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Abstract
Objectives: Although hemispheric surgeries are among the most effective proce-
dures for drug- resistant epilepsy (DRE) in the pediatric population, there is a large 
variability in seizure outcomes at the group level. A recently developed HOPS 
score provides individualized estimation of likelihood of seizure freedom to 
complement clinical judgement. The objective of this study was to develop a 
freely accessible online calculator that accurately predicts the probability of 
seizure freedom for any patient at 1-, 2-, and 5-years post-hemispherectomy.
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1  |  INTRODUCTION

Cerebral hemispherectomy and its variants are among 
the most effective procedures for drug- resistant epi-
lepsy (DRE) in the pediatric population.1 On a group 
level, seizure freedom is achieved in a large proportion 
(~70%) of well- selected patients1– 6 with good long- term 
results.2,3,5,7 However, the rate of seizure freedom fol-
lowing hemispherectomy is highly variable, ranging 
widely from 33% to 92% across institutions, patient 
populations, and studies.2,8,9 Up to 30% of patients ex-
perience seizure recurrence, which is associated with 
reduced quality of life and a socioeconomic burden.5 
In addition, hemispheric surgery causes expected neu-
rological deficits (e.g., hemiparesis and homonymous 
hemianopsia) and is associated with a non- negligible 
rate of surgical complications.10,11 A subset of patients 

develop postoperative neurological complications de-
spite an absence or limited improvement of seizure 
control or quality of life.10,11 As such, determining 

Methods: Retrospective data of all pediatric patients with DRE and seizure out-
come data from the original Hemispherectomy Outcome Prediction Scale (HOPS) 
study were included. The primary outcome of interest was time- to- seizure recur-
rence. A multivariate Cox proportional- hazards regression model was developed 
to predict the likelihood of post- hemispheric surgery seizure freedom at three 
time points (1- , 2-  and 5-  years) based on a combination of variables identified 
by clinical judgment and inferential statistics predictive of the primary outcome. 
The final model from this study was encoded in a publicly accessible online calcu-
lator on the International Network for Epilepsy Surgery and Treatment (iNEST) 
website (https://hops-calculator.com/).
Results: The selected variables for inclusion in the final model included the 
five original HOPS variables (age at seizure onset, etiologic substrate, sei-
zure semiology, prior non- hemispheric resective surgery, and contralateral 
fluorodeoxyglucose– positron emission tomography [FDG- PET] hypometabo-
lism) and three additional variables (age at surgery, history of infantile spasms, 
and magnetic resonance imaging [MRI] lesion). Predictors of shorter time- to- 
seizure recurrence included younger age at seizure onset, prior resective surgery, 
generalized seizure semiology, FDG- PET hypometabolism contralateral to the 
side of surgery, contralateral MRI lesion, non- lesional MRI, non- stroke etiolo-
gies, and a history of infantile spasms. The area under the curve (AUC) of the 
final model was 73.0%.
Significance: Online calculators are useful, cost- free tools that can assist physi-
cians in risk estimation and inform joint decision- making processes with patients 
and  families, potentially leading to greater satisfaction. Although the HOPS data 
was validated in the original analysis, the authors encourage external validation 
of this new calculator.

K E Y W O R D S

hemispherectomy, hemispherotomy, online calculator, seizure outcomes

Key points

• The Hemispherectomy Outcome Prediction 
Scale (HOPS) Online Calculator predicts the 
probability of seizure freedom at 1- , 2-  and 5- 
years post- hemispherectomy.

• The calculator output has an area under the 
curve (AUC) of 73.0% based on eight variables, 
including five from the original HOPS study.

• Online calculators are cost- free tools that can 
assist physicians in risk estimation and inform 
joint decision- making with families.
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which patients will benefit from seizure freedom is im-
perative.2 Any tool that can aid clinicians in selecting 
candidates, predicting outcome, and counseling par-
ents is helpful in informing physician– parent/patient 
joint decision- making.

