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Abstract 

Background:  To assess the acute and long-term outcomes for patients with lateralized rhythmic delta activity (LRDA) 
compared to patients with lateralized periodic discharges (LPDs).

Methods:  A single-center retrospective study examining consecutive patients older than 10 years who had LRDA, 
LPDs, or both on continuous electroencephalographic (cEEG) between 12/01/2015 and 12/31/2017. Outcomes 
included inpatient mortality, functional outcome at follow-up, inpatient electrographic seizures, and the presence of 
new epilepsy at follow-up. Patients were classified into 4 groups: LRDA-only (without LPDs), LPDs-only (without LRDA), 
LRDA/LPDs, and control (without LRDA or LPDs).

Results:  Twenty-nine patients (2.7%) were in the LRDA-only group, 76 (7%) patients were in the LPDs-only group, 
and 25 (2.3%) patients had both patterns (LRDA/LPDs group). 68 patients were identified as a control group. Only one 
patient (3%) in the LRDA-only group died during their hospitalization, compared to 21 patients (28%) in the LPDs-
only group, 2 (8%) LRDA/LPDs group and 7 (10%) in the control group (p 0.003). Patients in the LPDs-only group had 
three times higher odds of adjusted mortality compared to the control group (p 0.05), while there was no difference 
in the mortality odds between the LRDA-only and control groups. Patients with LRDA-only had higher odds of good 
functional outcome at clinic follow-up (p 0.04). When compared to control, patients with both IIC patterns (LRDA/
LPDs group) had 24.3 higher odds of acute electrographic seizures (p < 0.001), followed by patients in LPDs-only (OR 
12.6, p < 0.001) and then LRDA-only (OR 9.4, p = 0.002). The odds of developing epilepsy following discharge were not 
increased in patients with either LRDA or LPDs (p = 0.9).

Conclusions:  Patients with LRDA had superior functional outcome compared to a higher mortality for patients with 
LPDs. Patients with both patterns had the highest odds of acute seizures, followed by those with only LPDs and then 
patients with only LRDA. There was no difference in the odds of developing new epilepsy compared to control with 
any IIC pattern. We hypothesize different underlying mechanisms of injury leading to the observed electrographic 
patterns.
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Introduction
Continuous electroencephalographic (cEEG) monitor-
ing is an important diagnostic tool in the management 
of seizures and encephalopathy in critically ill patients 
[1, 2]. Its adoption in intensive care units has expanded 
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in the last decade, and recent reports suggest that its 
use improves overall patient outcomes [3, 4]. Interpret-
ing cEEG in critically ill patients remains challenging, as 
some EEG patterns are neither clearly ictal nor clearly 
benign. Several rhythmic and periodic patterns including 
lateralized rhythmic delta activity (LRDA) and lateralized 
periodic discharges (LPDs) have been associated with 
seizures in this patient population [5–7]. The morphol-
ogy of these patterns is well-described, and they are con-
sidered part of a spectrum between definite seizure and 
definite non-seizure activity known as the ictal-interictal 
continuum (IIC) [5, 8, 9].

LPDs have been the subject of many research studies, 
and have been independently associated with a high risk 
of acute seizure as well as overall poor outcome [10–13]. 
At the same time, little is known about LRDA in these 
contexts: Initial reports by Gaspard et  al. [14] showed 
comparable clinical characteristics as well as a similar 
risk of acute seizures for both LRDA and LPDs. How-
ever, the acute and long-term outcomes, risk of devel-
oping epilepsy, and correlation with disease severity in 
patients with LRDA are unknown. Given the similar risk 
of acute seizures and the fact that several patterns on the 
IIC often occur together, it has been suggested that the 
outcome of patients with LRDA may be similar to that of 
patients with LPDs [5].

The objective of our study was to assess the acute 
and chronic outcomes for patients with these patterns, 
including in-hospital mortality, long-term functional 
outcomes, and acute and chronic seizure risks. We per-
formed a retrospective study at our institution, compar-
ing patients with LRDA, LPDs, or both EEG patterns to a 
control group of patients without lateralized rhythmic or 
periodic patterns on cEEG.

