
LITERATURE REVIEW
J Neurosurg 136:1627–1637, 2022

Hemispheric surgery is recognized as an effective 
treatment option for patients, mostly children, with 
severe drug-resistant focal epilepsy associated with 

large monolateral hemispheric lesions.1,2 Owing to the high 
rate of surgical complications, including hydrocephalus 
and superficial hemosiderosis, anatomical hemispherecto-
my was progressively replaced with alternative techniques 
in which a large amount of the hemisphere is disconnected 
and left in place with limited tissue resection. Since the 
report of Theodore Rasmussen in 1983, who described 
functional hemispherectomy (resection of the temporal 
lobe and suprasylvian parenchyma, with disconnection of 

the residual hemisphere),3 several variations of hemispher-
ic disconnection (hemispherotomy) have been described. 
With these techniques, tissue removal is minimized, and 
the rest of the hemisphere is isolated with sectioning of the 
projection, association, and commissural white matter fi-
bers. Basically, two main approaches have been described: 
lateral periinsular hemispherotomy (LPH)4,5 and vertical 
parasagittal hemispherotomy (VPH).6

Previous studies have provided a considerable body of 
evidence regarding the postoperative results obtained af-
ter the adoption of different types of hemispheric surgery, 
with lower rates of complications reported for discon-
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OBJECTIVE  Lateral periinsular hemispherotomy (LPH) and vertical parasagittal hemispherotomy (VPH) are the most 
popular disconnective techniques for intractable epilepsies associated with unilateral hemispheric pathologies. The 
authors aimed to investigate possible differences in seizure outcome and complication rates between patients who un-
derwent LPH and VPH.
METHODS  A comprehensive literature search of PubMed and Embase identified English-language articles published 
from database inception to December 2019 that reported series (minimum 12 patients with follow-up ≥ 12 months) on 
either LPH or VPH. Pooled rates of seizure freedom and complications (with a particular focus on hydrocephalus) were 
analyzed using meta-analysis to calculate both fixed and random effects. Heterogeneity (Cochran’s Q test) and inconsis-
tency (fraction of Q due to actual heterogeneity) were also calculated.
RESULTS  Twenty-five studies were included. Data from 825 patients were available for seizure outcome analysis 
(583 underwent LPH and 242 underwent VPH), and data from 692 patients were available for complication analysis 
(453 underwent LPH and 239 underwent VPH). No differences were found in the pooled rates of Engel class I seizure 
outcome between patients who underwent LPH (80.02% and 79.44% with fixed and random effects, respectively) and 
VPH (79.89% and 80.69% with fixed and random effects, respectively) (p = 0.953). No differences were observed in 
the pooled rates of shunted hydrocephalus between patients who underwent LPH (11.34% and 10.63% with fixed and 
random effects, respectively) and VPH (11.07% and 9.98% with fixed and random effects, respectively) (p = 0.898). 
Significant heterogeneity and moderate inconsistency were determined for hydrocephalus occurrence in patients who 
underwent both LPH and VPH.
CONCLUSIONS  LPH and VPH techniques present similar excellent seizure outcomes, with comparable and acceptable 
safety profiles.
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nective techniques than anatomical hemispherectomy.7,8 
However, the impact of the technical approach on seizure 
outcome and morbidity is unclear. Available evidence sug-
gests that although the underlying pathology plays a signif-
icant role in determining seizure outcome,1,9 the technical 
approach has a greater impact on complication rates.10 A 
meta-analysis highlighted that the employment of discon-
nective or resective techniques did not significantly affect 
the seizure outcomes of hemispheric surgery.1 In particu-
lar, although LPH and VPH have progressively emerged 
as the most popular techniques employed for hemispheric 
surgery, studies aimed at comparing the surgical results 
and morbidity rates of these two procedures are scarce. 
The only available data were provided by a recent analysis 
of a multicentric cohort of 92 patients, which showed no 
significant differences in seizure outcome and complica-
tion rates between patients who underwent VPH or LPH.11 
Therefore, the choice between these two techniques seems 
to depend on the surgeon’s preference and experience 
rather than sound evidence for the superiority of one tech-
nique over the other in terms of efficacy and safety.

