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Abstract

Occipital neuralgia generally responds to medical or invasive procedures. Repeated inva-

sive procedures generate increasing complications and are often contraindicated. Stereo-

tactic radiosurgery (SRS) has not been reported as a treatment option largely due to the

extracranial nature of the target as opposed to the similar, more established trigeminal

neuralgia. A dedicated phantom study was conducted to determine the optimum imaging

studies, fusion matrices, and treatment planning parameters to target the C2 dorsal root

ganglion which forms the occipital nerve. The conditions created from the phantom were

applied to a patient with medically and surgically refractory occipital neuralgia. A dose of

80 Gy in one fraction was prescribed to the C2 occipital dorsal root ganglion. The phan-

tom study resulted in a treatment achieved with an average translational magnitude of

correction of 1.35 mm with an acceptable tolerance of 0.5 mm and an average rotational

magnitude of correction of 0.4° with an acceptable tolerance of 1.0°. For the patient, the

spinal cord was 12.0 mm at its closest distance to the isocenter and received a maximum

dose of 3.36 Gy, a dose to 0.35 cc of 1.84 Gy, and a dose to 1.2 cc of 0.79 Gy. The

brain maximum dose was 2.20 Gy. Treatment time was 59 min for 18, 323 MUs. Imaging

was performed prior to each arc delivery resulting in 21 imaging sessions. The average

deviation magnitude requiring a positional or rotational correction was 0.96 � 0.25 mm,

0.8 � 0.41°, whereas the average deviation magnitude deemed within tolerance was

0.41 � 0.12 mm, 0.57 � 0.28°. Dedicated quality assurance of the treatment planning

and delivery is necessary for safe and accurate SRS to the cervical spine dorsal root gan-

glion. With additional prospective study, linear accelerator-based frameless radiosurgery

can provide an accurate, noninvasive alternative for treating occipital neuralgia where an

invasive procedure is contraindicated.
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1 | INTRODUCTION

Occipital neuralgia is a neurological condition characterized by parox-

ysms of intense pain transmitted by the greater occipital nerves in the

back of the head and neck often accompanied by a dull ache.1–4 The

condition is differentially diagnosed from other headache types by

using patient descriptions of the pain, noting the location of tender-

ness associated with pain episodes, and achieving prompt relief of pain

following an anesthetic block of the greater occipital nerve.5,6 The inci-

dence of occipital neuralgia in the general population remains

unknown but is thought to be less than that of trigeminal neuralgia

and glossopharyngeal neuralgia which have an incidence of 20/

100,000 per year and 0.7/100,000 per year, respectively.7

Medical management for patients diagnosed with occipital neural-

gia generally includes analgesics or anti-inflammatories which proves

effective for most patients. Numerous treatment options may be

warranted for patients with continued disabling and intractable pain

despite temporary treatments or when invasive therapies such as sur-

gical incision, radiofrequency ablation, injected neurotoxin facilitated

nerve blocking, implanted nerve stimulator, or surgically decompress-

ing the nerve fail to provide relief.6,8–10 If the condition continues to

be refractory, nerve sparing procedures are utilized in preference to

neurodestructive surgeries.11–14 Neurodestructive procedures, such

as neurectomies, are highly invasive and carry some degree of risk of

permanent complication.15,16 For those patients whose pain recurs

following an invasive procedure, a secondary invasive procedure is

often contraindicated due to compounding risk.6

Although occipital neuralgia has been reported to be a complication

resulting from frame installation for frame-based radiosurgery, the use

of SRS for the treatment of occipital neuralgia has not been reported

to date.17 The success of radiosurgery in the management of trigeminal

and glossopharyngeal neuralgia (both cranial-based functional dis-

eases) has been well established.18–26 SRS for trigeminal neuralgia and

glossopharyngeal neuralgia involves single-fraction high doses to the

isocenter placed along the course of the nerve after exiting the central

nervous system. In comparison, radiosurgery for occipital neuralgia has

not been well explored due to limitations in the ability of traditional

SRS treatment modalities in delivering extracranial applications.27,28

With the recent advances in intrafractional image guidance, we

report here the treatment of occipital neuralgia using linear accelera-

tor-based frameless radiosurgery.

2 | METHODS

2.A | Phantom feasibility study

Quality assurance for geometric accuracy, precision, and dosimetric

accuracy was established during commissioning of the functional

SRS program. The initial commissioning included evaluation of cone

positioning reproducibility, providing accuracy within 0.5 mm, and

intercomparison of PDD, off-axis factors, and total scatter factors

with another institution. Principles of small-field dosimetry were

applied by measuring output with film, diode, and a small volume

ionization chamber.29–34 Relative output factors were obtained from

the ratio of the dose at isocenter at depth dmax for the conical colli-

mator (4 mm in our case) relative via the “daisy chain” method

described by Dieterich et al. to the dose measured for a 100 by

100 mm2 square field size at a depth of dmax both at 1000 mm

source to isocenter distance providing a ratio of 0.6668.35,36 Total

scatter factors compared against four other institutions results in

agreement within 1%. The SRS single-beam phantom from the Imag-

ing and Radiation Oncology Core — Houston (IROC) was used to

verify the output of the SRS cone program. The measurements and

commissioning process received peer review by a medical physicist

expert in radiosurgery as part of Novalis Certification.