Methods
This was a single-center retrospective study of prospec-
tively collected data. Our prospectively assembled clini-
cal database of all continuous EEGs performed at the 
Johns Hopkins Hospital is regularly updated and coded 
according to the American Clinical Neurophysiology 
Society (ACNS) Standardized Critical Care EEG Ter-
minology [15]. The use of de-identified data from the 
database in conjunction with the relevant data from the 
patient’s medical record has been approved by the insti-
tutional review board for research purposes. We used 
this database to identify consecutive patients older than 
10  years who had prominent LRDA, LPDs, or both on 
continuous EEG between 12/01/2015 and 12/31/2017. 
We further identified all patients from the same period 
with non-specific, non-rhythmic, or periodic slow activ-
ity on continuous EEG who were otherwise matched 
based on etiology with similar age and sex as a second 

control group. While non-specific slow activity may 
have been present in the EEGs of the target group as 
well, these patients’ EEGs were notable for the absence 
of lateralized rhythmic or periodic patterns. LRDA and 
LPDs were defined according to the ACNS Standardized 
Critical Care EEG Terminology [15]. All continuous EEG 
records were reviewed at the time of their recording by 
a board-certified epileptologist and an epilepsy or neu-
rophysiology fellow. Electronic medical records and the 
electroencephalography reports were reviewed.

Data extracted from the EEG reports included the pres-
ence of IIC patterns and their characteristics, presence of 
electrographic seizures, and the total number of days of 
cEEG recording during the hospital admission.

From the medical record, we collected demographics, 
prior history of epilepsy, the reason for the admission 
and/or presumed diagnosis underlying any EEG abnor-
mality (taken together, as “etiology”), neurological exami-
nation at the time of cEEG, MRI findings, the maximum 
number of antiepileptic drugs (AEDs) during the admis-
sion, and the use of anesthetic agents.

We included the neurological examination as a marker 
of the severity of the clinical presentations. We divided 
the findings into 3 groups: Coma/stupor, encephalopathy 
(with moderate impairment of consciousness), and no 
alteration of consciousness (including patients with focal 
neurological deficits). For AEDs, we recorded the maxi-
mum number of agents used during the admission, while 
the use of anesthetic agents was collected as a binary fac-
tor. For the follow-up data, we collected hospitalization 
outcomes (disposition at discharge) and clinical follow-
up information up to December 2018.

Primary outcomes included acute inpatient mortal-
ity, functional outcome at follow-up utilizing the modi-
fied Rankin Scale (mRS) classified as “good” (mRS 0–3) 
or “poor” (mRS 4–5), acute inpatient electrographic 
seizures, and the presence of new epilepsy at clinic 
follow-up.

We classified patients into 4 groups for statistical anal-
ysis: LRDA-only (without LPDs), LPDs-only (without 
LRDA), LRDA/LPDs, and control (non-ictal slow activity 
without LRDA or LPDs).

Statistical Analysis
We compared clinical characteristics and primary out-
comes (mortality, acute electrographic seizures, develop-
ment of epilepsy, and functional outcome) of patients in 
the 4 groups using a chi-square test or ANOVA as appro-
priate. A p value of 0.05 was considered significant for the 
primary analysis.

We used univariable and multivariable logistic regres-
sion models with the primary outcomes as the inde-
pendent variables, and adjusted for etiology, age, sex, 
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neurological exam and anesthetic use as markers of 
severity, and history of epilepsy. EEG pattern was 
included as a factor variable. For additional exploratory 
analysis to better define differences between patients 
with LRDA, LPDs, or both, we made additional head-to-
head comparisons between the individual groups when 
significant differences between the four groups were 
found and used a Bonferroni correction to adjust signifi-
cant p values.

We used Stata 15.0 (College Station, TX) for statistical 
analysis.

Data Availability
De-identified data can be obtained by request from any 
qualified investigator for the purposes of replicating pro-
cedures and results.

Results
Out of the 1073 acutely ill patients monitored on cEEG 
over the 2-year period, 29 patients (2.7%) were in the 
LRDA-only group, 76 (7%) patients were in the LPDs-
only group, and 25 (2.3%) patients had both IIC patterns 
(LRDA/LPDs group). We identified 68 patients matched 

for pathology with similar age and sex with nonspecific 
slow activity (without LRDA or LPDs) from the same 
time period. The median duration of cEEG was 2  days 
(IQR 1–4 days).

