





Fic. 1. Kaplan-Meier plots depicting the probability of maintaining
adequate pain relief (BNI Pain Scores |-IB) in patients with idiopathic
TN, atypical pain, MS-related TN, and tumor-related TN after one GKS
treatment. Patients with atypical pain and those with MS-related TN had
significantly worse outcomes (p < 0.01).

atypical pain than it was in patients with idiopathic TN (p
<0.01). The 1-, 3-, and 5-year freedom-from-failure rates
(BNI Pain Scores I-1IIB, “adequate pain relief”) in the
idiopathic TN group were 75%, 60%, and 58%, respec-
tively. In the MS-related TN group, these numbers were
56%, 30%, and 20%, respectively. There was no statisti-
cally significant difference between the tumor-related TN
group and the idiopathic TN group, but the former group
was too small to draw conclusions.

Figure 2 shows the Kaplan-Meier analysis in patients
in the idiopathic TN group stratified by a history of prior
invasive treatment. Patients who had earlier undergone
invasive treatment were significantly less likely to main-
tain pain relief (p < 0.001). Among patients with idiopath-
ic TN, the 5-year rate of adequate pain relief in patients
who had a history of invasive treatment was 47%; the
rate in patients who had not undergone invasive treatment
was 70%.

We compared the efficacy of the first and second treat-
ments in patients in the idiopathic TN group (Fig. 3). The
efficacy of the first and repeated GKSs was comparable,
as seen in the Kaplan-Meier plot (not significant, log-rank
test).

In the multivariate analysis, the presence of prior in-
vasive treatment and atypical pain were factors associ-
ated with earlier pain recurrence (p < 0.01). The presence
of MS failed to reach significance (p = 0.1).

We analyzed the combined results of the first and,
when applicable, the second treatment in the idiopathic TN
group. The Kaplan-Meier plot in Fig. 4 depicts the results
of our management strategy of performing a second GKS
if the first treatment resulted in significant pain reduction
but only temporarily. Repeated GKS was performed in
17% of patients with idiopathic TN. The 5-year freedom-
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Fie. 2. Kaplan-Meier plots depicting the probability of maintaining
adequate pain relief (BNI Pain Scores |-IB) in patients with idiopathic
TN after one GKS treatment, stratified by a history of invasive treatment
prior to undergoing GKS. The outcome in patients with a history of prior
invasive treatment is significantly worse (p < 0.001).

from-recurrence rate in our management plot was 75%.
In the MS-related TN group 35% of patients were treated
again, resulting in a 46% freedom-from-recurrence rate at
5 years.

Of the patients who experienced pain relief after
one treatment, the majority (56%) were pain free without
medication (BNI Pain Score I). Occasional pain without
medication (BNI Pain Score IT) was reported in 14% and
pain free with medication (BNI Pain Score II1A) in 14%.
A BNI pain score of IIIB was reported in 12% of these
patients. Figure 5 shows the pain scores in patients who

Fie. 3. Kaplan-Meier plots depicting the probability of maintaining
adequate pain relief (BNI Pain Scores I-IB) in patients with idiopathic
TN after the first and repeated GKSs (not significant, log-rank test).
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Fic. 4. Kaplan-Meier plots depicting the probability of maintaining
adequate pain relief (BNI Pain Scores I-1lIB) in patients with idiopathic
TN by using our management strategy of offering repeated GKS when
patients experienced pain recurrence after initial relief.

experienced adequate pain relief (BNI Pain Scores I-
IIIB) clustered per year after GKS; the distribution of pain
scores at longer follow-up examinations is also given for
a comparison. A relatively large number of patients had a
BNI pain score of IITA (no pain with medication) during
the 1st year compared with longer follow-up times. This
reflects the fact that we recommended that patients taper
off their medications when they became pain free, which
was usually in the first months after treatment. This led to
arelatively high proportion of patients who were pain free
but still used medication (BNI Pain Score IIIA) in the 1st
year. The distribution of pain scores remained stable in
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Fic. 5. Bar graph showing BNI pain scores (shown in Arabic numer-

als) at increasing follow-up times post-GKS in patients who maintained
adequate pain relief (BNI Pain Scores I-I1IB).
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the following years. The percentage of patients treated for
idiopathic TN with an excellent outcome (BNI Pain Score
I) at 5 years was 32%.