In the present study, using the population, intervention, 
comparison, and outcome (PICO) model,12 we performed 
a systematic review and meta-analysis of published stud-
ies focused on patients with refractory epilepsy (popula-
tion) who underwent either LPH or VPH (intervention 
and comparison), with the aim of investigating whether 
the two techniques differ in terms of seizure outcome and 
complication rates (outcome).

Methods
This study was discussed with and planned by mem-

bers of the Commission for Epilepsy Surgery of the Ital-
ian League Against Epilepsy (LICE) (Appendix). The 
PRISMA guidelines and recommendations13 were imple-
mented to carry out the present retrospective review.

Data Sources and Search Strategy
A comprehensive literature review was performed by 

querying PubMed and Embase on January 9, 2020, us-
ing the following search criteria, which were limited to 
human studies published in English: ((hemispherectomy 
OR (hemispheric AND surgery) OR hemispherotomy OR 
(hemispheric AND disconnect*)) AND (seizure* OR epi-
lep*). Other sources, such as the Cochrane Library, Dy-
naMed, and ClinicalTrials.gov, were consulted using the 
keywords “hemispherotomy” and “hemispherectomy.” 
Articles published from database inception to December 
2019 were included.

The reference lists of the original articles, as well as 
those of the reviews and book chapters, were manually re-
viewed to look for additional pertinent studies that were 
not retrieved with the electronic search.

Study Selection
Three authors (M.C., A.D.B., and M.R.) independently 

reviewed the title, abstract, or full-text of each retrieved 
article. Studies were selected according to the following 
inclusion criteria: full text available; inclusion of at least 
12 patients who underwent LPH or VPH (to limit changes 

in heterogeneity);14 postoperative follow-up duration of 
at least 12 months; and seizure outcome measured with 
the Engel seizure outcome classification scale15 or other 
comparable scales. The included variations of LPH were 
described by Villemure and Mascott,4 Schramm et al.,5,16 
Shimizu and Maehara,17 and Cook et al.8 Classic function-
al hemispherectomy3 was excluded because the amount of 
resected tissue predominates over that of the disconnected 
areas. For VPH, we included studies that reported use of 
the traditional Delalande technique6 and its variations.18–20

Data Extraction
All data concerning clinical outcomes were extracted 

independently from the study texts, tables, and figures by 
two authors (M.C. and M.R.). Possible discrepancies were 
discussed and resolved by consensus. The primary out-
come of interest was the rate of Engel class I outcome after 
surgery. The secondary outcome of interest was the rate 
of postoperative major surgical complications, defined as 
the occurrence of one or more of any of the following: 
unexpected and permanent new neurological deficit, sur-
gical complication requiring return to the operating room, 
and death.21 Because hydrocephalus is recognized as the 
most frequent postoperative complication of hemispheric 
surgery,22 we separately extracted the rate of postoperative 
hydrocephalus requiring external or internal cerebrospi-
nal fluid shunting.

Meta-Analysis
The unit of the analysis was each selected study. Meta-

analyses were conducted with respect to the proportions 
of patients with Engel class seizure outcomes (Engel class 
I vs classes II–IV), major complications (present vs ab-
sent), and shunted hydrocephalus (present vs absent) that 
were reported as results in the included studies, and both 
fixed and random effects were calculated. Heterogeneity 
was measured using Cochran’s Q test, and inconsistency 
was measured as the fraction of Q due to actual hetero-
geneity (I2, i.e., heterogeneity not attributable to chance). 
Possible publication bias was evaluated using both Eg-
ger’s and Begg’s tests. Comparison of the meta-analyses 
of LPH and VPH was carried out with Cochran’s Q test, 
as previously reported.23

Statistical significance was set at p < 0.05. Statistical 
analysis was performed with Stata/SE version 16.1 (Stata-
Corp).