A phantom feasibility study was performed by CT simulating,

planning, and treating an SRS anthropomorphic head phantom (CIRS

Computerized Imaging Reference System Inc. VA, USA). This phan-

tom included simulated bony anatomy that is visible to both CT and

x ray and included a neck which was necessary in consideration of

the target localization under investigation.

Figure 1 shows a treatment projection map established as a

“planning guide” for typical patients. For interpretation purposes, this

figure can be considered to be an elliptical projection to two-dimen-

sions of the three-dimensional spherical space surrounding the

patient’s head with the patient in the treatment position. The central

circle of Fig. 1 can be interpreted as the hemisphere of that spheri-

cal space corresponding to the superior hemisphere surrounding the

patient’s head. For additional orientation, consider the anterior pole

to colloquially correspond to the patient’s nose. It is not intended to

be a “planning solution” for all patients whose anatomy could vary

significantly. Patient-specific collision avoidance verification tests

were performed for the phantom and patient included in this study.

Entry dose through the spinal cord was avoided by limiting or avoid-

ing the use of beams entering through the contralateral side. The

anterior and posterior poles were labeled as avoidance zones to pre-

vent beam overlap. Brain entry dose was noted to avoid beams that

would result in the beam first traveling through the brain to reach

the target. Two elliptical shapes are represented on the left and right

side of Fig. 1 that reflect two additional zones of high collision risk

and represent the corners of the treatment couch used for this study

which has rounded square corners and is not semicircular. Because

of this design, there was an increased risk of collision as the conical

collimator would start to dip below the horizon defined by the treat-

ment couch with the contralateral side representing a larger risk area

due to the lateral shift required to align the patient’s target side to

the radiation isocenter. The green zone represented a lowered colli-

sion risk. Due to this supine patient setup, radiation beams passed

through the treatment couch prior to the patient. For this reason,

the treatment couch and resultant attenuation was taken into

account in the treatment planning system.

Figure 2 was established to identify a meaningful image registra-

tion strategy as this target represented a deviation from the normal

cranial-based applications typically seen for the SRS workflow. Fur-

thermore, only a small volume of the relevant anatomy would be

useful for IGRT while a large volume of anatomy could be construed
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as confounding (including both fixed and mobile cranial anatomy).

The figure presented here is composed as a simple sagittal illustra-

tion so that these points can be emphasized as failure to consider

the nonstandard implications of these conclusions could result in

coregistration performed to nonrelevant anatomy and possible target

miss. The image registration accuracy of both planning and treat-

ment image sets was vital to the successful delivery of this treat-

ment due to the small target size, small beam aperture, and thin

imaging slices.

2.B | Case selection

For this case study, a 53-year-old male patient presented with com-

plaints of severe cervical neck pain diagnosed as occipital neuralgia.

The patient had undergone both radiofrequency ablation with 1

month of relief and cervical spine decompression and fusion of C4-7

with no improvement. Various local injections provided only short

lasting relief. The pain was reported to be debilitating with the maxi-

mum score of V on the Barrow Neurological Institute pain intensity

scale.37 As the occipital neuralgia condition was refractory to

radiofrequency ablation, surgery, and medical management, the

option of radiosurgery was presented.

2.C | Anatomy, targeting, and immobilization

An extended frameless SRS mask with eight fixation points was fabri-

cated (frameless SRS mask set extended, BrainLab). This immobiliza-

tion mask extended to include the patient’s shoulders, as opposed to

the standard cranial SRS mask which only immobilizes the head. This

mask consisted of four fixation points on both sides of the patient with

one at eye level, one at chin level, one at shoulder level, and one at the

level of the armpit. To help ensure a higher degree of reproducibility

of neck flexion from simulation to the time of treatment, a Moldcare�

cushion (Model: RT-4492, QFix, Avondale, PA, USA) designed for head

and neck immobilization was embedded in the mask setup. This cus-

tom cushion, as opposed to standard patient nonspecific head rests,

improved immobilization and reproducibility, mainly through comfort

by providing a resting surface for the cervical spine. The CT simulation

was 0.6 mm in slice thickness and was completed with a localization

box in a standard position to facilitate spatial localization of the CT

dataset within the treatment planning system.

The therapeutic target was the dorsal root ganglion of the occipital

nerve on the side associated with the pain. A thin-slice (1.0 mm) CT

myelogram was necessary to adequately visualize the target. The

coregistration used to align the target definition imaging to CT simula-

tion was performed by the medical physicist and then reviewed with

the medical physicist, radiation oncologist, and neurosurgeon. A local

rigid transformation to the CT myelogram was performed with a vol-

ume of interest (VOI) centered on the spinal cord at the C2 level. The

rectangular VOI was selected to include the entirety of the C2 verte-

brae and portions of C1 and C3. This resulted in a VOI with dimen-

sions of: 62.7 mm left-to-right, 54.9 mm anterior-to-posterior, and

46.4 mm superior-to-inferior. The dorsal root ganglion was contoured

by the neurosurgeon, and the isocenter for the radiation treatment

plan was aligned to the center of this contour. Figure 3 shows an

anatomical illustration of the intended target along with axial, sagittal,

and coronal views of the target. The CT myelogram was preferable for

target definition, in this case, to MRI for two reasons. First, artifacts

from the titanium hardware were present on MRI. Secondly, like-mod-

ality image registration was preferable to cross-modality image regis-

tration in an effort to decrease uncertainty introduced in the image

registration step.38 Figure 4 shows all available image modalities.

