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Upfront GKS for Cushing’s disease 
and acromegaly: is it suitable?

TO THE EDITOR: We read with great interest the 
recent article by Gupta et al.3 (Gupta A, Xu Z, Kano H, 
et al: Upfront Gamma Knife radiosurgery for Cushing’s 
disease and acromegaly: a multicenter, international study. 
J Neurosurg [epub ahead of print August 17, 2018. DOI: 
10.3171/2018.3.JNS18110]). The authors included 21 pa-
tients with Cushing’s disease (CD) and 25 patients with 
acromegaly undergoing upfront Gamma Knife radiosur-
gery (GKS). After a median endocrine follow-up of 69.5 
months, patients with CD achieved a faster and far better 
remission rate compared to patients with acromegaly. The 
authors suggest a possible differential radiosensitivity of 
two kinds, and then further recommend upfront GKS in 
CD rather than in acromegaly. We commend the efforts 
of the authors in carrying out this interesting study. Yet 
from the perspective of neurosurgeons, some conclusions 
are questionable.

The biggest concern lies in the posttreatment remis-
sion criteria for CD that were used in this study. The au-
thors defined remission as normalization of urinary free 
cortisol and morning serum cortisol levels, which is not 
recognized by most endocrinologists and neurosurgeons. 
According to the latest Endocrine Society Clinical Prac-
tice Guideline for CD, as well as other previous literature, 
remission is generally defined as morning serum corti-
sol values < 5 μg/dl, a stricter criterion than just normal 
range.2,5,7 One meta-analysis suggests that patients with 
CD in whom subnormal cortisol levels are found after 
treatment have a clearly lower risk of long-term recur-
rence compared to those within the normal range.8 The 
reduction of cortisol levels to the normal range after treat-
ment does not necessarily represent the patient’s cure, but 
rather a higher recurrence rate.9 Regarding this condition 
as remission could give patients overly optimistic and mis-
leading expectations, and may cause neglect of follow-up. 
Moreover, the use of different remission criteria hinders 
direct comparison of outcomes between this GKS study 
and other surgical treatment studies for CD. 

Nevertheless, although the authors have used more 
easily achievable remission criteria for CD, the remission 
criteria for acromegaly (i.e., growth hormone [GH] level 
< 1 ng/ml in response to a glucose challenge) are much 
stricter and in accordance with the latest guideline.4 These 

varying degrees of rigor in criteria to assess CD and acro-
megaly may also make less convincing the conclusion that 
patients with CD achieve faster and better remission rates 
and that their disease is more sensitive to GKS than is the 
case in those with acromegaly.

In addition, this study did not mention the impact of 
radiotherapy on the growth of younger patients, especially 
when the youngest patient with CD included in this study 
was 14 years old. A radiotherapy study in pediatric CD re-
ported that the incidence of GH deficiency after radiation 
therapy was 36%–68%, and most patients failed to reach 
the target height.1 In one study from the Mayo Clinic the 
investigators also believe that the risk of delayed hypopi-
tuitarism caused by radiotherapy is significant.6 The risk 
of this hypopituitarism exists for a lifetime.9 It is therefore 
recommended that this article add age factors when deriv-
ing the conclusion of efficacy for upfront GKS for CD and 
acromegaly treatment. Especially given the lack of long-
term follow-up data, the conclusions should be more cau-
tious for the sake of safety.
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Response 
We thank Drs. Gao and Xing for their interest in our 

recent international, multicenter study. In this study, we 
demonstrated the rates of tumor control and endocrine 
remission in selected patients with CD and acromegaly 
who were treated with upfront GKS. The current study 
cohorts represent a small subset of patients published in 
our previous studies.2,6 Previous series provide evidence 
that radiosurgery appears to achieve more rapid remission 
than fractionated radiotherapy.5 Among functioning pitu-
itary adenomas, there is evidence to support differences in 
radiosurgical sensitivity in secretory adenomas, as mea-
sured by hormone release.9

The authors raise the issue of contemporary definitions 
of endocrine remission. Endocrine criteria for remission 
of CD and acromegaly have changed substantially over the 
2.5 decades during which our study cohort was accrued. 
Although applying modern endocrine assays and defini-
tions would be ideal, the approach would be impractical 
for such a clinical study, and its absence does not negate 
the significant findings of our study. Not surprisingly, this 
limitation also holds true for the largest surgical series of 
pituitary surgery for functioning adenomas.3,4 Moreover, 
given past experiences, the remission criteria and neuro-
endocrine assay technology are almost certain to be re-
fined in the future. Thus, the remission criteria will remain 
a moving target.