Quality Assessment
The quality of evidence of each study was evaluated 

using a modified version of the Newcastle-Ottawa Scale 
(NOS) for the assessment of noncomparative studies.24,25 
The modified NOS was employed to assess the quality of 
each paper using a predefined set of 5 criteria that were 
tailored to the purposes of our study. Items were scored in 
response to each question as negative (score 0) or positive 
(1), as follows: 1) Did the patients represent all patients 
treated at the medical center (i.e., were all patients man-
aged in the study period included in the study)? 2) Was 
the diagnosis correct? 3) Was the follow-up period long 
enough for outcomes to occur (i.e., did study have the 
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minimum postoperative follow-up period of 12 months)? 
4) Were all important data cited in the report? 5) Was the 
outcome correctly ascertained (i.e., was seizure outcome 
defined on the basis of dedicated scales)?

Results
Literature Search Results

Study selection is summarized in Fig. 1. The initial 

search identified 4538 records (1272 from PubMed and 
3266 from Embase). No relevant records were obtained 
from the other sources. After exclusion of duplicates, 2303 
records were available for screening. After title and ab-
stract review, 2167 studies were excluded for the following 
reasons: reports on nondisconnective surgery or irrelevant 
topics (1146 records); case reports (323 records); confer-
ence abstracts (641 records); letters, reviews, and commen-
taries (46 records); and non–English-language studies (11 

FIG. 1. Results of the PRISMA search strategy.
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records). Therefore, 136 studies were eligible for full-text 
screening. After exclusion of 111 studies (42 did not meet 
the inclusion criteria, 35 included overlapping populations, 
and 34 had insufficient data), a total of 25 studies met the 
inclusion criteria and were included in our study.6,8,​11,​16,​17,​

26–45 All 25 studies were retrospective consecutive case 
series and published between 2000 and 2019, with the cu-
mulative studied period ranging from 1990 to 2017. Sev-

enteen studies reported on LPH, 7 reported on VPH, and 1 
included both techniques (Table 1). Data on surgical com-
plications were available from 21 studies. Data on a total 
of 825 patients (583 underwent LPH and 242 underwent 
VPH) were available for analysis of seizure outcome, and 
data on 692 patients (453 underwent LPH and 239 under-
went VPH) were available for the analyses of major com-
plications and shunted hydrocephalus.

TABLE 1. Study characteristics and demographic data

Authors  
& Year Design

Total 
NOS 
Score

Overall 
Study 

Quality Period

No. of Patients

Mean Age  
(range) Etiology

Mean  
Follow-Up 

(mos)Total
Available 
SO Data

Available  
Complications 

Data

LPH
  Shimizu & Maehara,  
  200017

RCS 5 High 1993–1999 27 27 27 6.9 yrs (3 mos to 30 yrs) FCD NA

  Schramm et al., 200116 RCS 4 High NA 20 16 20 14.3 (0.75–38) yrs Mixed 46
  Cook et al., 20048 RCS 5 High 1997–2002 29 29 NA NA* Mixed SO at 24 