X-ray image guidance was performed throughout the treatment

delivery, and the results of the ExacTrac-based coregistration

F I G . 1 . A projection treatment map for a
left-sided occipital neuralgia typical target
is presented as a planning guide and result
of a phantom feasibility test performed
prior to attempting patient treatment. It is
noted that a right-sided target would need
a guide that is mirror imaged and
symmetric about the sagittal axis.
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algorithm were carefully evaluated with each treatment couch angle

and prior to the delivery of each treatment beam. Imaging was

obtained as necessary based on infrared marker monitoring and/or

suspected patient movement. The radiation oncologist remained

throughout the treatment delivery and provided immediate physician

review of the intrafractional imaging. Furthermore, the referring neu-

rosurgeon, coresponsible for delineating the treatment target during

planning, was present during treatment delivery to lend expertise to

the analysis of the IGRT.

2.D | Treatment and IGRT equipment

The treatment was successfully performed with a NovalisTX (Varian

Medical Systems, Palo Alto, CA, USA) equipped with ExacTrac

stereoscopic x-ray image guidance (BrainLab AG, Feldkirchen, Ger-

many). The treatment couch was an IGRT couch top (BrainLab AG,

Feldkirchen, Germany). We previously determined the congruency

between mechanical (including gantry and couch rotational isocen-

ters), IGRT, in-room laser, and treatment beam isocenters specific for

this radiation treatment device and imaging platform.39 This study

quantified an average magnitude of distance for the laser-defined

alignment isocenter to be 0.58 mm. The effect of gantry sag was

0.4 mm in magnitude. The IGRT isocenter was within 0.5 mm of the

radiation-defined isocenter. Couch walkout had a maximum discor-

dance of 0.72 mm with the isocenter. These values were based on a

statistical analysis of 149 individual isocenter congruency tests per-

formed for this machine and imaging combination. The magnitude of

difference between the radiation-defined and ExacTrac IGRT-defined

isocenter was significantly less than the couch walkout. Therefore,

imaging was performed for each treatment couch angle prior to

treatment arc delivery.

3 | RESULTS

3.A | Phantom feasibility study

A projection treatment map was established following the CT simula-

tion of the anthropomorphic head phantom with a physician-pro-

vided isocenter and treatment target corresponding to that which

would be spatially and characteristically used for occipital neuralgia.

This map reflected a treatment strategy that would ensure the fol-

lowing: (a) clearance could be achieved without collision for all treat-

ment angles and with the ancillary treatment cone mounted, (b) a

sufficient number of arc angles could be achieved from a suitable

number of unique angles that would make this high dose stereotacti-

cally achievable with quality gradient indices, and (c) normal tissues

such as the brain and entry dose through the spinal cord could be

achieved without comprising the desired treatment dose. This pro-

jection map is shown in Fig. 1 and is intended as a planning guide

for the treatment of frameless linear accelerator-based SRS for

occipital neuralgia. It was concluded that a typical occipital neuralgia

treatment plan could be delivered using approximately 540 arc

degrees while avoiding collisions, unnecessary brain dose, and entry

dose through the spinal cord.

After establishing the parameters for simulation, fusion, and treat-

ment planning, the same phantom was used to define the conditions

for treatment delivery with BrainLab’s ExacTrac image guidance sys-

tem. Infrared markers were used to provide the initial setup and x rays

were acquired to match to bony anatomy. A simulated treatment was

performed with additional intrafractional imaging performed at each

treatment couch position. The average translational magnitude of cor-

rection to realign the phantom’s vertical, longitudinal, and lateral posi-

tion was 1.35 mm with an asserted acceptable tolerance of 0.5 mm or

less as not requiring a correction. The average rotational magnitude of

correction applied to correct the phantom’s pitch, yaw, and roll was

0.4° with an acceptable tolerance for each couch position of 1.0° or

less not requiring a correction. The IGRT guide provided in Fig. 2 was

consistent with our expectations with the bony anatomy useful for

IGRT providing a sufficient amount of image information for accurate

image registration during a treatment situation.

3.B | Plan characteristics

The dose grid resolution in the treatment planning system was set

to 0.5 mm. For small objects, such as the contoured target, the grid

size was automatically adjusted such that at least 10 voxels for each

F I G . 2 . Image guidance for intrafractional positional corrections
during the treatment of occipital neuralgia using a frameless approach
requires an inverse approach as compared to traditional cranial-based
SRS. Image registration for IGRT during treatment should be
performed using anatomy in the vicinity of the target (i.e., on the C1/
C2 level). Other bony anatomy such as the skull, mandible, and the
lower C-spine should be understood as capable of moving
independent of the target and, therefore, should not be used as
registration references when aligning the patient to the isocenter.
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dimension were included inside the small planning target volume

(PTV) or organs-at-risk (OAR) used in the dose algorithm calculation.

At its closest point, the spinal cord was measured to be 12.0 mm

from the isocenter. Eighty gray in a single fraction was delivered to

the isocenter using 9 mostly ipsilateral 4 mm cone-based arcs with

6 MV photons. The spinal cord received: D(1.0 cc) = 0.97 Gy, D

(0.1 cc) = 2.55 Gy, and a maximum dose of 3.36 Gy. The brain

received: D(10.0 cc) = 1.19 Gy and a maximum dose of 2.20 Gy.

