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Abstract

Objective: Primary intraventricular hemorrhage (pIVH) uncommonly presents

with seizures. There are no prior data regarding the frequency of seizures,

periodic and rhythmic patterns on continuous electroencephalography (EEG),

(cEEG) in these patients. Methods: We retrospectively assessed frequency of sei-

zures, periodic discharges, and rhythmic patterns in pIVH patients undergoing

cEEG monitoring. We reviewed indications for cEEG, demographics, GCS at pre-

sentation and during cEEG, modified Graeb score (mGS), presence of hydro-

cephalus, cEEG duration, findings and use of antiseizure medications (ASM).

cEEG patterns were classified according to location and morphology. All patterns

were considered “hyperexcitable” except GRDA. The ictal-interictal continuum

(IIC) was defined as LRDA, PDs, and/or SW >1 Hz but <2.5 Hz, not meeting cri-

teria for definite electrographic seizures. Results: Eleven patients had pIVH with

median age of 81 (46–87) years and median mGS of 15 (9–23). Hydrocephalus

was present in 7 (63.6%) and all underwent external ventricular drain (EVD)

placement. Median cEEG recording was 19 (12–156) hours. Periodic or rhythmic

EEG patterns were seen in 7 of 11 (64%), 5 of which were “hyperexcitable”. For

the 5 patients with pIVH, EVDs, and hyperexcitable patterns, 4 (80%) were later-

alized contralateral to the EVD and 1 (20%) was generalized to the EVD. The only

significant difference between the hyperexcitable and non-hyperexcitable group

was duration of cEEG monitoring (P = 0.007). Interpretation: Hyperexcitable

patterns were common in our cases. Further research is warranted to assess preva-

lence of hyperexcitable patterns, their risk factors, underlying pathophysiology,

and association with neuronal injury in pIVH.

Introduction

Primary intraventricular hemorrhage (pIVH) is restricted

to the ventricular system and originates from the ventri-

cles or in close proximity without visible parenchymal

involvement. Clinical seizures are uncommon,1 but have

been reported in pIVH.

While hyperexcitable patterns on cEEG have been

reviewed in neurocritically ill patients with intracranial

hemorrhage,2–4 specifically with parenchymal,5 subdural,6

and subarachnoid hemorrhages,7,8 studies analyzing

patients with pIVH are lacking. Given that intraventricu-

lar blood by itself can cause significant variability in the

level of consciousness,9 excluding nonconvulsive seizures

is paramount, especially in the setting of a fluctuating or

limited neurologic exam. Therefore, we sought to estab-

lish the frequency of periodic discharges, rhythmic pat-

terns, and seizures in patients with pIVH at a large

academic medical center.

Methods

Using a retrospective cohort of patients with spontaneous

intracerebral hemorrhage (sICH), we analyzed the preva-

lence of periodic discharges and rhythmic patterns as well

as seizures in patients with pIVH who underwent cEEG

as part of routine clinical care between January 2013 and

December 2016 at Yale-New Haven Hospital. PIVH was
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defined as intraventricular blood on head CT, in the

absence of intraparenchymal, subdural, or subarachnoid

blood. Furthermore, every patient received either a CT

angiogram or conventional angiogram of the head as part

of their diagnostic evaluation. Finally, if an MRI of the

brain was obtained, this was also reviewed.

All patients of the original sICH cohort as well as the

selected pIVH cases who underwent cEEG monitoring

were identified through a query of the electronic medical

record in Epic� as part of a quality improvement project.

We recorded demographic data (age, gender), Glasgow

Coma Scale (GCS) at the time of admission and at the

beginning of cEEG recording, reason for cEEG, extent of

IVH as measured with the modified Graeb score

(mGS),10 presence of radiographic hydrocephalus, place-

ment and location of EVD, duration of and findings on

cEEG, and use of antiseizure medications (ASM) prior to

or during the study period.

cEEG findings were divided into electrographic or clini-

cal seizures and rhythmic or periodic patterns. Patterns

were classified by location (generalized - G, lateralized -

L, bilateral independent- BI, or multifocal - Mf) and mor-

phology (periodic discharges – PDs, spike-wave- SW or

rhythmic delta activity-RDA) according to the American

Clinical Neurophysiology Society’s Standardized Critical

Care EEG terminology (2012 version) (Hirsch 2013). All

patterns but GRDA were considered “hyperexcitable”

given their known association with an increased seizure

risk.2,3,11 The pIVH cohort was divided into a hyperex-

citable and nonhyperexcitable group based on presence or

absence of these patterns.

