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Prognostic Significance of nN in Resected NSCLC

47.8%, respectively). In addition, refinement of the preoper-
ative work-up to screen cN2 disease and distant metastasis
also contributed to the higher OS rate of pN2.

We defined four nN categories according to the number
of nodes with metastasis and examined the respective sur-
vival curves. All the patients were stratified into four prog-
nostically distinct groups by the nN classification. When we
tried to validate the results across each pT stage, a clear
tendency of deterioration of OS from nNO to nN3 in the same
pT stage can be observed, and the curves were split in pT1
and pT2 stage. The results indicated that nN category was a
prognostic factor even in the same pT stage. In the higher pT
stage of pT3 and pT4, however, the curves were not apart
from each other. In addition to the small number of the cases,

_the other reason may be that the prognosis of the higher pT
stage was always poor regardless of the number of metastatic
lymph nodes, so the prognostic effect of nN category was not
well demonstrated in these populations.

In a multivariate analysis, the nN category was shown
to be an independent prognostic factor for both OS and DFS.
Furthermore, the nN category could be used to subdivide pN1
and pN2 patients into two (nN1 and nN2) and three (nN1,
nN2 and nN3) prognostically distinct subgroups, respec-
tively. These results showed that the nN category has a
powerful discriminative ability with respect to the prognosis
and that the pN1 and pN2 categories are prognostically
heterogeneous. However, the survival of the nN3 subgroup in
pN1 patients was not significantly different from that of the
nN1 and nN2 subgroups. It seems that the nN classification
does not have as strong a discriminative ability in pN1 as in
pN2 patients. It is difficult to explain this finding; however, it
may be, in part, due to the small size of the nN3 subgroup
(n = 7) in pNI1 patients. Another possible explanation is that
lymph node fragments were removed. During the operation,
some of the N1 lymph nodes were most likely removed in
fragments instead of intact because of adhesion to the bron-
chus and lung tissues. Each fragment may have been counted
as a single node during the pathologic examination. Thus, the
true number of metastatic lymph nodes may have been
overestimated, and this would bias the results toward null. In
contrast, most of the mediastinal lymph nodes (N2) were
removed en bloc with the adjacent soft tissue, and fewer
fragments than N1 nodes were produced. All these factors
may have contributed to the observed results.

When we subdivided the nN category into pN1 and
pN2 subgroups, no significant survival difference was ob-
served between the two subgroups. This indicated that, for
metastasis in the same number of lymph nodes, the anatomic
location of the positive node (N1 or N2) is not important for

postoperative survival. We tend to agree with the opinion that

the overall disease burden, rather than the anatomic location
of lymph node involvement, has the most important influence
on prognosis.!! Based on the finding in this study that the pN2
stage was accompanied by more lymph node metastasis than
the pN1 stage, we postulate that even the slightly higher DFS
rate in pN1 than pN2 was attributed to the smaller number of
metastatic lymph nodes.
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Despite the benefits of nN category for predicting sur-
vival, it also has some limitations. As we discussed above, some
lymph nodes were inevitably removed in fragments, especially
in the N1 region, which could lead to an overestimation of the
number of metastatic nodes. Such an overestimation would bias
the results of this study toward null, and the true association
between the nN category and survival may be stronger than what
we observed. However, when the nN category is used clinically
as a prognostic tool, the survival risk of patients may be over-
estimated because of the presence of nodal fragments. To avoid
the overestimation, the surgeon should remove the lymph nodes
en bloc with the adjacent soft tissue to avoid fragments. If the
fragment is inevitable, it is necessary for the operator to put the
fragments from one single lymph node into a same bottle and
label it definitely.

Second, a sufficient number of retrieved lymph nodes is
essential to evaluate the true number of metastatic nodes. In
gastric cancer, at least 15 removed lymph nodes are required
to assure the reliability of the pN classification.?9 In lung
cancer, there have long been controversies regarding the
extent of lymphadenectomy.!821-23 Some reports have sug-
gested that the optimal number of removed lymph nodes is 11
to 16 to accurately assess stage I lung cancer.2425 In the study
by Lee et al.,!5 the removal of 11 nodes was set as a threshold
for inclusion in their study. In our study, we did not set a
threshold. We performed selective lymph node dissection

based on the lobe-specific patterns of nodal metastasis for all

but the high-risk patients. We think that the number of
metastatic lymph nodes should be stable as long as less
dissection is based on the idea of the lobe-specific nodal
metastasis, '6.17.21,22

Third, it is difficult to accurately assess the number of
metastatic lymph nodes both preoperatively and in nonsurgi-
cal patients by CT scan or other methods currently used.
Although PET scan can discriminate some metastatic lymph
nodes, this is not sufficient to determine the nN category.
Therefore, the nN category will contribute less to determine
the optimal treatment before surgery. New methods that are
capable of identifying each metastatic lymph node for non-
surgical patients will need to be developed.