mos
  Basheer et al., 200726 RCS 5 High 1993–2004 19 19 19 NA† Mixed NA†
  Cats et al., 200727 RCS 5 High 1992–2004 28 27 28 5.8 yrs (3 mos to 24.5 yrs) Mixed NA
  Limbrick et al., 200928 RCS 5 High 1995–2008 49 49 49 NA (0.2–20.5 yrs) Mixed 28.6
  Marras et al., 201029 RCS 5 High 2000–2007 13 13 13 7.3 yrs (9 mos to 16 yrs) Mixed 54
  Scavarda et al., 201030 RCS 5 High 1993–2007 14 14 14 8 yrs (21 mos to 18 yrs) Mixed 84‡
  Ramantani et al., 201331 RCS 5 High 2002–2011 52 52 52 6.7 (0.6–18) yrs Mixed 39.6
  Buckley et al., 201432 RCS 4 High 1997–2012 39 33 39 6.7 yrs (1 mos to 18.9 yrs) Mixed 56.4
  Lew et al., 201433 RCS 5 High 2004–2012 42 42 38 NA† Mixed NA†
  Kumar et al., 201534 RCS 5 High 2002–2013 15 15 15 3.9 (0.25–11.5) mos§ Mixed 64.7
  Nelles et al., 201535 RCS 5 High 2005–2013 34 34 NA 12 (0–55) yrs Mixed NA
  Guan et al., 201736 RCS 5 High 2004–2015 18 18 18 NA† RE NA†
  Abraham et al., 201937 RCS 5 High 2005–2016 45 44 44 8 yrs (10 mos to 17 yrs) Mixed 48
  Arifin et al., 201938 RCS 5 High 1999–2019 23 16 23 12.8 (2–28) yrs Mixed 24–160¶
  de Palma et al., 201911 RCS 5 High 2006–2016 54 52 54 NA† Mixed NA†
  Ji et al., 201939 RCS 5 High 2014–2017 83 83 NA 5 (0.8–14) yrs Mixed 36
  Overall sum 604 583 453
VPH
  Delalande et al., 20076 RCS 5 High 1990–2000 83 81 83 8 (0.2–36) yrs Mixed NA
  Dorfer et al., 201340 RCS 5 High 1998–2013 40 37 40 5.5 yrs‡ Mixed 44.4‡
  Honda et al., 201341 RCS 5 High 2000–2009 12 12 12 4.3 (2–9) mos§ HME 74.8
  Panigrahi et al., 201642 RCS 5 High NA 16 16 16 6.5 yrs Mixed NA†
  Chipaux et al., 201743 RCS 5 High 2002–2014 19 18 NA 2.6 yrs (3 mos to 7.7 yrs) Mixed NA†
  Chandra et al., 201844 RCS** 5 High 2013–2017 32 23 32 8.6 yrs Mixed 23.6
  Fohlen et al., 201945 RCS 5 High 2000–2017 18 17 18 7.2 (4.9–11.1) yrs PMG 153.6
  de Palma et al., 201911 RCS 5 High 2006–2016 38 38 38 NA† Mixed NA†
  Overall sum 258 242 239

FCD = focal cortical dysplasia; HME = hemimegalencephaly; NA = not available; PMG = polymicrogyria; RCS = retrospective case series; RE = Rasmussen’s encepha-
litis; SO = seizure outcome.
* This study included only children.
† Value could not be extracted from aggregate data.
‡ The median is shown.
§ Study included only infants younger than 1 year.
¶ The range is shown.
** Despite the authors’ statement, this study was classified as a retrospective case series.
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Quality Assessment of the Included Studies
The modified NOS provided a median (range) score of 

5 (4–5); 23 studies had a score of 5, and 2 had a score of 4 
of 5. The quality of all selected studies was therefore clas-
sified as high (Table 1).

Clinical Features
Six studies (5 in the LPH group and 1 that reported 

both LPH and VPH cases) did not report mean age at sur-
gery, and 1 study included in the VPH group provided 
median age at surgery (Table 1). Mean age at surgery was 
therefore available from 18 studies, and the pooled mean 
ages at surgery were 7.5 years for the LPH group (12 stud-
ies) and 6.8 years for the VPH group (6 studies).

On the whole, pediatric cases largely prevailed across 
studies, with 2 studies including only infants younger than 
12 months of age.34,41 Most studies included unselected (or 
mixed) etiologies. Patients were selected for etiology in 4 
studies (2 in the LPH group and 2 in the VPH group), as 
detailed in Table 1.

There was high inhomogeneity in follow-up duration 
after surgery (Table 1). Nevertheless, 10 studies6,16,​27,​32,​37,​38,​

40,​43,​44,45 included patients with follow-up < 12 months who 
could be identified and were excluded from the analysis of 
seizure outcome. The other 15 studies maintained a mini-
mum follow-up of 12 months for all participants.

The proportions of patients with Engel class I seizure 
outcome, major complications, and shunted hydrocepha-
lus are reported in Figs. 2–7. The proportions of patients 
with Engel class I seizure outcome ranged from 61.5% to 
93.2% for the LPH group and from 66.7% to 93.8% for 
the VPH group. Major complications occurred in 0% to 
33.3% of patients in the LPH group and 6.3% to 21.1% 

of patients in the VPH group. The rates of hydrocepha-
lus requiring shunting—which represented by far the most 
frequently reported major complication—ranged from 0% 
to 26.7% for LPH and from 0% to 21.1% for VPH.

