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Summary
Objective: To compare stereotactic radiosurgery (SRS) versus anterior temporal

lobectomy (ATL) for patients with pharmacoresistant unilateral mesial temporal

lobe epilepsy (MTLE).

Methods: This randomized, single-blinded, controlled trial recruited adults eligible

for open surgery among 14 centers in the USA, UK, and India. Treatment was either

SRS at 24 Gy to the 50% isodose targeting mesial structures, or standardized ATL.

Outcomes were seizure remission (absence of disabling seizures between 25 and

36 months), verbal memory (VM), and quality of life (QOL) at 36-month follow-up.

Results: A total of 58 patients (31 in SRS, 27 in ATL) were treated. Sixteen

(52%) SRS and 21 (78%) ATL patients achieved seizure remission (difference

between ATL and SRS = 26%, upper 1-sided 95% confidence interval = 46%, P

value at the 15% noninferiority margin = .82). Mean VM changes from baseline

for 21 English-speaking, dominant-hemisphere patients did not differ between

groups; consistent worsening occurred in 36% of SRS and 57% of ATL patients.

QOL improved with seizure remission. Adverse events were anticipated cerebral

edema and related symptoms for some SRS patients, and cerebritis, subdural

hematoma, and others for ATL patients.

Significance: These data suggest that ATL has an advantage over SRS in terms

of proportion of seizure remission, and both SRS and ATL appear to have effec-

tiveness and reasonable safety as treatments for MTLE. SRS is an alternative to

ATL for patients with contraindications for or with reluctance to undergo open

surgery.
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1 | INTRODUCTION

Seizure-free rates after open surgery for intractable mesial
temporal lobe epilepsy (MTLE) vary from 60% to 90%.1–5

Based on these outcomes, the American Academy of Neu-
rology recommends open surgery as the treatment of
choice,6 but it remains underutilized for many eligible
patients.7

Concerns over risks including stroke, postsurgical bleed-
ing, blood loss, and infection may limit wider use of open
surgery.5,8,9 Other limitations include neurocognitive
impairment (especially of the language-dominant side),
acute adjustment reactions, and mood disorders.10–13 Fur-
thermore, open surgery is costly. Thus, efforts to reduce
the overall morbidity and cost of epilepsy surgery are
important.

Key Points

• This randomized, controlled trial evaluated SRS
versus standard open surgery for patients with
mesial temporal lobe epilepsy

• Thirty-one patients underwent SRS and 27 under-
went ATL; they were monitored for 3 years with
outcomes evaluated between months 25 and 36

• Sixteen (52%) SRS and 21 (78%) ATL patients
achieved seizure remission

• VM changes of language-dominant patients were
not significantly different between arms, and
QOL tracked seizure remission in both arms

• SRS is a minimally invasive surgery technique
that offers another pathway to epilepsy surgery
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Stereotactic radiosurgery (SRS) with the use of the
Gamma Knife (Elekta, Stockholm, Sweden) or other sys-
tems has been studied since 1995 in the treatment of
MTLE.14–21 Although results have varied—possibly due to
patient selection or dose/target protocols—larger prospec-
tive, multicenter studies showed that SRS offered seizure
remission rates similar to those of anterior temporal lobec-
tomy (ATL).22,23 In addition, the multicenter U.S. pilot
study of SRS showed that neurocognition—specifically
verbal memory (VM)—was spared relative to that reported
for open surgery.24 In 13 trials of SRS for MTLE included
in a recent meta-analysis of SRS, 51% of patients achieved
seizure remission as defined by varying criteria.25 How-
ever, randomized controlled studies that compare outcomes
of SRS and ATL are lacking.

We initiated a randomized trial in 2009, with 3 years
planned for recruitment and an additional 3 years of follow-up
for evaluating outcomes for patients randomized to receive
SRS or ATL. In this paper, we describe the findings from this
6-year study, including seizure-free outcome, cognitive and
VM outcomes for those treated for language-dominant tempo-
ral lobe seizures, and quality of life (QOL) improvement for
SRS compared to ATL. We also provide more detailed infor-
mation about adverse events associated with SRS or ATL.

