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a durable response at 1 and 2 years after GKS. Finally, 
in the University of Pittsburgh experience,18 excellent re­
sponse was characterized by complete pain relief without 
medications; good response included patients with com­
plete pain relief but still using some medications; and fair 
response included patients with > 50% pain relief. At a 
median follow-up of 24 months, excellent, good, and fair 
outcomes were achieved and maintained in 76, 71, 67, and 
56% of patients at 1, 2, 3, and 5 years after GKS. How­
ever, when only patients with excellent or good outcomes 
were examined, the 1-, 2-, 3-, and 5-year rates of pain 
relief dropped to 64, 59, 57, and 38%, respectively. With 
longer follow-up, one may assume that more patients may 
experience recurrence, and thus these actuarial rates of 
pain relief may continue to decrease. Our report is on a 
cohort of patients with a median follow-up of 5.6 years, 
much longer than the aforementioned experiences. There­
fore, the 1-, 2-, 3-, and 4-year rates of freedom from pain 
recurrence that we have reported are probably quite accu­
rate given the length of median follow-up for the cohort.

As stated earlier, MVD has a longer history in the lit­
erature, with Dandy7 addressing the possible cause of TN 
in 1934. Barker et al.1 reported on the long-term outcomes 
of 1185 patients with TN treated with MVD over a 20-
year period. More than 1000 patients in this cohort had 
been followed for at least 1 year, and the median follow-
up period was 6.2 years. Similar to our study, only 10% 
of patients were lost to follow-up. Excellent outcomes 
were defined as the absence of lancinating facial pain, or 
a reduction in pain of at least 98%, without the use of 
medications. Good outcomes were defined as 75% reduc­
tion in pain as assessed by the patient, and intermittent 
treatment with low doses of medication was allowed in 
this category. The actuarial rates of achieving and main­
taining excellent or good outcomes following MVD at 1 
and 10 years was 84 and 68%, respectively, with a plateau 
appearing in the graph at ~ 7 years post-MVD. Tronni­
er et al.32 reported similar results after a mean follow-
up of 10.9 months, although the cohort consisted of 225 
patients undergoing MVD for TN. Lastly, Broggi et al.4 
reported on 148 patients with TN treated with MVD, and 
this study had a mean follow-up of 38 months. The prob­
ability of being pain free 3 years after MVD was ~ 75%. 
Taken together, these reports would indicate that MVD 
provides durable pain relief for patients with TN.

Direct comparisons of GKS and MVD are difficult 
due to the bias of patient selection when offering these 
2 procedures to a patient. The median age of patients 
at the time of GKS in our report was 64 years, where­
as the median age of patients undergoing MVD in the 
aforementioned studies was nearly a full decade younger. 
Compared with MVD, GKS is a relatively noninvasive 
procedure that does not require an inpatient hospitaliza­
tion. On the other hand, MVD is an invasive procedure 
requiring an open craniotomy. Side effects of MVD in­
clude CSF leakage (1–5%), meningismus (15–17%), and 
hearing loss (1–7%).1,4,33 Like any invasive surgical pro­
cedure, MVD carries a risk of death secondary to bleed­
ing, infection, or complications from general anesthesia. 
However, it should be noted that in the previously cited 
studies the mortality rate was universally < 1%.

Treatment with GKS appears to be more effective 

in patients who have had no prior invasive surgical pro­
cedure. In our study, a majority of patients had not un­
dergone such a procedure. Although the rates of initial 
pain relief and median time to pain relief were similar 
between the 2 groups, patients who had undergone a prior 
invasive surgical procedure were less likely to achieve 
durable pain control when compared with the group of 
patients who had not undergone such a procedure. A his­
tory of a prior invasive surgical procedure predicting for 
worse outcome after GKS has been shown by others as 
well.18,23,24,31 Therefore, GKS should still be offered to pa­
tients with TN as a first-line therapy after pharmacologi­
cal management has failed. Doing so may help patients 
delay or even avoid an unnecessary invasive surgical pro­
cedure.