Demographics and Baseline Characteristics
There were no differences between the four groups 
regarding age, sex, pathology or brain MRI findings. The 
four groups differed with regards to prior history of epi-
lepsy, neurological examination, maximum number of 
AEDs during the hospitalization, and anesthetic use. 
Demographics and baseline characteristics are outlined 
in Table 1.

Secondary exploratory analysis between the groups 
(using Bonferroni correction, an adjusted p value of 0.008 
for significance) revealed that patients in the LRDA/
LPDs and LPDs-only groups were more likely to have a 
prior history of epilepsy (60% and 54%, respectively, ver-
sus 10% in LRDA-only, and 31% of the control group, 
p < 0.001). There was no difference in the prior history of 
epilepsy between patients in the LRDA/LPDs and LPDs-
only groups (p 0.6).

Table 1  Baseline characteristics

 CNS central nervous system, LPD lateralized periodic discharges, LRDA lateralized rhythmic delta activity, MRI magnetic resonance imaging
a  Analysis using χ2

b  Analysis using ANOVA

Bold values indicate that the results are statistically significant

LRDA-only LPDs-only LRDA and LPDs Controls (without 
LRDA or LPDs)

p value

n = 29 (%) n = 76 (%) n = 25 (%) n = 68 (%)

Ageb (years), mean ± SD 56 ± 17 61 ± 18 61 ± 19 60 ± 17 0.63

Femalea 19 (66) 40 (54) 10 (40) 33 (49) 0.27

History of epilepsya 3 (10) 41 (54) 15 (60) 21 (31)  < 0.001
Etiologya 0.09

 Brain tumor 7 (24) 26 (34) 5 (20) 17 (25)

 Intracranial hemorrhage 12 (41) 10 (13) 6 (24) 28 (41)

 Ischemic stroke 4 (14) 16 (21) 5 (20) 7 (10)

 CNS infections/inflammation 3 (10) 12 (16) 4 (16) 8 (12)

 Miscellaneous 3 (10) 12 (16) 5 (20) 8 (12)

Neurological examinationa 0.02
 No alteration of awareness 11 (38) 17 (23) 6 (24) 23 (34)

 Encephalopathic 14 (48) 31 (41) 10 (40) 36 (53)

 Stupor/coma 4 (14) 28 (37) 9 (36) 9 (13)

Brain MRI findingsa 0.49

 Cortex only 14 (48) 26 (36) 8 (33) 19 (28)

 Subcortex 1 (3) 4 (6) 1 (4) 4 (6)

 Diffuse 14 (48) 40 (56) 14 (58) 42 (62)

 Normal 0 2 (3) 1 (4) 3 (4.4)

Anti-epileptic drugs (AEDs)b, mean ± SD 1.9 ± 1 2.4 ± 1.1 2.48 ± 1.2 1.1 ± 0.7  < 0.001
Anesthetics, n (%)a 1 (3) 22(29) 4 (16) 4 (6)  < 0.001
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Patients in the LPDs-only group more frequently pre-
sented with a worse level consciousness when compared 
to the control group (p = 0.005), while there was only a 
trend towards a worse level of consciousness when com-
pared to the LRDA-only (p 0.06). There were no differ-
ences in the level of consciousness between patients in 
the LRDA-only group compared to the control group 
(p = 0.84) or between patients in the LPDs-only group 
compared to the control group (p = 0.99). Patients in the 
LRDA/LPDs group had a trend towards a worse level of 
consciousness compared to patients in the control group 
(p = 0.05).

The most frequent etiology in LRDA-only patients was 
intracranial hemorrhage in 12 patients (41%), followed 
by brain tumors in 7 (24%), acute ischemic stroke in 4 
(14%), CNS infectious and inflammatory disorders in 3 
patients (10%), and miscellaneous (including traumatic 
brain injury, metabolic, genetic) in 3 patients (10%). 
Brain tumors and acute ischemic strokes were the most 
frequent etiologies in patients with LPDs-only group 
(Table 1).

The mean of the maximum number of AEDs used 
across the whole cohort was 1.9 ± 1.1. Thirty-one patients 
(15.7%) were on intravenous anesthetics for the treat-
ment of either status epilepticus or elevated intracranial 
pressure. Across all groups, patients in the LRDA/LPDs 
or LPDs-only groups were on a higher mean number of 
AEDs compared to patients in either the LRDA-only or 
the control groups (p < 0.001). There was no difference in 
the maximum number of AEDs between patients in the 
LPDs-only and LRDA/LPDs groups (p = 0.8). Patients in 
the LPDs-only group were more likely to be on anesthetic 
medication when compared directly to either the LRDA-
only group (p 0.005) or the control group (p < 0.001), 
while patients in the LRDA/LPDs group did not differ 
significantly from the other groups in terms anesthetics 
use.