2 | MATERIALS AND METHODS

2.1 | Patients

Institutional review boards of the 14 treatment centers
based in the USA, UK, and India approved the study
(https://clinicaltrials.gov/ct2/show/NCT00860145).

Candidates were eligible for ATL to treat pharmacore-
sistant unilateral MTLE. Patients had sufficient continuous
video-electroencephalography to determine a unilateral
medial temporal seizure focus, had magnetic resonance
imaging (MRI) evidence of concordant unilateral hip-
pocampal sclerosis without significant secondary cortical
lesions, a Wada test or functional MRI to lateralize lan-
guage, and a standard battery of neuropsychological testing
(Table S1). In addition, patients were ≥18 years old, docu-
mented 3 months during which at least 3 focal-onset sei-
zures with impairment of consciousness occurred during
stable anticonvulsant administration, and lacked neurologi-
cal or visual deficits that would confound follow-up.
Exclusions were pregnancy, supratentorial MRI abnormali-
ties, diabetes mellitus, use of vigabatrin, psychiatric diag-
noses that would make it difficult to accurately assess
seizures, significant comorbidities, poor compliance, or cur-
rent drug abuse. Patients provided written consent, or, if a
candidate had an intelligence quotient < 70, centers could
offer the option to conduct a formal evaluation of capacity
to provide assent and consent. Centers undertook initial

screening, and the central study center provided final
screening approval before randomization.

2.2 | Treatment protocols

Randomization occurred at enrollment with stratification by
treatment center and language lateralization (for number
recruited by center, see Table S2, ROSE Trial Recruitment
by Trial Center.).

2.2.1 | SRS

The SRS protocol23 consisted of a single outpatient session
of a 24-Gy dose delivered to a 50% isodose volume between
5.5 and 7.5 cm2 comprising the amygdala, anterior 2 cm of
hippocampus, and parahippocampal gyrus. No limit was
specified for the number of isocenters. Safety factors limited
the dose to a maximum of 10 Gy to the brainstem and 8 Gy
to the optic nerves and chiasm. The central study center
reviewed each plan to insure protocol compliance.

2.2.2 | ATL

ATL is an inpatient procedure, and consisted of a standard
protocol26 of resection of 1-2 cm of the anterior superior
temporal gyrus and 3 cm of the anterior middle and infe-
rior temporal gyri, the temporal portion of the amygdala,
the anterior 2-3 cm of the hippocampus, and adjacent
entorhinal cortex. Participating neurosurgeons were docu-
mented to have performed at least 25 ATLs.

2.3 | Postoperative follow-up, masking, and
outcome measures

Patients were evaluated in person every 3 months for the
first 18 months and then at 24, 30, and 36 months supple-
mented with telephone interviews every 3 months for the
last 18 months. Blinded reviewers provided outcomes. Pos-
sible adverse events identified by blinded reviewers were
evaluated by nonblinded neurologists and nurse coordina-
tors. Blinding was maintained by having patients wear
large hats during reviews to obscure SRS pin marks or
ATL craniotomies and providing strict instructions to
patients not to reveal treatment arm.

2.3.1 | Seizure remission and adverse events

Seizure diaries, reviewed by blinded neurologists at each
treatment center, were reviewed by a blinded, central adju-
dicator when seizure types changed or were edited. We
defined seizure remission as the absence of seizures that
caused impairment of consciousness between months 25
and 36, analogous to at least Engel class IB.
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Safety monitoring included: (1) clinic visits; (2) postop-
erative MRI obtained at 3 months following ATL, and 12,
24, and 36 months following SRS; (3) cognitive screening
with the use of the Hopkins Verbal Learning Test-Revised;
and (4) visual field testing with Humphrey 120 perimetry
at baseline and 24 months. If SRS-related edema merited,
treatment with a standardized protocol of oral steroid
administration was initiated. Adverse events were adjudi-
cated by an independent medical monitor. A National Insti-
tute of Neurological Disorders and Stroke sponsored Data
Safety Monitoring Board monitored the study.