Latent effects of radiotherapy are not the same in 
breadth or frequency as those experienced with GKS. For 
instance, in the CD and acromegaly studies by our group, 
as well as a review of the literature, we have not seen a sin-
gle instance of symptomatic carotid stenosis leading to ce-
rebral ischemia.2,6,7 This sharply contrasts with radiother-
apy series for patients with pituitary adenoma.1 The same 
is true for radiation-induced neoplasia and neurocognitive 
deficits after radiosurgery as compared with radiotherapy 
for tumors of the sella.7,8 Nevertheless, one should always 

weigh the benefit-to-risk profile of GKS with those of 
other treatment options and take into account the natural 
history of the underlying disease state. For pituitary ad-
enomas, the long-term consequences of action or inaction 
must be carefully considered.

A large, multicenter, prospective study of patients with 
pituitary adenomas would probably take at least 5 years 
from the accrual of patients for intermediate results to 
be meaningful and more than a decade for long-term re-
sults. Furthermore, such an undertaking would require 
hundreds of patients and millions of dollars to achieve 
study validity. During that time, it is likely that the study 
would be confounded by changing technologies (e.g., ra-
diosurgery devices, radiology sequencing, endocrine as-
says), evolving medical and microsurgical approaches, 
varied treatment paradigms, and potentially changing 
criteria for endocrine remission. Until then, the pituitary 
adenoma radiosurgery studies by the International Ra-
diosurgery Research Foundation (IRRF) will probably 
remain the highest level of evidence available to guide 
clinicians.2,6
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Inter-rater agreement: a 
methodological issue 

TO THE EDITOR: We read with interest the article 
by Rinaldo et al.4 (Rinaldo L, Johnson DM, Vine RL, et 
al: Differences between patient- and professional-reported 
modified Rankin Scale score in patients with unruptured 
aneurysms. J Neurosurg [epub ahead of print August 10, 
2018. DOI: 10.3171/2018.3.JNS18247]). The aim of the au-
thors was to compare patient- and nurse-reported modi-
fied Rankin Scale (mRS) scores in a consecutive series of 
patients with unruptured intracranial aneurysm (UIA). A 
nurse assigned an mRS grade based on their assessment 
of each patient’s degree of disability. Patients, who were 
blinded to the nurses’ assessment, were subsequently in-
structed to assign themselves an mRS score with the aid of 
a standard form providing definitions of the mRS scores. 
Agreement between patients’ and nurses’ scores was inter-
preted using a kappa statistic. According to their results, 
the kappa coefficient for agreement between patient- and 
nurse-reported mRS scores was 0.58 (95% CI 0.49–0.67).4

Using a kappa coefficient to assess agreement of a qual-
itative variable is not always appropriate and is not reliable 
in some circumstances. The kappa value is appropriate for 
nominal variables and also dependent on the number of 
categories. In such a situation, our suggestion for estimat-
ing unbiased results is to apply a weighted or Fleiss kap-
pa.1–3 Tables 1 and 2 show that kappa (0.43) and weighted 
kappa (0.63) have different values in assessing agreement 
in the above situation. In this instance, the authors should 
interpret their results with caution.
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Response
We would like to thank Shahsavari et al. for their thor-

