | 8 (10.5%) | 0.07
Clinical seizure during duration of hospital admission | 29 (20.3%) | 21 (31.4%) | 8 (10.5%) | 0.003
cEEG duration in hours: median (IQR) | 44.8 (27.3-71.3) | 59.7 (40.4-86.5) | 39.2 (25.3-46.5) | <0.0001
Anti-epileptic drugs | 89 (62.2%) | 56 (83.6%) | 33 (43.4%) | <0.0001
Cerebral edema | 35 (24.5%) | 19 (28.4%) | 16 (21.1%) | 0.34
Hemorrhagic transformation | 21 (14.7%) | 10 (14.9%) | 11 (14.5%) | 1.00
Hemicraniectomy | 12 (8.4%) | 7 (10.5%) | 5 (6.6%) | 0.55
Hospital acquired infections | 63 (44.1%) | 24 (35.8%) | 39 (51.3%) | 0.07
Duration of MV(days): median (IQR) | 3(0-7) | 4(0-8) | 2 (0-6) | 0.51
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Length of stay (days): Median (IQR) 14 (7.5-25) 14 (8-26) 14 (7-21.5) 0.27
Discharge mortality 36 (25.2%) 20 (29.9%) 16 (21.1%) 0.25
Withdrawal of care 33 (91.7%) 19/20 (95.0%) 14/16 (87.5%)

a)EAs excluding GRDA

APACHE II: Acute Physiology and Chronic Health Evaluation 1l; CCI: Charlson Comorbidity Index; cEEG: continuous electroencephalography;
EAs: epileptiform abnormalities; MV: mechanical ventilation; NIHSS: National Institute of Health Stroke Scale
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Table 2.
Continuous EEG features
Overall prevalence of EEG patterns N (% of 143)
Electrographic seizures 24(16.8%)
Lateralized periodic discharges (LPDs) 33 (23.1%)
Bilateral independent periodic discharges (BIPDs) 6 (4.2%)
Generalized periodic discharges (GPDs) 17 (11.9%)
Lateralized rhythmic delta activity (LRDA) 23 (16.1%)
Generalized rhythmic delta activity (GRDA) 34(23.8%)
Sporadic discharges 81(56.7%)
Isolated vs. Multiple overlapping patterns N (% of 67)
Isolated electrographic seizures 4 (6.0%)
Isolated LPDs 10 (14.9%)
Isolated BIPDs 2 (3.0%)
Isolated GPDs 9 (13.4%)
Isolated LRDA 3 (4.5%)
Isolated GRDA 13 (19.4%)
Multiple patterns 39 (58.2%)

Maximum daily burden a

N (% of 67)

Rare (<1%)
Occasional (1-9%)
Frequent (10-49%)
Abundant (50-89%)
Continuous (>90%)

Maximum freguency

4 (6.0%)

7 (10.4%)
16 (23.9%)
27 (40.3%)
13 (19.4%)
N (% of 67)

>15Hz 49 (73.1%)
<15Hz 18 (26.9%)
a)

18-24 hour epoch with the maximum daily burden of EAs.

EAs: epileptiform abnormalities
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