Ideal candidates for hemispheric surgery have DRE re-
lated to a hemispheric syndrome with contralateral neu-
rological deficits1,3,6,12,13 and have concordant presurgical 
test results1,3,6 with expected postoperative stability or im-
provement of neurological impairment (e.g., language), 
cognition, and adaptive functioning.14 Some studies have 
reported positive outcomes despite putative negative 
prognostic factors, such as bilateral electroencephalog-
raphy (EEG) or magnetic resonance imaging (MRI) find-
ings.5,6,12,15,16 Overall, benefits of this surgery often 
outweigh the risks, even for non- ideal candidates.4,6 The 
recently published Hemispherectomy Outcome Prediction 
Scale (HOPS) study identified five important independent 
predictors of post- hemispherectomy seizure freedom: age 
>3.5 years at seizure onset, absence of generalized sei-
zure semiology, absence of contralateral hypometabolism 
on 18fluorodeoxyglucose– positron emission tomography 
(FDG- PET), stroke as etiology of epilepsy, and absence of 
prior resective surgery.1 These five variables were selected 
in the HOPS study for the purposes of developing an easy- 
to- use bedside seizure- outcome prediction score, at the 
cost of excluding several other variables that also influence 
seizure freedom.1

Online calculators have grown in popularity in neu-
rosurgery in recent years, and have shown to be use-
ful in predicting various outcome measures.17– 22 These 
online calculators lead to individualized risk estimation 
and improve patient- centered care by utilizing the pa-
tient's own parameters rather than statistical models.18 
Furthermore, these tools do not interfere with clinical 
workflows.18 Online calculators place complex statisti-
cal models in the hands of physicians, with or without 
statistical knowledge, thereby increasing the likelihood 
of a meaningful clinical impact.18

The objective of this study was to develop a freely ac-
cessible, online tool that accurately predicts the probabil-
ity of seizure freedom for any patient at 1- , 2- , and 5- years 
post-hemispheric surgery to provide clinicians with acces-
sible and reliable prognostic information to complement 
their clinical judgment.

2  |  METHODS

2.1 | Initial HOPS study

Consecutive patients with DRE at several participating 
centers across multiple continents who were younger 

than 19 years of age at the time of hemispherectomy, 
had at least one follow- up after the first postoperative 
week, and had seizure outcome data were included 
in the study.1 Various surgical techniques resulting 
in a functional or anatomic disconnection/removal 
of the affected hemisphere were included, including 
anatomic hemispherectomies, hemidecortications, 
functional hemispherectomies, peri- insular hemispher-
otomies, trans- Sylvian hemispherotomies, and open or 
endoscopic- assisted parasagittal vertical hemispheroto-
mies with the preoperative goal of seizure freedom.1 In 
patients from whom more than one hemispheric resec-
tion was performed, data from the subsequent proce-
dures were excluded.1 Patients with a planned subtotal 
or palliative hemispherectomy were also excluded.1

Demographic, patient history, presurgical test re-
sults, and surgical variables were collected in the original 
study following a review of the literature and input from 
content experts, to develop the HOPS for prediction of 
post- surgical seizure freedom.1 All contributing centers 
participated in accordance with local research ethics, and 
the organizing center received institutional review board 
approval for the study.1

2.2 | Predictors and model development

The two outcomes measured in the initial HOPS study 
were time- to- seizure recurrence (primary outcome) and 
Engel Class (I– IV).1 However, the primary outcome of 
interest in this study was only time- to- seizure recur-
rence. Because HOPS was valiated in the original study,1 
re- validation was not performed, resulting in inclusion 
of all patients from the original study for development 
of the calculator. All statistical analyses and model 
creation were done in RStudio (Rstudio Inc., Version 
1.2.1335).

Variables with >40% of data missing were eliminated. 
This was done to maximize the accuracy of multiple 
imputation by chained equations (MICE), which was 
performed to address missing data in the five HOPS vari-
ables.23 Ten complete data sets were produced via MICE 
for model construction.24 One hundred percent data 
completeness was achieved for all 14 variables. Variables 
that were removed included interictal/ictal EEG, single- 
photon emission computed tomography (SPECT), magne-
toencephalography (MEG), and subtraction ictal SPECT 
coregistered to MRI (SISCOM) test results, as well as in-
telligence quotient (IQ) and behavior scores. The hemi-
spherectomy approach was not included given that this is 
not an independent feature of epilepsy and is dependent 
on the individual skill and expertise of the surgeon. A 
detailed discussion to support this decision can be found 
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below. A variable elimination diagram is illustrated in 
Figure 1.