Finally, the optimal category definition for the number
of metastatic lymph nodes needs to be further explored. In
this study and previous studies by Lee et al.!s and Fukui et
al.,? four categories were defined, and the patients without
lymph node metastasis were grouped into a single category.
However, for patients with metastatic lymph nodes, the cat-
egories had different definitions. Both the other two studies
showed the prognostic significance of the number of meta-
static lymph nodes based on their category definitions. Be-
cause the data are from different institutes, it is difficult to
discuss which category definition is the best. Further studies
are needed.

In summary, our results demonstrated that the location-
based pN stage classification had a poor discriminative ability
with regard to the prognosis in resected NSCLC, and patients
in pN1 and pN2 are prognostically heterogeneous. Despite
the limitations, the nN category as defined in this study is a
better prognostic determinant than the location-based pN
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stage. The overall disease burden, rather than the anatomic
location of lymph node involvement, may have the most
important influence on the prognosis. Furthermore, the num-
ber of metastatic lymph nodes is a more objective measure
than their location, because errors could be made in deter-
mining the location of metastatic nodes. Therefore, we be-
lieve that the number of metastatic lymph nodes should be
considered for the nodal stage classification in the future.
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Abstract

The dedicated intraoperative examination menitor for awake surgery (IEMAS) was originally devel-
oped by us to facilitate the process of brain mapping during awake craniotomy and successfully used in
186 neurosurgical procedures. This information-sharing device provides the opportunity for all mem-
bers of the surgical team to visualize a wide spectrum of the integrated intraoperative information relat-
ed to the condition of the patient, nuances of the surgical procedure, and details of the cortical mapping,
practically without interruption of the surgical manipulations. The wide set of both anatomical and
functional parameters, such as view of the patient’s mimic and face movements while answering the
specific questions, type of the examination test, position of the surgical instruments, parameters of the
bispectral index monitor, and general view of the surgical field through the operating microscope, is
presented compactly in one screen with several displays. However, the initially designed IEMAS 8ys-
tem was occasionally affected by interruption or detachment of the connecting cables, which sometimes
interfered with its effective clinical use. Therefore, a new modification of the device was developed.
The specific feature is installation of wireless information transmitting technology using audio-visual
transmitters and receivers for transfer of images and verbal information. The modified IEMAS system

is very convenient to use in the narrow space of the operating room.

Key words: awake craniotomy,
cerebral glioma, surgery

Introduction

Current management strategy of cerebral gliomas
emphasizes the importance of maximal possible sur-
gical resection with minimal risk of postoperative
morbidity,”1112 but this goal cannot be attained
without use of the advanced computer-assisted in-
traoperative technologies, because of the typical in-
filtrative growth and unclear borders of primary
parenchymal brain tumors, as well as the common
effects on functionally-important cerebral struc-
tures, which create a significant challenge for
differentiation between the margin of the lesion and
adjacent viable normal tissue. Various technological
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adjuncts directed at facilitation of surgery for in-
tracranial neoplasms are currently incorporated
into neurosurgical practice.*® Particularly, the tech-
nique of awake craniotomy is widely used for in-
traoperative brain mapping during resection of le-
sions located in or in the nearest vicinity to eloquent
cortical areas.?:916:20)

Around a decade ago, the dedicated intraopera-
tive examination monitor for awake surgery
(IEMAS) was developed by our group.5&1119) The
clinical experience with this device was generally
very successful, but a few minor problems still ap-
peared. First, carrying of the IEMAS in and out of
the operating room between surgeries -easily
damaged the connecting cables and attachments,
which sometimes resulted in highly undesirable
mechanical problems during tumor resection. Sec-
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ond, the quantity of medical information displayed
on the screen of IEMAS was not considered ade-
quate by the operating surgeon in some cases. There-
fore, the device was improved by modifications. The
details of its initial clinical testing was reported
previously and published elsewhere.? Here we
present our clinical experience with routine use.

