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IMPORTANCE Limited evidence is available concerning optimal seizure prophylaxis after

spontaneous intracerebral hemorrhage (sICH).

OBJECTIVE To evaluate which of 4 seizure prophylaxis strategies provides the greatest net

benefit for patients with sICH.

DESIGN, SETTING, AND PARTICIPANTS This decision analysis usedmodels to simulate the

following 4 common scenarios: (1) a 60-year-old man with low risk of early (�7 days after

stroke) (10%) and late (3.6% or 9.8%) seizures and average risk of short- (9%) and long-term

(30%) adverse drug reaction (ADR); (2) an 80-year-old womanwith low risk of early (10%)

and late (3.6% or 9.8%) seizures and high short- (24%) and long-term (80%) ADR risks; (3) a

55-year-old man with high risk of early (19%) and late (34.8% or 46.2%) seizures and low

short- (9%) and long-term (30%) ADR risks; and (4) a 45-year-old womanwith high risk of

early (19%) and late (34.8% or 46.2%) seizures and high short- (18%) and long-term (60%)

ADR risks.

INTERVENTIONS The following 4 antiseizure drug strategies were included: (1) conservative,

consisting of short-term (7-day) secondary early-seizure prophylaxis with long-term therapy

after late seizure; (2) moderate, consisting of long-term secondary early-seizure prophylaxis

or late-seizure therapy; (3) aggressive, consisting of long-term primary prophylaxis; and

(4) risk guided, consisting of short-term secondary early-seizure prophylaxis among low-risk

patients (2HELPS2B score, 0), short-term primary prophylaxis among patients at higher risk

(2HELPS2B score, �1), and long-term secondary therapy for late seizure.

MAINOUTCOMES ANDMEASURES Quality-adjusted life-years (QALYs).

RESULTS For scenario 1, the risk-guided strategy (8.13 QALYs) was preferred over the

conservative (8.08 QALYs), moderate (8.07 QALYs), and aggressive (7.88 QALYs) strategies.

For scenario 2, the conservative strategy (2.18 QALYs) was preferred over the risk-guided (2.17

QALYs), moderate (2.09 QALYs), and aggressive (1.15 QALYs) strategies. For scenario 3, the

aggressive strategy (9.21 QALYs) was preferred over the risk-guided (8.98 QALYs), moderate

(8.93 QALYs), and conservative (8.77 QALYs) strategies. For scenario 4, the risk-guided

strategy (11.53 QALYs) was preferred over the conservative (11.23 QALYs), moderate (10.93

QALYs), and aggressive (8.08 QALYs) strategies. Sensitivity analyses suggested that

short-term strategies (conservative and risk guided) are preferred under most scenarios, and

the risk-guided strategy performs comparably to or better than alternative strategies in most

settings.

CONCLUSIONS AND RELEVANCE This decision analytical model suggests that short-term

(7-day) prophylaxis dominates longer-term therapy after sICH. Use of the 2HELPS2B score to

guide clinical decisions for initiation of short-term primary vs secondary early-seizure

prophylaxis should be considered for all patients after sICH.
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A
cute symptomatic seizures (early seizures, ≤7 days af-

ter stroke) are a common complication of spontane-

ous intracerebralhemorrhage(sICH).Theestimatedrisk

forearly seizureamongadultpatients ranges from10%to19%.1

Early seizures are associated with worse neurological out-

comes, including unprovoked seizures (late seizures, >7 days

after stroke) and epilepsy.2-4

In thecaseof seizureprophylaxis after sICH,guideline rec-

ommendations and current clinical practice are misaligned,

perhaps inpart becauseof a lackofhigh-quality clinical trials.5

Although potential safety concerns prompted recommenda-

tionsagainstuseof antiseizuredrugs forprimaryprophylaxis,5

the literature indicates approximately 40% of US patients

with sICH receive prophylactic levetiracetam before seizure

development.6,7Prophylaxis durationmay also vary substan-

tially, ranging from short- to long-term strategies.7-9 Because

seizure risk is akeydeterminantofwhichpatient groupsmight

benefit most from different prophylaxis strategies, validated

tools for predicting early (eg, 2HELPS2B score) and late (eg,

CAVE score [cortical involvement, age <65 years, sICH vol-

ume >10mL, and early seizures]) seizure risks could aid phy-

sicians in treatmentdecisions.4,10,11However, no clinical trials

or prospective studies have evaluated the net benefit of vari-

ous strategies after sICH.