2.3.2 | VM

VM was evaluated at baseline and 12, 24, and 36 months
following treatment measured by the long delay free recall
score of the California Verbal Learning Test (CVLT) and
the delayed recall score of the Logical Memory subtest
from the Wechsler Memory Scale-Third Edition (WMS)
for English speakers. Based on reliable change indices
(RCI) to account for test-retest and measurement error,12

we designated patients as having “significant
improvement,” “no change,” and “significant impairment.”
RCI values for post-pre changes were as follows:
CVLT = (≤�3, ≥+7) and WMS = (≤�4, ≥+4).

2.3.3 | QOL

QOL was assessed with the Quality of Life in Epilepsy
(QOLIE-89) for English and Spanish speakers measured at
baseline and 12, 24, and 36 months.

2.4 | Statistical analysis

The ROSE trial was planned to have >85% power to test
the hypothesis that SRS would be noninferior to ATL with
respect to the seizure-free rate between 25 and 36 months
with a noninferiority margin of 15%. Because accrual
lagged, the sponsor stopped recruitment at 58 patients,
resulting in a power of 41% for the primary hypothesis.
Therefore, we revised our analysis plan. In addition to per-
forming originally proposed hypothesis testing, we recog-
nized a limitation of lower statistical power and also
performed more descriptive analyses, including confidence
intervals (CIs; whenever helpful) and details on adverse
events.

2.4.1 | Seizure remission

Seizure remission outcome is defined by the seizure-free
rate between 25 and 36 months. SRS was considered non-
inferior to ATL if the upper bound of the 1-sided 95% CI
for the difference in seizure-free rates between ATL and

SRS was <15%, chosen given the 30% spread in seizure-
free rates.1–5 A range for the possible true difference
between ATL and SRS was estimated by the 2-sided 90%
CI, the lower and upper limits of which are consistent with
the lower and upper 1-sided 95% confidence limits. To
track the longitudinal development of seizure remission and
relapse, we also calculated seizure-free rates for each 3-
month follow-up interval.

2.4.2 | VM

CVLT and WMS were examined in English-speaking
patients who underwent language-dominant surgery. We
used a linear mixed-effects model with repeated measures
to estimate the mean change from baseline to postoperative
12, 24, and 36 months. We also compared descriptively
the proportions of those who experienced significant reduc-
tions as measured by RCI thresholds.

2.4.3 | QOL

A linear mixed-effects model was also used to estimate the
mean changes in the QOLIE-89 in the 2 groups for English
and Spanish speakers. SRS was considered noninferior to
ATL if the upper bound of the 1-sided 95% CI for the dif-
ference in mean changes of the QOLIE-89 score between
ATL and SRS was below a noninferiority margin of 5.2
points.

3 | RESULTS

3.1 | Study population

Of the 453 patients screened, 138 met entry criteria (Fig-
ure S1). Of the 63 who passed initial screening and were
offered participation, 32 (39%) did not want to be random-
ized, 19 (23%) did not want to wait for SRS effects, 12
(14%) cited other concerns, 11 (13%) were afraid of clinical
research in general, 6 (7%) would refuse ATL, and 3 (4%)
were afraid of radiation (patients could select >1 reason).
Consenting patients who passed subsequent central screen-
ing were randomized (n = 63); failures consisted of MRI
with insufficient evidence of hippocampal sclerosis, and
possible secondary lesions.

Five dropped out after randomization but before sur-
gery. A local institutional review board withdrew 1 when
the trial ceased recruitment. Four others (2 in each arm)
chose to withdraw before surgery. Two patients who under-
went surgery withdrew before reaching the 36-month eval-
uation. One withdrew 14 months following SRS for early
ATL because of poorly tolerated, simple partial seizures.
Another withdrew 10 months following ATL and was lost
to follow-up. These 2 patients were designated as “not
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seizure-free.” Untreated patients were excluded from analy-
sis, as treatment-based outcomes could not be evaluated.

The final sample consisted of 31 SRS and 27 ATL
patients (Table 1). VM was tested in those with English as
their primary language or who learned English at <5 years
of age and for whom their education was provided in Eng-
lish, leaving 21 dominant-hemisphere surgery patients (14
in SRS, 7 in ATL) for VM analysis. QOLIE-89 data were
assessed in 43 English- or Spanish-speaking patients (23 in
SRS, 20 in ATL).