Outcomes
Mortality
There were 31 (15.7%) inpatient deaths in our cohort. 
Only one patient (3%) in the LRDA-only and 2 patients 
(8%) in the LRDA/LPDs groups died during their acute 
hospitalization, in contrast to 21 patients (28%) of the 
LPDs-only group and 7 patients (10%) in the control 
group (p < 0.01) (Table 2). We performed a multivariable 
regression analysis of mortality, adjusting for age, sex, 
neurological examination, pathology, and anesthetic use.

There was no difference in adjusted mortality between 
patients in the LRDA-only group and patients in the con-
trol group (OR 0.46, 95% CI 0.05–4.35, p = 0.50, Table 3), 
while patients in the LPD-only group had a trend towards 
higher odds of adjusted mortality when compared to 
patients in the control group (OR 3.0, 95%CI 1.0–9.1, 
p = 0.05).

Upon exploratory analysis to compare the odds of mor-
tality among the three groups (LRDA-only, LPDs-only, 
and LRDA/LPDs) (Table  4), patients in the LRDA-only 
group had a trend towards lower odds of adjusted mor-
tality when compared to patients in the LPDs-only group 
(OR 0.16, 95% CI 0.02–1.4, p = 0.10). Similarly, patients 
in the LRDA/LPDs group had a similar trend of lower 
adjusted mortality odds when compared to patients in 
the LPDs-only group (OR 0.22, 95%CI 0.4–1.1, p = 0.07).

Acute Electrographic Seizures
About 1/3 of the cohort developed electrographic sei-
zures during their monitoring period. The highest per-
centage was in the LRDA/LPDs group (60%), followed by 
LPDs-only (49%), LRDA-only (28%). Only 4 patients in 
the control group (6%) developed electrographic seizures 
(p < 0.001) (Table 2).

After adjusting for age, sex, prior history of epilepsy, 
pathology, and neurological examination, patients with 
both IIC patterns (LRDA/LPDs group) had 24.3 higher 

Table 2  Primary outcomes

LPD lateralized periodic discharges, LRDA lateralized rhythmic delta activity
a  Out of patients who followed up in clinic

Bold values indicate that the results are statistically significant

LRDA-only group 
n = 29 (%)

LPD-only group 
n = 76 (%)

LRDA/LPD group 
n = 25 (%)

Control group 
n = 68 (%)

p value

Inpatient mortality 1 (3) 21 (28) 2 (8) 7 (10) 0.003
Acute EEG seizures 8 (28) 37 (49) 15 (60) 4 (6)  < 0.001
Follow-up in clinic 25 (89%) 38 (69%) 15 (65%) 53 (87%) 0.02
New epilepsy after dischargea 2 (8) 5 (13) 2 (13) 7 (13) 0.9

Functional outcome after dischargea 0.07

 Good 21 (84) 22 (58) 7 (47) 31 (58)

 Poor 4 (16) 16 (42) 8 (53) 22 (42)
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odds of acute in-hospital electrographic seizures com-
pared to the control group (p < 0.001, CI 5.9–101). 
The odds ratios of electrographic seizures were 12.6 
(p < 0.001, CI 3.8–41) and 9.4 (p = 0.002, CI 2.2–39) in 
the LPDs-only and LRDA-only groups, respectively, com-
pared to control (Table 3).

Patients with any of these IIC patterns (either LRDA, 
LPD, or both) had 13.5 times higher odds of having acute 
electrographic seizures compared to the control group 
(p < 0.001, 95% CI 4.3–43). There was no difference in 
acute electrographic seizures in exploratory analysis 
when comparing the three groups (Table 4).

Patients with an IIC pattern (LRDA, LPDs, or both) at 
a frequency > 2 Hz were associated with 2.8 higher odds 
of having acute electrographic seizures (p 0.04, 95% CI 

1.1–7.8) when compared to patients with lower fre-
quency IIC pattern (< 2  Hz). Forty-four patients had a 
modifier with their IIC pattern. The presence of a modi-
fier (+ S, + F, or + R) with any IIC pattern was associated 
with 2.5 higher odds of having acute electrographic sei-
zures (p 0.03, 95% 1.1–5.8).