Materials and Methods

IEMAS was designed as an information-sharing
device for use during awake craniotomy for in-
tracranial lesions.® The device provides simultane-
ous real-time visualization of a wide spectrum of in-
traoperative data. For example, the patient’s mimic
and face movements during answering specific test
questions, type of the examination test, position of
the surgical instruments and cortical stimulator in
the surgical field, parameters of the bispectral index

Fig. 1 Integration of multiple intraoperative parame-
ters on the screen of the wireless intraoperative exami-
nation menitor for awake surgery. On the upper left dis-
play, the patient face and eyes can be seen to facilitate
checking of the consciousness status and mimics during
response to test questions. On the lower left display, the
anatemical data from the real-time updated neuronavi-
gation system is shown, which can localize the exact po-
sition of the cortical stimulator. On the lower right dis-
play, the view of the surgical field through the operative
microscope during brain mapping is seen, which can be
helpful for precise identification of the timing of stimu-
lation. On the upper right display, 4 different types of in-
formation are presented, which are (clockwise): the test
object provided for a patient for naming, parameters of
the bispectral index monitor reflecting the patient’s
awake state, general view of the operating theater, and
parameters of the heart beat monitor. In total, 7 differ-
ent intraoperative parameters are integrated in real-time
on one screen.
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monitor, and general view of the surgical field
through the operating microscope, can be presented
compactly in one screen with several displays (Fig.
1). Moreover, this combined image can be projected
on several in-room liquid crystal display (L.CD) mo-
nitors, so the integrated real-time information can
be easily distributed and quickly analyzed by all
members of the surgical team, practically without
interruption of the surgical manipulations.

The specific feature of the new modification of the
IEMAS system is the installation of wireless infor-
mation transmitting technology using audio-visual
transmitters and receivers for transfer of images and
verbal information.?? The general technical charac-
teristics are presented in Table 1. The device con-
sists of 3 main parts: patient monitor, operator mo-
nitor, and control box (Fig. 2).

The patient monitor is a 3.5-inch LCD with a small

Table 1 Technical parameters of the latest modifica-
tion of intraoperative examination monitor for awake
surgery :

Size {mm)
Power supply (V)

Frequency range of
audio-visual transmitters

Camera and monitors

390 X 1100 X 1300
AC 100; DC 12
1.2 GHz (1 channel) and 2.45 GHz
(2 channels)
CCD camera
3.5 inch LCD monitor
(patient monitor)
7.5 inch LCD monitor
(operator monitor)
Degrees of freedom in 6 (self-controlling)
monitors positioning

AC: alternating current, CCD: charge coupled device, DC:
direct current, LCD: liquid crystal display.

Fig. 2 General view of the wireless modification of in-
traoperative examination monitor for awake surgery.
Three main parts of the device are seen, patient monitor,
operator monitor, and control box.
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charge coupled device (CCD) camera and incorpo-
rated highly sensitive microphone. The test ques-
tions for the patient are displayed on this monitor,
and the camera images the patient’s face simultane-
ously with the verbal response to tests. The operator
monitor is a 7.5-inch LCD, which can project vari-
ous intraoperative parameters. The whole combined
image is constructed with a special divider of the
recording system. In the modified IEMAS, 7
separate windows can be created on this screen,
compared with 5 on the previous version of the
device. The image of this monitor is recorded on the
hard disk of the recording system, which is located
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Y i transmission
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{x;t‘iem m|c_mnor with 5 ¥
et sy A
| BIS
[ ¢, | MONitor
CCD camera wilhinE
palisit monitor

vTVYyvV

1
]
1
]
]
1
]
]
! [image divider]
]
]
1
I
1
1
]

| A

]

operator monitor

down scan converter | ]
control box

Inside of the intelligent operating theater

recording
system

Outside of the intelligant operaling theater

Fig. 3 Scheme of information transfer during use of in-
traoperative examination monitor for awake surgery
and signal exchanging system provided by audio-visual
transmitters and receivers. BIS: bispectral index,
CCD: charge coupled device, PG: personal computer.

assistant
surgeon

operating
surgeon

outside the operating room (Fig. 3). The control box
contains a down scan converter, alternating current
power supply, and audio-visual transmitters and
receivers. Metal poles connecting all 3 components
of the device are made from the recreated parts of
the commercially available tripod.

In the operating theater, the compact device is lo-
cated beside the operating table and controlled by
the assistant in charge of brain function monitoring
(Fig. 4), whose main tasks include providing of the
test questions for the patient simultaneously with
electrical stimulation of the cerebral cortex per-
formed by the operating surgeon, and checking the
appropriateness of response by evaluation of both
the verbal answer and movements of the facial mus-
cles and eyeballs.

