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Abbreviations

AANS American Association of Neurological 
Surgeons

AOP Anterior optic pathways
CNS Congress of Neurological Surgeons
FSRT Fractionated stereotactic radiotherapy
GKRS Gamma Knife radiosurgery
LINAC Linear accelerator
RION Radiation-induced optic neuropathy
SRS Stereotactic radiosurgery

8.1  Introduction

Perioptic meningiomas are defined as those in 
contact or adjacent (within a 2 or 3 mm distance) 
to the anterior optic pathways (AOP, optic nerves, 

and chiasm) [1–11]. The treatment of these 
tumors is comprised of microsurgical resection 
and ablative radiation therapies. The aim of 
microsurgical resection, which is usually pro-
posed as the first-line treatment, is to immedi-
ately decompress the AOP, so as to restore visual 
function or prevent its decline. However, the 
complete surgical removal of these tumors is not 
always feasible due to the risk of damaging the 
AOP during surgical manipulation and due to the 
tumor’s infiltrative growth and invasion of the 
skull base dura and cavernous sinus [12, 13]. 
Radiation ablative therapies, which include con-
ventionally fractionated stereotactic radiation 
therapy (FSRT) and stereotactic radiosurgery 
(SRS), are commonly used as salvage or adjuvant 
treatments for recurrent or residual meningiomas 
after surgical resection, respectively. Finally, they 
can be used as up-front treatments for small 
tumors or for patients who are not good surgical 
candidates due to advanced age and/or serious 
medical comorbidities. The main concern with 
SRS delivered in the usual single fraction is that 
a single large dose of radiation may damage the 
adjacent AOP and pituitary gland and stalk, 
which are exquisitely radiation sensitive [14, 15]. 
Therefore, in the last two decades, a handful of 
studies have investigated the effects of fractionat-
ing the radiosurgical dose in up to five larger 
fractions to control the growth of perioptic 
meningiomas while mitigating the risk of damag-
ing the AOP [1, 2, 4–11, 16]. The rationale of this 
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approach, namely hypofractionated radiosurgery, 
is to allow interfractional normal tissue repair of 
sublethal damage while delivering a biologically 
effective dose capable of controlling the tumor 
growth [17]. Those studies have demonstrated 
that hypofractionated SRS is effective in control-
ling the growth of perioptic meningiomas with 
little visual toxicity, though the follow-up assess-
ment periods and number of patients are limited 
(Table  8.1) [1, 2, 4–11, 18]. More recently, 
advancements in neuroimaging and radiosurgical 
platforms have rekindled an interest in delivering 
single-session SRS for the management of peri-
optic meningiomas [19, 20]. As a matter of fact, 
some authors have demonstrated in their studies 
that single-session SRS for perioptic meningio-
mas is safe to the AOP as well as effective in con-
trolling tumors’ growth, comparably with 
hypofractionated SRS or conventionally fraction-
ated radiotherapy [15, 19–21]. However, the safe 
radiation dose to be delivered in a single session 
to perioptic meningiomas and the AOP is yet to 
be established. The aim of the following sections 
is to review the literature about stereotactic hypo-
fractionated radiosurgery for the treatment of 
perioptic meningiomas. These are compared with 
the outcomes of alternative therapies including 
conventionally fractionated radiation therapy and 
single-session radiosurgery. Finally, the radiation 
tolerance of the optic pathways to the different 
radiation delivery regimens is discussed.

8.2  Results of Hypofractionated 
Radiosurgery for Perioptic 
Meningiomas

According to a consensus of the Congress of 
Neurological Surgeons (CNS) and the American 
Association of Neurological Surgeons (AANS), 
“SRS typically is performed in a single session, 
using a rigidly attached stereotactic guiding 
device, other immobilization technology and/or a 
stereotactic image-guidance system, but can be 
performed in a limited number of sessions, up to 
a maximum of five” [22].