Pooled Seizure Outcomes
The numbers of patients with evaluable data for seizure 

outcome were 583 for LPH and 242 for VPH.
For LPH, 468/583 patients had class I seizure outcome, 

resulting in a proportion of 80.02% (95% CI 76.60%–
83.15%) for computing fixed effects and a proportion of 
79.44% (95% CI 75.18%–83.39%) for computing random 
effects. The Q test calculated p = 0.079, and inconsistency 
was 34.05% (95% CI 0.00%–62.64%). Neither Egger’s test 
(p = 0.084) nor Begg’s test (p = 0.079) showed significant 
publication bias (Fig. 2).

For VPH, 194/242 patients had class I seizure outcome, 
resulting in a proportion of 79.89% (95% CI 74.38%–
84.68%) for computing fixed effects and a proportion of 
80.69% (95% CI 74.04%–86.57%) for computing random 
effects. The Q test calculated p = 0.168, and inconsistency 
was 32.58% (95% CI 0.00%–70.07%). Neither Egger’s test 
(p = 0.414) nor Begg’s test (p = 0.322) showed significant 
publication bias (Fig. 3).

Comparing these meta-analyses, we saw that the 95% 
CIs for the outcome proportions for LPH and VPH largely 
overlapped for both fixed and random effects, and the re-
sult of the Q test (p = 0.953) was far from statistical sig-
nificance.

Pooled Major Complications
The numbers of patients with evaluable data for major 

complications were 453 for LPH and 239 for VPH.

FIG. 2. Forest plots of the relative incidence rates of Engel class I seizure outcome in patients who underwent LPH, together with 
the results of the tests for heterogeneity and publication bias, as determined with meta-analysis. DF = degrees of freedom; FE = 
fixed effects; RE = random effects. Figure is available in color online only.
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FIG. 3. Forest plots of the relative incidence rates of Engel class I seizure outcome in patients who underwent VPH, together with 
the results of the tests for heterogeneity and publication bias, as determined with meta-analysis. See Fig. 2 for definitions of ab-
breviations. Figure is available in color online only.

FIG. 4. Forest plots of the relative incidence rates of major complications in patients who underwent LPH, together with the results 
of the tests for heterogeneity and publication bias, as determined with meta-analysis. See Fig. 2 for definitions of abbreviations. 
Figure is available in color online only.
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FIG. 5. Forest plots of the relative incidence rates of major complications in patients who underwent VPH, together with the results 
of the tests for heterogeneity and publication bias, as determined with meta-analysis. See Fig. 2 for definitions of abbreviations. 
Figure is available in color online only.

FIG. 6. Forest plots of the relative incidence rates of shunted hydrocephalus in patients who underwent LPH, together with the 
results of the tests for heterogeneity and publication bias, as determined with meta-analysis. See Fig. 2 for definitions of abbrevia-
tions. Figure is available in color online only.
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For LPH, 62/453 patients had major complications, re-
sulting in a proportion of 13.34% (95% CI 10.39%–16.76%) 
for computing fixed effects and a proportion of 12.74% 
(95% CI 8.38%–17.86%) for computing random effects. 
The Q test calculated significant heterogeneity (p = 0.003), 
and inconsistency was 57.23% (95% CI 23.99%–75.93%). 
Neither Egger’s test (p = 0.349) nor Begg’s test (p = 0.458) 
showed significant publication bias (Fig. 4).

For VPH, 34/239 patients had major complications, re-
sulting in a proportion of 14.76% for both fixed (95% CI 
10.58%–19.82%) and random (95% CI 10.62%–19.46%) 
effects. The Q test was nonsignificant (p = 0.438), and in-
consistency was 0.00% (95% CI 0.00%–70.66%). Neither 
Egger’s test (p = 0.153) nor Begg’s test (p = 0.293) indi-
cated significant publication bias (Fig. 5).

Comparing these meta-analyses, we saw that the 95% 
CIs for the outcome proportions for LPH and VPH over-
lapped for both fixed and random effects, and the result of 
the Q test (p = 0.827) appeared to be far from statistical 
significance.

Pooled Analysis of Shunted Hydrocephalus
Hydrocephalus requiring shunting represented 85.5% 

of major complications in the LPH group and 79.5% in the 
VPH group.