Results

A total of 939 neurosurgical procedures for resec-
tion of intracranial gliomas were performed in the
intelligent operating theater of the Tokyo Women’s
Medical University from March 2000 to January
2011. Awake craniotomy was performed in 220
cases, and the initial modification of IEMAS was
used 186 times.

The clinical testing of the new modification of the
device was initiated on February 1, 2010, and imme-
diately revealed the presence of crossed line effects,
which resulted in impaired quality of visual and au-
ditory data. This technical trouble was caused by im-
perfect design of the control box, with close vicinity
of the several transmitters and receivers within the
same tight space, as well as by use of a similar fre-
quency (2.4 GHz) for all transmitters. Change of the

Fig. 4 Schematic (A) and real (B) demonstration of the position of the intraoperative examination monitor for awake
surgery (IEMAS) during resection of glioma, and its use by the assistant in charge of brain mapping (C).

Neurol Med Chir (Tokyo) 51, June, 2011
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Table 2 Possible problems with identification of the speech areas with intraoperative electrical stimulation of the
cerebral cortex during awake craniotomy and technical solutions required for their elimination*

Problem

Solution

Speech arrest during intraoperative cortical mapping may be
similarly caused by stimulation of the different cortical areas,
namely motor cortex, negative motor cortex, and speech area
itself, which requires their precise discrimination.

Presence of the surgical drapes separating the patient face and
examination monitor from the examiner of the cortical func-
tions may result in problems with identification of important
neurological signs appearing during cortical stimulation, and
with assessment of the appropriateness of visualization of the
examination task by the patient. :

Monitoring of the patient face, its mimics, and involuntary move-
ments of the facial muscles at the time of speech arrest during
cortical stimulation may be extremely helpful for ruling out
both false positive and false negative identification of the
speech area and for its precise localization.

Insufficient awakening of the patient from sedation and subop-
timal level of his or her conscious may result in poor response
to examination tasks and pseudo speech arrest, which ma
result in false positive identification of the cortical speec
area.

Information on the patient sedation level should be integrated
with details of his or her response to the examination tasks and
those data should be provided both for the surgeon and ex-
aminer of the cortical functions.

It may be difficult for the surgeon to assess correctness of the
patient response to examination task, since at the same time be
or she performs electrical stimulation of the cortex.

The examiner of the cortical functions providing the examina-
tion tasks for the patient cannot see the nuances of the cortical
stimulation performed by the surgeon, which may create
problems with precise interpretation of the patient responses.

The information on the cortical stimulation observed by the sur-
geon through the operating microscope and data on the type of
examination task providing for the patient and his or her
response should be integrated in real-time. Moreover, this in-
formation should be preferably provided not only for the sur-
geon and examiner of the cortical functions, but for all other
members of the surgical team in order to prevent loss of the im-
portant information and its correct interpretation.

Even if according to the intraoperative cortical mapping it can be
suspected that speech area is localized correctly, it may be
difficult for a surgeon to integrate precisely its positioning
with the anatomical details of the tumor location.

The information on the electrical cortical stimulation during in-
traoperative brain mapping should be integrated with the data
of intraoperative neuronavigation with three-dimensional
visualization of the tumor location.

* According to Yoshimitsu et al.?y) and Sakurai et al.*®

wireless connections between the image divider and
operator monitor to cables was successfully done in-
itially,2 but simple reduction of the frequency of
this transmitter from 2.4 GHz to 1.2 GHz was soon
found to be adequate for full resolution of the
problem. The wireless modification of IEMAS was
used during 34 subsequent awake craniotomies
without technical problems during the 12 subse-
quent months.

Discussion

Precise intraoperative localization of the eloquent
cortical areas is of paramount importance during
resection of cerebral gliomas. However, the anatom-
ical location has individual variations.13-1517,18)
Moreover, indolent tumor growth may result in fur-
ther shift of the functional cortical centers away
from the mass. Therefore, intraoperative mapping of
cortical and, sometimes, subcortical cerebral struc-
tures is essential, which is frequently performed
during awake craniotomy with the conscious com-
municating patient during direct electrical stimula-
tion of the specific brain areas.!.38-10.16.20) Several
problems may arise with identification of the corti-
cal speech areas using such technique and require
specific solutions (Table 2).1%2Y Particularly, elimi-
nation of the anarthria produced by positive motor