ough review and critique of our paper. We hope to address 
their concerns regarding the statistical methodology of our 
work with the following. Shahsavari et al. point out that 
when assessing inter-rater agreement of a non-binary cat-
egorical variable, the use of a non-weighted kappa statis-
tic can result in biased results. Our understanding is that 
the weighted kappa is most helpful in accounting for the 
magnitude of difference between individual rater scores. 
For example, there is clearly more disagreement between 
mRS scores 0 and 4 than between scores 1 and 2. In our 
data set, there was only a single instance in which the pa-
tient- and nurse-reported mRS score differed by more than 
one category. While our numerical results may have dif-
fered had a weighted kappa been applied, we suspect that 
these differences would not have changed our relatively 
conservative interpretation that there is a moderate amount 
of disagreement between patient- and nurse-reported mRS 
scores in this patient population. Moreover, we do not think 
the readers’ criticism is relevant to the main finding of our 
study—specifically that certain patient characteristics were 
associated with greater patient- than nurse-reported mRS 
scores. Nevertheless, Shahsavari et al.’s point is well taken, 
and we will consider their remarks in future works. We 
sincerely thank them for their interest in our paper. 

Lorenzo Rinaldo, MD, PhD
Alejandro A. Rabinstein, MD

TABLE 1. Grade assignments by two raters

Rater 2
Rater 1

Grade 1 Grade 2 Grade 3 Sum

Grade 1 60 20 1 81
Grade 2 2 12 4 18
Grade 3 3 11 11 25
Sum 65 43 16 124

TABLE 2. Kappa and weighted kappa values for calculating 
agreement between two raters for more than two categories

Statistic Estimate Lower Upper

Kappa 0.43 0.31 0.55
Weighted kappa 0.63 0.52 0.74
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Reanalyze BEST TRIP
TO THE EDITOR: Alali et al.1 report on a clinical de-

cision rule with high sensitivity in predicting high intra-
cranial pressure (HICP) after severe traumatic brain injury 
(TBI) (Alali AS, Temkin N, Barber J, et al: A clinical de-
cision rule to predict intracranial hypertension in severe 
traumatic brain injury. J Neurosurg [epub ahead of print 
September 28, 2018. DOI: 10.3171/2018.4.JNS173166]). 
The proposed predictors divide into three major (CT-
based) and four minor (mix of imaging and clinical) crite-
ria. The development cohort is the ICP-monitored group of 
the BEST TRIP (Benchmark Evidence from South Amer-
ican Trials: Treatment of Intracranial Pressure) trial.2 The 
validation cohort comes from the COBRIT (Citicoline 
Brain Injury Treatment Trial).7 This is an important clini-
cal contribution because the question of who and when to 
monitor is very much pertinent in the management of pa-
tients with TBI. Furthermore, interesting observations can 
be made by comparing these data to the original reports 
from BEST TRIP. Note that in the original trial, signs of 
HICP based on the impression of interpreting physicians 
were detected in 90% of both groups randomized (Ches-
nut et al.;2 Table 1). However, the data provided in Alali 
et al. demonstrate that within the ICP group only 65/150 
(43%) did, in fact, develop intracranial hypertension. This 
could be explained by considering that 1) initial treatments 
(such as surgery) may have aborted further intracranial hy-
pertension, or 2) that the Alali et al. criteria may perform 
far better in decreasing false-positive estimation of HICP 
(this though would require prospective validation). An 
implication of this observation is that the potentially high 
false-positive rate of HICP prediction in the original trial 
could have led to unnecessary (or overzealous) application 
of ICP-lowering treatments in the imaging and clinical 
examination (ICE) group. The results of the BEST TRIP 
trial did indeed show that the ICE group received more 
ICP-lowering interventions for longer periods of time. Al-
though in this trial an excess of treatments did not lead to 
higher rates of adverse events or differences in long-term 
outcomes, the conclusion that these interventions can be 
used indiscriminately, or that these therapies are benign, 
remains debatable.3,4,6

The authors remind us that the role of ICP monitoring 
in directing the treatment of established intracranial hy-
pertension was not a focus of the BEST TRIP trial, rather 
it compared two management protocols for treatment of 
severe TBI: one involving ICP monitoring and the other 
involving serial CT imaging and neurological examina-
tion. One suggestion based on the Alali et al. work is to 
revisit the results of BEST TRIP to try and explore the 

question of the role of ICP monitoring in established hy-
pertension. The new prediction rule could be applied to the 
ICE group to identify HICP patients within that cohort. A 
reanalysis using patient-level data could then be attempted, 
comparing the HICP cohort of the ICP-monitored group 
with the predicted-HICP cohort of the ICE group. Such a 
comparison could provide some elucidation of the ques-
tion of which is the better approach for the management 
of established intracranial hypertension, and could serve 
as hypothesis generator for a new trial comparing groups 
with established, or reliably predicted, intracranial hyper-
tension (and at different thresholds). If such a re-analysis is 
undertaken, baseline severity-adjusted end point analysis 
should also be given consideration.5
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University of Chicago, Chicago, IL