Therefore,weusedasimulationmodelanddecisionanaly-

sis to incorporate current knowledge and evaluate the trade-

offs associated with 4 treatment strategies based on the type

of therapy (primaryvs secondaryprophylaxis), timingof event

(early vs late seizures), anddurationof therapy (1week [short-

term] vs indefinite [long-term] therapy). The strategies in-

cluded (1) conservative short-term secondary prophylaxis af-

ter early seizures and long-term therapy after late seizures;

(2)moderate long-termsecondaryprophylaxis after early sei-

zure or long-term secondary therapy after late seizure; (3) ag-

gressive long-term primary prophylaxis; or (4) risk-guided

short-term secondary prophylaxis after early seizure among

low-risk patients (2HELPS2B risk score), short-term primary

prophylaxis among higher-risk patients, and long-term sec-

ondary therapy after late seizure.11Weaimed to answerwhich

option is associated with the greatest net benefit, measured

as expected quality-adjusted life-years (QALYs).

Methods

In this decision analysis study, we built a decision treemodel

(eFigure 1 in the Supplement) using TreeAge Pro Healthcare

(TreeAgeSoftwareLLC).Wemodeledseizureprophylaxisman-

agement in adult patients 18 years or older, without a history

of epilepsy or stroke, who presentwith an incident sICH. The

tree’s timeline follows each patient’s admission to the hospi-

tal due tonewlydiagnosed sICH through thepatient’s remain-

ing expected lifetime, as estimatedbyage-adjusted life expec-

tancy after sICH.12Based on published data, the tree includes

average risks and quality-of-life (QOL) utilities for the occur-

rence of early seizure, late seizure, refractory seizure, antisei-

zuredrug–relatedadversedrugreaction(ADR),antiseizuredrug

efficacy forpreventing seizures, and the2HELPS2B’s test char-

acteristics forpredictingearly-seizuredevelopment.The tree’s

outcome is the number of QALYs, a product of the QOL utility

scores and life expectancy. The preferred treatment strategy

is the one yielding themost QALYs.We used 4 common clini-

cal scenarios to evaluate the 4 prophylaxis strategies: (1) a pa-

tient with a low risk of late seizure and average ADR risk and

utility; (2) a patient with a low risk of late seizure, high ADR

risk, and low ADR utility; (3) a patient with a high risk of late

seizure andaverageADR risk andutility; and (4) apatientwith

a high risk of late seizure, high ADR risk, and low ADR utility.

All data analyzed in this study are included in this report and

the Supplement.

Competing Antiseizure Drug Strategies

Wemodeled3 strategies (conservative,moderate, andaggres-

sive) that reflect the plausible range of approaches in the cur-

rent care of patients with sICH, as well as a risk-guided ap-

proachthat incorporates riskstratificationofearlyseizureusing

the 2HELPS2B score into the decision process underlying sei-

zure prophylaxis. eFigure 2 in the Supplement details the ap-

plication of these 4 strategies in clinical practice.

For simplicity, we used standardized terminology to de-

scribe the strategies. Primaryprophylaxiswasdefinedas treat-

ment initiated immediately on hospital admission. Second-

aryprophylaxiswasdefinedas treatmentstartedaftera seizure

andwas further classified as secondary early-seizure prophy-

laxis (ie, treatment started after a seizure occurring in the first

7 days after the stroke) or secondary late-seizure therapy (ie,

treatment started or restarted after a seizure occurring after

the first poststroke week). Concerning duration, short-term

treatmentwas defined as a 7-day antiseizure drug course and

long-term treatment was defined as indefinite therapy.