A gradient index was evaluated for this plan based on a metric

established for a cohort of functional disease patients treated using

this linear accelerator and conical collimated SRS beam. The plans in

this cohort were taken from plans approved for treatment by the

radiation oncologist from the established frameless functional dis-

ease SRS program (trigeminal neuralgia, n = 78, glossopharyngeal

neuralgia, n = 1). The gradient index for all of the plans (n = 80) was

calculated using the definition from Paddick et al. as the ratio of the

25% isodose volume and the 50% isodose volume.40 These values

were chosen because the nature of these plans resulted in a point

dose to the 100% prescription dose placed at the geometric center

of the nerve to be treated. The gradient index from our metric

cohort was 3.431 � 1.067 which was compared to our case study

gradient index value of 3.494.

Postplan analysis was performed by developing a composite plan

with each arc’s isocenter modified from the shared planning isocenter

by that arc’s residual spatial corrections as identified by IGRT and

below the threshold required for positional correction determined

immediately prior to the arc’s delivery. Postplan dosimetry determined

that the spinal cord received the following: D(1.0 cc)

= 0.96 � 0.02 Gy, D(0.1 cc) = 2.54 � 0.06 Gy, and a maximum dose

of 3.59 � 0.08 Gy. Furthermore, the brain received: D

(10.0 cc) = 1.19 � 0.03 Gy and a maximum dose of 2.22 � 0.05 Gy.

3.C | Image guidance

The results of intrafractional IGRT are graphically represented in

Figs. 5(a) and 5(b). Linear accelerator equipment parameters are

(a) (b)

(c) (d)

F I G . 3 . This illustration (a) and corresponding CT views (b, c, and d) demonstrate the target for occipital neuralgia as the center of a
neurosurgeon contoured dorsal root ganglion of the occipital nerve corresponding to the lateral side of the patient’s pain manifestation.
Isodose lines generated by the treatment planning system correspond to a treatment plan generated for this target.
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presented using the International Electrotechnical Commission (IEC)

accelerator convention.41 The treatment time was 59 min for

18,323 MUs with imaging being performed at each treatment couch

position, i.e., prior to each arc delivery for a total of 21 stereotactic

image pairs for intrafractional alignment verification. Twelve of these

required repositioning and subsequent reimaging for verification. The

average deviation magnitude requiring a positional or rotational cor-

rection was 0.96 � 0.25 mm, 0.8 � 0.41°, whereas the average

deviation magnitude deemed within tolerance was 0.41 � 0.12 mm,

0.57 � 0.28°. Spatial deviations, once corrected, are significantly

improved using error analysis with an accepted threshold of 0.5 mm.

Rotational deviations, on the other hand do not show a significant

improvement postcorrection with an accepted threshold of 1.0°. For

this treatment, more stringent tolerances were applied for spatial

versus rotational corrections because a spatial target miss would not

be acceptable, whereas rotational deviations would not change tar-

get dose due to the large number of arc angles employed and the

isotropic nature of the dose distribution.

3.D | Patient outcome

At most recent follow-up, the patient reported 4 months of pain

relief. No subsequent radiation was delivered. The patient is

currently being followed by neurosurgery. No repeat imaging has

been done to date.

4 | DISCUSSION

SRS for functional diseases including neuralgias has been well estab-

lished with demonstrable precision using both frame and frameless

approaches.18–26 Kim et al. demonstrated that the NovalisTX

equipped with ExacTrac was capable of approximately 1 mm accu-

racy for localizing targets.42 Advances in image-guided systems and

frameless SRS capabilities have allowed for the consideration of new

treatment sites that have been previously restricted due to the limi-

tations of historic SRS modalities. While conditions such as trigemi-

nal and glossopharyngeal neuralgia have been successfully treated

using SRS, occipital neuralgia treated with any type of SRS modality

and immobilization technique has not, to date, been reported in liter-

ature. Demonstration of this successfully delivered SRS dose using a

frameless SRS approach provides an important alternative for

patients suffering from occipital neuralgia and who have exhausted

traditional pain management strategies.

Radiosurgery has evolved from frame-based approaches to

frameless over recent years, providing advantages in clinical

(a) (b)

(c) (d)

F I G . 4 . (a) CT simulation acquired at
0.6 mm slice thickness. Used as a
reference set for dose calculations in the
treatment planning system and localized
using equipment and procedures
corresponding to the ExacTrac workflow.
(b) CT myelogram acquired at 1.0 mm slice
thickness. (c) T2-weighted MRI acquired at
3.0 mm slice thickness. (d) T1-weighted
MRI acquired at 3.0 mm slice thickness.
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workflow and intrafraction patient monitoring.43–45 More recently,

stereotactic doses have been successfully applied to extracranial

applications which are largely frameless.46–49 The treatment of

extracranial functional disease using radiosurgery has not been previ-

ously reported with either frame-based or frameless systems. The

use of stereotactic cones on gantry mounted linear accelerator pre-

sents an increased risk of collision that is well understood for cranial

applications but requires more detailed review for extracranial appli-

cations. Furthermore, the use of a stereotactic frame may preclude

treatment for occipital neuralgia. Most frames are designed with the

frame-to-table mount positioned inferior to the base of skull, at the

same level as the occipital nerve. The frame would present chal-

lenges to treatment planning as beams would pass through the

frame. Recent advances in Gamma Knife technology allow for SRS

treatments to be delivered extracranially for the cervical spine and

head and neck applications. CyberKnife offers the capability of being

able to treat at this treatment level. However, no application of

these treatment modalities have yet to be reported in the literature.

