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Resection for WHO Grade III gliomas
TO THE EDITOR: We read with great interest the re-

search by Fujii et al.4 (Fujii Y, Muragaki Y, Maruyama T, 
et al: Threshold of the extent of resection for WHO Grade 
III gliomas: retrospective volumetric analysis of 122 cases 
using intraoperative MRI. J Neurosurg [epub ahead of 
print September 8, 2017. DOI: 10.3171/2017.3.JNS162383]) 
regarding extent of resection for WHO grade III gliomas. 
The article is well written, and the authors have demon-
strated that extent of resection (EOR) of T2-weighted 
high–signal intensity lesions (T2-EOR) was one of the 
most important prognostic factors for patients with ana-
plastic astrocytoma (AA) and anaplastic oligoastrocytoma 
(AOA) and an especially significant survival advantage 
was seen with T2-EOR ≥ 53%. We highly commend the 
authors for performing this interesting study because 
these helpful results would be useful to make a balanced 
treatment decision planning to prolong patient survival. 
However, after a detailed analysis of this article, we would 
like to highlight 3 important issues that it raises.

First, 122 patients with newly diagnosed WHO grade III 
gliomas had undergone intraoperative MRI–guided resec-
tion during the period from March 2000 to December 2011. 
In the article’s Results section, however, it is unclear how 
many patients underwent a second reoperation for recurrent 
WHO Grade III gliomas after initial resection. It would be 
helpful to the reader to know whether reoperation for recur-
rent WHO grade III gliomas can improve overall survival. 
Unfortunately, there is no evidence to date that supports this 
hypothesis. However, there exists a relationship between 
reoperation and overall survival of patients with recurrent 
glioblastoma.2,7 In the report by Tully et al. of 204 patients 
with de novo glioblastoma, 49 patients (24%) with recur-
rent glioblastoma underwent reoperation, and the median 
overall survival in the reoperation group was 20.1 months, 
compared with 9.0 months in the no-reoperation group (p = 
0.001), demonstrating that reoperation was associated with 
longer overall survival.7  Coburger et al. revealed similar 
results from their study of 170 surgeries for glioblastoma, 
showing that repeated surgery for recurrent disease has a 
beneficial effect on overall survival.2

Second, the authors concluded that a significant survival 
advantage was associated with resection of 53% or more of 
the preoperative T2-weighted high–signal intensity volume 
in patients with AA and AOA. But if the tumor is located 
near an eloquent area, is it safe for resection of 53% or more 

of the preoperative T2-weighted high–signal intensity vol-
ume? Some studies indicate that intraoperative cortical and 
subcortical stimulation can be used to identify functional ar-
eas or tracts and to guide surgical removal of gliomas in elo-
quent areas.1,3 This approach may be able to maximize the 
extent of resection while minimizing the risk of permanent 
deficit.1,3 Furthermore, awake craniotomy as a special meth-
od can prevent motor deficits during the resection of gliomas 
adjacent to eloquent cortex. Ghinda et al. reported that com-
bined awake craniotomy and intraoperative MRI was safe 
and efficient, allowing maximal safe resection of eloquent 
area gliomas with possible subsequent benefits in terms of 
overall survival and progression-free survival.5 However, 
what is the exact maximal safe resection for gliomas near 
eloquent areas? A few studies have indicated that a safe mar-
gin of 8 mm should be maintained between the limits of 
resection and the pyramidal tracts.8,9 So it was probably wise 
to tailor the resection of gliomas adjacent to eloquent cortex 
according to intraoperative electrophysiological investiga-
tion, manifestation of intraoperative tasks for awake surgery, 
and intraoperative MRI, rather than only resection of 53% or 
more of the T2-weighted high–signal intensity lesions.

Third, we noted that the authors did not analyze data 
from patients who simultaneously presented with IDH1/2 
mutation and 1p/19q co-deletion. The authors concluded 
that T2-EOR was not significantly different in patients 
with AO at any cutoff value, which may be associated with 
1p/19q co-deletions and response to chemotherapy.4 We 
wonder whether T2-EOR was also not significantly dif-
ferent for survival in patients with glioma with the IDH1/2 
mutation and 1p/19q co-deletion? Kawaguchi et al. inves-
tigated the impact of gross-total resection (GTR) in their 
series of 124 patients with WHO grade III glioma. They 
found that patients with tumors with IDH1/2 mutation and 
1p/19q co-deletion had better outcomes, and that GTR or 
lack of GTR had no significant effect on the survival of 
such patients.6 We expect that the authors further validated 
the relationship between T2-EOR and survival in patients 
with WHO grade III glioma with IDH1/2 mutation and 
1p/19q co-deletion. This may influence therapeutic strate-
gies and clinical decisions.