Conservative Strategy

In the conservative strategy, patients are monitored for sei-

zures using current guideline recommendations (ie, continu-

ous electroencephalography [cEEG] indicated for those with

altered mental status that is out of proportion to the degree

Key Points

Question Which of 4 antiseizure drug prophylaxis strategies

provides themost quality-adjusted life-years on average for

patients with an incident spontaneous intracerebral hemorrhage

(sICH)?

Findings In this decision analysis simulating 4 common clinical

scenarios, short-term (7-day) early-seizure prophylaxis strategies

dominated long-term therapy under most clinical scenarios. A

risk-guided strategy using a risk stratification tool (2HELPS2B) to

identify patients likely to benefit from short-term primary vs

secondary prophylaxis performed comparably or better than

alternative strategies in most settings.

Meaning This decision analysis underscores the importance of

early discontinuation of antiseizure drug therapy initiated before

or after early seizures; use of the 2HELPS2B score to guide the

clinical decision on initiation of short-term primary vs secondary

early-seizure prophylaxis should be considered for all patients

after sICH, assuming timely availability of electroencephalography.
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of brain injury).5,13 Patients who develop an early seizure re-

ceive short-term secondary early-seizure prophylaxis. Pa-

tients subsequentlyarenotgivenantiseizuredrugs,unless they

develop recurrent seizures and/or a late seizure, atwhichpoint

they receive long-term secondary late-seizure therapy.

Moderate Strategy

In the moderate strategy, patients are monitored for seizures

using current guideline recommendations.5,13 Patients receive

long-termsecondaryprophylaxis if theydevelopanearlyseizure

and long-termsecondary therapy if theydevelopa late seizure.

Aggressive Strategy

In the aggressive strategy, patients receive long-termprimary

prophylaxis onhospitalization. This occurs regardless of early

seizure, late seizure, or ADR development.

Risk-guided Strategy

In the risk-guided strategy, patients undergo a screening EEG

for early-seizure risk stratification on admission using the

2HELPS2B score.10 The 2HELPS2B score estimates early-

seizure risk for hospitalizedpatients using 5EEG findings and

1 clinical factor (eMethods in the Supplement). The total score

is the sum of points assigned to each factor and classifies pa-

tients as being at low (0 points),medium (1 point), or high (≥2

points) risk; different seizure risks require distinct EEGmoni-

toringdurations (1 hour for low risk; 12hours formediumrisk;

and 24hours for high risk).10Patients classified as low risk re-

ceive the same antiseizure drug regimen as the conservative

strategy. Patients classified as medium or high risk receive

short-termprimaryprophylaxis,which isdiscontinued 1week

after sICH if they remain seizure free. If patients develop re-

current and/or late seizures, they receive long-term second-

ary therapy for late seizure.

Model Parameters

Table 1 summarizes the model parameters.1,4,11,14-25 A de-

tailed description of the ascertainment of model parameters

based on prior literature is available in the eMethods in the

Supplement.