For LPH, 53/453 patients had shunted hydrocepha-
lus, resulting in a proportion of 11.34% (95% CI 8.62%–
14.57%) for computing fixed effects and a proportion of 
10.63% (95% CI 6.70%–15.34%) for computing random 

effects. The Q test calculated significant heterogeneity (p 
= 0.004), and inconsistency was 55.91% (95% CI 21.34%–
75.29%). Neither Egger’s test (p = 0.209) nor Begg’s test (p 
= 0.400) indicated publication bias (Fig. 6).

For VPH, 27/239 patients had shunted hydrocephalus, 
resulting in a proportion of 11.07% for fixed effects (95% 
CI 7.44%–15.67%) and a proportion of 9.98% for random 
effects (95% CI 4.72%–16.92%). The Q test indicated 
significance (p = 0.0276), and inconsistency was 57.72% 
(95% CI 2.17%–81.73%). Neither Egger’s test (p = 0.406) 
nor Begg’s test (p = 0.881) indicated significant publication 
bias (Fig. 7).

Comparing these meta-analyses, we saw that the 95% 
CIs for the outcome proportions for LPH and VPH over-
lapped for both fixed and random effects, and the result of 
the Q test (p = 0.898) was far from statistical significance.

Other Major Complications
In the LPH group, 9 major complications other than hy-

drocephalus were reported: infection (2 patients [0.4%]), 
pericerebral fluid collection (3 [0.6%]), brain swelling (2 
[0.4%]), intracerebral hematoma (1 [0.2%]), and status epi-
lepticus (1 [0.2%]). Two (0.4%) of these patients died (1 of 
status epilepticus and 1 of brain swelling).

In the VPH group, 7 major complications other than 
hydrocephalus were reported: infection (1 patient [0.4%]), 
stroke (2 [0.8%]), hyponatremia (2 [0.8%]), pericerebral 
fluid collection (1 [0.4%]), and latex allergy (1 [0.4%]). 
Four (1.6%) of these patients died (2 of hyponatremia, 

FIG. 7. Forest plots of the relative incidence rates of shunted hydrocephalus in patients who underwent VPH, together with the 
results of the tests for heterogeneity and publication bias, as determined with meta-analysis. See Fig. 2 for definitions of abbrevia-
tions. Figure is available in color online only.
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1 of stroke, and 1 of latex allergy). No deaths related to 
hydrocephalus were reported in either the LPH or VPH 
group.

Discussion
Summary of Evidence

In the present study, we conducted a systematic review 
and meta-analysis aimed at identifying and comparing the 
rates of seizure freedom and major complications (with 
a focus on hydrocephalus requiring shunting) associated 
with two techniques of hemispheric disconnection (LPH 
and VPH) in patients with drug-resistant epilepsy.

We found that the pooled rates of seizure freedom de-
termined with analysis of LPH and VPH were very simi-
lar; these rates approached 80% of patients according to 
the analysis of the fixed- and random-effects models and 
were not significantly different (p = 0.953). Furthermore, 
our analysis also showed that the pooled rates of major 
surgical complications and postoperative shunted hydro-
cephalus were similar between patients who underwent 
LPH and VPH, with no statistically significant differences 
(p = 0.827 and p = 0.898, respectively)

LPH and VPH are the two most popular technical 
variations of hemispheric disconnection for patients with 
drug-resistant epilepsy who require hemispheric surgery. 
Although both were introduced several decades ago, 
comparative data regarding their respective merits and 
drawbacks in terms of efficacy and safety profiles are 
surprisingly poor. To the best of our knowledge, only a 
recent retrospective study conducted at three Italian cen-
ters specifically addressed this issue.11 The authors found 
that use of lateral or vertical disconnective approaches did 
not significantly influence either seizure outcome or com-
plication rates (including that of hydrocephalus). Another 
study included only the lateral and vertical disconnective 
variations, but the results were analyzed by comparing 
the vertical endoscope-assisted approach with open sur-
gery techniques, in which both the lateral and vertical 
approaches were collapsed.44 Other previous studies have 
focused on the impact of different hemispheric surgery 
techniques on seizure results and complications. Only the 
study by Holthausen et al. reported a relevant impact of 
surgical technique on effectiveness, with better seizure re-
sults observed in patients who underwent hemispheric dis-
connection than patients who underwent anatomical and 
functional hemispherectomy and hemidecortication.46 A 
meta-analysis of hemispheric surgery highlighted a non-
significant trend for better seizure outcomes provided by 
hemispheric disconnections compared with those of resec-
tive techniques.1 Other studies found comparable efficacy 
profiles for different combinations of anatomical hemi-
spherectomy, functional hemispherectomy, and hemide-
cortication and hemispheric disconnection.7,8,22,47