Fujun Liu, MD
Wei Chen, MD

Jing Chen, MD, PhD
West China Hospital, West China Medical School, Sichuan University, 

Sichuan, People’s Republic of China
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Response
We thank Drs. Liu, Chen, and Chen for their interest 

and comments regarding our article. We would like to re-
spond to the 3 issues they raised.

First, our further analysis demonstrated that 46 (37%) 
of the 122 patients with newly diagnosed WHO grade III 
gliomas experienced recurrence. Moreover, 16 (34.8%) of 
those 46 patients underwent a second reoperation for re-
currence. Unexpectedly, the median survival after recur-
rence in those 16 patients in the reoperation group was 16.3 
months, compared with 16.7 months in the 30 patients of 
the no-reoperation group (p = 0.97). According to these 
data, reoperation for recurrence was not a prognostic fac-
tor for overall survival and seemed to exert no influence on 
the threshold EOR for WHO grade III glioma.

Second, with respect to tumor location, we defined the 
eloquent region as ≥ 1 of the following areas according 
to previous studies:3,5 internal capsule, basal ganglia, lan-
guage cortex, sensory cortex, motor cortex, visual center, 
thalamus, hypothalamus, brainstem, and dentate nucleus. 

This study included 59 patients (48%) who had tumors in 
an eloquent region, and the median T2-EOR in that group 
was 68.0%. Thirty-two (54%) of the 59 patients who had 
tumors in an eloquent region underwent awake cranioto-
my. The median T2-EOR in these 32 patients was 84.8%. 
These EOR values were higher than 53%, demonstrating 
that we achieved extensive resection even though the tu-
mor was located in a radiological eloquent area. This is be-
cause, as described by Chang et al.,1 radiological eloquent 
areas are not always discovered to be truly eloquent. We 
performed extensive resection only when the radiologi-
cally eloquent area was found to be “false-eloquent.” We 
agree with Dr. Liu that, regarding tumors in or near elo-
quent regions, surgeons should not pay excessive attention 
to high EOR and should resect as much tumor as possible 
with multiple modalities, such as awake craniotomy and 
functional mapping.

Third, as we mentioned in the paragraph on the limi-
tations of our study in the Discussion section, this study 
lacked data from 23 patients (18.9%) concerning 1p/19q 
co-deletion, because that examination began in 2004 at 
our institution. Analyzing data from the remaining 99 pa-
tients (81.1%) for whom we had data on 1p/19q co-deletion, 
41 patients had tumors showing IDH1 mutation and 1p/19q 
co-deletion and only 2 patients died. EOR had no signifi-
cant effect on survival in this group because of the small 
number of events, as expected. These data are compatible 
with findings from previous reports regarding WHO grade 
II and III gliomas.2,4 We hope to report new data with mo-
lecular analyses in the future.

Yu Fujii, MD
Yoshihiro Muragaki, MD, PhD

Takakazu Kawamata, MD, PhD 
Tokyo Women’s Medical University, Tokyo, Japan
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The role of preoperative MRI in 
predicting craniopharyngioma 
behavior

TO THE EDITOR: We read with great interest the arti-
cle by Yue et al.10 published in the Journal of Neurosurgery 
(Yue Q, Yu Y, Shi Z, et al: Prediction of BRAF mutation 
status of craniopharyngioma using magnetic resonance 
imaging features. J Neurosurg [epub ahead of print Octo-
ber 6, 2017. DOI: 10.3171/2017.4.JNS163113]). The authors 
analyzed the correlation between preoperative MRI find-
ings and the presence of a BRAF V600E mutation in a se-
ries of 52 craniopharyngiomas (CPs). First of all, we would 
like to congratulate the authors for calling attention to the 
usefulness of the detailed evaluation of conventional MRI 
scans in CP treatment planning. With the present Letter to 
the Editor, we would like to warn about the risk of recent 
studies focusing on the molecular profiles of CPs, which 
could lead to premature and confusing conclusions. 