References
 1. Alali AS, Temkin N, Barber J, Pridgeon J, Chaddock K, 

Dikmen S, et al: A clinical decision rule to predict intra-
cranial hypertension in severe traumatic brain injury. J 
Neurosurg [epub ahead of print September 28, 2018. DOI: 
10.3171/2018.4.JNS173166]

 2. Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, 
Videtta W, et al: A trial of intracranial-pressure monitoring 
in traumatic brain injury. N Engl J Med 367:2471–2481, 
2012 (Erratum in N Engl J Med 369:2465, 2013)

 3. Contant CF, Valadka AB, Gopinath SP, Hannay HJ, Robert-
son CS: Adult respiratory distress syndrome: a complication 
of induced hypertension after severe head injury. J Neuro-
surg 95:560–568, 2001

 4. Cooper DJ, Rosenfeld JV, Murray L, Arabi YM, Davies 
AR, D’Urso P, et al: Decompressive craniectomy in diffuse 
traumatic brain injury. N Engl J Med 364:1493–1502, 2011 
(Erratum in N Engl J Med 365:2040, 2011)

 5. Murray GD, Barer D, Choi S, Fernandes H, Gregson B, Lees 
KR, et al: Design and analysis of phase III trials with ordered 
outcome scales: the concept of the sliding dichotomy. J Neu-
rotrauma 22:511–517, 2005

 6. Shafi S, Diaz-Arrastia R, Madden C, Gentilello L: Intracrani-
al pressure monitoring in brain-injured patients is associated 
with worsening of survival. J Trauma 64:335–340, 2008

 7. Zafonte RD, Bagiella E, Ansel BM, Novack TA, Friedewald 
WT, Hesdorffer DC, et al: Effect of citicoline on functional 
and cognitive status among patients with traumatic brain 
injury: Citicoline Brain Injury Treatment Trial (COBRIT). 
JAMA 308:1993–2000, 2012

Disclosures
The author reports no conflict of interest.

Correspondence
Christos Lazaridis: lazaridis@uchicago.edu.

INCLUDE WHEN CITING  
Published online January 18, 2019; DOI: 10.3171/2018.10.JNS182854.

Response
No response was received from the authors of the origi-

nal article.
©AANS 2019, except where prohibited by US copyright law Rete middle 
cerebral artery anomalies

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC

https://thejns.org/doi/10.3171/2018.4.JNS173166


J Neurosurg Volume 131 • August 2019 653

Neurosurgical forum

Rete middle cerebral artery 
anomalies

TO THE EDITOR: We read with interest the article by 
Cho et al.1 (Cho KC, Kim JJ, Jang CK, et al: Rete middle 
cerebral artery anomalies: a unifying name, case series, 
and literature review. J Neurosurg [epub ahead of print 
August 3, 2018. DOI: 10.3171/2018.2.JNS1832]). In this 
article the authors report on a series of 13 patients who 
had a rete-like configuration of the middle cerebral artery 
(MCA). They state that the rete MCA is a congenital dis-
ease of the cerebral vasculature, which, on occasion, can 
develop acquired abnormalities such as aneurysms, which 
are a result of hemodynamic stress on the rete. They also 
state that the rete MCA has a higher prevalence in Asia.

The authors’ primary hypothesis regarding the patho-
genesis of these lesions is that of a congenital anomaly re-
sulting from a fusion interference of the main trunk of the 
MCA during embryonic development. During the 5-mm 
stage of embryonic development, the internal carotid ar-
tery divides into cranial and caudal branches. The ante-
rior cerebral artery (ACA) is a continuation of the cranial 
branch, and the posterior communicating artery is the cau-
dal branch. The MCA is a branch of the ACA and develops 
from multiple plexiform arterial twigs, which develop into 
the lateral striate arteries. Through a process of fusion and 
regression, the MCA trunk develops. The authors hypoth-
esize that the rete MCA is due to a persistence of the fetal 
arterial network of arterial twigs that immediately precede 
the development of the MCA trunk.