Future Directions
The limitations of this study relate to biases associat­

ed with any retrospective analysis. When follow-up spans 
many years, it is often difficult for patients to remember 
details of their disease management, or to quantify pain 
outcomes by using a percentage scale. It is even more 
difficult for patients to remember their medication his­
tory over the course of a follow-up period. However, in 
our experience, patients often vividly remember the day 
their pain returned to a level so severe that medications 
no longer controlled their symptoms. Regis et al.24 have 
successfully completed a prospective analysis of GKS for 
the treatment of TN, and included validated quality of 
life measurements and detailed somatic sensory percep­
tion testing. The 100 patients reported in their study had 
a minimum follow-up of 1 year, but the median length 
of follow-up is not reported. The authors classify pain 
outcomes as follows: pain free without medication (Class 
I); pain free with medication (Class II); pain frequency 
reduction > 90% (Class III); pain frequency reduction be­
tween 50 and 90% (Class IV); no significant reduction 
in pain frequency (Class V); and pain worsening (Class 
VI). In this report, the rate of initial pain relief was 94%, 
but it is unclear which classes of response were included 
in their definition of pain relief. Given that the data are 
being collected prospectively in their study, it will be in­
teresting to see if actuarial analysis of freedom from pain 
recurrence is maintained with longer follow-up. Regard­
less, Regis and associates should be commended for at­
tempting the prospective evaluation of the outcomes of 
patients with TN treated with GKS.

Despite our study being retrospective in design, we 
believe the data to be meaningful in describing a steady 
rate of failure after GKS. Prospective studies will help us 
obtain a more accurate picture of recurrence patterns fol­
lowing a successful GKS. A possible explanation for the 
recurrences relates to the dose of radiation used in this 
cohort of patients (median dose 75 Gy). Although there 
was no obvious dose-response relationship identified in 
our study, the range of doses delivered was 70–80 Gy. Of 
the 95 patients reported in this study, only 7% received 
less than the median dose, and only 17% received greater 
than the median dose, thus limiting our ability to make 
meaningful conclusions about the dose-response relation­
ship. One of the early reports of the use of a higher dose 
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of radiation came from University of Kentucky, where a 
cohort of 42 patients was treated with a maximum dose 
of 90 Gy.20 The authors state that the change to treating 
patients upfront with 90 Gy occurred after several pa­
tients early on in their experience with 70 Gy suffered 
from an early relapse of pain. With a median follow-up 
of 14 months, 74% of patients experienced some form of 
pain relief. This increased dose of radiation was associ­
ated with a facial numbness rate of ~ 17%, nearly double 
that which is reported in the literature in studies in which 
lower doses of radiation were used. The durability of the 
pain relief is not calculated with actuarial analyses, so it 
is difficult to comment on the likelihood of pain recur­
rence with the 90-Gy dose. Researchers at the Mayo Clin­
ic have compared outcomes of patients treated with 70 Gy 
versus 90 Gy.22 Rates of initial pain relief were similar, al­
though the group treated to a lower dose underwent more 
additional surgeries after GKS compared with the group 
that received 90 Gy, thus suggesting greater efficacy 
with higher-dose radiation. Again, patients treated to the 
higher dose experienced higher rates of trigeminal nerve 
dysfunction, with nearly one-third of them complaining 
of bothersome dysesthesias that negatively impacted their 
activities of daily living. Overall, these and similar results 
on dose escalation,19 coupled with our own institution’s 
long-term results of GKS for TN, lend support for the 
development and implementation of a randomized con­
trolled trial comparing low-dose with high-dose GKS.

Conclusions
This study represents one of the longest reported me­

dian follow-up periods and actuarial results for a cohort of 
patients with classic TN treated with GKS. Although GKS 
achieves excellent rates of initial pain relief, our results 
suggest a steady rate of late failure, particularly among 
patients who have had prior invasive surgical treatment. 
Despite the higher than expected recurrence rate, GKS 
remains a viable treatment option, particularly for patients 
who have had no prior invasive procedures. These results 
will help practitioners counsel patients better regarding 
the likelihood of achieving durable pain control. Patients 
with recurrences can still be offered salvage therapy with 
either a repeat GKS procedure or MVD.
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