This study demonstrated that a cone-based stereotactic treat-

ment was devisable and deliverable with a sufficient number of

treatment arc degrees while mitigating table, immobilization device,

and patient collision risk. Limitations imposed by avoiding unneces-

sary beam entry dose through the brain, beam overlap, and beam

entry through the spinal cord were identified and overcome. Sec-

ondly, this study was used to verify the feasibility that accurate

image-guided radiotherapy (IGRT) could be achieved for this treat-

ment site in consideration that conventional image guidance using

fixed bony cranial anatomy would not provide relevant image regis-

tration anchors for this treatment target. The phantom and, subse-

quently, the patient underwent a supine setup. There may be

additional value in considering prone-based setups. However, for the

image guidance system used, ExacTrac prone positioning is not sup-

ported.

End-to-end testing using this modality was completed during the

commissioning of both the linear accelerator and beam model in the

treatment planning system used for planning in this study in accor-

dance with current standards of practice.35,50–60 In addition, a sepa-

rate study performed for this treatment modality characterized the

submillimeter congruence of isocentricity of the radiation, mechani-

cal, and image guidance components used for this case study.39 Due

to the target size and location, any linear accelerator attempting to

perform SRS for occipital neuralgia would need to undergo specific

end-to-end testing with a phantom before treating a patient. Fur-

thermore, during our analysis, couch walkout contributed to a signifi-

cant degree of incongruence to the radiation-defined isocenter.

Therefore, pretreatment x-ray imaging and patient position correc-

tion were performed for each treatment couch angle. Other linear

accelerators may have different factors requiring other methods of

correction. A study by Shanks et al. detailed the establishment of a

program for frameless SRS treatment of functional disease with

notable emphasis on the level of collaboration achieved between

neurosurgery and radiation oncology which was instrumental in

ensuring accurate target definition.61 A description of the commis-

sioning efforts of the functional SRS program is outside of the scope

of this case study. Rather, this treatment site is a new application

for a mature functional disease SRS program. Commissioning

included independent dose measurement audits provided by the

IROC for both routinely measured absolute dose verifications and

commissioning SRS-specific phantom measurements performed prior

to the clinical use of the treatment planning system for such applica-

tions. The results of these studies were within satisfactory limits as

per IROC analysis.62 In addition, our clinic has participated and

received accreditation from the American College of Radiology and

is a Novalis Certified Radiosurgery Center.63,64

From the treatment projection map, we determined collision

avoidance verification tests are recommended for each patient. This

F I G . 5 . (a) The average magnitude of deviation for patient
requiring a positional correction was 0.96 � 0.25 mm/0.8 � 0.41°,
whereas the average magnitude of shift considered to be within
tolerance was 0.41 � 0.12 mm/0.57 � 0.28°. The maximum
deviations were 1.55 mm/1.1°. This plot illustrates the global degree
of intrafractional motion differentiated by whether or not a
positional/rotational correction was deemed necessary. (b)
Magnitudes of spatial deviations for patient as a function of couch
position for all intrafractional image guidance. Couch positions were
captured via an array of infrared markers and calibrated camera
system as a function of the image guidance system (IEC accelerator
convention).
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facilitates keeping arcs ipsilateral to the treatment side and guided

from the medial, anterior, and posterior aspects to mitigate collision

risk and unnecessary brain dose. This technique resulted in isodose

lines with elongated low-dose regions in both the patient left-to-

right and posterior-to-anterior directions. The maximum point dose

was well situated in the center of the contoured dorsal root ganglion

with high-dose gradients outside of the target structure. The imple-

mentation of IGRT for this target had to accommodate previously

placed cervical spine fusion titanium instrumentation. This hardware

is rigid but beyond the treatment site. The additional use of poste-

rior immobilization via a moldable cushion helped provide additional

immobilization such that it was determined that the levels of the

hardware could be used for image guidance relative to the level of

the isocenter. The validity of this was evaluated and confirmed dur-

ing image guidance. This allowed us to expand the useful anatomy

for patient setup IGRT deviating from the generic conclusions of the

phantom study as shown in Fig. 2. As far as the typicality of hard-

ware for patients who could be considered for this treatment, these

patients will have likely attempted medical management until this

was deemed ineffective, then they would consider nerve-preserving

invasive procedures, followed by, with necessity, neurodestructive

procedures before they could be referred to SRS. Therefore, the

inherent pathway to SRS would likely result in a surgery with a

spinal fusion. It is the unique nature of this pathway that has further

contributed to the lack of exploration for this treatment site and

added novelty to this case study. This study demonstrated that

meaningful and accurate IGRT could be performed at the C2 dorsal

root ganglion, even with titanium hardware near the vicinity.

Post-treatment delivery analysis, using the results of image guid-

ance determined for each delivered arc, showed minimal deviations

from treatment planning projections. The exception to this was the

maximum spinal cord dose which was projected to have received a

maximum dose of 3.59 � 0.08 Gy versus the planning calculation

dose of 3.36 Gy. This deviation was noted to be well within the

acceptable limits asserted by the radiation oncologist.