SRS delivered in a number of large fractions 
between two and five is referred to as hypofrac-

tionated SRS. Since the last two decades, hypo-
fractionated stereotactic radiosurgery has been 
introduced to treat some large neoplasms or intra-
cranial tumors abutting critical and radiosensible 
structures, due to the perceived risks with single- 
session radiosurgery. In the case of perioptic 
tumors, the radiation gradient falloff typical of 
commonly used radiosurgery delivery platforms, 
including the Gamma Knife, was thought to be 
not steep enough to effectively control tumor’s 
growth while at the same time not injuring the 
AOP with a single-session treatment [7]. 
Contrastingly, hypofractionated SRS which inte-
grates the benefits of focused high-dose radiation 
and conformity typically associated with SRS 
platforms with the radiobiological advantages of 
fractionation was considered safer to the AOP 
[23]. As such, a handful of studies have investi-
gated the effectiveness of hypofractionated SRS 
for the treatment of perioptic tumors (Table 8.1) 
[1, 3–9, 11, 16, 24–26]. Initially, the Stanford’s 
group reported preliminary positive results in the 
treatment of perioptic tumors with hypofraction-
ated SRS using the CyberKnife (Accuray, Inc., 
Sunnyvale, CA). No patients developed RION in 
that study; however the follow-up assessment 
time was short [8]. In the most recent clinical 
report of that group, Adler et al. reported on 49 
patients treated with multisession CyberKnife- 
mediated SRS and observed that radiation- 
induced optic neuropathy (RION) developed in a 
single patient after a mean follow-up period of 
46  months. Notably, that patient’s tumor had 
received multiple radiation treatments before 
SRS. For all patients, the reported tumor control 
rate was 94% at final evaluations [1]. Following 
the Stanford’s experience, other groups con-
firmed the safety and efficacy of hypofraction-
ated SRS for the management of meningiomas 
and a range of slow-growing benign tumors adja-
cent to the visual pathways, including pituitary 
adenoma and craniopharyngioma [3–7, 9–11, 
16]. In those studies, various radiosurgical 
devices were used to deliver hypofractionated/
multisession SRS. The CyberKnife was the most 
popular [1, 5–7, 9–11, 16, 24], whereas Gamma 
Knife radiosurgery (GKRS) was used in a limited 
number of studies [3, 4]. Kim and colleagues 
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treated 22 patients with perioptic benign tumors 
using GKRS with a tumor control rate of 96% 
and no visual compromise at a mean follow-up of 
29  months [4]. That series was extended to 
include 38 patients and found comparable results 
after a mean period of 38.2  months following 
radiosurgery. A single patient developed RION at 
the last clinical assessment [3]. Finally, in an 
attempt to reduce the discomfort associated with 
prolonged stereotactic frame application, some 
authors investigated the use of a relocatable ste-
reotactic frame compatible with the Gamma 
Knife Perfexion system (Extend system, Elekta 
AB instruments, Stockholm, Sweden). Nguyen 
reported on 15 patients with perioptic tumors 
(including 12 meningiomas) who were treated 
with hypofractionated GKRS using the relocat-
able Extend system and found that tumor’s 
growth was controlled in all patients, with no 
case of visual deterioration after a median fol-
low- up of 13.8  months following radiosurgery. 
Similar results were achieved in the study of 
Devriendt et al. All the 11 patients with perioptic 
meningiomas who were included in that study 
did not develop RION or had tumor progression 
following five-session GKRS using the relocat-
able Extend system (mean follow-up time of 
19 months) [2, 7, 9, 16].