We recorded if patterns had a “plus” modifier12: super-

imposed fast activity (+F) or associated sharp waves or

sharp morphology (+S) for RDA, or associated fast

activity (+F) or rhythmicity (+R) if PDs. Patterns were

assessed further for being on the (IIC)4,11: PDs, SW, or

LRDA at a frequency greater than 1 Hz but less than

2.5 Hz and not meeting criteria for definite electrographic

seizures.

mGSs were obtained by a board-certified neurologist

(CS) following a standardized approach10: the mGS is cal-

culated as a sum of blood within each ventricle, higher

scores (range 0–32) denote larger volume or expansion of

ventricle size: it includes the fourth, third, right and left

lateral ventricles, right and left occipital horns, and the

right and left temporal horns.10 An additional point is

given to each compartment if expanded beyond the nor-

mal anatomic limits due to clot.10

CEEGs were reviewed by clinical neurophysiology

board eligible (ZS, CM) and board-certified (LJH, EJG)

epileptologists. Categorical variables were reported in

absolute number and percentage; continuous variables

were reported with median and range. Differences

between the hyperexcitable and nonhyperexcitable groups

were assessed with the Fisher’s exact test for categorical

variables and the Mann–Whitney U test for continuous

variables with P < 0.05 being significant.

Results

We identified 194 adult patients with sICH who under-

went cEEG monitoring as part of the aforementioned

study. Of these cases, 11 (6% of all sICH) patients, 7 of

whom were female, had pIVH. Patient’s median age was

81 (range 46–87) years (Table 1). GCS scores for the

entire group at the time of admission and at the begin-

ning of cEEG recording are displayed in Table 1. There

was no significant difference in GCS between the

Table 1. Demographic, clinical, radiologic, and EEG data characteristic.

Entire group

(N = 11)

Hyperexcitable

group (N = 5)

Nonhyperexcitable

group (N = 6) P value

Age (median, range) 81 (46–87) 80 (59–84) 82 (46–86) 0.26

Female, N (%) 7 (64) 2 (40) 5 (83) 0.13

GCS at diagnosis (median, range) 11 (3–15) 10 (3–15) 14.5 (6–15) 0.55

GCS at time of cEEG (median, range) 10.4 (6–14) 9 (7–11) 12.5 (6–15) 0.23

Imaging, N (%) CTA 11 (100) 5 (100) 6 (100) 1

MRI brain 8 (72) 4 (80) 4 (66) 1

Diagnostic angiogram 4 (36) 2 (40) 2 (33) 1

Hydrocephalus, N (%) 7 (64) 5 (100) 2 (33) 0.06

EVD, N (%) 7 (64) 5 (100) 2 (33%) 0.06

mGS (median, range) 15 (9–23) 17 (12–22) 12 (9–23) 0.28

Rhythmic and/or periodic patterns, N (%) 7 (64) 5 (100) 2 (33) 0.06

Electrographic seizures, N (%) 1 (9) 1 (9) 0 (0) 1

Monitoring duration in hours (median, range) 19 (12–156) 98 (36–156) 18 (12–38) 0.007

No. monitoring Sessions (median, range) 1 (1–7) 5 (1–7) 1 (1–2) 0.08

mGS, modified Graeb score; EVD, external ventricular drain.
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hyperexcitable and nonhyperexcitable group at either time

point (P = 0.55 and P = 0.23, respectively). Results of

diagnostic imaging for pIVH (CTA or conventional

angiography and MRI) revealed no underlying vascular

malformation, aneurysm, or brain tumor in any patient.

All patients underwent CTA. For the patients who under-

went a conventional angiogram or MRI of the brain,

there was no significant difference in acquisition of these

studies between groups (Table 1).