The authors classified the location of the tumors into 
intrasellar and suprasellar; however, this simple catego-
rization does not provide accurate information about the 
relationship between the tumor and its vital adjacent neuro-
vascular structures, a concept fundamental to avoiding any 
undue hypothalamic injury. In Fig. 1 we show 2 CPs that 
many authors would categorize as “suprasellar tumors,” 
yet they actually correspond to 2 different topographical 
categories, each associated with a different risk of hypo-
thalamic injury.3,4 We have recently shown that a detailed 
evaluation of conventional preoperative MRI scans allows 
the accurate definition of the CP-hypothalamus relation-
ship7 as well as the severity level of the CP attachment to 
the hypothalamus.9 Apart from mammillary body angle 
assessment and the type of chiasm distortion, 2 important 
signs that we previously described for ascertaining CP to-
pography,5,6 the position of the hypothalamus relative to the 
tumor and the appearance of the pituitary stalk (PS) were 
identified as the most informative MRI variables for pre-
dicting the exact CP location. A hypothalamus positioned 
around the mid-third portion of the tumor strongly points 
to a CP with extensive and strong hypothalamic adhesions 
(Fig. 1).9 Regarding the appearance of the PS, the “am-
putation” of its upper infundibular portion by the tumor 
strongly points to the infundibulo-tuberal or not-strictly 
intraventricular topography, in which the tumor develops 
within the neural tissue of the third ventricle floor (TVF) 
(Fig. 1).7 In contrast, lack of PS visibility on MR images 
suggests that the tumor originated beneath the TVF, either 
at the sellar or suprasellar compartments. It is somewhat 
surprising that Yue et al. found a normal PS in about 90% 
of BRAF wild-type CPs, whereas, at the same time, they 
report the tumor occupation of the sellar and suprasellar 
compartments in 77% of these cases. Moreover, none of 
the patients with BRAF wild-type CPs whose MRI scans 
are displayed by Yue et al. in Fig. 2 of their paper have a 
normal PS.10 The PS is not visible in cases 5, 7, and 8, and 
it is amputated in case 6.

Finally, we wish to stress that CP molecular profile anal-
yses from isolated tumor specimens that do not take into 
consideration the well-known surgical/pathological factors 

FIG. 1. Example of the use of preoperative MRI findings to accurately 
define the topography of 2 CPs with similar appearance. A1–A3: Mid-
sagittal (A1) and coronal (A2) contrast-enhanced T1-weighted MR 
images and intraoperative image (A3) obtained in a patient with a 
not-strictly intraventricular or infundibulo-tuberal CP that originated 
within the neural tissue of the TVF. The MR images show an elliptical 
solid-cystic tumor (t). The sella is tumor free, and the pituitary gland 
(PG) has a normal appearance. The chiasmatic cistern (Ch cs) is 
partially occupied by the tumor, and the pituitary stalk (PS) is amputated. 
The chiasm (Ch) is compressed forward, the mammillary body angle 
(MBA) has an acute measurement (< 90º), and the hypothalamus (ar-
rows in A2) is around the mid-third portion of the tumor. The mammillary 
body (MB) is the only visible structure of the TVF. The intraoperative 
photograph was obtained after radical removal of the tumor via a trans–
lamina terminalis approach. Note the ring-like bleeding area (asterisk, 
*) at the lower portion of the third ventricle walls which corresponds to 
the plane of strong CP-hypothalamic attachment. B1–B3: Midsagit-
tal T1-weighted (B1) and coronal contrast-enhanced T1-weighted (B2) 
MR images and intraoperative image (B3) obtained in a patient with a 
suprasellar-pseudointraventricular CP mimicking an intraventricular po-
sition. In the MR images, note that the sella and the suprasellar cistern 
are occupied by a pear-shaped tumor, whereas the upper portion of the 
third ventricle cavity (3V) is tumor free, and there is no hydrocephalus. 
The PS is not visible and the chiasm is stretched upward. The obtuse 
MBA value (> 90º) and the position of the hypothalamus (arrows on B2) 
above the upper third of the tumor result from the upward displacement 
of the TVF. The intraoperative photograph, a right pterional view, shows 
the loose cleavage plane between the tumor and the surrounding neural 
structures due to the intervening arachnoid layer (arrows). ICA = internal 
carotid artery; rON = right optic nerve. All panels are modified with 
permission from Prieto R et al: Neurosurg Focus 41(6):E13, 2016. Figure 
is available in color online only.
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involved in CP biological behavior1,2 may generate confu-
sion about the reliability of genetic/molecular markers to 
predict such behavior. It is particularly important to con-
sider the tumor topography and the pattern of tumor adher-
ence when CP behavior is studied,8 factors not discussed by 
Yue et al.10 Further studies analyzing the molecular profiles 
of CPs should stratify the cases according to the tumor to-
pography and the severity of tumor attachment.

Ruth Prieto, MD, PhD
Puerta de Hierro University Hospital, Madrid, Spain 

José M. Pascual, MD, PhD
La Princesa University Hospital, Madrid, Spain 

Laura Barrios, BS
Computing Technical Center, CSIC, Madrid, Spain
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Response
We have read the thoughtful and scholarly letter from 

Prieto et al., which emphasized the classification of cra-
niopharyngioma (CP) according to tumor topography. We 
greatly appreciate the comments and suggestions about our 
article.