Overall, hypofractionated SRS delivered with 
frameless or frame-based devices was demon-
strated to be safe in terms of visual function pres-
ervation and effective in controlling perioptic 
meningiomas’ growth. In most series, visual 
function deterioration was caused by tumor pro-
gression rather than radiation damage. Most 
recently, the Italian Gamma Knife Research 
Study Group (IGKRS) has collected clinical and 
radiosurgical data of 167 patients treated with 
three-session hypofractionated GKRS for menin-
giomas in contact with the AOP (unpublished 
data). After a mean follow-up period of 
51.8 months, longer than in most published stud-
ies, four patients developed RION, thus confirm-
ing the safety of three-session radiosurgery. The 
investigators observed that tumor control rate 
was lower in those patients treated with hypo-
fractionated GKRS as a salvage or adjuvant treat-
ment than in those treated with up-front 

GKRS.  Since radiosurgery is an image-guided 
surgery, an unsuccessful prior resection can make 
defining the radiosurgical target as well as delin-
eating the critical structures more difficult [19]. 
Therefore, some parts of recurrent or residual 
tumors might have received a lower non-ablative 
dose. This finding is concordant with some previ-
ous reports [27–29].

8.3  Radiation Tolerance 
of the Optic Apparatus 
During Radiosurgery

Visual impairment from RION is uncommon 
but disabling. It usually presents with painless 
rapid visual loss. Vascular injury has been sug-
gested as a significant contributor to RION, 
although other factors may play a role in its 
development. The interval between radiation 
therapy and development of visual symptoms is 
generally ≤3 years (mode, 1–1.5; median, 2.5) 
[21]. To mitigate the risk of RION when target-
ing a perioptic meningioma with stereotactic 
radiation therapies, the knowledge of the radia-
tion dose-response characteristics of the AOP is 
essential. At the present time, the safe radiation 
dose for such delicate nerve structures delivered 
with single or fractionated SRS treatments is 
controversial [30]. The seminal study investigat-
ing the AOP’s tolerance to single-session SRS 
was published by Tishler and colleagues in 1993 
[31]. In that retrospective study, 17 patients 
with perioptic meningiomas were treated with 
a radiation dose to the AOP exceeding 8  Gy 
using either a linear accelerator or a GKRS. The 
authors found that radiation- induced optic 
nerve injury occurred in four of these patients 
after a median period of 19  months following 
SRS. Contrastingly, none of the 35 patients who 
were treated with a dose below 8  Gy devel-
oped RION.  According to their results, Duma 
and colleagues found no visual complications 
when the dose of the radiation delivered to the 
AOP was below 9 Gy [32]. Based on those ini-
tial investigations, the safe dose to the AOP 
during single-session radiosurgery was kept 
below 8 Gy by many radiosurgeons. However, 
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those initial studies were conducted early in 
the overall radiosurgical experience and had 
major limitations in the determination of the 
dose delivered to the AOP. First, the majority of 
patients included underwent computed tomogra-
phy (CT) as the imaging modality used for dose 
planning. CT is limited in clearly identifying 
some intracranial structures, especially those 
near the skull base, such as the AOP. Assigning 
an exact dose to the AOP may have therefore 
either overestimated or underestimated the 
actual dose delivered. With modern treatment 
delivery platforms, the AOP is identified and 
contoured on high-resolution MRI exams that 
allow for more accurate volumes’ definition 
and dose estimates. Second, in the initial stud-
ies the maximum dose received by the AOP was 
based on computer-generated isodose curves 
being laid over the actual images, which is a 
fairly inaccurate method for estimating the dose 
delivered to a single structure, especially when 
using a treatment delivery technology with a 
rapid dose gradient falloff such as the Gamma 
Knife. Data analyzed to derive the 8 Gy thresh-
old were thus relatively imprecise compared 
with those analyzed with more current and pre-
cise dose planning software that provide point 
dose statistics and dose-volume histograms for 
any chosen structures [33]. As a result, in 1998, 
Leber and colleagues investigated the neuro- 
ophthalmological outcomes of SRS using the 
Gamma Knife in 66 eyes of 45 patients treated 
with single-session SRS for benign skull base 
tumors involving the cavernous sinus. After 
a mean follow-up period of 40  months, the 
actuarial risk of developing RION was zero 
for patients receiving a maximum dose below 
10 Gy, 26.7% for patients receiving 10–15 Gy, 
and 77.8% for those receiving more than 15 Gy. 
The authors concluded that the visual path-
ways appear to tolerate doses up to 10 Gy with 
acceptable risk [30]. Subsequently, similar stud-
ies examined the radiation tolerance of the optic 
pathways and suggested that the 8 Gy threshold 
is likely a conservative estimate for the single-
fraction tolerance of the optic apparatus, and 
concluded that up to 10  Gy can be justified 
on a theoretical basis [34, 35]. That is, Morita 