Hydrocephalus was present in 7 (63.6%) patients. The

median mGS score was 15 (range 9–23). The most com-

mon indication for cEEG was to evaluate for nonconvul-

sive seizures in comatose patients (N = 9, 81.8%),

followed by evaluation of paroxysmal events concerning

for seizures (N = 2, 18.2%): One patient had an episode

of unresponsiveness with loss of sphincter control and the

other one had fluctuating mental status with intermittent

posturing.

With regards to ASM use, two patients, who did not

have any hyperexcitable patterns or clinical events,

remained on their home dose of gabapentin for pain

management (300 mg three times per day). Furthermore,

ASM were started for 1/11 patients (9%) due to electro-

graphic seizures and for 2/11 (18%) due to cEEG findings

on the IIC (Table 2).

Patients were monitored for a median duration of 19

(range 12–156) hours, with significantly longer cEEG

monitoring in the hyperexcitable group (Table 1). Seven

patients (64%) had periodic and/or rhythmic patterns of

which 5 (45%) were hyperexcitable (Table 2). Electro-

graphic seizures were captured in 1 of 11 (9.1%) and

hyperexcitable patterns without seizures recorded in 4 of

11 (36.3%) patients, respectively. Recording of cEEG

began within 24 h of pIVH in seven, and after 24 h in

four patients. Five patients had more than one monitor-

ing session. Of patients with hyperexcitable patterns, PDs

(L-, BI-, G-) � R were recorded in three patients, LRDA

� S was recorded in one patient and SW was recorded in

one patient (Table 2). No multifocal patterns were cap-

tured and associated +F as a modifier was not seen in this

case series.

For the five patients with pIVH, EVDs, and hyperex-

citable patterns, 4 (80%) were lateralized contralateral to

the EVD and 1 (20%) was generalized in relation to the

EVD. GRDA (without modifiers) was detected in three

patients (27.2%). Outcomes data (mRS at time of hospi-

tal discharge) are displayed in Table 2.

For patient #3, who had electrographic seizures, differ-

ent from the two patients who had paroxysmal events

concerning for seizures, seizure onset was over the right

parieto-temporal region. He was found to have a con-

tralateral tract hemorrhage from left frontal EVD place-

ment. Seizure control was obtained after initiation of

levetiracetam 1000 mg twice a day, lacosamide 400 mg

loading dose, followed by 250 mg twice a day and pheny-

toin loading dose at 1000 mg and subsequent 100 mg

three times a day. Figure 1 shows a sample EEG tracing

with LPDs (Fig. 1A) and during aforementioned electro-

graphic seizures (Fig. 1B). Figure 2 shows a head CT (ax-

ial cut) of the intraventricular hemorrhage of patient#3.

Two patients’ patterns met criteria for the IIC (patients

#4 and 5 in Table 2): in patient #4, the prevalence of SW

Table 2. Recorded patterns in patients with hyperexcitability on cEEG.

Pattern

ASM

initiation

EVD

location

Outcome

(mRS)1

PDs (n = 3)

RDA (n = 5; only 1

LRDA)

GSW IIC SeizuresLPD LPD + R BIPD + R GPD + R LRDA

LRDA

+ S GRDA I/L C/L

Patient

1 X X X 4

2 X X X 4

3 X X LEV/LAC/PHE X 6

4 X X X LEV X X 5

5 X X LEV/PHE X 6

6 X 4

7 X 0

I/L and C/L – location of EVD ipsilateral or contralateral to EVD if patterns include a unilateral pattern.

EVD, external ventricular drain; PDs, periodic discharges; LPD (+R), lateralized periodic discharges (+ rhythmicity); BIPD +(R), bilateral independent

periodic discharges (+ rhythmicity); GPD (+R), generalized periodic discharges (+rhythmicity); RDA, rhythmic delta activity; LRDA (+S), lateralized

rhythmic delta activity (+sharps); GSW, generalized spike wave and/or sharp waves; IIC , ictal-interictal continuum; LEV, levetiracetam; LAC, lacosa-

mide; PHE, phenytoin. Note that GRDA is not a hyperexcitable pattern.
1mRS is a measure of disability ranging from 0 (no symptoms) to 6 (death).
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was initially more than 90% at a frequency of 1.5–2.5 Hz.