Neurol Med Chir (Tokyo) 51, June, 2011

response of the tongue and face or from the negative
motor response of the tongue during cortical stimu-
lation is extremely important for precise evaluation
of the language function.2%

Our IEMAS may significantly facilitate cortical
brain mapping during awake craniotomy and
definitely proved its usefulness.’®1119 However,
sometimes appropriate use suffered from occasional
interruption of the connecting cables or detach-
ment. Moreover, the operating surgeon had com-
plained on several occasions of the limited number
of intraoperative parameters visualized on the
screen of the monitor. While those problems were
definitely minor, anxiety and irritation can result for
members of the surgical team due to more or less
prolonged interruption of the tumor removal. The
latter is definitely highly undesirable taking into ac-
count the awake condition of the patient.

Modification of the device was directed on instal-
lation of the wireless transmitting functions and in-
crease of the number of windows on the operator
monitor screen. Some technical problems appearing
during initial clinical testing were resolved quickly.
Our experience with the modified IEMAS suggests
complete elimination of minor problems associated
with the previous version. The compact and wireless
structure is very convenient to use in the narrow
space of the operating room. Further efforts with im-
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provement of the IEMAS will include development
of a more comfortable user interface and installation
of the auto-tracking mechanism in the CCD camera
of the patient monitor for automatic correction of its
positioning during cortical mapping.
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Abstract The objective of the present study was the
evaluation of outcome in 130 patients with essential
trigeminal neuralgia, who were treated using Leksell
Gamma Knife model C with automatic positioning system
and followed at least 24 months thereafter. Radiosurgery was
guided by fused thin-sliced magnetic resonance (MR) and
“bone window” computed tomographic (CT) images. In all
cases, retrogasserian part of the trigeminal nerve at the level of
trigeminal incisura was selected as a target, and one 4-mm
collimator was used for delivery of the maximum irradiation
dose 0f 90 Gy. The coordinates of the isocenter were adjusted

The results of this study were presented during the 9th Biennial
Congress of the International Stereotactic Radiosurgery Society
(June 7-11, 2009; Seoul, South Korea).
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for positioning of the nerve in the center of 80% isodose area,
and were corrected in each individual case with regard to
presence of distortion artifacts on MR images. Initial relief of
the typical paroxysmal facial pain was marked in 127 patients
(98%) within a median interval of 3 weeks after treatment.
However, in 23 patients the pain re-appeared later on. Overall,
at the time of the last follow-up 112 patients (86%) were pain-
free, including 86 who remained both pain- and medication-
free after initial radiosurgery. In 31 cases (24%), treatment was
complicated by facial hypesthesia and/or paresthesia. In
conclusion, radiosurgery of essential trigeminal neuralgia
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results in a high rate of initial pain relief, but pain recurrences
and associated complications are not uncommon. The
outcome may be influenced by various technical nuances;
therefore, treatment should be preferably done in specialized
clinical centers with sufficient expertise in the management of
this disorder.

Keywords Trigeminal neuralgia - Treatment - Stereotactic
radiosurgery - Gamma Knife surgery - Automatic positioning
system - OQutcome

Introduction

Stereotactic radiosurgery has become the standard manage-
ment option for medically resistant essential trigeminal
neuralgia if surgical procedure(s) is ineffective or could not
be done due to any reason. According to multiple reports,
in 61-98% of cases the treatment results in satisfactory
control of paroxysms of the facial pain regarding both their
intensity and frequency [2—4, 6-10, 18-47, 49, 51-54, 56].

During 10-year period from 1998 till 2008, the first author
(M.H.) performed Gamma Knife surgery (GKS) in 303
patients with essential trigeminal neuralgia. The main princi-
ples of the applied radiosurgical strategy and overall results in
these cases were reported previously [11-17]. The objective
of this retrospective study was the evaluation of outcome in a
selected cohort of patients, who underwent treatment using
Leksell Gamma Knife model C with automatic positioning
system [APS] (Elekta Instruments AB, Stockholm, Sweden),
and were followed for at least 2 years thereafter.

Methods

From January 2003 to September 2008, a total of 4,105
radiosurgical procedures using Leksell Gamma Knife model
C with APS were performed in the Department of Neurosur-
gery of the Tokyo Women's Medical University and in
Saitama Gamma Knife Center. In 262 cases, GKS was
performed for management of essential trigeminal neuralgia.
From this cohort, 130 patients were followed at least 2 years
after treatment and constituted the clinical basis of the present
analysis. The demographic characteristics of this group were
similar to the residual cases, which also underwent GKS, but
had insufficient length of follow-up. All clinical, radiological
and radiosurgical data were extracted from the prospectively
maintained computer databases.