et al. at the Mayo Clinic reviewed their experi-
ence with radiosurgery for skull base meningio-
mas, and observed that in 35 patients that were 
treated with a dose superior to 8 Gy to the optic 
apparatus (the median dose to the optic appara-
tus was 10 Gy, range 1–16 Gy), none developed 
RION after a median period of 35 months fol-
lowing SRS [35]. Stafford and colleagues later 
extended this series to include 215 patients and 
observed that the risk of developing a clini-
cally significant RION was 1.9% (4 patients) 
for patients receiving 12 Gy or less to the AOP 
after a median period of 31  months following 
SRS. Three out of the four patients who devel-
oped RION in that study had been previously 
treated with radiotherapy, which, in accord with 
previous studies [30, 36], is a known risk fac-
tor for RION. Thereafter, several other studies 
analyzed the dose-volume tolerance of the AOP 
to single-fraction SRS delivered with contem-
porary radiation delivery techniques. Overall, 
those investigations confirmed that patients 
with parasellar benign lesions who have not 
had prior irradiation can receive doses up to 
12 Gy to the AOP with a low risk of RION (see 
Fig.  8.1) [25]. For example, Hasegawa et  al. 
[37] reported on 100 patients with craniopha-
ryngiomas treated with single-fraction SRS 
using GKRS. Of the three patients who devel-
oped RION, one had undergone external body 
radiotherapy prior to SRS, whereas the other 
two patients received a maximum radiation 
dose to the AOP of 15 Gy and 18 Gy, respec-
tively. They concluded that radiation doses up 
to 14 Gy to small portions of the AOP are safe 
with a low risk of RION.  Leavitt et  al. [20] 
reviewed 222 patients who underwent GKRS 
for perioptic tumors and who had not undergone 
previous irradiation. One patient who received a 
maximum radiation dose of 12.8 Gy to the AOP 
developed unilateral blindness 18 months after 
GKRS, and the overall risk of RION in patients 
receiving a dose greater than 8 Gy to the AOP 
was 1%. In 2014, Pollock et  al. [25] reported 
on their series of patients with parasellar tumors 
treated with single-session GKRS and without 
prior irradiation. Overall, no patient developed 
RION after a median follow-up of 32 months. 

8 Hypofractionated Radiosurgery for Perioptic Meningiomas: Current Practice, Principles, and…
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Taken as a whole, all these studies suggest that 
a dose below 12 Gy can safely be delivered in 
a single fraction to the AOP with little risk of 
causing RION [21].

The primary factors associated with the devel-
opment of RION after single-fraction SRS 
include previous radiation treatment to the peri-
optic area and maximum radiation dose to the 
optic apparatus. A recent literature review sug-
gested a crude approximately tenfold increased 
risk of RION in patients previously treated with 
radiation therapy to the perioptic area [38]. The 
other factors that are assumed to contribute to 
radiation-related vision loss include comorbid 
conditions (i.e., vasculopathies, hypertension, 
diabetes), tumor volume, extent of optic appara-
tus involvement and high-irradiated volume of 
the AOP, prior surgery, and optic pathway com-
pression [25, 39]. Whereas abundant data about 
the radiation tolerance of the optic apparatus 
using single-session SRS have been published, 
minimal data exists relatively to patients receiv-
ing hypofractionated schedules [21], although it 
is recognized that hypofractionation may reduce 
the risk of normal tissue toxicity [18]. Therefore, 
appropriate dose constraints to the AOP for hypo-
fractionated radiosurgery remain poorly defined 
[18]. Timmermann et  al. proposed the unvali-
dated maximum AOP dose constraints of 19.5 Gy 
in three fractions and 25 Gy in five fractions [18, 