While this hypothesis is certainly reasonable, it seems 
more likely that the “rete MCA” is no more than an ac-
quired abnormality involving the development of lenticu-
lostriate collaterals in the setting of steno-occlusive disease 
or moyamoya affecting the proximal MCA. In the authors’ 
series, all patients were adults, and most had clinical pre-
sentations similar to that of moyamoya and other steno-
occlusive diseases with intracranial hemorrhage, acute is-
chemic stroke, transient ischemic attack, and headache. In 
their review of the literature, all patients with the so-called 
rete abnormality were adults, and most had presentations 
similar to that of patients with moyamoya and other steno-
occlusive diseases with a majority of patients presenting 
with hemorrhage and infarction of the affected territory. 
The authors state that this abnormality is found almost ex-
clusively in Asians, a finding very similar to moyamoya 
and other idiopathic forms of steno-occlusive disease.

The fact that this abnormality has primarily, if not ex-
clusively, been reported in adult populations recommends 
against the idea that this is a congenital abnormality. If it 
were congenital, one would expect to see pediatric cases of 
such an abnormality.  

The authors also state in Table 3 that one means of 
differentiating rete MCA anomaly from moyamoya and 
steno-occlusive disease is that rete MCA anomalies do 
not progress. However, this is somewhat overstated as the 
length of follow-up in this study is limited. The natural 
history of these lesions appears to be dismal as 9 of 13 
patients suffered hemorrhage or ischemic complications.

Thus, we caution against using the term “rete MCA 
anomalies” as a unifying term for this entity. Further study 
is needed to determine if this is simply an angiographic 
manifestation of moyamoya or other steno-occlusive dis-
ease.

Waleed Brinjikji, MD
Giuseppe Lanzino, MD

Mayo Clinic, Rochester, MN
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We greatly appreciate the interest in our article, as well 

as the valuable comments from Drs. Brinjikji and Lanzino. 
As mentioned in the paper, there is no clear evidence 

for us to consider this anomaly as congenital. However, 
there are rational clues implying that rete MCA is a con-
genital anomaly, including the unique rete morphology, 
which should be temporarily visible in the developmental 
process, and the somewhat different clinical features from 
the representative, acquired MCA pathologies of moya-
moya and atherosclerotic steno-occlusive disease.

As the authors pointed out, it is reasonable to think 
that a case of congenital disease would exist in a pedi-
atric patient; but for some reason, no example of a pedi-
atric rete MCA patient has been found so far. First of all, 
screening tests (CTA or MRA) are not often performed 
on pediatric patients. Moreover, since digital subtraction 
angiography, which is the gold standard for confirmation 
of this anomaly, is very rarely performed in children, the 
occurrence of the rete MCA anomaly may appear to be 
less frequent. Furthermore, even if clinicians recognize a 
rete-like anomaly in their clinical tests, it may not be con-
sidered the newer entity of anomaly, but is more likely to 
be diagnosed as moyamoya syndrome, which may be the 
same as in the adult population. The absence of reported 
pediatric examples seems, at least partly, to be attributable 
to all the aforementioned reasons, which may be the same 
reason we could seldom find pediatric cases with con-
genital MCA anomalies such as accessory or duplicated 
MCAs. Even if we found a pediatric case, it might not be 
enough to prove that rete MCA is congenital, as the moy-
amoya-like acquired phenomenon can easily affect young 
children. Therefore, no one can refer to rete MCA as a con-
genital anomaly until an infant with rete MCA is found 
directly after birth. After all, it seems extremely difficult 
to prove the suggested hypothesis by finding representa-
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tive pediatric case examples. Nonetheless, the existence of 
subjects in their teens and 20s in reported cases still seems 
relevant, at least to be differentiated from the atheroscle-
rotic steno-occlusion. 