Following administration of levetiracetam of 1000 mg IV

and maintenance dosing of 750 mg PO twice a day,

prevalence of SW decreased to <10% and frequency of

SW to 1–1.5 Hz. These electrophysiologic changes coin-

cided with an improved clinical exam.

In patient #5, BIPD +R were initially prevalent for 85%

of the recording at a frequency of 1–2.5 Hz, which

improved to a prevalence of 20% following administration

of levetiracetam (loading dose 2 g, followed by 1 gram

twice a day) and the addition of phenytoin (maintenance

dose 150 mg twice a day). Given no clinical improvement,

ASM were discontinued. Subsequently, BIPD + R then

occupied 80% of the record and levetiracetam was restarted

at 1000 mg twice a day without bolus. While BIPD + R

were no longer seen, GPD +R emerged at 1–2 Hz, on 10–
49% of the record, which resolved with continuation of

levetiracetam.

Figure 1. EEG of patient #3 showing right fronto-temporal LPDs (A, shown in solid black arrows) and evolution to an electrographic seizure in

the same patient (B, shown in solid black arrows).
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Discussion

Frequency of IVH in ICH cases

To date, this represents the first report characterizing

cEEG patterns of hyperexcitability and seizures in a

selected population of patients with isolated pIVH. With

6% of sICH patients having pIVH and having undergone

cEEG monitoring, this represents an overall small group.

While the retrospective case series on pIVH by Flint

et al. (2008) not only focused on those patients with

cEEG, the authors found nontraumatic pIVH to account

for 2.7% of intracerebral hemorrhage admissions to a ter-

tiary referral center. Seizures (without distinction of clini-

cal vs. electrographic) were reported to occur in 1 of 15

patients (7%).13 In our cohort, cEEG was obtained to

assess for nonconvulsive seizures and to characterize

events which were concerning for seizures. Hyperexcitable

Figure 2. Head CT (axial cuts) of the intraventricular hemorrhage of patient #3.
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patterns were common (in 45%), with electrographic sei-

zures recorded in 1 of 11 patients.

Potential explanations of hyperexcitable
patterns in pIVH

Why did the above-mentioned periodic and rhythmic

patterns occur in our cases of pIVH patients? We did not

identify clear causes of (worsening) hydrocephalus, toxic-

metabolic encephalopathy or increased intracranial

pressure at the time of cEEG recording to account for

generalized, lateralized, or bilateral independent patterns.

Lateralized patterns (LPD (+), LRDA (+s)) can occur in

the setting of focal CNS lesions; while acute stroke is

reported as the most common etiology for LPDs,14–17

LRDA has most commonly been observed in intracerebral

and subarachnoid hemorrhages.3 Interestingly, lateralized

patterns occurred contralateral to the site of EVD place-

ment and no other focal lesions (hemorrhagic or ischemic)

were found ipsilateral to these patterns in our patient cases.

Until validated in another cohort, this likely reflects a

chance finding, the significance of which remains unclear.

Bilateral independent periodic discharges (BIPDs) can

emerge with various etiologies of acute and subacute

brain injury,18 but are rarely seen in ICH5 and have not

specifically been reported in patients with pIVH. Given

the bilateral independent foci of periodic discharges, uni-

lateral EVD placement in itself cannot fully account for

this pattern.

On the other hand, generalized periodic discharges

have been reported in patients with severe encephalopathy

or coma19 and are thought to be more reflective of a glo-

bal injury18 such as in our patient with GPD+R. While

not reported as a pattern with increased seizure risk,2

GRDA can be seen in several brain pathologies, including

metabolic encephalopathies (most commonly), as well as

structural lesions.20,21

The case for EEG monitoring in ICH and pIVH

Based on our retrospective data showing patterns of

hyperexcitability in nearly one in two patients with pIVH,

it appears reasonable to monitor all patients with pIVH

and impaired mental status with cEEG until further data

is prospectively collected, especially if the clinical exam is

limited. While the 2015 AHA Guidelines on the Manage-

ment of ICH do not specifically comment on pIVH,

obtaining cEEG in patients with decreased mental status

out of proportion to the amount of brain injury is rec-

ommended (Class IIa, Level C).22 However, one could

argue that even in patients without clinical-radiographic

mismatch, cEEG may be indicated. Rodriguez Ruiz et al.