After treatment of trigeminal neuralgia, SRS is thought to cause

axonal degeneration and necrosis, with pain relief after radiosurgery

occurring from 2 to 6 weeks after the procedure.18 A review of

three separate case series with validated pain endpoints found that

the 1 year pain-free outcome was 69% of patients, dropping to 52%

at 3 year.19 We would propose that larger series of occipital neural-

gia patients would likely mirror these results if in fact occipital neu-

ralgia has the same underlying mechanism as trigeminal neuralgia.

We are prospectively following our occipital neuralgia patients and

anticipate reporting their outcomes once the sample size is statisti-

cally more valid.

Careful image registration for the actual patient was paramount

for successful target definition and localization. Registration for anat-

omy in the cervical spine can be difficult due to the mobilization of

the neck and a lack of an ability to share immobilization between

diagnostic and therapeutic applications.65,66 In addition, limitations of

the rigid registration available for use with respect to the target loca-

tion were noted with the unavailability of a nonrigid registration

platform for this study. Such registration must be carried out with a

focus on the level of C2 and with careful evaluation of the registra-

tion success for both the target-sided dorsal root ganglion and the

spinal cord and canal.

5 | CONCLUSIONS

We report the first application of SRS for the treatment of occipital

neuralgia. We performed quality assurance testing on the linear

accelerator isocentricity, the fusion of planning datasets, and image

guidance to ensure accurate delivery. Initial short-term follow-up is

encouraging. Additional prospective study is needed before SRS

can be considered an appropriate clinical option for occipital

neuralgia.

ACKNOWLEDGMENTS

We acknowledge Norton Healthcare for their continued support as

well as the Associates in Medical Physics, LLC.

REFERENCES

1. Hammond SR, Danta G. Occipital neuralgia. Clin Exp Neurol.

1977;15:258–270.

2. Anthony M. Headache and the greater occipital nerve. Clin Neurol

Neurosurg. 1992;94:297–301.

3. Cox CL Jr, Cocks GR. Occipital neuralgia. J Med Assoc State Ala.

1979;48:23.

4. Cesmebasi A, Muhleman MA, Hulsberg P, et al. Occipital neuralgia:

anatomic considerations. Clin Anat. 2015;28:101–108.

5. Kuhn WF, Kuhn SC, Gilberstadt H. Occipital neuralgias: clinical

recognition of a complicated headache. A case series and literature

review. J Orofac Pain. 1997;11:158–165.

6. Sharma RR, Devadas RV, Pawar SJ, Lad SD, Mahapatra AK. Current

status of peripheral neurectomy for occipital neuralgia. Neurosurg Q.

2005;15:232–238.

7. Manzoni GC, Torelli P. Epidemiology of typical and atypical craniofa-

cial neuralgias. Neurolog Sci. 2005;26:s65–s67.

8. Blume H, Kakolewski J, Richardson R, Rojas C. Radiofrequency

denaturation in occipital pain: results in 450 cases. Stereotact Funct

Neurosurg. 1982;45:543–548.

9. Kim CH, Hu W, Gao J, Dragan K, Whealton T, Julian C. Cryoablation

for the treatment of occipital neuralgia. Pain Physician. 2015;18:

E363–E368.

10. Dougherty C. Occipital neuralgia. Curr Pain Headache Rep.

2014;18:1–5.

11. Stechison MT, Mullin BB. Surgical treatment of greater occipital neu-

ralgia: an appraisal of strategies. Acta Neurochir. 1994;131:236–240.

12. Cohen SP, Peterlin BL, Fulton L, et al. Randomized, double-blind,

comparative-effectiveness study comparing pulsed radiofrequency to

steroid injections for occipital neuralgia or migraine with occipital

nerve tenderness. Pain. 2015;156:2585.

13. Sweet JA, Mitchell LS, Narouze S, et al. Occipital nerve stimulation

for the treatment of patients with medically refractory occipital neu-

ralgia: congress of neurological surgeons systematic review and evi-

dence-based guideline. Neurosurgery. 2015;77:332–341.

14. Kastler A, Onana Y, Comte A, Atty�e A, Lajoie JL, Kastler B. A simpli-

fied CT-guided approach for greater occipital nerve infiltration in the

management of occipital neuralgia. Eur Radiol. 2015;25:2512–2518.

130 | DENTON ET AL.



15. Tubbs RS, Mortazavi MM, Loukas M, D’Antoni AV, Shoja MM,

Cohen-Gadol AA. Cruveilhier plexus: an anatomical study and a

potential cause of failed treatments for occipital neuralgia and mus-

cular and facet denervation procedures: laboratory investigation. J

Neurosurg. 2011;115:929–933.

16. Sindou M, Mertens P. Posterior fossa approaches with preservation

of the sensory occipital nerves: microsurgical anatomy and surgical

implications. Skull Base Surgery. Hannover: Karger Publishers;

1994:719–722.

17. Zeiler FA, McDonald PJ, Kaufmann AM, et al. Gamma Knife radio-

surgery of cavernous sinus meningiomas: an institutional review. Can

J Neurol Sci. 2012;39:757–762.