40]. Subsequently, the detailed analysis of 
Hiniker and coworkers regarding the tolerance of 
the visual pathway to radiosurgery estimated that 
delivering to the AOP a cumulative maximum 
radiation dose up to 24 Gy in three fractions and 
30 Gy in five fractions is associated with a lim-
ited risk of RION (1.9% in both cases). Therefore, 
the previously unvalidated estimates of 
Timmerman et  al. may underestimate the toler-
ance of the AOP, particularly in patients without 
prior radiation [18].

8.4  Alternatives 
to Hypofractionated 
Radiosurgery for Perioptic 
Meningiomas

Given the results of the abovementioned recent 
studies, single-session SRS can be considered as a 
valid treatment option for perioptic meningiomas, 
alternative to hypofractionation radiosurgery (see 
Fig. 8.2). However, prospective studies investigat-
ing the radiation tolerance of the AOP with single-
session SRS and comparing the outcomes of that 
treatment delivery modality with hypofraction-
ated SRS are lacking in the literature. Ultimately, 
a definitive dose-volume relationship cannot be 
established as of yet. The devices that have been 
used to deliver single- session SRS for the man-

a

d e f

b c

Fig. 8.1 Axial (a), coronal (b), and sagittal (c) post- 
contrast T1-weighted magnetic resonance images showing 
a perioptic meningioma treated with Gamma Knife radio-

surgery. At the 2-year imaging follow-up assessment, the 
tumor’s volume significantly decreased, as showed in the 
postoperative axial (d), coronal (e), and sagittal (f) scans
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agement of perioptic meningiomas have included 
the Gamma Knife [18, 20] and linear accelerators 
(LINACs) [41, 42], which both achieved high 
rates of tumor growth control with little risk of 
RION.  That is, Spiegelmann and colleagues 
reported on a series of 117 patients treated with 
frame-based LINAC radiosurgery for meningio-
mas involving the cavernous sinus. 10  Gy was 
their maximal exposure limit dose to the 
AOP. With that limit respected, after a mean fol-

low-up period of 67 months, visual function dete-
riorated in one case, although the authors did not 
specify if such visual decline was due to tumor 
progression or RION.  Also, when the authors 
considered the whole cohort of patients with 
lesions in the perisellar area that had been treated 
with single-session LINAC radiosurgery at their 
institution, they found out that the incidence of 
optic neuropathy was below 1% (2 cases in 234 
patients at risk). These authors conclude therefore 

a

c

b

Fig. 8.2 Axial (a), coronal (b), and sagittal (c) post- 
contrast magnetic resonance images showing the radio-
surgical plan for the single-session radiosurgical treatment 
of a meningioma adjacent to the anterior optic pathways. 

The treatment is planned so that the 12 Gy isodose line is 
contacting with the optic apparatus. At the same time, the 
meningioma is completely covered by the 14 Gy isodose 
line