All SRS and ATL procedures conformed to protocol.
Histopathology in U.S. ATL patients (sending tissue sam-
ples across borders was not permitted) confirmed hip-
pocampal sclerosis in all 20 available cases.

3.2 | Clinical outcomes

A total of 37 (64%) patients achieved seizure remission,
with 16 (52%) in SRS and 21 (78%) in ATL. The differ-
ence between ATL and SRS was 26%, with the upper
bound of the 1-sided 95% CI at 46%. Because the upper

bound exceeded the noninferiority margin of 15% (P value
was .82), noninferiority of SRS compared to ATL was not
demonstrated. The corresponding 2-sided 90% CI for the
difference in seizure-free rates between ATL and SRS ran-
ged from 6% to 46%.

The course of seizure remission varied by treatment arm
(Figure 1). Patients treated with SRS demonstrated a grad-
ual increase in the proportion of seizure remission; after
SRS only 2 (6%) patients had no seizures within the first
3 months, whereas 22 (81%) ATL patients experienced
remission in the same period. By the final 3-month follow-
up period (months 34-36), 23 (74%) of SRS patients and
23 (85%) of ATL patients experienced short-term seizure
remission.

Among 21 English-speaking, language-dominant sur-
gery patients (14 in SRS, 7 in ATL), mean CVLT changes
from baseline were significantly better in SRS patients for
the first 24 months after treatment (P = .033 at 12 months
and P = .044 at 24 months), but change scores converged
between treatment groups at final follow-up (P = .491; Fig-
ure 2). Mean WMS changes from baseline were also better
for SRS patients compared to ATL patients, but the differ-
ences between the two groups were not statistically signifi-
cant. Using RCI thresholds, VM worsened consistently (no
mixed results/improvements) in 5 (36%) SRS patients and
in 4 (57%) ATL patients (Table 2). Therefore, among Eng-
lish-speaking patients who underwent surgery in the lan-
guage-dominant hemisphere, 9 (64%) SRS patients and 3
(43%) ATL patients were spared from consistent deficits in
postsurgical VM.

Both groups showed improvement in mean QOLIE-89
scores (Figure 2C). Noninferiority of SRS compared to
ATL in QOL improvement at year 3 was not indicated
(P > .05). We note that mean changes over time differed
by group (Figure 2C). In the SRS group, QOL scores
improved significantly at 24 months and remained steady

FIGURE 1 Proportion of seizure-free patients within 3-month
blocks over the course of the study. ATL, anterior temporal
lobectomy; SRS, stereotactic radiosurgery

TABLE 1 Baseline demographic and clinical characteristics by
treatment group

Variable SRS, n = 31 ATL, n = 27

Age at surgery, y 39.16 � 13.81 41.33 � 12.90

Male, n (%) 14 (45.2) 14 (51.9)

English primary
language, n (%)

23 (74.2) 19 (70.4)

Age at diagnosis, y 16.31 � 14.92 9.96 � 10.94

Duration of epilepsy, y 22.85 � 14.54 31.37 � 14.43

Number of AEDs 2.35 � 1.08 2.52 � 1.09

Baseline monthly seizure
frequencya

3.67 (6.67) 3.33 (4.33)

QOLIE-89 total scoreb 60.06 � 14.03 60.10 � 20.74

Surgery on
language-dominant
side, n (%)

21 (67.7) 12 (44.4)

Dominant hemisphere
CVLTc

8.21 � 2.29 9.50 � 2.17d

Dominant hemisphere
WMS-3c

17.31 � 8.26e 13.71 � 7.30

Continuous data are presented as mean � standard deviation unless otherwise
noted.
AED, antiepileptic drug; ATL, anterior temporal lobectomy; CVLT, California
Verbal Learning Test; QOLIE, Quality of Life in Epilepsy; SRS, stereotactic
radiosurgery; WMS, Wechsler Memory Scale.
aMedian and interquartile range.
bAssessed for 43 English and Spanish speakers (SRS = 23, ATL = 20).
cAssessed for 21 English speakers (SRS = 14, ATL = 7) treated for dominant-
side surgery.
dMissing in 1 ATL patient.
eMissing in 1 SRS patient.
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at 36 months. In contrast, in the ATL group, QOL score
improvement was immediately noticeable at 12 months.