During the same time span, 41 surgical microvascular
decompressions (MVD) were performed in both clinics for
primary management of essential trigeminal neuralgia,
whereas no other type of procedures were used for such a

purpose.
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General data

There were 72 women and 58 men. Their age varied from
31 to 88 years (mean, 68 years). Seven (5%) patients were
younger than 50 years, 17 (13%) were between 50 and
59 years, 50 (39%) were between 60 and 69 years, 33
(25%) were between 70 and 79 years, and 23 (18%) were
older than 80 years.

The duration of symptoms before first visit to radiosurgical
outpatient clinic varied from 1 to 497 months (mean,
98 months). In all cases, there was a typical clinical
presentation of essential trigeminal neuralgia characterized
by paroxysmal “electric discharge™like facial pain with
certain unilateral topographical distribution within one or
more divisions of the trigeminal nerve. The attacks of pain
were friggered by facial stimulation, such as mastication, tooth
brushing, face washing or touching, speech. Their daily
frequency varied from 10 to uncountable number. All patients -
characterized their pain as intolerable and associated it with at
least 8 out of 10 points on the Visual Analogue Scale. No one
patient had other type of facial pain (i.e., continuous pain),
sensory disturbances on the face and cornea, or history of
multiple sclerosis. In all cases, magnetic resonance imaging
(MRI) excluded the presence of structural intracranial lesion.

All patients noted at least partial effect of carbamazepin
(Tegretol®) for facial pain control either before or at the
time of radiosurgery. The length of medication trials before
GKS varied in our hospital from 1 to 24 months (mean,
12 months). If carbamazepin was well tolerated, its dose in
cases of suboptimal pain conirol was steadily increased
from 200 to 600 mg/day.

The indications for radiosurgical treatment included:

(1) Insufficient control of pain, defined as less than 80%
of its intensity and frequency reduction with prescrip-
tion of carbamazepin at the optimal dose and schedule
of administration [15]

(2) Allergy, side effects, or complications associated with
administration of carbamazepin

(3) Inability to perform MVD due to any reason

The duration of medical treatment failure before radio-
surgery depended inversely on pain intensity, but, in
general, at least 3 months of observation was recommended
before decision was made on surgical management. As a
rule, all patients and their nearest family members were
provided with detailed information on the various possible
treatment options, including MVD, percutaneous ablative
procedures, and GKS. Advantages and risks of each
technique were clarified, taking into consideration pecu-
liarities of the individual case with regard to age, medical
comorbidities, pain severity, and previous treatment. MVD
was usually strongly recommended for younger individuals
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(less than 50 years old), whereas radiosurgery was
suggested for older ones (more than 70 years old).
Nevertheless, the final decision on the preferred modality
was made by the patient himself or herself. Informed
consent was provided before treatment in each case.

Radiosurgery

On the day of radiosurgery, a Leksell G stereotactic frame
(Elekta Instruments AB) was fixed on the patient’s head
under local anesthesia in such a way as to make it parallel
to the intracisternal portion of the trigeminal nerve, which
was attained by correspondence of the.plane of the frame
base to the orbitomeatal line. This option provides an
opportunity to follow the whole length of the nerve in one
axial MR image [15-17, 29]. The projection of the
trigeminal incisura of the petrous bone was localized
1.5 cm anterior and 1.5 cm superior to the external auditory
meatus, and this point was positioned close to the center of
the Y-axis with appropriate adjustment in Z-axis (Fig. 1).

Axial thin-sliced (1.0 mm) contrast-enhanced and “bone
window” computed tomography (CT), and axial thin-sliced
(0.5 mm) heavy T,-weighted MR images were obtained in
stereotactic conditions, using zero degree gantry tilt for all
investigations. Radiological data were transferred to Leksell
Gamma Plan version 5.34 or, later, version 8.3 (Elekta
Instruments AB).