Model Outcome

Theprimary outcomewasQALYs, ameasure of life expectancy

factoring in changes inQOLowing tomedical conditions (over-

allQOLutilityscore×adjustedlifeexpectancy).Qualityoflifeutili-

tiesarepatient-reportedscoresbasedonperceivedQOL,withval-

Table 1. Model Input Parameters

Parameter Estimate Sensitivity analysis Source

Probabilities, % 0-50.0

Early seizure, cortical involvement

Yes 19 NA
De Herdt et al,1 2011

No 10

Late seizure, CAVE score

0 0.6 Base case 1: 3.6% or 9.8%

Haapeniemi et al,4 2014

1 3.6 Base case 4: 34.8% or 46.2%

2 9.8

3 34.8

4 46.2

Antiseizure drug efficacy, % 63 30.0-100.0 Passero et al,14 2002

Consoli et al,15 2012

Rowan et al,16 2005

Short-term (7-d) ADR, % 9 0.0-20.0 Inaba et al,17 2013

Cumulative lifetime ADR, % 30 20.0-80.0 Consoli et al,15 2012

Kutlu et al,18 2008

García-Escrivá et al,19 2007

Alvarez-Sabín et al,20 2002

2HELPS2B score ≥1, %

Sensitivity 92 Not varied
Moffet et al,11 2020

Specificity 49 Not varied

sICH standardized mortality ratio
per year

First year after stroke 4.73 Not varied Brønnum-Hansen et al,21 2001

After first year 2.31 Not varied

QOL utilities

sICH 0.60 Not varied Lee et al,22 2010

Early seizure 0.90 0.0-1.0 Authors’ choice

Late seizure 0.79 0.0-1.0 Winter et al,23 2018

Refractory seizure 0.75 0.0-1.0 Choi et al,24 2008

ADR

Short-term (7 d) 0.96 0.0-1.0 Authors’ choice

Long-term 0.87 0.0-1.0 Moura et al,25 2019

Abbreviations: ADR, adverse drug

reaction; QOL, quality of life;

sICH, spontaneous intracerebral

hemorrhage.
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ues varying from0 (death) and 1 (perfect health). Quality of life

utilities representasubjectivemeasureofperceiveddiseasebur-

den andhave beenused extensively in previous studies.26-28A

detaileddescriptionofhowweascertainedQOLutilities foreach

medicalevent(earlyandlateseizuresandADR)isavailable inthe

eMethods in the Supplement.

The tree ended in 11 possiblehealth states (eFigure 1 in the

Supplement), and the overall QOL utility of each health state

was calculated as theproduct of theutilitymeasures they rep-

resent. For example, for a patient with sICHwho develops an

early seizure,usesa short-termantiseizuredrug regimenwith-

out developing an ADR, and becomes seizure free for a life-

time uses the following formula:

Overall QOL = uICH × uES and QALYs = age-adjusted life

expectancy×uICH×uESwhereuES indicates utility early sei-

zure and uICH indicates utility ICH. We ascertained life ex-

pectancy from age-adjusted standardizedmortality ratios af-

ter sICH and US mortality data.12,21 We evaluated competing

strategies by comparing accrued QALYs; the preferred treat-

ment strategy was that yielding the greatest QALYs.

Base Cases

We created 4 base cases representing common clinical sce-

narios with respect to the risks of developing ADRs and late

seizure and ADR utility. Table 2 summarizes the base case

parameters.

Base Case 1

A 60-year-old manwith low risk of late seizure, average ADR

risk andutility, and ahistory of hypertension is admittedwith

basal ganglia sICH (6 mL) secondary to hypertensive vascu-

lopathy.HisNational Institutes ofHealth Stroke Scale (NIHSS)

score is 8 and his ICH score is 0. The bleeding does not in-

volve the cortex (early seizure risk, 10.0%). His CAVE score

would be 1 (late seizure risk, 3.6%) if hedoes not have an early

seizure and 2 (late seizure risk, 9.8%) if he does (ie, low sei-

zure risk). He has an average ADR risk (short-term ADR risk,

9.0%; long-term ADR risk, 30.0%) and average ADR utility

(short-termADRutility, 0.96; long-termADRutility, 0.87).His

age-adjusted life expectancy is 13.8 years.

Base Case 2

An 80-year-old woman with a low risk for late seizure, high

ADR risk, and lowADRutility presentswith a subcortical sICH

(8 mL) involving the left parietal lobe secondary to cerebral

amyloid angiopathy. Her NIHSS score is 2 and her ICH score is

1.Thebleedingdoesnot implicate thecortex (early-seizure risk,

10.0%).HerCAVEscore is0 (late-seizure risk,0.6%) if shedoes

not develop an early seizure and 1 (late-seizure risk, 3.6%) if

she does (ie, low seizure risk). She hasmultiple comorbidities

treated with polypharmacy and a high ADR risk (short-term

ADR risk, 24.0%; long-term ADR risk, 80.0%), which im-

poses a significant decrease in QOL (short-term ADR utility,

0.90; long-term ADR utility, 0.40). Her age-adjusted life

expectancy is 3.7 years.