When the 2 treatment groups were combined, the 24
patients who were seizure-free had significantly more
improvement than the 19 patients who were not seizure-
free (mean change � standard error of QOLIE-89 at
36 months from baseline = 16.11 � 3.94 vs 3.64 � 3.94,
P value = .033).

3.3 | Adverse events, steroids use, and visual
assessment

Adverse events adjudicated as definitely related to treat-
ment consisted of 14 events (5 serious and 9 nonserious) in
12 (39%) SRS patients and 5 events (2 serious and 3 non-
serious) in 3 (11%) ATL patients (Table 3). Adverse events
did not overlap between the treatment groups.

One SRS patient experienced an early nonserious frame
pin-site infection. Other adverse events in the SRS group
centered on expected transient cerebral edema that occurred
between 11 and 27 months. Examples were new onset
headaches, new but transient neurological deficits, and tran-
sient exacerbations of seizures. Edema was not recorded
uniformly; for example, 1 patient had 2 simultaneous seri-
ous adverse events of headache and a new neurological

FIGURE 2 Estimated mean changes at postoperative annual
visits from baseline for verbal memory measures among English-
speaking, language-dominant surgery patients (n = 14 in stereotactic
radiosurgery [SRS], n = 7 in anterior temporal lobectomy [ATL]). A,
California Verbal Learning Test–Long-Term Delayed Recall (CVLT).
B, Delayed recall score of the Logical Memory subtest from the
Wechsler Memory Scale-Revised (WMS). The difference between the
2 groups at 12 months was P = .033 and at 24 months was P = .044
for CVLT; it was nonsignificant at P < .05 at 36 months and all
WMS time points. C, Estimated mean changes at postoperative annual
visits from baseline for the Quality of Life in Epilepsy (QOLIE-89;
n = 23 in SRS, n = 20 in ATL, excluding 15 Hindi-speaking patients.
Noninferiority of SRS compared with ATL in QOLIE-89 by year 3
was nonsignificant at P < .05. CI, confidence interval

TABLE 2 Relative change indices determined clinically relevant
changes in verbal memory at 36 months as “significantly improved,”
“no change,” or “significantly worsened” among English-speaking,
dominant-hemisphere patients

WMS

Improved No change Worse

SRS

CVLT

Improved 0 0 0

No change 1 6 1a

Worse 2 2a 2a

Worse in 1 or 2 5 36%

Improve/no change/mix 9 64%

ATL

CVLT

Improved 0 0 0

No change 0 2 1a

Worse 1 3a 0a

Worse in 1 or 2 4 57%

Improve/no change/mix 3 43%

ATL, anterior temporal lobectomy; CVLT, long delay free recall score of the
California Verbal Learning Test; SRS, stereotactic radiosurgery; WMS: delayed
recall score of the Logical Memory subtest from the Wechsler Memory Scale-
Third Edition.
aThose with consistent worsening (no improvements or mixed changes).
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deficit of transient word-finding difficulties (that resolved
with steroid treatment) at post-SRS month 16; this was
likely due to cerebral edema that was not listed. Another
patient had 2 events of new onset headache and edema (the
latter listed as serious) 11 months after surgery. All
resolved by the trial’s end.

In the ATL arm, adverse events were confined to the
first postoperative 3 months. One patient developed 3
simultaneous adverse events: a serious wound scalp dehis-
cence, deep venous thrombosis, and depression. Depression
continued after the trial’s end. Another developed serious
cerebritis requiring repeat craniotomy. Another patient
developed a nonserious, incidental subdural hematoma that
spontaneously remitted over the trial’s course and did not
require surgery.

Twenty SRS patients (65%) were treated with steroids,
2 starting at the first 3 months, 3 at 9 months, 5 at
12 months, 6 at 15 months, and 4 after 18 months. The
trial provided a standardized, recommended dexamethasone
protocol (Table S3) that recommended a treatment with
taper lasting 6 weeks. Seven of 27 (26%) ATL patients
received steroids within the first 3 postoperative months,
which may be underreported because intravenous steroid

use while hospitalized is routine after craniotomy, but med-
ications were mainly documented by research nurses at
posttreatment visits. No complications related to steroids
were reported in either group.