Outpatient Clinic Follow‑up
Out of the 167 survivors, 131 (78%) patients had available 
follow-up in the outpatient clinic before December 2018. 
The median duration of follow-up for the entire cohort 
was 1 year (IQR 0.5–1.5). Of those who survived to dis-
charge, 31% of LPD-only patients were lost to follow-
up, compared to 11% and 13% of patients in LRDA only 
and control groups, (p = 0.02). There was no difference 

Table 3  Unadjusted and adjusted odds ratio (95% CI, p < 0.05) of outcomes

LPD lateralized periodic discharges, LRDA lateralized rhythmic delta activity
a  Unadjusted odds ratio using a univariable linear regression model
b  Multivariable logistic regression model adjusted for age, sex, pathology, neurological examination, and anesthetics use
c  Multivariable logistic regression model adjusted for age, sex, pathology, and neurological examination. Patients with a prior history of epilepsy were excluded

In-patient mortality Acute EEG seizures New chronic epilepsy Good functional outcome 
at clinic

Unadjusteda Adjustedb Unadjusteda Adjustedc Unadjusteda Adjustedc Unadjusteda Adjusted b

Control 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

LRDA-only 
(n = 29)

0.31 (0.03–2.7) 
p = 0.29

0.46 (0.05–4.35, 
p 0.50)

6.1 (1.7–22, p 
0.006)

9.36 
(2.22–39.5, p 
0.002)

0.57 (0.1–2.9, p 
0.51)

0.44 (0.08–2.5, 
p 0.36)

3.7 (1.1–12.4, p 
0.03)

3.8 (1.0–13.3, p 
0.04)

LPDs-only 
(n = 76)

3.3 (1.3–8.4, p 
0.01)

3.0, (1.0–9.1, p 
0.05)

15.2 (5–45.9, 
p < 0.001)

12.6 (3.9–41.5, 
p < 0.001)

1.0 (0.29–3.4, p 
0.99)

0.67 (0.17–2.66 
p 0.57)

1 (0.4–2.3, p 
0.96)

0.97 (0.36–2.57, 
p 0.94)

LRDA/LPDs 
(n = 25)

0.76 (0.1–3.9, 
p 0.7)

0.55 (0.09–3.22, 
p 0.50)

24 (6.6–87, 
p < 0.001)

24.3 (5.89–100, 
p < 0.001)

1.0 (0.19–5.4, p 
0.99)

0.68 (0.11–4.1, 
0.68)

0.6 (0.2–2.0, p 
0.4)

0.54 (0.15–1.9, p 
0.34)

Table 4  Secondary exploratory analysis to evaluate head to head comparisons between the groups (excluding control), 
OR (95% CI, p value threshold 0.008 for significance after Bonferroni correction)

LPD lateralized periodic discharges, LRDA lateralized rhythmic delta activity
a  Unadjusted odds ratio using a univariable linear regression model
b  Multivariable logistic regression model adjusted for age, sex, pathology, neurological examination, and anesthetics use
c  Multivariable logistic regression model adjusted for age, sex, pathology, and neurological examination. Patients with a prior history of epilepsy were excluded
d  7 patients were dropped from the model due to collinearity

In-patient mortality Acute EEG seizures New chronic epilepsy Good functional outcome

Unadjusteda Adjustedb Unadjusteda Adjustedc Unadjusteda Adjustedc Unadjusteda Adjustedb

LRDA-only 
versus LPDs-
only

0.1 (0.01–0.7, p 
0.02)

0.16 (0.02–1.4, 
p 0.10)

0.4 (0.15–1.0, p 
0.05)

0.74 
(0.24–2.34, p 
0.61)

0.57 (0.1–3.2, p 
0.53)

0.95 (0.12–7.2, 
p 0.96)

3.8 (1.1–13.3, p 
0.04)

2.71 (0.63–11.7, 
p 0.18)

LRDA/LPDs 
versus LPDs-
only

0.22 
(0.05–1.05, p 
0.06)

0.22 (0.04–1.1, 
p 0.067)