A multivariate Cox proportional hazards regression 
model was developed to predict the likelihood of seizure 
freedom at 1- , 2- , and 5- years post- hemispherectomy using 
the imputed data and based on a combination of clinical 
judgment and statistical analysis. Fourteen potential pre-
dictors were first analyzed via univariate Cox regression to 
identify putative predictors of seizure freedom. Variables 
with a p- value <.20 on univariate analysis underwent a 
bidirectional stepwise selection process according to the 
Akaike information criteria (AIC). Covariates that were se-
lected for in a majority of the 10 imputed data sets were used 
to create a multivariate model for identifying independent 
predictors of seizure- freedom duration.25 Regression coeffi-
cients and standard errors were combined and determined 
via Rubin's rule.26 Hazard ratios (HRs), 95% confidence 
intervals (CIs), and p- values were obtained to character-
ize the relationships between the analyzed variables and 
time- to- seizure recurrence. The final included variables 
were evaluated by using the riskRegression package in R 
to generate receiver- operating characteristic (ROC) curves 

for the predicted risk of the training data from the 10 im-
puted multivariate models and compute the area under 
the ROC curve (AUC).27 AUCs measure the performance 
of the predictive model, where 0.5– 0.7 represents poor, 
0.7– 0.8 represents fair, and 0.8– 1 represents excellent accu-
racy, respectively. The final model predicts the probability 
of seizure freedom at 1- , 2- , and 5- years post-hemispheric 
surgery for inputted data via the predictSurvProb function 
in the pec R package.28 A two- sided p- value of <.05 was the 
threshold for statistical significance.

The HOPS data was validated in the construction of the 
clinical score1 and therefore not revalidated in this study. 
This decision was made in order to include the maximum 
number of patients for development of the online calculator.

2.3 | Model presentation

The final model from this study was developed into a free, 
publicly accessible, online calculator that is displayed on the 
International Network for Epilepsy Surgery and Treatment 
(iNEST) website (https://hops- calcu lator.com/).

F I G U R E  1  Flow diagram of variable 
selection process.
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3  |  RESULTS

For a detailed description of the sample population, please 
refer to the original HOPS article.1 The variables that were 
selected for inclusion in the final model include the five 
original HOPS variables (age at seizure onset, etiologic 
substrate, seizure semiology, prior non- hemispheric re-
sective surgery, and FDG- PET results) and 3 additional 
variables (age at surgery, history of infantile spasms, and 
MRI lesion). Hazard ratios, p- values, and 95% CIs for each 
variable used in the final model are reported in Table 1. 
Significant predictors of shorter time- to- seizure recur-
rence include younger age at seizure onset (HR = 1.13, 95% 
CI = 1.07– 1.21, p < .001), older age at the time of surgery 
(HR = 1.02, 95% CI = 1.00– 1.05, p = .038), FDG- PET hy-
pometabolism contralateral to side of surgery (HR = 2.04, 
95% CI = 1.26– 3.28, p = .004), presence of contralateral 
MRI lesion (HR = 1.63, 95% CI = 1.19– 2.24, p = .004), non- 
lesional MRI (HR = 2.12, 95% CI = 1.46– 3.08, p < .001), 
non- stroke etiologies including hemimegaloencephaly 

(HR = 1.42, 95% CI = 1.07– 1.89, p = .017), and Rasmussen's 
encephalitis (HR = 1.38, 95% CI = 1.01– 1.90, p = .045). 
These variables were evaluated in each imputed data set 
via ROC and AUC metrics, which are shown in Figure 2. 
The average AUC for all imputed models was 72.0% ± 0.2% 
(0.72) with a range of 71.1– 73.0% indicating fair accuracy.

4  |  DISCUSSION

The decision- making process to undergo hemispheric 
surgery for DRE requires accurate evidence- based es-
timation of risks and benefits within a framework that 
considers patient and caregiver- based values and pref-
erences.29 Online calculators are useful, cost- free tools 
that can assist physicians in risk- and- benefit estimations 
and inform joint decision- making with patients and/or 
guardians.17,18,22,30– 32 The format of an online calculator 
renders complex statistical models more accessible with 
the potential for broad clinical impact.17,18,22,30– 32 The 
HOPS calculator thus builds on the previously reported 
HOPS study, which identified five important predictors 
of post-hemispheric surgery seizure freedom (age greater 
than 3.5 years at seizure onset, absence of generalized sei-
zure semiology, absence of contralateral FDG- PET hypo-
metabolism, stroke- induced seizure etiology, and absence 
of prior resective neurosurgery) and developed an easy- 
to- use seizure outcome prediction score.1 As a result, this 
online calculator renders the original prediction tool read-
ily and widely used by clinicians to estimate the potential 
benefits of hemispheric surgery in a given patient into a 

T A B L E  1  Variables included in the final Cox regression model.