Visual field testing could not be obtained in 2 SRS
cases and 1 ATL case. In those that were evaluated, 34%
(10/29) of SRS patients and 42% (11/26) of ATL patients
had expected superior quadrantanopsias.

4 | DISCUSSION

As originally designed, the ROSE trial did not demonstrate
noninferiority of SRS compared to ATL with respect to
seizure-free rates. This may mean that the seizure-free rate
of SRS is truly >15% lower than that of ATL, but because
of low recruitment, could also mean that the seizure-free
rate of SRS is close to that of ATL. Although the current
study was not powered to point to which one, the estimated
CI for a plausible true difference suggests that ATL has a
better seizure-free rate, and SRS has a lower, but accept-
able rate within a 3-year window of follow-up. Our longi-
tudinal data suggest that SRS “catches up” with ATL with

TABLE 3 Serious and nonserious AEs adjudicated as definitely related to treatment

Patient A B C D E F G H I Serious AEs Total AEs

SRS 1 0 0 1

SRS 2 11 0 1

SRS 3 15 0 1

SRS 4 11 0 1

SRS 5 9 0 1

SRS 6 14 0 1

SRS 7 28 0 1

SRS 8 11a 1 1

SRS 9 0 0 1

SRS 10 13a 1 1

SRS 11 16a 16a 2 2

SRS 12 11 11a 1 2

Serious AEs 1 1 1 2 0 5

Total AEs 5 3 2 3 1 14

ATL 1 1 1a 1 1 3

ATL 2 1a 1 1

ATL 3 3 0 1

Serious AEs 0 0 2 0 2

Total AEs 1 1 2 1 5

Numbers in columns indicate the postoperative month in which AE occurred.
A, headache; AE, adverse event; ATL, anterior temporal lobectomy; B, cerebral edema; C, new neurological deficit; D, seizure exacerbation; E, pin-site infection; F,
subdural hematoma; G, deep venous thrombosis; H, wound dehiscence and infection; I, psychiatric; SRS, stereotactic radiosurgery.
aSerious AE.
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time, but more extended follow-up was not possible. In
addition, we found that SRS and ATL are associated with
comparable neurocognitive deficits. Improvements in over-
all QOL are associated with seizure remission. We con-
clude that open surgery should be the treatment choice for
unilateral MTLE. SRS, as a method of minimally invasive
epilepsy surgery, offers reasonable efficacy and safety and
is an alternative to open surgery for patients who may not
be suitable for open surgery or are reluctant to have open
surgery.

Patients in the ATL treatment arm achieved seizure
remission within the expected range of 60%-90%.1–5 Previ-
ous studies of SRS feature a wide range of dose and out-
comes.14–21 Only 2 studies used radiosurgical dose
protocols similar to this study; a European multicenter
study achieved a seizure remission rate of 62%,22 and the
U.S. pilot study reported a 77% seizure-free rate.23 We plan
to explore the possible effects of variations within the stan-
dardized treatment protocols in both arms on seizure-free
outcome.

The trial was designed for 3 years of follow-up given
the known latency of therapeutic changes following SRS
treatment.22,23,27 Within this time frame, SRS patients
showed a gradual increase in seizure remission. Thus,
longer follow-up may have demonstrated greater seizure
remission, resulting in less difference between treatment
groups. However, we acknowledge that continuing seizures
and delayed improvements in self-assessed QOL are disad-
vantages of gradual SRS effects.

We anticipated that SRS would spare VM, but mean
change scores in either of the VM measures did not dif-
fer by treatment. The proportion of patients who experi-
enced a consistent preservation of function (those without
declines or mixed improvements/declines in either mea-
sure) was larger in the SRS arm, but precision was lim-
ited by the small sample size. We suspect that effective
epilepsy treatment for MTLE requires a lesion large
enough to interrupt the epileptic network; accordingly,
lesions large enough for seizure remission also likely
affect nearby cognitive networks. Our findings imply that
changes in VM are not caused by the surgical path taken
to reach the medial temporal lobe, but rather by the
effects of removal or damaging the medial structures. We
await reports with more substantial numbers and longer
follow-up of other “minimally invasive” or “superselec-
tive” treatments to determine whether early reports of
cognitive sparing hold true.28

The course of overall QOL is generally consistent with
prior studies showing a strong association with seizure
remission.3,29 Further analyses will determine whether there
are treatment-specific effects on QOL subdomains.