Numbness Assessment

The self-reported numbness scores after first and re-
peated GKS for TN are presented in Fig. 6. A not both-
ersome numbness (BNI Facial Numbness Score II) was
reported by 29% of patients, a somewhat bothersome
numbness (BNI Facial Numbness Score I1I) by 6%, and
very bothersome numbness (BNI Facial Numbness Score
IV) by 0.5% of patients after a single GKS. After a sec-
ond GKS, BNI Facial Numbness Scores II, III, and IV
were reported in 30%, 24%, and 2% of patients, respec-
tively (p < 0.01, chi-square test). After stratifying for id-
iopathic TN and MS-related TN, no statistically signifi-
cant differences were found in the numbness scores. In
the MS-related TN group 32% of patients experienced not
bothersome numbness (BNI Facial Numbness Score 1I),
and 5% reported somewhat bothersome numbness (BNI
Facial Numbness Score I1I). We observed one case of an-
esthesia dolorosa (0.3%). This patient had been treated 3
times prior to GKS with glycerol rhizotomy followed by
MVD, which resulted initially in a complete facial numb-
ness that later partly recovered to sensory loss of the third
branch of the trigeminal nerve. Subsequent treatment by
neuromodulation of the motor cortex was successful.

To evaluate the evolution of new numbness as time
passed after GKS, BNI numbness scores after the first
treatment were clustered per year. The distribution graph
of the BNI numbness scores is shown in Fig. 7. These data
suggest a delayed occurrence of numbness, which can de-
velop even after several years.

We could not demonstrate a significant difference in
the distribution of numbness scores in patients with and
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Fic. 6. Bar graph showing BNI Facial Numbness Scores -1V (shown
in Arabic numerals) after a single GKS (left bar) and repeated treatment
(right bar). The difference between the first and second treatments is
highly significant (p < 0.001).
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Fie. 7. Bar graph showing BNI Numbness Scores I-IV (shown in
Arabic numerals) at increasing follow-up times. It is clear that the devel-
opment of facial sensory deficits slowly evolves in the years following
GKS.

without a history of invasive treatment. The percentages of
bothersome numbness after one GKS were 6% and 9%, re-
spectively, in patients with and without prior invasive treat-
ment. Furthermore, no correlation was found between pain
scores and facial numbness scores.

Discussion

Throughout the past 15 years GKS increasingly has
been used in the treatment of refractory TN. However, its
role as it compares with other treatment modalities such
as MVD and percutaneous ablative procedures remains
unclear. No results of randomized trials comparing GKS
with other widely used invasive procedures have been
made available. Data covering rates of initial and long-
term pain relief and treatment side effects should be well
established, for each treatment modality, to assist patients
and clinicians in health management decisions. For MVD
and percutaneous ablative techniques, which have been
used for many years, several extensive reviews are already
available.'*2!3 Pain relief after MVD is clearly superior
to that achieved using other treatment modalities, with
pain free without medication (BNI Pain Score I) rates at
10 years postsurgery of approximately 70%. Side effects,
such as deafness, facial palsy, trigeminal nerve dysfunc-
tion, infection, cerebellar infarction, and even death, occur
rarely in experienced hands.” According to a meta-anal-
ysis of percutaneous ablative techniques, approximately
50% of patients are expected to be pain free with or with-
out medication (BNI Pain Scores I-11TA) at 5 years, but
results in individual reports are quite variable.?!3* Side
effects are highest for RF lesioning according to the same
meta-analysis and consist mainly of trigeminal dysfunc-
tion with corneal numbness (10%), masticatory weakness
(12%), keratitis (1%), anesthesia dolorosa (2%), and trou-
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blesome dysesthesia (4%). Complications such as menin-
gitis, vascular injury, and cranial nerve deficits have been
reported but are rare (< 1%)).

Gamma Knife surgery is a relatively new treatment
and issues concerning long-term outcomes are not fully
clarified. Recently, several centers reported long-term re-
sults of GKS for TN.618:192429 A comparison of reported
results, however, is troublesome because of differences
in treatment protocols, outcome criteria, data analysis,
and length of follow-up. In the present study we have at-
tempted to contribute to the present knowledge of GKS
for TN by reviewing a large group of patients with TN
who were treated by GKS using a uniform treatment pro-
tocol and evaluated using a widely applied outcome scale
and Kaplan-Meier analysis.