Base Case 3

A 55-year-old man at high risk for late seizure, with average

ADR risk and utility, and with a history of hypertension and

recreational cocaine use is admitted with lobar sICH (48 mL)

withcortical involvement (early-seizure risk, 19.0%).HisNIHSS

score is 18 and his ICH score is 2. His CAVE score is 3 (late-

seizure risk, 34.8%) if he does not have an early seizure and 4

(late-seizure risk, 46.2%) if he does (ie, high seizure risk). He

has anaverageADR risk (short-term,9.0%; long-term, 30.0%)

and average ADR utility (short-term, 0.96; long-term, 0.87).

His age-adjusted life expectancy is 17 years.

Base Case 4

A45-year-oldwomanathigh risk for late seizurewithhighADR

risk and lowADRutility presentswith lobar sICH (30mL) and

cortical involvement (early-seizure risk, 19.0%). Her NIHSS

score is22andher ICHscore is2. Shehashypertension, chronic

kidney disease, and systemic lupus erythematosus. She has

Table 2. Base Case Parameters

Baseline parameter

Base case

1 2 3 4

Age (life expectancy), y 60.0 (13.8) 80.0 (3.7) 55.0 (17.0) 45.0 (24.7)

Risk, %

Early seizure 10.0 10.0 19.0 19.0

Late seizure

Early seizure

No 3.6 0.6 34.8 34.8

Yes 9.8 3.6 46.2 46.2

ADR risk, %

Short-term (7 d) 9.0 24.0 9.0 18.0

Long-term (lifetime) 30.0 80.0 30.0 60.0

Utility

Early seizure 0.90 0.90 0.90 0.90

Late seizure 0.79 0.79 0.79 0.79

Refractory seizure 0.75 0.75 0.75 0.75

ADR

Short-term (7 d) 0.96 0.90 0.96 0.90

Long-term (lifetime) 0.87 0.40 0.87 0.30
Abbreviation: ADR, adverse drug

reaction.
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high ADR risk (short-term, 18.0%; long-term, 60.0%), which

would significantly decrease her QOL (short-term ADR util-

ity, 0.90; lifetimeADRutility, 0.30). Her CAVE score is 3 (late-

seizure risk, 34.8%) if she does not have an early seizure and

4 (late-seizure risk, 46.2%) if she does (ie, high seizure risk).

Her age-adjusted life-expectancy is 24.7 years.

Model Assumptions

Wemade several simplifying assumptions inourmodel. First,

given the absence of data on late-seizure risk for longer peri-

ods,weassumedthat the lifetime late-seizureriskwasthesame

as the CAVE-derived risk. Second, we assumed that patients

would adhere to the prescribed prophylaxis strategy regard-

less of the development of ADRs. Third, sICH, ADR, early sei-

zures, late seizures, and refractory seizures all exerted an av-

erage, constant QOL decrement throughout the patient’s

lifetime that is capturedby theirmeanpatient-preferenceutil-

ity values (ie, for ICH, short-term ADR, long-term ADR, early

seizure, late seizure, and refractory seizure).

Sensitivity Analyses

We addressed the uncertainty around our assumed param-

eters by conducting several sensitivity analyses. We selected

ranges of parameter values based on expert opinion and a re-

view of the literature (Table 1) and performed these analyses

using base cases 1 and 4 because they represent patientswith

low and high risks for late seizure. We conducted 1-way sen-

sitivity analysesbyvaryingearly-seizure risk, antiseizuredrug

efficacy, cumulative ADR risk, and the utilities of early sei-

zure, lateseizure, refractoryseizure,andADRs(short-and long-

term).Weconducted three2-waysensitivity analyses: (1) long-

termADR risk andutility of long-termADR risk; (2) long-term

ADRriskandearly-seizure risk, and (3) long-termADRriskand

antiseizuredrugefficacy.Becausedata frompatientswith trau-

matic brain injury suggest that prophylactic antiseizuredrugs

do not reduce the risk of a first-time late seizure,29 we per-

formed a sensitivity analysis considering antiseizure drug ef-

ficacy to be null for the prevention of incident late seizure.