It is true that the current data are too limited to con-
clude that rete MCA is not progressive. However, uniquely, 
we could not find any single case in which the patient had a 
bilateral lesion, transdural collateral contributions, or any 
signs of involvement other than an affected M1 segment. 
Although a progressive trait, like in moyamoya disease, 
should have produced various examples of concurrent le-
sions on the contralateral side, ipsilateral ACA, or even 
the posterior circulation, a total of 60 cases from a pooled 
analysis in our article seemed uniquely confined to a dis-
tinct feature involving “unexceptionally a unilateral M1.” 
We considered this to be quite a solid clue that suggests 
rete MCA would not be progressive. In fact, patients in our 
series who had undergone angiographic follow-up did not 
show any changes to their vasculature (cases 1, 5, 7, 9, 10, 
12, and 13; with a mean follow-up of 27 months). Again, in 
Seo et al.’s series,3 there was no progression at all in four 
patients who underwent follow-up studies during a mean 
follow-up of 31 months, even in a 10-year-old girl on the 
16-month follow-up angiogram. Although the follow-up 
period seems relatively short, it can be enough to witness 
anecdotal progression when compared to moyamoya dis-
ease in which approximately 10%–30% of patients may 
progress to involvement of the contralateral side within a 
couple of years.1,2,4,5 

As we stated above, we strongly believe that rete MCA 
is not simply a variant of moyamoya or other steno-occlu-
sive disease, but rather develops from a congenital anoma-
lous process. At the same time, we truly understand the 
authors’ caution against using the term “rete MCA anoma-
lies” as a unifying term. Therefore, we will conduct fur-
ther study to provide concrete evidence for these issues, 
with the hope that many researchers will become inter-
ested in this matter.

Kwang-Chun Cho, MD
College of Medicine, Catholic Kwandong University,  

International St. Mary’s Hospital, Incheon, Korea
Yong Bae Kim, MD, PhD

College of Medicine, Yonsei University, Gangnam Severance Hospital, 
Seoul, Korea
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Predictors for radiation toxicity and 
tumor control 

TO THE EDITOR: We read with interest the work of 
Aiyama and colleagues1 investigating whether conformity 
and gradient indices are predictors for radiation toxicity 
and local tumor control (Aiyama H, Yamamoto M, Kaw-
abe T, et al: Clinical significance of conformity index and 
gradient index in patients undergoing stereotactic radiosur-
gery for a single metastatic tumor. J Neurosurg 129 [Suppl 
1]:103–110, December 2018). For decades, we have known 
that successful radiation treatments require these qualities, 
although the degree to which they need to be refined to 
further improve treatment is unknown. Their conclusion is 
that lower conformity is related to improved local control 
and the gradient index (GI) has no effect on toxicity.

This work is actually investigating the clinical signifi-
cance of not two but three qualities, as the conformity in-
dex (CI), while being a single value, combines two very 
different parameters: target coverage (which might predict 
local control) and selectivity/spillage outside the target 
(which might cause complications). Therefore, looking at 
the overall CI as a predictor of either local control or toxic-
ity is flawed.

Considering the large range of CIs and GIs, it is not 
surprising that no correlation with toxicity was detected.  
The lowest CI was 0.08 and the largest GI was 11.4. These 
values would be associated with treatment of very small 
metastases, which are safe to treat, even with a poor con-
formity.2 Conversely, large metastases are usually planned 
with great attention to conformity and gradient, but de-
spite optimal planning, larger lesions are more prone to 
local failure and toxicity. This is shown in their data, i.e., 
their cumulative incidences of local progression were sig-
nificantly lower in patients with CIs < 0.65 than in those 
with CIs ≥ 0.65. However, 66% of lesions < 5 cm3 in their 
study had poor CIs (<0.65), but for lesions ≥ 5 cm3, this 
dropped to just 26%.

In order to mitigate confounders, volumes were divided 
into two groups: < 5 cm3 vs ≥ 5 cm3. However, this method 
would not eliminate volume as a confounding factor; vol-
umes in the < 5 cm3 group range from 0.01 cm3 to 5 cm3, 
so vary by a factor of 500. Sneed et al.,3 in their study 
investigating 2200 brain metastases, divided this range 
into four and found an increasing incidence of symptom-
atic radiation necrosis; < 1%, 1%, 3%, and 10% for target 
diameters 0.3–0.6 cm, 0.7–1.0 cm, 1.1–1.5 cm, and 1.6–2 
cm, respectively. These four ranges all reside within the < 
5 cm3 subdivision, demonstrating that further divisions of 
volume are required to eliminate bias.