Pain Relief in Patients with Idiopathic TN

Data in the present study can be compared with those
of other recently published reports in which the same out-
come criteria were used in large patient populations and a
sufficient follow-up was available.®'®!1°2° Treatment proto-
cols, however, were not uniform across these studies and
also varied between different institutions. The protocols
that are the most comparable to that of the present study
are shown in Table 1. Kondziolka et al.’® used a median
prescription dose of 80 Gy to the REZ, with the 20% iso-
dose line touching the brainstem, and Little et al.” used
a prescription dose of 80 Gy to the REZ in 69% of their
cases, with the 50% isodose line at the surface of the brain-
stem. In the present study all patients were treated by deliv-
ery of 80 Gy to the REZ, with the 40% isodose line touch-
ing the brainstem. In the studies conducted by Kondziolka
et al., Little et al., and in the present study, the percentages
of patients who had undergone prior invasive treatment
(a well-known prognostic variable) were 43%, 37%, and
46%, respectively. Kaplan-Meier survival plots predicted
adequate pain relief (BNI Pain Scores [-11IB) at 5 years
in 46%,"® 63%,"° and 58% of patients with idiopathic TN
in the present study. Adequate pain relief at 1 year was
reported in 80% of patients by Kondziolka et al.’® and in
75% of patients with idiopathic TN in the present study. In
another recently published series, Dhople et al.’ reported
5-year adequate pain relief (BNI Pain Scores I-I1IB) rates
of 34%. However, a lower median prescription dose of 75
Gy to the REZ was used, which makes that series some-
what less comparable. Finally, Riesenburger et al.? treated
53 patients with a median of 80 Gy directed to the REZ
and reported 58% adequate pain relief at a median follow-
up of 48 months. In patients with idiopathic TN, excellent
outcome, defined as pain free without medication, has been
reported in 29%—-32%.'31%% In our series 32% of patients
with a follow-up longer than 5 years reported an excellent
outcome (BNI Pain Score I).

The aforementioned studies (Table 1) and this study
focused on large patient cohorts with long follow-ups and
Kaplan-Meier analyses based on the same outcome defini-
tions. The reported outcomes are comparable. Therefore,
we feel that these numbers—adequate pain relief (BNI
Pain Scores I-IIIB) at 5 years in 34%—-63% of patients
and complete pain relief without medication (BNI Pain
Score I) in approximately 30% of patients—are the best
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TABLE 1: Recent reports on GKS in patients who had idiopathic TN, with long-term outcomes defined as adequate
pain relief (BNI Pain Scores I-11IB) using the Kaplan-Meier method*

Dose Prescription (Gy) Adequate Pain Relief (% of patients)

Authors & Year No. of Patients Median Range 5Yrs 7Yrs 10 Yrs
Little et al., 2008 185 NS 70-90 63 63 NA
Dhople et al., 2009 112 75 70-80 34 22 NA
Kondziolka et al., 2010 503 80 60-90 46 NA 30
present study 285 80 NA 58 NA NA

* NA = not applicable; NS = not specified.

estimates presently available for patients with idiopathic
TN who were treated by delivery of 80 Gy to the REZ
using a single 4-mm shot.

Our data show that the second GKS was as success-
ful as the first, albeit at the expense of more sensory dis-
turbances. Dvorak et al.® reviewed the results of other
groups who reported limited experience with repeated
GKS. Kaplan-Meier analyses were lacking, and a highly
variable dose prescription and patient selection were used.
Overall, there appears to be a dose-response relationship
between the cumulative dose for both pain relief and side
effects.® Repeated GKS in our patients with an initial fa-
vorable response resulted in a 5-year adequate pain relief
in 75% of patients, with somewhat bothersome numbness
in 24% of patients and very bothersome numbness in 2%
of patients. Despite the relatively high rates of numbness,
patients frequently reported high satisfaction rates when
they experienced pain relief. In our opinion, this treat-
ment regimen is justified in patients with debilitating pain
recurrence, who, in our experience, are happy to trade
their pain for an increased chance to develop numbness.

Pain Relief in MS-Related TN

In patients with MS-related TN, GKS seems to be a
less effective treatment, similar to MV D and percutaneous
ablative techniques.* In the majority of published studies
on the efficacy of GKS for MS-related TN, very few pa-
tients were included and follow-up was limited.'>?%3! The
largest published series on GKS in patients with MS was
reported by Zorro et al.,>” who reviewed outcomes using
the BNI pain scoring system in 37 patients with a median
follow-up of 56 months. Our study included 31 patients
with MS-related TN with a modest median follow-up of
16 months. Zorro et al.*” prescribed a median dose of 80
Gy (range 70-90 Gy), whereas we prescribed a uniform
dose of 80 Gy. The 5-year adequate pain relief (BNI Pain
Scores I-I1IB) in the Kaplan-Meier analysis after a single
GKS was 54% in the study conducted by Zorro et al.;*
the percentage in the present study was 20%. Our results
showed a highly significant difference in pain relief when
we compared patients with MS-related TN and patients
with idiopathic TN in the univariate analysis, but this
difference failed to reach significance in the multivariate
analysis. A possible explanation for these deviating re-
sults is the limited statistical power imposed by the small
number of patients in the MS-related TN group.