Results

Figure 1 summarizes the results for eachbasecaseanalysis. For

base case 1, a man who had a low risk for late seizure and av-

erage risk and utility for ADR, the risk-guided strategy (8.13

QALYs)waspreferredover theconservative (8.08QALYs),mod-

erate (8.07QALYs), andaggressive (7.88QALYs) strategies. For

base case 2, a woman who had a low risk for late seizure but

high ADR risk and low ADR utility, the conservative strategy

(2.18 QALYs) was preferred over the risk-guided (2.17 QALYs),

moderate (2.09 QALYs), and aggressive (1.15 QALYs) strate-

gies. For base case 3, a man who had a high risk for late sei-

zure and average ADR risk and utility, the aggressive strategy

(9.21QALYs)was preferred over the risk-guided (8.98QALYs),

moderate (8.93 QALYs), and conservative (8.77 QALYs) strat-

egies. For base case 4, a woman who had a high risk for late

seizure,highADRprobability,andvery lowADRutility, therisk-

guided strategy (11.53 QALYs) was preferred over the conser-

vative (11.23 QALYs), moderate (10.93 QALYs), and aggressive

(8.08 QALYs) strategies.

Sensitivity analyses (Figure 2, Figure 3, and eFigures 3-5

in theSupplement) indicated that the risk-guidedstrategyper-

formed comparably to or better than alternative strategies in

a wide range of settings. The aggressive strategy was pre-

ferred in limited settingswhere the late-seizure riskwas high

(as in base cases 3 and 4), the long-term ADR risk was lower

(Figure 3), and, based mostly on patient preference, long-

termADR utilities were closer to 1 (perfect health) (ie, the pa-

tient perceives that long-termADRwouldminimally affect his

or herQOL). Finally, a sensitivity analysis considering antisei-

zure drugs to have no effect in preventing incident late sei-

zure revealed that the risk-guidedstrategywaspreferred insce-

narios 1, 3, and 4, whereas the conservative strategy was

preferred in scenario 2 (eFigure 6 in the Supplement). In this

analysis, thenetQALYdifferencesbetweenthe risk-guidedand

alternative strategies were higher (eFigure 6 in the Supple-

ment).

Figure 1. Primary Outcome: Expected Quality-Adjusted Life-Years (QALYs)

Strategy

Aggressive

Moderate

1: 60-year-old man
with low seizure risk
and average ADR risk

2: 80-year-old woman
with low seizure risk
and high ADR risk

3: 55-year-old man
with high seizure risk
and average ADR risk

4: 45-year-old woman
with high seizure risk
and ADR risk

Conservative

Risk guided

7.88 QALYs

Cases

8.07 QALYs

8.08 QALYs

8.13 QALYsa

1.15 QALYs

2.09 QALYs

2.18 QALYsa

2.17 QALYs

9.21 QALYsa

8.93 QALYs

8.77 QALYs

8.98 QALYs

8.08 QALYs

10.93 QALYs

11.23 QALYs

11.53 QALYsa

Main results of each treatment strategy for each clinical scenario. For scenario 1,

the risk-guided strategy was preferred by 0.05 QALYs compared with the

conservative strategy (second-most preferred strategy). For scenario 2, the

conservative strategy was preferred by a net difference of 0.01 QALYs

compared with the risk-guided strategy (second-most preferred strategy),

which was preferred by 0.08 QALYs compared with themoderate strategy

(third-most preferred strategy). For scenario 3, the aggressive strategy was

preferred by 0.23 QALYs compared with the risk-guided strategy (second-most

preferred strategy). For scenario 4, the risk-guided strategy was preferred by

0.30 QALYs compared with the conservative strategy (second-most preferred

strategy). ADR indicates adverse (antiseizure) drug reaction.