Adverse events occurred as was predicted for each arm.
The trial demonstrates conclusively that, as noted in the

National Institutes of Health multicenter pilot study,23 the
latency to development of seizure remission, transient
edema, and transient exacerbation of auras is unique to the
SRS arm, whereas acute complications of open craniotomy
are confined to ATL. The latency of the development of
the radiosurgical lesion affected the type and timing of
adverse events. Patients in the SRS group experienced the
bulk of adverse events corresponding to the expected evo-
lution of cerebral edema within the middle portion of the
3-year trial. Most patients had easily tolerated, transient
symptoms well within standard SRS practice. Conversely,
adverse events of the ATL group occurred in the early
postoperative period. Problems after ATL such as scalp
wound dehiscence, infection, and subdural hematoma fell
within complications reported in earlier trials of open sur-
gery.5,8,9

The ROSE trial is the only randomized trial comparing
SRS to open epilepsy surgery. It joins the short list of ran-
domized controlled trials in epilepsy surgery in which
patients are randomized to technique rather than surgical
targets or volumes, testifying to the difficulty of undertak-
ing such designs in nonmedication trials.3,5,30 Although the
low recruitment hampered statistical power, loss to follow-
up was low in our trial. Additionally, all VM testing data
were obtained by blinded experts, which also eliminates
potential bias, which is often inevitable without blinding.
In addition, classification of seizure types and classification
of adverse events are highly accurate in our study, because
all of these data went through an independent adjudicating
process. We conclude that despite low recruitment, our
observations in the light of randomization are valuable for
determining unbiased outcomes following either modality
of epilepsy surgery. For example, the effect sizes of various
outcomes provide important data for designing future stud-
ies of epilepsy surgery that may not have randomized
designs.

Nonetheless, the main limitation of this study was the
number of patients recruited. This study was designed
when MTLE patients were plentiful, but conducted when
fewer patients were available. We speculate that recruit-
ment was difficult because of the overall underutilization
of epilepsy surgery,7 the dispersal of specialized care
beyond core academic centers,7 patient satisfaction with
continuing seizures treated with easily tolerated anticonvul-
sants, and the presumptively rare incidence of new cases of
straightforward MTLE.31 The perception of lack of equi-
poise from referring physicians or potential patients was
also a factor. For example, about 50% of patients who
refused participation did so because of their discomfort
with randomization or fear of one or the other treatment
modalities. Finally, because expertise was required in epi-
lepsy surgery evaluation, open surgery, and radiosurgery,
the number of eligible treatment centers was restricted.

BARBARO ET AL. | 1205



The present study followed patients for 3 years. Based
on the progressive attainment of short-term seizure remis-
sion following SRS, some subjects designated as “not sei-
zure-free” may experience subsequent seizure remission.
Studies of SRS with longer follow-up found that about
50% experience durable remission32; those with relapse had
epileptic zones that extended beyond mesial structures.
Case reports cite longer-term development of delayed
necrosis, angiopathy, or cyst formation in rare patients.20

The incidence/prevalence of these complications is not
available for MTLE, but incidences for the common use of
SRS for arteriovenous malformations range from 1.6% to
3.4% for follow-up periods exceeding 5 years.33,34 Thus,
our follow-up of 3 years will limit observation of further
remission, relapse, or complications of the radiosurgical
lesion.

In summary, we present the results on various important
aspects of the 6-year ROSE trial. The randomized con-
trolled study suggests that ATL has an advantage over the
minimally invasive alternative of SRS with respect to tim-
ing of effectiveness and of adverse events, and proportion
of patients with seizure remission. Although SRS did not
match ATL in these measures, it offers patients an alterna-
tive to open surgery. Considering the underutilization of
epilepsy surgery, SRS—with adverse events and cognitive
changes comparable to standard methods—offers a reason-
able path to surgery for those opposed to or reluctant to
undergo open surgery, or those for whom medical comor-
bidities present a barrier for open surgery.
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