18. Nurmikko TJ, Eldridge PR. Trigeminal neuralgia-pathophysiology,

diagnosis and current treatment. Br J Anaesth. 2001;87:117–132.

19. Gronseth G, Cruccu G, Alksne J, et al. Practice parameter: the diag-

nostic evaluation and treatment of trigeminal neuralgia (an evidence-

based review) report of the quality standards subcommittee of the

american academy of neurology and the european federation of neu-

rological societies. Neurology. 2008;71:1183–1190.

20. Lopez BC, Hamlyn PJ, Zakrzewska JM. Stereotactic radiosurgery for

primary trigeminal neuralgia: state of the evidence and recommenda-

tions for future reports. J Neurol Neurosurg Psychiatry.

2004;75:1019–1024.

21. Gerbi BJ, Higgins PD, Cho KH, Hall WA. Linac-based stereotactic

radiosurgery for treatment of trigeminal neuralgia. J Appl Clin Med

Phys. 2004;5:8–90.

22. Friehs GM, Park MC, Goldman MA, Zerris VA, Nor�en G, Sampath P.

Stereotactic radiosurgery for functional disorders. Neurosurg Focus.

2007;23:1–8.

23. Pollock BE, Boes CJ. Stereotactic radiosurgery for glossopharyngeal

neuralgia: preliminary report of 5 cases: clinical article. J Neurosurg.

2011;115:936–939.

24. Mart�ınez-�Alvarez R, Mart�ınez-Moreno N, Kusak ME, Rey-Portol�es G.

Glossopharyngeal neuralgia and radiosurgery: clinical article. J Neuro-

surg. 2014;121:222–225.

25. Stanic S, Franklin SD, Pappas CT, Stern RL. Gamma knife radio-

surgery for recurrent glossopharyngeal neuralgia after microvascular

decompression. Stereotact Funct Neurosurg. 2012;90:188–191.

26. Stieber VW, Bourland JD, Ellis TL. Glossopharyngeal neuralgia trea-

ted with gamma knife surgery: treatment outcome and failure analy-

sis. Case report. J Neurosurg. 2005;102:155–157.

27. Rojas-Villabona A, Miszkiel K, Kitchen N, J€ager R, Paddick I. Evalua-

tion of the stability of the stereotactic leksell frame G in gamma

knife radiosurgery. J Appl Clin Med Phys. 2016;17:75–89.

28. Romanelli P, Schaal DW, Adler JR. Image-guided radiosurgical abla-

tion of intra-and extra-cranial lesions. Technol Cancer Res Treat.

2006;5:421–428.

29. Das IJ, Ding GX, Ahnesj€o A. Small fields: nonequilibrium radiation

dosimetry. Med Phys. 2008;35:206–215.

30. Followill DS, Kry SF, Qin L, et al. The radiological physics center’s
standard dataset for small field size output factors. J Appl Clin Med

Phys. 2012;13:282–289.

31. Francescon P, Cora S, Cavedon C. Total scatter factors of small

beams: a multidetector and Monte Carlo study. Med Phys.

2008;35:504–513.

32. Aspradakis MM, Byrne JP, Palmans H, et al. IPEM Report 103: small

field MV photon dosimetry (No. IAEA-CN—182). 2010.

33. Das I. TH-A-213-00: small field dosimetry: overview of AAPM TG-

155 and the IAEA-AAPM code of practice. Med Phys. 2015;42:3700.

34. Seuntjens J. TH-EF-204-02: small field radiation therapy: physics

and recent recommendations from IAEA and ICRU. Med Phys.

2016;43:3893.

35. Dieterich S, Sherouse GW. Experimental comparison of seven com-

mercial dosimetry diodes for measurement of stereotactic radio-

surgery cone factors. Med Phys. 2011;38:4166–4173.

36. Brainlab AG. Brainlab physics technical reference guide. Revision

1.8. 2015.

37. Rogers CL, Shetter AG, Fiedler JA, Smith KA, Han PP, Speiser BL.

Gamma knife radiosurgery for trigeminal neuralgia: the initial experi-

ence of the barrow neurological institute. Int J Radiat Oncol Biol

Phys. 2000;47:1013–1019.

38. Kessler ML. Image registration and data fusion in radiation therapy.

Br J Radiol. 2006;79:S99–108.

39. Denton TR, Shields LB, Howe JN, Spalding AC. Quantifying isocenter

measurements to establish clinically meaningful thresholds. J Appl

Clin Med Phys. 2015;16:175–188.

40. Paddick I, Lippitz B. A simple dose gradient measurement tool

to complement the conformity index. J Neurosurg. 2006;105:194–

201.

41. Lillicrap SC, Higson GR, O’Connor AJ. Radiotherapy equipment stan-

dards from the international electrotechnical commission. Br J Radiol.

1998;71:1225–1228.

42. Kim J, Jin JY, Walls N, et al. Image-guided localization accuracy of

stereoscopic planar and volumetric imaging methods for stereotactic

radiation surgery and stereotactic body radiation therapy: a phantom

study. Int J Radiat Oncol Biol Phys. 2011;79:1588–1596.

43. Minniti G, Scaringi C, Clarke E, Valeriani M, Osti M, Enrici RM.

Frameless linac-based stereotactic radiosurgery (SRS) for brain

metastases: analysis of patient repositioning using a mask fixation

system and clinical outcomes. Radiat Oncol. 2011;6:1.