To achieve pain relief in patients with MS-related
TN, more treatments are required than for patients with
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idiopathic TN.* We retreated 11 (35%) of 31 patients, as
opposed to 17% in the idiopathic TN group. The Kaplan-
Meier analysis of this management strategy showed a 56%
chance of adequate pain relief at 5 years. This shows that
GKS followed by a second procedure when pain recurs
leads to reasonable results in patients with MS-related
TN, within the context of other treatment modalities.>*
In our opinion GKS is a valid treatment option for MS-
related TN because of its minimally invasive nature.

Decreased Facial Sensation

A mild form of numbness, which was not bothersome
to the patients, was reported in 36% of patients treated
by Riesenburger et al.,”” 17% treated by Little et al.,”
and 29% treated by us in the present study. Dhople et al.®
reported bothersome numbness in 6% of their patients,
whereas Riesenburger et al.? did not observe bothersome
numbness in their patients. In our series 6% of patients
reported somewhat bothersome numbness (BNI Facial
Numbness Score III) after the first GKS. Kondziolka et
al."® reported on 53 patients (10.5%) with new sensory dys-
function. In an attempt to evaluate whether this was both-
ersome, 40 patients were contacted, 16 of whom reported
bothersome numbness, corresponding to an estimated 4%
in their series. In contrast to these relatively low rates of
bothersome numbness are data reported by Little et al.,”
who identified bothersome numbness in 17% of their pa-
tients. In conclusion, the rate of new bothersome numb-
ness, based on recently published large series, including
ours, is estimated to be 0%—17%, with the majority of the
reports showing rates of 6% or less.

We encountered one case (0.3% of patients) of anes-
thesia dolorosa. To our knowledge, only one other case of
anesthesia dolorosa after GKS in TN has been reported
in the literature by the Pittsburgh group, accounting for
0.2% in their series.”® Interestingly, both patients had de-
creased facial sensation after prior MVD.

There is evidence that the development of new numb-
ness correlates with pain relief.'®2¢ Correlation of pain
and numbness scores in our data could not confirm this
finding. This controversial finding is possibly explained
by the uniformity of the treatment protocol. Studies find-
ing a correlation used a range of prescription doses, with
a lower dose possibly leading to both less pain relief and
fewer sensory deficits and a higher dose leading to bet-
ter pain relief with more sensory deficits, whereas in our
study only one prescription dose was used.

Our data showed that the occurrence of new numb-
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ness slowly evolves for several years after treatment. To
make an accurate comparison of different reported rates
of facial numbness after GKS, not only do dose prescrip-
tion and outcome criteria have to be taken into account,
but also the length of follow-up, preferably using Kaplan-
Meier analysis.

Conclusions

To determine the role of GKS in the treatment of
TN, an assessment of the initial and long-term effects of
the procedure and its side effects is of vital importance.
Therefore, Kaplan-Meier analysis with long-term follow-
up of large patient cohorts treated with uniform protocols
and evaluated with the same outcome measures are nec-
essary. At present, such data are limited. This study was
conducted to improve our present knowledge. Based on
data currently available in the literature and data from the
present study, adequate pain relief after GKS with 80 Gy
to the REZ is estimated to be between 75% and 80% at
1 year and between 46% and 63% at 5 years. One-third
of patients will experience excellent outcome at 5 years.
Newly acquired bothersome sensory defects have been
reported in 0%—17%.

Repeated GKS can be easily applied because of its
noninvasive nature and limited additive morbidity. There-
fore, future data should also reflect the results of the com-
bined effects of primary and repeated GKS, especially
because repeated GKS is currently used with a highly
variable dose prescription and patient selection. Using
our treatment strategy of repeated GKS, at 5 years post-
GKS adequate pain relief was obtained in 75% of patients
with idiopathic TN and 56% of patients with MS-related
TN, at the expense of increased facial sensory deficits that
were not classified as bothersome by the majority of the
patients. These numbers should be helpful to assist pa-
tients and clinicians in their TN management decisions.
In our clinic MVD, RF lesioning, and GKS are available.
As our experience with GKS has increased over the past
years, we have adapted our strategy and currently recom-
mend GKS in the majority of patients who refuse or are
unable to undergo MVD.
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