1.58 
(0.63–3.95, p 
0.33)

1.94 
(0.69–5.52, p 
0.21)

1.0 (0.17–5.9, p 
0.99)

1.0 (0.14–7.2, p 
0.99)

0.64 (0.19–
2.12, p 0.7)

0.54 (0.13–2.32, 
p 0.41)

LRDA-only 
versus LRDA/
LPDs

0.4 (0.03–4.8, 
p 0.5)

– 0.3 (0.08–0.8, p 
0.02)

0.45 
(0.07–2.99, p 
0.41)

0.57 (0.07–4.5, 
p 0.59)

0.58 
(0.03–10.5, p 
0.71)

6 (1.4–26, p 
0.02)

22.7 (1.9–277, p 
0.014)d
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in whether a patient was lost to follow-up between the 
LRDA-only and the control groups (p = 0.60) or the 
LPDs-only and LRDA/LPDs (p = 0.70).

Functional Outcome
Good functional outcome scores on mRS (mRS 0–3) at 
outpatient follow-up were observed in 84% (21 patients) 
of the LRDA-only group, but only in 58% (22 patients) 
and 57% (31 patients) in the LPD-only and control groups 
(p = 0.07). Seven patients (47%) in the LRDA/LPDs group 
had a good functional outcome (Table 2).

After adjusting for covariates, patients in the LRDA-
only group had higher odds of better functional outcome 
compared to the control group (OR 3.8, CI 1.0–13.3, p 
0.04) (Table 3). There were no differences in the adjusted 
odds of good functional outcomes among patients in 
either LPDs-only or LRDA/LPDs compared to control 
patients.

New‑Onset Epilepsy
Out of the 131 patients followed in the outpatient clinic, 
45 patients were having chronic epilepsy. Sixteen patients 
developed new epilepsy following discharge from the 
hospital. There was no difference in the development 
of new-onset epilepsy between the 4 groups (p 0.92) 
(Table  2). There were no differences in both the unad-
justed and the adjusted (for age, sex, etiology, and neu-
rological examination) odds of developing new epilepsy 
between the groups (Table  3). Moreover, the presence 
of acute electrographic seizures was not associated with 
higher odds of developing new-onset epilepsy (p = 0.41, 
95% CI 0.13–2.32) in the adjusted model.

Discussion
LRDA and LPDs are both patterns on the IIC and have 
been assumed to have a common pathophysiological 
mechanism while potentially conveying different infor-
mation regarding epileptogenicity [14].

Our work is the first study to further differentiate 
LRDA and LPDs based on functional outcome and mor-
tality. Importantly, we found that patients with LRDA 
had higher adjusted odds of a good functional outcome 
compared to patients with only non-rhythmic slowing, 
while patients with LPDs did not. Further, patients with 
LPDs had higher odds of mortality compared to control 
patients (which became a trend towards higher mortality 
after adjusting for age, sex, underlying etiology, neurolog-
ical examination, and anesthetic use), while patients with 
LRDA did not. Although there were some differences in 
the underlying pathology of the groups, we addressed 
this with a multivariable regression analysis.

Both IIC patterns had significantly higher adjusted 
odds of in-hospital seizures than did the control group, 

with the highest odds in patients with both LRDA and 
LPDs. The long-term risk of seizures, however, was not 
significantly different between the groups with an IIC 
pattern after adjusting for all variables.

The fact that the presence of LPDs is independently 
associated with a higher risk of mortality has been 
described before [11–13]. We confirmed this finding in 
our cohort, after adjusting for underlying pathology and 
level of consciousness (as a surrogate marker for disease 
severity). No studies to date have looked at the associa-
tion between LRDA and mortality. If LRDA had a simi-
lar pathophysiology as LPDs, an analogous association 
may be expected; however, our findings do not show this. 
Instead, only one patient (3%) in the LRDA-only group 
died, compared to 21 patients (28%) in the LPDs-only 
group. When LRDA and LPDs occurred concomitantly, 
there was a trend towards lower odds of death compared 
to LPDs without LRDA. There were no significant differ-
ences in the underlying brain pathology for either pat-
tern, a finding that is in keeping with other studies [14]. 
Additionally, the functional outcome in the LRDA only 
group was significantly better than in any other group. 
Taken together, this suggests that LRDA is a reflection of 
a dynamic, functional process while LPDs are associated 
with static or a more permanent brain injury. The latter 
has been described before and LPDs are recognized as a 
brain injury pattern and independently associated with a 
poor prognosis [16, 17]. We suggest that LRDA, on the 
other hand, may indicate a more favorable prognosis due 
to its origins in a potentially reversible component of the 
underlying pathology.