Radiosurgical treatment planning was done by reference
to a simultaneous onscreen display of all obtained images
within the three-dimensional workspace. First, trigeminal
nerve, brain stem, and adjacent vascular structures were

Fig. 1 Fixation of the stereotactic frame on the patient’s head in
parallel to the intracisternal portion of the trigeminal nerve (red line)
attained by correspondence of the plane of the frame base to
orbitomeatal line, and positioning of the projection .point of the
trigeminal incisura (red spof) close to the center of the Y-axis with
appropriate adjustment in Z-axis

determined and accurately delineated with different colors.
Postcontrast CT images were used to distinguish the non-
enhanced Meckel’s cave from enhanced cavernous sinus
and tentorium. In all cases, the retrogasserian part of the
trigeminal nerve at the level of trigeminal incisura on the
side of the facial, pain was selected as a target (Fig. 2). One
4-mm collimator was used constantly for delivery of
maximum irradiation dose of 90 Gy at 100% isodose line.
Using advantages of APS, which provides 0.1 mm position-
ing accuracy, the coordinates of the isocenter were carefully
adjusted for positioning of the nerve into the center of not
just 50%, but 80% isodose area. The dose to the brain stem
was kept below 18 Gy, which corresponded to 20% isodose
line. A dose-volume histogram was generated to assure that 1
mm® or less of the pons had received such irradiation dose.
In cases of narrow cerebellopontine cistern, the beam
plugging technique was used to avoid excessive dose
delivery to the brain stem (Fig. 3). Afier completion of
the treatment plan, the coordinates of the isocenter were
adjusted according to the presence of distortion artifacts
evaluated three-dimensionally in each individual case using
fused “bone window” CT and MR images [11-17]. In few
cases with poor visualization of the trigeminal nerve or
contraindications for MRI, the radiosurgical target was set
according to the location of the trigeminal incisura and
Meckel’s cave, which were defined, correspondingly, on
“bone window” and postcontrast CT (Fig. 4).

Neither steroids, nor anticonvulsants were routinely
administered at the time of GKS.

Follow-up

All patients were followed by the treating neurosurgeon
with regular clinical examinations, which were scheduled
every 3 months during the first year after treatment, every
6 months during the second and third years, and yearly
thereafter. Each patient was advised to make a non-
scheduled outpatient visit in case of exacerbation of pain
or any other clinical deterioration. Routinely, MRI inves-
tigations were not done after GKS. The length of follow-up
varied from 24 to 66 months (mean, 38 months).

Results
Pain response to treatment

Relief of the typical paroxysmal facial pain (more than 80%
of its intensity and frequency reduction) at some time point
after initial radiosurgical treatment was marked in 127 out
of 130 patients (98%). The time interval to such an effect
varied widely (Table 1), and in median constituted 3 weeks

(Fig. 5).
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Fig. 2 Radiosurgical treatment plan for essential trigeminal neuralgia.
Trigeminal nerve (blue) and brain stem (red) are delineated. Retro-
gasserian part of the nerve at the level of the trigeminal incisura was

Treatment failures, recurrences, and salvage treatment

In three out of 130 patients (2%), typical paroxysmal facial
pain did not respond to treatment at all.

Sixty-one out of 127 patients (48%) with pain relief
experienced persistent paroxysms of facial pain during the
first 6 months after treatment, which, however, showed 60—
80% reduction in intensity and frequency compared to
pretreatment period and did not require any additional
treatment, were therefore not considered as treatment failure
or recurrence. The latter was defined as re-appearance of
regular pain attacks 6 months and more after GKS, but, in
fact, was never noted within first year after treatment. It
was observed in 23 out of 127 patients (18%) who had
initial pain relief. In 15 cases the recurrence was considered
as minor and did not require pursuing further surgical
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selected as a target using one 4-mm collimator, which coordinates
were carefully adjusted for positioning of the nerve into the center not
just of 50% (yellow circle), but of 80% isodose area

intervention, whereas in eight it was viewed as major since
it necessitated additional surgery [44].

All 26 patients who did not respond to radiosurgery or
experienced pain recurrence underwent salvage treatment.
Administration of carbamazepin was more or less effective in
18 of them. In eight other patients, percutaneous radio-
frequency rhizotomy (six cases), microvascular decompres-
sion (one case) and second GKS (one case) were performed
due to insufficient efficacy of the medical treatment.

Outcome

Overall, 112 out of 130 patients (86%) were pain-free at the
time of the last follow-up (Fig. 6). In 104 cases the
disappearance of pain followed initial radiosurgery, and 86
of these patients were medication-free, whereas 18 still
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Fig. 3 Modification of the 20%
isodose line corresponding to
18 Gy irradiation dose using
beam plugging technique for
avoidance of the excessive
irradiation of the brain stem in
case of the narrow
cerebellopontine cistern

used carbamazepin. Eight additional patients became pain-
free after salvage treatment, while 18 (14%) continued to
suffer from more or less severe facial pain.