There is general consensus that the introduction of 
disconnective techniques has decreased the incidence 
of postoperative complications and particularly that of 
hydrocephalus, which is more frequently observed af-
ter resective hemispheric procedures.48 Nevertheless, no 
definite data are available regarding the impacts of differ-
ent variations of disconnections on the associated safety 

profiles. The only available data show a slightly higher, 
but not significant higher, rate of complications, including 
hydrocephalus, in patients who underwent vertical hemi-
spherotomy.11

Study Limitations
Because our study included only retrospective case se-

ries, the levels of evidence of both the individual studies 
and the meta-analyses of their results may be low despite 
high quality as assessed with the modified NOS.

Another possible source of bias is the different numbers 
of patients who received each procedure. Nevertheless, we 
feel that the even distribution of patients among studies 
should have prevented or at least limited the impact of this 
issue on the final results.

Significant noncausal heterogeneities, with moderate 
inconsistency (I2 > 50%), were found in the analyses of 
major complications in patients who underwent LPH and 
of shunted hydrocephalus in patients who underwent both 
LPH and VPH. The unreliability of these meta-analyses 
could have been mitigated by computing random-effects 
models, but the findings concerning the safety profiles of 
the two techniques should be taken with great caution. We 
postulate that heterogeneity (the actual heterogeneity rath-
er than heterogeneity due to chance) in this specific case 
may have been due to reporting bias for individual adverse 
events that were collapsed into the major complications 
variable, as well as due to the different thresholds and sen-
sibilities used to indicate surgical treatment of postopera-
tive hydrocephalus across studies.

No significant publication bias was detected. However, 
this finding must be interpreted with caution because both 
Egger’s and Begg’s tests have low power when the number 
of analyzed studies is small.49,50

Conclusions
The findings of this meta-analysis indicate that the lat-

eral and vertical variations of hemispheric disconnection 
are similarly effective procedures for seizure control, with 
acceptable and comparable safety profiles. Therefore, be-
cause this study did not provide evidence useful for for-
mulating recommendations in favor of one technique over 
the other, it is conceivable that each technical variation of 
hemispheric disconnection provides similar benefits with 
similar surgical risks in suitably skilled hands. In clini-
cal practice, opting for one or the other technique should 
not significantly alter the perspective in terms of seizure 
outcome and the surgical safety profile of an individual 
patient requiring hemispheric disconnection, provided 
that the assigned neurosurgeon is appropriately trained in 
the selected procedure. Consequently, we believe that, at 
present, epilepsy neurosurgeons should acquire sufficient 
skills for mastering one of the two approaches. In addition, 
although hemispheric procedures represent 20%–30% of 
epilepsy surgical procedures performed on children,49,50 
the procedural volume is insufficient to allow for a suc-
cessful learning curve for both techniques even at high-
level centers.

Among the factors, other than type of surgery, that act 
as major determinants of seizure outcome in patients re-
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quiring hemispheric surgery, a relevant role has been evi-
denced for underlying pathological substrates. The best 
epileptological results have been reported for acquired and 
progressive etiologies, whereas congenital/developmental 
disorders are associated with less favorable outcomes.1,7,9,​

10,​22,29 At the same time, the incidence of postoperative hy-
drocephalus has been related to pathology.10 Therefore, the 
contributions of different techniques to seizure outcome 
and morbidity should be ideally evaluated according to 
etiology. This may be a possible direction for future clini-
cal research, with the aim of investigating if tailoring the 
disconnective technique to specific pathologies for further 
optimization of outcomes is a realistic target. A similar 
task should involve as many centers as possible in prospec-
tive data collection, because the number of patients man-
aged by individual teams is insufficient to gather usable 
data, even if these patients are treated at experienced high-
volume programs. 
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