a Preferred strategy for the scenario.
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Figure 2. Sensitivity Analysis: Long-termAdverse Drug Reaction (ADR) and Early-Seizure Risks
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0.47 0.800.35 0.440.41 0.50 0.53 0.56 0.59 0.62 0.65 0.71 0.740.68 0.770.29 0.380.26 0.320.20 0.23
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One-way sensitivity analyses

performed on base cases 1 and 4

assessed the boundaries of our

estimates under clinically plausible

scenarios. A and B, The risk-guided

strategy was preferred over the

entire range of plausible values

(20%-80%) for long-term ADR risk.

C and D, The risk-guided strategy was

preferred over the range of plausible

values (5%-20%) for early-seizure

risk. QALYs indicates quality-adjusted

life-years.
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Discussion

We used a decision analytical model to examine the net ben-

efit of 4 antiseizure drug prophylaxis strategies across 4 com-

monbase cases starting frompresentationwith incident sICH.

We found short-term (7 days) early-seizure prophylactic regi-

mens are preferred over long-term (lifelong) regimens under

most realistic clinical scenarios. Our results also suggest that

a strategy that incorporates an early-seizure risk stratifica-

tion tool (2HELPS2B) to identify patients most likely to ben-

efit from short-term primary vs secondary early-seizure pro-

phylaxis is favoredover alternative strategies inmost settings.

Overall, strategies that involve long-termantiseizuredrug

prescription (ie,moderate and aggressive) fail to provide bet-

ter outcomes inmost clinical scenarios when compared with

strategiesusing short-termregimens (ie, conservative and risk

guided). In fact, given the limited understanding of long-

term safety profiles of antiseizure drugs, long-term antisei-

zuredrug regimens (moderateandaggressive)potentiallypose

notable risks. This finding contradicts patterns of prolonged

antiseizure drug use that can be seen in some clinical prac-

tices. For example, some physicians prescribe long-term an-

tiseizure drug regimens for patients considered high risk for

poststroke epilepsy. In addition, some patientsmay continue

medication regimens indefinitely (eg, a form of polyphar-

macy), even when long-term prophylaxis was not the origi-

nal intent of the first prescribing physician, perhaps because

continuedcoordinationof care involvingdifferent settings (ie,

hospitals, clinics, andrehabilitation)andcloseseizureandADR

monitoring could be challenging. Therefore, our findings un-

derscore the importance of early discontinuation of antisei-

zure drug regimens initiated before or after an early seizure

(eg, with explicit stopping dates written into the original pre-

scription, patient materials, and discharge communication),

unless there is a clear patient preference behind this regimen

(eg, the patient perceives that long-term ADRs would mini-

mally affect his or her QOL).

Contrary to current guidelines,5 our results indicate that

short-term primary early-seizure prophylaxis has a role in the

Figure 3. Sensitivity Analysis: Long-termAdverse Drug Reaction (ADR) Risk, Early-Seizure Risk, and Long-termADRUtility
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Two-way sensitivity analyses performed on base cases 1 and 4 assessed the

boundaries of our estimates under clinically plausible scenarios. A and B, The

risk-guided strategy was preferred over the entire combined range of plausible

values for early-seizure risk (5%-20%) and long-term ADR risk (20%-80%).

C and D, The risk-guided strategy was preferred over most combinations of

plausible values for long-term ADR risk (20%-80%) and long-term ADR utility

(0-1.0); the aggressive strategy was preferred for higher long-term ADR utilities,

especially in scenarios in which the late-seizure risk is high (base case 4) and the

long-term ADR risk is lower.