44. Sahgal A, Ma L, Chang E, et al. Advances in technology for intracra-

nial stereotactic radiosurgery. Technol Cancer Res Treat. 2009;8:271–

280.

45. Murphy MJ. Intrafraction geometric uncertainties in frameless

image-guided radiosurgery. Int J Radiat Oncol Biol Physics.

2009;73:1364–1368.

46. Grills IS, Mangona VS, Welsh R, et al. Outcomes after stereotactic

lung radiotherapy or wedge resection for stage I non–small-cell lung

cancer. J Clin Oncol. 2010;28:928–935.

47. Milano MT, Katz AW, Muhs AG, et al. A prospective pilot study of

curative-intent stereotactic body radiation therapy in patients with 5

or fewer oligometastatic lesions. Cancer. 2008;112:650–658.

48. Wers€all PJ, Blomgren H, Lax I, et al. Extracranial stereotactic radio-

therapy for primary and metastatic renal cell carcinoma. Radiother

Oncol. 2005;77:88–95.

49. Benzil DL, Saboori M, Mogilner AY, Rocchio R, Moorthy CR. Safety

and efficacy of stereotactic radiosurgery for tumors of the spine. J

Neurosurg. 2004;101:413–418.

50. Klein EE, Hanley J, Bayouth J, et al. Task Group 142 report: quality

assurance of medical accelerators. Med Phys. 2009;36:4197–4212.

51. Dieterich S, Cavedon C, Chuang CF, et al. Report of AAPM TG 135:

quality assurance for robotic radiosurgery. Med Phys. 2011;38:2914–

2936.

52. Schell MC, Bova FJ, Larson DA, et al. Task Group 42 radiation ther-

apy committee. American Association of Physicists in Medicine,

AAPM Report No. 54: stereotactic radiosurgery. Woodbury, NY:

American Institute of Physics; 1995. http://www.aapm.org/pubs/

reports/rpt_54.PDF

53. Benedict SH, Yenice KM, Followill D, et al. Stereotactic body radia-

tion therapy: the report of AAPM Task Group 101. Med Phys.

2010;37:4078–4101.

54. Khelashvili G, Chu J, Diaz A, Turian J. Dosimetric characteristics of

the small diameter BrainLabTM cones used for stereotactic radio-

surgery. J Appl Clin Med Phys. 2012;13:4–13.

55. Kim J, Wen N, Jin JY, et al. Clinical commissioning and use of the

Novalis Tx linear accelerator for SRS and SBRT. J Appl Clin Med Phys.

2012;13:124–151.

56. Rowshanfarzad P, Sabet M, O’Connor DJ, Greer PB. Isocenter verifi-

cation for linac-based stereotactic radiation therapy: review of prin-

ciples and techniques. J Appl Clin Med Phys. 2011;12:185–195.

DENTON ET AL. | 131



57. Solberg TD, Balter JM, Benedict SH, et al. Quality and safety consid-

erations in stereotactic radiosurgery and stereotactic body radiation

therapy: executive summary. Pract Radiat Oncol. 2012;2:2–9.

58. Gevaert T, Verellen D, Tournel K, et al. Setup accuracy of the Nova-

lis ExacTrac 6DOF system for frameless radiosurgery. Int J Radiat

Oncol Biol Phys. 2012;82:1627–1635.

59. Verellen D, Soete G, Linthout N, et al. Quality assurance of a system

for improved target localization and patient set-up that combines

real-time infrared tracking and stereoscopic X-ray imaging. Radiother

Oncol. 2003;67:129–141.

60. Dhabaan A, Schreibmann E, Siddiqi A, et al. Six degrees of freedom

CBCT-based positioning for intracranial targets treated with frameless

stereotactic radiosurgery. J Appl Clin Med Phys. 2012;13:215–225.

61. Shanks TS, Coons JM, Howe J, Plato B, Spalding AC. Frameless srs

for medically and surgically refractory trigeminal neuralgia. Journal of

Radiosurgery & SBRT. 2013;2:164.

62. Smilowitz JB, Das IJ, Feygelman V, et al. AAPM medical physics

practice guideline 5. a.: commissioning and QA of treatment planning

dose calculations—megavoltage photon and electron beams. J Appl

Clin Med Phys. 2015;16:14–34.

63. Seung SK, Larson DA, Galvin JM, et al. American college of radiology

(ACR) and american society for radiation oncology (ASTRO) practice

guideline for the performance of stereotactic radiosurgery (SRS). Am

J Clin Oncol. 2013;36:310.

64. Solberg T, Robar J, Gevaert T, Todorovic M, Howe J. SU-F-P-05:

initial experience with an independent certification program for

stereotactic radiosurgery and stereotactic body radiation therapy.

Med Phys. 2016;43:3358–3359.

65. Ireland RH, Dyker KE, Barber DC, et al. Nonrigid image

registration for head and neck cancer radiotherapy treatment

planning with PET/CT. Int J Radiat Oncol Biol Phys. 2007;68:952–

957.

66. Gilbeau L, Octave-Prignot M, Loncol T, Renard L, Scalliet P, Gr�egoire

V. Comparison of setup accuracy of three different thermoplastic

masks for the treatment of brain and head and neck tumors. Radio-

ther Oncol. 2001;58:155–162.

132 | DENTON ET AL.