Variable HR 95% CI p- value

Younger Age at Seizure 
Onset (years)a

1.13 1.07– 1.21 <.001*

Older Age at Surgery (years) 1.02 1.00– 1.05 .038*

Generalized Seizure 
Semiologya

1.13 0.88– 1.44 .346

History of Infantile Spasms 1.27 0.99– 1.61 .057

Prior Non- Hemispheric 
Resective Epilepsy 
Surgerya

1.36 1.01– 1.83 .051

Etiology –  PC/Strokea (vs no 
PC/Stroke)

0.64 0.48– 0.84 .002*

Etiology –  RE (vs no RE) 1.38 1.01– 1.90 .045*

Etiology –  HME (vs no 
HME)

1.42 1.07– 1.89 .017*

FDG- PET Imaginga

Ipsilateral 
Hypometabolism Only

– – – 

Contralateral 
Hypometabolism

2.04 1.26– 3.28 .004*

Unknown 0.91 0.71- 1.18 .478

MR Imaging

Ipsilateral Lesion – – – 

Bilateral Lesions 1.63 1.19– 2.24 .004*

Non- Lesional 2.12 1.46- 3.08 <.001*

Abbreviations: HME, hemi- megalencephaly; PC, porencephalic stroke; RE, 
Rasmussen's encephalitis.
aOriginal HOPS variable.
*p < .05.

F I G U R E  2  Receiver- operating characteristic (ROC) curve 
for Cox regression model used in the Hemispherectomy Outcome 
Prediction Scale (HOPS) calculator.
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tool that epilepsy centers and families worldwide can ac-
cess, utilize, and comprehend more easily.

The HOPS calculator provides additional benefits com-
pared to the original scale, besides the increased accuracy. 
It is designed to perform projections at multiple time 
points (1, 2, and 5 years) rather than a single time point 
prediction, which better accounts for the time- dependent 
nature of seizure recurrence. The calculator also allows 
users to input more specific information than the scale 
(age as a continuous variable rather than 3 ranges, etiology 
subdivided into various categories rather than stroke vs 
non- stroke) and includes the “unknown” option for FDG- 
PET, which is less widely used in clinical practice, espe-
cially in the situation of a clear unilateral lesion. Although 
the scale is simple for epilepsy- specialized physicians, the 

calculator is more intuitive for other health care profes-
sionals such as primary care physicians and families. The 
calculator will help manage patient and family expecta-
tions through improved informed decision- making, po-
tentially leading to greater satisfaction. Figure  3 depicts 
an example of the calculator used with sample data.

In addition to the 5 original HOPS variables, 3 addi-
tional variables (history of infantile spasms, MRI lesion, 
and age at time of surgery) were included in the HOPS 
calculator.1 In order for such online calculators to provide 
accurate estimation of outcome, the variables included 
in the model should be validated by external datasets 
through other studies. A systematic review and meta- 
analysis by Hu et al. identified 1528 patients from 56 stud-
ies and reported similar predictors of seizure recurrence.5 

F I G U R E  3  Application of the calculator on a sample patient.
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Developmental etiologies, generalized semiology, and 
contralateral MRI lesions were all associated with poor 
prognosis, congruent with the results from the present 
analysis.5 Hu et al. also indicated that the lack of contra-
lateral interictal epileptiform activity was a significant 
predictor; however, this finding was not supported by the 
HOPS data.5 Of all the significant predictors in the meta- 
analysis, interictal EEG was the least significant,5 which 
may explain the discrepancy in results.

Contralateral MRI lesion was a significant indepen-
dent variable associated with seizure recurrence and was 
added to the current model. There are conflicting findings 
in the literature regarding MRI abnormalities and their 
impact on seizure freedom following hemispherectomy. 
Some studies have found that bilateral (or contralateral) 
MRI abnormalities are associated with worse seizure 
outcome following hemispherectomy.3,15,16,33,34 In a re-
cent single center study of 69 patients undergoing hemi-
spherectomy, Weil et al. found that the 21 patients (30.4%) 
who had contralateral MRI abnormalities had earlier time 
to seizure recurrence than patients with normal contra-
lateral MRI.35 In another study with similar findings, 
bilateral abnormalities on preoperative MRI were also as-
sociated with worse cognitive outcomes and neurocogni-
tive development.16 Conversely, some studies have shown 
that the presence of contralateral MRI abnormalities does 
not necessarily predict poor seizure outcome after hemi-
spherectomy.12,36– 38 A single- center study of 110 children 
undergoing hemispherectomy found that the presence of 
contralateral MRI abnormalities (identified in 74%) was 
not associated with significant reduction in overall sei-
zure outcome. However, contralateral MRI findings were 
only mild to moderate in most (85%) of these patients, 
included subcortical findings which are known to be less 
epileptogenic, and were always less prominent than the 
operated hemisphere. Furthermore, this study included 
nonvolumetric assessments of reduction in contralateral 
hemisphere volume and sulcal change, which are known 
to be very subtle, even in diseases like hemimegalen-
cephaly.16,39 In addition, when specifically evaluating for 
malformation of cortical developement and post- stroke 
etiology subgroups in this study, patients with contralat-
eral abnormal cortical signal and thickness, respectively, 
had a higher likelihood of seizure recurrence.36