Research Original Investigation Seizure Prophylaxis After Spontaneous Intracerebral Hemorrhage

1134 JAMANeurology September 2021 Volume 78, Number 9 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.2249


managementofsICHinhigh-riskpatients (2HELPS2Bscore,≥1).

Proponents of primary prophylaxis argue that previous inves-

tigations reporting worse outcomes30,31 were confounded by

treatment indication and that those findingsmay not apply to

new-generationantiseizuredrugs(eg, levetiracetam)duetoapo-

tentially saferprofile overphenytoin.32,33Moreover, someper-

ceiveseizuresasahighlydetrimentalevent intheacutecareset-

ting because they can lead to hematomaexpansion,3neuronal

injury,34andclinicaldecompensation.3Asevidenceaccumulates

suggesting someEEGepileptiformabnormalities (ie, interictal-

ictalcontinuum)areassociatedwithhighseizurerisk,11,35,36some

cliniciansmightseeprimaryprophylaxisasadvantageousinthese

situations. Indeed, it is not surprising that short-term primary

prophylaxiswouldbebeneficial forpatients athigh risk fordis-

easecomplications;thisdecisionanalysisprovidesawaytoquan-

tify this thresholdofhigh riskusinganestablished risk calcula-

tor (2HELPS2B).

Taken together, our results underscore that a risk-guided

approach to seizure prophylaxis using an EEG-based seizure

risk stratification tool (2HELPS2B) can aid physicians in iden-

tifying patients most likely to benefit from short-term pri-

mary prophylaxis for early seizure. For instance, short-term

primary prophylaxis is justifiable in the small number of pa-

tients with higher risk scores (2HELPS2B score, ≥1), whereas

only secondaryearly-seizureprophylaxis is justifiable formost

patients with lower risk scores (2HELPS2B score, 0) (ie, pri-

mary prophylaxis not recommended). However, if timely ac-

cess to EEG is unavailable for early-seizure risk stratification,

theconservative strategyappears themost reasonable, andcli-

nicians should avoidprimaryprophylaxis formost patients in

that setting. The exception to this rule would be patients at

higher risk of late seizure (ie, CAVE score, ≥3) and lower long-

termADR risks (eg, youngerwith fewer comorbidities and co-

medications), forwhomthe aggressive strategymight be con-

sideredbasedon their preference (ie, thepatient’s assessment

of QOL utility of potential long-term ADR).

Limitations

Werecognize several limitationsofour study.Becauseweused

the published literature to obtain data to estimate our model

parameters, our estimates might be biased. Our estimates of

antiseizure drug efficacy and ADR, for example, were taken

from studies without direct comparisons between antisei-

zure drugs andno intervention.14-20Weattempted to address

these parameter uncertainties via sensitivity analyses.

In addition, we did not account for other possible factors

that could modify some parameter estimates. Surgical treat-

ment, hematoma expansion, and sICH recurrence, for ex-

ample, are risk factorsassociatedwithearlyand late seizures.37

However, our sensitivity analyses suggest that increasing risks

for early and late seizure favor the risk-guided strategy.

Finally,weassumed thatpatientswouldadhere to thepre-

scribed strategies regardless of ADR and did not account for

factors that may influence medication adherence such as so-

cioeconomic factors and comorbidities. In a realistic setting,

however, poor medication adherence is relatively common

among antiseizure drug users and negatively affects therapy

effectiveness.38 Nonetheless, our sensitivity analyses indi-

cated that varying antiseizure drug efficacy does not have an

important influence on preferred strategies.

Conclusions

Our decision analysis indicates the advantages of short-term

(7-day) antiseizure drug strategies across a spectrum of clini-

cal scenarios for patients presenting with incident sICH. This

finding underscores the importance of early discontinuation

of antiseizure drug strategies initiated for early-seizure pro-

phylaxis. Moreover, we recommend a risk-based approach

using the 2HELPS2B score to guide clinical decision on initia-

tion of primary vs secondary early-seizure prophylaxis for all

patients after sICH, assuming timely availability of EEG.
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