The presence of both LRDA and LPDs predicted acute 
in-hospital electrographic seizures (odd ratios 9.4 vs 
12.6). This is in keeping with the findings of Gaspard 
et al. [14] and Rodriguez Ruiz et al. [10]. These numbers 
also confirm that LPDs confer a higher risk of acute sei-
zures than LRDA. We were further able to show that the 
presence of LRDA in addition to LPDs raises the odds 
ratio of acute seizures to 24.3. This supports the findings 
reported by Gaspard et  al. [14] and confirms that both 
patterns likely represent different aspects of acute seizure 
generation [14]. At the same time, there was no differ-
ence in the odds ratio for development of incident epi-
lepsy for either pattern compared to the control group, 
or when the groups were compared to each other. Fur-
ther, the presence of acute electrographic seizure activ-
ity did not predict the development of epilepsy in our 
cohort. Therefore, the ultimate mechanism for develop-
ing chronic epilepsy is likely separate from the mecha-
nisms underlying acute seizure generation. Certainly, 
multiple factors likely contribute to seizures in acutely 
ill patients. Prior reports concerning the risk of chronic 
epilepsy following acute LPDs have all been retrospective 
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analyses and are somewhat conflicting [11, 18, 19], with 
some authors reporting an overall increase in the risk of 
chronic seizures as a result of LPDs. No literature regard-
ing the chronic epilepsy risk as a sequela to LRDA exists 
before our study.

In fact, only two studies to date have directly examined 
the characteristics of LRDA and/or LRDA compared to 
LPDs. Gaspard et  al. examined a cohort consisting of 
558 patients, of which 27 subjects had LRDA and 49 sub-
jects had LPDs. The authors reported significant overlap 
between the groups; LRDA-only or LPD-only groups 
were not examined separately. In our cohort, patients 
with LRDA were less likely to have a prior history of epi-
lepsy compared to Gaspard et  al.’s cohort (10% vs 22%) 
and were less likely to be stuporous or comatose (10% vs 
63%), but the cohorts were otherwise similar. Rodriguez-
Ruiz et al. reported on a large cohort of 4772 patients (of 
whom 7% of the cEEG sessions had LRDA) and examined 
the characteristics of IIC patterns and the risk of acute 
seizures.

Our study is the first to evaluate the acute and long-
term outcomes of critically ill patients with LRDA. 
Importantly, we were able to look at patients who had 
only one pattern or the other, while also evaluating the 
effect of both patterns together on outcomes. We had an 
excellent follow-up in 78% of the patients with a median 
duration of 1 year (IQR 0.5–1.5). In addition, we adjusted 
for possible confounding factors including neurologic 
status at the time of EEG.

This study has several limitations. First, it is a retro-
spective single-center study, which has the potential to 
introduce bias for patient selection. A reporting bias can 
occur in a study based on chart review. Assessing the 
inter-rater variability was not possible, and the classifica-
tion of electrographic patterns was based on the official 
clinical EEG read. An additional limitation is the slight 
difference in follow-up between the LPDs only group and 
the LRDA only group, which may introduce bias. How-
ever, patients with worse after-hospital outcomes may be 
more likely to be lost to follow-up [20], and so our find-
ing of better outcomes in the LRDA only group is not 
expected to be affected by this limitation. The study is 
further limited by its relatively small sample size, which 
may explain that some of our findings did not reach sta-
tistical significance. The small sample size might also 
overestimate odd ratios due to the inherent mathematical 
properties of the logistic regression model [21].

Conclusions and Future Directions
LRDA and LPDs are both patterns on the IIC. Both 
have been associated with a risk of acute seizures. How-
ever, the contrasting findings of overall superior func-
tional outcome for patients with LRDA compared to the 

increased mortality for LPDs suggest different underlying 
mechanisms of injury leading to the observed electro-
graphic patterns. LRDA may be a reflection of a func-
tional disturbance, while LPDs may be caused by a static 
injury. This hypothesis should be further explored in a 
larger cohort.
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