Complications

Acute complications were not noted in any case of the

present series. In 31 out of 130 patients (24%), the
" treatment was followed by development of facial hypes-
thesia and/or paresthesia, and in 16 of them it was marked
as bothersome. Since in all latter cases the facial numbness

Fig. 4 Radiosurgical treatment
plan for essential trigeminal
neuralgia in a case with
contraindications for MRI
investigation. The target was set
according to location of the
trigeminal incisura and Meckel’s
cave defined on
contrast-enhanced CT

was severe enough to interfere with activities of daily life, it
was assigned a Barrow Neurological Institute score of
grade 1V [47, 51]. The median time to development of the

~ complication was 6 months (Fig. 7). Other types of

complications were not noted during follow-up.
Patients’ age and results of treatment
Results of GKS for trigeminal neuralgia in various age

groups of patients are presented in Table 2. Chi-square test
for trend revealed that initial treatment failure was more
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Table 1 Time interval to relief of the typical paroxysmal facial pain
after Gamma Kbnife surgery for essential trigeminal neuralgia

Time interval until pain relief after treatment ~ Number of patients®

0-3 days 38 (29%)
4 days—1 month 57 (44%)
1-3 months 22 (17%)
More than 3 months 10 (8%)

Total 127 (98%)"

“In three other patients (2%) of the present series, typical paroxysmal
facial pain did not respond to treatment at all

typical for younger individuals (P=0.0264), whereas the
rates of recurrence, excellent outcome, total and bother-
some facial numbness did not show any statistically
significant association with patient’s age.

Discussion

It is widely recognized that GKS can be effectively used
for management of medically resistant essential trigem-
inal neuralgia, alternatively to transcutaneous ablative
procedures or such non-destructive technique as MVD.
The latter, however, still represents the gold treatment
standard, particularly for younger patients, with limited
comorbidities, and reasonable life expectancy. Compared
to radiosurgery, MVD definitely provides superior im-
mediacy of response and early results, better durability of
pain relief, and lower rate of facial numbness [24, 37, 43,
52]. Meanwhile, the necessity to perform craniotomy
under general anesthesia may in some way interfere with
the patient’s daily activities. Moreover, while rather rare in
experienced hands, open surgery may be associated with

several complications, such as non-specific headache,
diplopia, trigeminal nerve dysfunction, facial palsy, deaf-
ness, CSF leak, infection, intracranial hemorrhage, stroke,
pneumonia, and deep venous thrombosis [24, 37, 43, 52].
Even a very low risk of postoperative mortality also
cannot be ignored. In contrast, radiosurgery represents a
nearly non-invasive 1-day treatment, which does not
require any significant activity restrictions. Compared to
other transcutaneous ablative techniques it has lower
immediacy of response, but comparable efficacy, and a
definitely lower complication rate [21, 24, 27, 52].
Roughly, from one- to two-thirds of patients have a chance
to attain freedom both from pain and medication after
GKS [2-4, 6, 8, 10, 18, 19, 21, 22, 24-37, 39-47, 50, 51,
53, 56], which also usually leads to definite improvement
in quality of life, even if pain-free status is not achieved
[2, 25, 38, 40, 44]. While reduction of the dose to the
trigeminal nerve at the time of initial irradiation may not
only decrease the risk of facial numbness, but result in
suboptimal long-term pain control, it should be empha-
sized that radiosurgery may be repeated, if necessary, and
does not preclude from further management with other
techniques [19, 21, 25, 26, 48]. Probably due to these
reasons, there is a growing number of patients with
medically resistant trigeminal neuralgia who nowadays
prefer sterotactic irradiation as a primary treatment option
[43]. It fully corresponds with our recent practice, since
during the study period 262 individuals underwent GKS
and only 41 MVD, which means that in approximately six
out of seven cases the former method was chosen.

A number of factors associated with favorable outcome
after radiosurgery for trigeminal neuralgia were identified
previously. Those ones include older age [10, 23, 44, 45,
50, 53], presence of typical symptoms [23, 28, 40, 45, 47,
51,56}, right-sided facial pain [49, 50], pain in a single
trigeminal nerve distribution [21], shorter duration of the

Fig. 5 Kaplan—-Meier curve 10
reflecting relief of paroxysmal 09 -
facial pain after Gamma Knife )
surgery for essential trigeminal 0.8 4
neuralgia. The median period to 07 4
pain relief after treatment
constituted 3 weeks

Proportion of patients without pain relief
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