Although several earlier studies failed to identify an as-
sociation between the type of hemispherectomy approach 
and postoperative seizure freedom,2,4,5,12 a post hoc HOPS 
analysis revealed the superiority of vertical techniques 
compared to the lateral techniques for achieving durable 
seizure freedom.40 Type of surgery was a significant pre-
dictor in the present analysis as well and the inclusion of 
surgical technique improved the concordance of the re-
gression. However, surgical technique was excluded from 

the model given the interest in identifying only presurgical 
variables of interest. There are also inherent limitations 
in the data set, such as a disproportionately high number 
of patients who had undergone a lateral approach hemi-
spheric surgery and lack of MRI- based data to evaluate 
completeness of disconnection, which preclude a defini-
tive conclusion regarding the impact of surgical approach 
on outcome.40

Intuitively, surgeon and center experience should play 
an important role in outcomes following hemispheric sur-
gery. However, the experience of a center, neurosurgeon, 
and neurology team is difficult to assess objectively. It is 
unclear whether the neurosurgeon's experience should 
be measured by frequency of hemispheric surgeries, total 
number of hemispheric surgeries, or total number of 
years in practice. Kurwale et al. performed a study that 
suggested 15– 20 procedures are needed to achieve reason-
able surgical skills in hemispherotomy.41 A recent study 
found that increased years of surgeon experience was 
associated with a decreased likelihood of motor compli-
cations following peri- Sylvian/insular epilepsy surgery.42 
However, given the focus of the HOPS study, we did not 
explicitly collect data on surgeon experience and could 
not use the number of cases contributed by a center as 
a surrogate for surgeon experience. Turnover in person-
nel (neurology and/or neurosurgeon) is also a key factor 
to consider. Given the lack of objective data in assessing 
experience or any definitive literature suggesting its role 
in surgical outcomes, experience was not included in the 
study protocol. For maximal usability, the goal was to de-
velop a preoperative predictive tool to determine seizure 
outcomes following surgery agnostic of the treating cen-
ter or neurosurgeon.

It should be emphasized that the HOPS calculator 
predictions should not be used to reject any child from 
hemispheric surgery if the procedure is deemed clinically 
appropriate. Many children who are candidates for hemi-
spheric surgery have severe epileptic encephalopathies 
and surgery that may not result in seizure freedom may 
still provide seizure and developmental benefit.

4.1 | Limitations

There are several inherent limitations to this study that were 
detailed previously in the original HOPS article.1 These in-
clude (1) a selection bias, given that the current study in-
cludes only participants who were selected for resective 
epilepsy surgery based on a judgment that they are likely to 
have a successful outcome; (2) the exclusion of certain vari-
ables (e.g., surgical technique, EEG data) in the final model 
should not imply that those variables do not have prognos-
tic value (surgical failures, for example, may be the result of 
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incomplete disconnection as opposed to a true failure of the 
surgery; EEG data are intuitively an important part of the 
presurgical evaluation but were not included as part of this 
scale due to the high degree of missingness of data); (3) the 
use of multiple imputation to address missing data (to miti-
gate potential error, variables with less than 40% completion 
were excluded; FDG- PET was the only selected variable 
with more than 20% missing data); and (4) the retrospec-
tive nature of this study could lead to misclassification of 
preoperative variables given the multi- centric design and 
variability in interpretation (32 centers worldwide including 
multiple primary languages).

5  |  CONCLUSION

In conclusion, the HOPS Online Calculator— designed to 
expand upon the published clinical score and increase its 
accessibility— predicts the probability of seizure freedom at 
various important timepoints with fair accuracy. The cal-
culator includes all 5 variables from the initial study, with 
the addition of 3 additional predictor variables. Although 
the HOPS data were validated in the initial HOPS analy-
sis, the authors encourage external validation using larger 
multicenter studies, which could this can also lead to future 
iterations of a hemispherectomy predictive score using ad-
ditional variables.
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