8 Hypofractionated Radiosurgery for Perioptic Meningiomas: Current Practice, Principles, and…
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that LINAC SRS in a single fraction can be deliv-
ered safely and effectively to control the growth 
of benign tumors adjacent to the AOP. Such low 
risk of RION may be related to the frame-based 
head fixation, which eliminates head positioning 
inaccuracies inherent to frameless fixation devices 
(e.g., molded face masks) [31]. FSRT is also an 
established treatment option for perioptic menin-
giomas. This irradiation technique combines the 
accuracy of stereotactic positioning and targeting 
with the radiobiological advantage of fraction-
ation and leads to a reduction in the volume of 
normal brain irradiated at high doses in compari-
son to conventional external beam radiotherapy 
[43]. The frequency and severity of radiation-
induced complications using these techniques 
[44], including induced carcinogenesis, neuro-
cognitive decline, delayed pituitary failure, and 
cranial neuropathies, are extremely low, due to the 
improvement in radiotherapy techniques and the 
advent of modern devices with mini–multileaf 
collimators [45, 46]. Several studies investigating 
FSRT for skull base meningiomas have reported 
good outcomes both in terms of tumor growth 
control and visual function preservation, with a 
low 0–6% incidence of visual loss for meningio-
mas around the anterior visual pathways [46–54]. 
However, despite these positive results, the out-
comes of one of the largest studies investigating 
FSRT for perioptic meningiomas that was con-
ducted by Astradsson et al. compared unfavorably 
with earlier series, as 10% of patients with periop-
tic meningiomas developed RION [55]. In line 
with these data, Stiebel-Kalish et  al. found an 
overall 12% incidence of worsening visual func-
tion in their reported series of patients [56]. 
Although studies are controversial about visual 
function preservation, FSRT results as an espe-
cially valuable technique for large meningiomas 
in close proximity to the visual pathways, or those 
severely distorting or encasing the AOP for which 
single-session or hypofractionated SRS may not 
be suitable due to excessive radiation- induced 
toxicity [55]. As a matter of fact, in their landmark 
study comparing the outcomes of single- session 
SRS and FSRT in the treatment of cavernous 
sinus meningiomas, Metellus and colleagues 
pointed out that FSRT and SRS are aimed at two 

different types of tumors. Single-session SRS is 
reserved for small tumors, or residual and recur-
rent meningiomas after microsurgical resection, 
which do not severely compress or encase the 
AOP.  Contrastingly, FSRT is deemed to be 
reserved for inoperable patients with voluminous, 
extensive tumors showing close relationship with 
the optic apparatus and skull base dural spreading 
[44]. A main difference between the two tech-
niques is that the larger dose per session that char-
acterizes radiosurgery results in a higher biological 
equivalent dose and subsequently correlates with 
greater tumor shrinkage on follow- up imaging, 
although tumor control rates are overlapping [1, 
44, 57]. Ultimately, both SRS and FSRT are effec-
tive treatment options for benign skull base 
meningiomas and the choice of stereotactic tech-
nique should be based on the characteristics of the 
tumors [43]. In most centers single- or hypofrac-
tionated SRS is usually reserved for tumors less 
than 3 cm of maximum diameter not encasing or 
compressing the AOP, whereas FSRT is employed 
for larger meningiomas.

8.5  Conclusions

According to the present literature, hypofraction-
ated SRS seems to be an effective technique for 
the control of perioptic meningiomas’ growth 
with little risk of causing RION. Notably, differ-
ent radiosurgical platforms employing a frame-
less or frame-based head fixation system can be 
used, with little difference in terms of outcomes 
and safety. Alternative radiotherapy modalities 
are available and effective. These include single- 
session SRS and FSRT.  Single-session SRS, 
owing to recent studies, which have defined the 
radiation tolerance of the AOP during single- 
session SRS, can be safely used for perioptic 
tumors. FSRT is mostly reserved to the treatment 
of large tumors or those which cannot be treated 
with single-session or hypofractionated SRS, due 
to an increased risk of normal tissue toxicity. 
Ultimately, the decision whether to use one tech-
nique over the other should be made in a case-by- 
case basis and should take into account various 
factors such as the volume of the target tumor, the 
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treating center’s experience with each technique, 
and patient’s preference to undergo a single- or 
multiple-session treatment schedule. Available 
literature regarding the long-term efficacy and 
safety of hypofractionated radiosurgery for peri-
optic meningiomas is scarce. Further studies 
including large group of patients who have been 
followed up for long periods are needed to detect 
the actual recurrence rate with various fraction-
ation protocols (Fig. 8.3).
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