(2017)2 provide data allowing to stratify seizure risk based

on pattern frequency and modifiers: In their review of

cEEG recordings of 4772 critically ill patients, which

included patients with intraventricular hemorrhage, they

found that LPDs, LRDA, and GPDs were associated with

seizures. While LPDs were associated with seizures even

at 1 Hz, LRDA and GPDs had a statistically significant

association with seizures only at or above 1.5 Hz.2

Data by Struck et al. (2017)23 may help inform the

decision on duration of monitoring: they provide

prospectively collected data allowing one to adjust dura-

tion of cEEG to the individual patient’s risk profile on

the grounds of two simple clinical risk factors (coma and

prior seizures) and the cEEG findings early in the record-

ings.

Proposed workup and treatment for
hyperexcitable patterns and the IIC

For patients with intracerebral hemorrhage, the guideli-

nes do not support the routine use of ASM in the

absence of seizures.22 Whether to treat or not treat

hyperexcitable patterns in this patient population and in

general remains an area of active research.24 Our institu-

tional standard practice, often tailored to the individual

patient, is based on the algorithm described by Gilmore

et al. (2016)25 for patients with ICH, that is, to treat

patients with high-risk patterns—PDs, SW, and LRDA—
during the acute phase of injury empirically. Regarding

patterns on the IIC, our standardized approach is trifold,

based on expert opinion11,26,27 and includes investigation

of etiology, starting or increasing doses of ASM, assessing

for treatment response, and monitoring for development

of nonconvulsive status epilepticus (NCSE) with

cEEG.11,26

The recently developed 2HELPS2B model28 is a risk

score based on EEG and evidence of the effort to inform

treatment decisions based on the likelihood for seizures

in critically ill patients. Once validated prospectively, this

score may provide guidance as to which patients warrant

treatment.

Limitations

Our cases are limited by the nature of a single-center

study, a small sample size and the retrospective design.

Furthermore, with a median age of 81 years, our cases

were significantly older when compared to a median age

of 55 years in published case series,13 which may limit

generalizability to a larger population with pIVH. The

exclusion of associated intraparenchymal, subarachnoid,

or subdural blood from the initial group allowed us to

potentially eliminate other etiologies of hyperexcitable

patterns. As noted above, EVDs were contralateral to the
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side of origin of lateralized hyperexcitable patterns and

seizure origin.

Our data may overestimate the true frequency of

hyperexcitable patterns and seizures due to selection bias.

On the other hand, while median cEEG recording was

19 h, only 45.5% of patients received ≥24 h of monitor-

ing. It remains unclear based on currently available data

whether longer monitoring would have yielded a higher

frequency of hyperexcitable patterns.

The fact that patients who were found to have hyperex-

citable patterns underwent significantly longer cEEG

recording is likely the result of a practice strategy to allo-

cate further monitoring resources to patients deemed at

higher risk for clinical and/or electrographic seizures.

Furthermore, our small sample size and low frequency

of seizures did not allow for testing of associations

between hyperexcitable patterns and seizures or a correla-

tion with hydrocephalus, EVD placement, metabolic

abnormalities, or outcome, all topics for future research.

Conclusion

In patients with acute brain injury, including pIVH, our

understanding of hyperexcitable patterns on the IIC,

which may behave from a metabolic stress perspective

with their repercussions on metabolic stress and associa-

tion with seizures, is evolving.2,4,8,11,25,27 Given the hetero-

geneity of this population, individualized treatment

approaches based on best clinical practice are indicated.

Prospective multicenter studies are needed to more

accurately assess prevalence of hyperexcitable patterns,

their associations with seizures and underlying pathophys-

iology as well as their independent associations with func-

tional and cognitive outcomes.
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