Clearly the authors are not suggesting that the prin-
ciples of conformity and gradient should be abandoned. 
Taken to the extreme, no one would suggest that a confor-
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mity of 0.01 for a 15-cm3 metastasis is acceptable (this is 
the CI of a whole brain treatment when the tumor volume 
is 15 cm3 and the brain volume is 1500 cm3). Similarly, a 
GI of 100 in a perfectly conformal plan of a 15-cm3 lesion, 
treated to 20 Gy, would yield a mean brain dose > 10 Gy 
and have potentially catastrophic effects. The question is, 
when does further refinement of a treatment plan matter? 
This has yet to be revealed by a clinical study. In the mean-
time, we have a duty of care to reduce extraneous dose to 
normal tissue where possible.

Ian Paddick, MSc
Alexis Dimitriadis, PhD

Queen Square Radiosurgery Centre, National Hospital for Neurology and 
Neurosurgery, London, United Kingdom
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Response
We thank Dr. Alexis Dimitriadis and Mr. Ian Paddick 

for their careful reading and analysis of our article. As 
they suggested, the CI is coverage multiplied by selectiv-
ity. With our treatment plan for brain metastases, target 
coverage ranges from 0.98 to 1.0, a range generally accept-
ed by the Gamma Knife Radiosurgical Society. Thus, the 
CI reflects only selectivity. They stated that looking at the 
overall CI as a predictor of either local control or toxicity 
is flawed. However, we are uncertain as to why Mr. Pad-
dick proposed CI as a parameter of good dose-planning.1,2 

Dr. Dimitriadis and Mr. Paddick quoted an article writ-
ten by Sneed and her colleagues.3 However, they did not 
describe the GI based on target diameters of 0.3–0.6 cm, 
0.7–1.0 cm, 1.1–1.5 cm, and 1.6–2 cm. Furthermore, the 
most serious criticism of their article is that, as we dis-
cussed in our article, their cohort consisted of considerable 
numbers of patients who had multiple brain metastases. 
Although they did not explain the method applied to GI 
determination in patients with multiple brain metastases, 
Paddick’s GI cannot be correctly calculated in patients 
with multiple brain metastases. Nevertheless, according to 
the helpful suggestions made by Dr. Dimitriadis and Mr. 
Paddick, we investigated, using our own database, the rela-
tionship between tumor control/complications and the CI/
GI, along with three tumor volume groups, i.e., < 1 cm3, 
≥ 1.0 to < 3.0 cm3, and ≥ 3.0 to < 5.0 cm3, as shown in 
Table 1. We cannot as yet draw meaningful conclusions 
and must await the results of further studies using differ-
ent, larger data sets, hopefully in the near future. 

Hitoshi Aiyama, MD

TABLE 1. Analysis of complications and local recurrence after stereotactic radiosurgery

Vol (cm3) No. of Pts
Complication Local Recurrence

HR 95% Confidence Interval p Value HR 95% Confidence Interval p Value

<1.0 212
 CI <0.65 195 0.290 0.043–5.686 0.33 0.804 0.149–14.893 0.84
 CI ≥0.65 17
 GI <3.1 111 1.263 0.209–9.600 0.80 2.198 0.610–10.207 0.23
 GI ≥3.1 101
≥1.0 to <3.0 146
 CI <0.65 62 2.566 0.018–4.079 0.43 0.300 0.069–0.930 0.03
 CI ≥0.65 84
 GI <3.1 79 2.332 0.496–3.395 0.48 0.967 0.345–2.598 0.95
 GI ≥3.1 67
≥3.0 to <5.0 126
 CI <0.65 52 0.549 0.080–2.396 0.44 0.982 0.260–3.143 0.98
 CI ≥0.65 74
 GI <3.1 38 1.003 0.146–4.410 0.99 2.419 0.712–7.624 0.15
 GI ≥3.1 88

HR = hazard ratio; pts = patients.
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