Thanks to the careful review by Prieto et al, we would 
like to clarify information in our tables. We focused on 
whether the pituitary stalk (PS) was thickened2 and catego-
rized the cases into 2 groups accordingly. Actually, howev-
er, the term “normal” refers to the “non-thickened” group 
in Table 1 and Supplemental Table 2. We  apologize sin-
cerely for our mistake if there was any misunderstanding 
in this subtle difference in terminology. We do not believe 
this change in terminology affects the results or conclu-
sions of our paper. The 4 cases in Fig. 2 all belonged to the 
non-thickened PS group. 

Topographic diagnosis of CP has provided important 
guidance in predicting the tumor involvement of vital 
structures such as the TVF and PS. As suggested by Prieto 
et al. in a series of articles and letters,3–5 CP topography 
can be defined into 5 main categories based on hypotha-
lamic distortion: sellar-suprasellar, pseudointraventricular, 
secondary intraventricular, not strictly intraventricular, and 
strictly intraventricular. Seven parameters on conventional 
T1- and T2-weighted images were recently identified to 
predict the CP topography with a satisfactory accuracy.4 
We admire what Prieto and colleagues have achieved in 
this field and fully agree that ascertaining CP topography 
preoperatively contributes to the optimal choice of surgical 
approach as well as radical removal of the tumor.

However, the main aim of our study was to predict the 
BRAF mutation status of CP based on conventional MR 
characteristics. Such noninvasive diagnosis of BRAF-mu-
tated CP may pave the way for administration of BRAF 
mutation inhibitors, which has shown efficacy in 2 reports 
and might serve as first-line treatment (instead of surgery) 
in the future. It is obvious that the topographic classifica-
tion, based on a neurosurgical approach, cannot be directly 
applied to predict BRAF mutation in daily neuroimaging 
practice. Toward this end, we referred to the most accepted 
imaging data acquisition and analysis method—2 neurora-
diologists first reviewed all MR images and then resolved 
discrepancies in consensus. As for the term “suprasellar,” 
we agree with Lee and Chang that it is still widely used by 
most neurosurgeons and neuroradiologists, thus serving as 
a concise term for communication.1 

In accord with Prieto and colleagues’ comment that 
pathological factors involved in CP biological behavior 
should be taken into consideration, the relationship be-
tween molecular profiles (BRAF/CTNNB1) and pathologi-
cal subtypes was summarized in Table 1 and Supplemental 
Table 2 and further illustrated in the second to fifth para-
graphs of the Discussion. Briefly, 75% of the BRAF-mutat-
ed cases were squamous-papillary, while 93% of the wild-
type ones were adamantinous. The mechanism underlying 
the contribution of BRAF mutation to CP tumorigenesis is 
still unclear and needs future investigation.

We avoid limiting our horizon to conventional inter-
pretation of MR images and have been trying to predict 
molecular profiles via a quantitative radiomics approach. 
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We cooperated with computer scientists to obtain a huge 
amount of information from MR images and extract fea-
tures to build a standardized gene prediction model for CP. 
The data have been summarized for submission and we 
hope the novel method can serve as a complement for cur-
rent neuroimaging practice.

Qi Yue, MD
Yang Yu, MD

Yusheng Tong, MD
Liang Chen, MD, PhD

Huashan Hospital, Fudan University, Shanghai, China
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The causative role of sinus stenosis in 
idiopathic intracranial hypertension

TO THE EDITOR: We read with great interest the case 
report by Buell et al.1 (Buell TJ, Raper DMS, Pomeraniec 
IJ, et al: Transient resolution of venous sinus stenosis after 
high-volume lumbar puncture in a patient with idiopathic 
intracranial hypertension. J Neurosurg [epub ahead of 
print August 25, 2017. DOI: 10.3171/2017.3.JNS163181]). 
The authors report on an obese woman diagnosed with 
idiopathic intracranial hypertension (IIH) who presented 
with headache and visual obscurations associated with 
papilledema, empty sella, and bilateral transverse sinus 
(TS) stenosis and who subsequently experienced signifi-
cant improvement after a lumbar puncture (LP) with ce-
rebrospinal fluid (CSF) withdrawal. Symptom remission 
lasted 1 month. Thereafter, the patient underwent unilat-
eral TS stenting, with clinical improvement maintained at 
the 2-month follow-up. 

The novelty of this report relies on the simultaneous 
assessment of CSF pressure, the cross-sectional area at 
the level of stenosis, and the trans-stenosis pressure gradi-

ent before and after the LP and at symptom recurrence. 
Moreover, the trans-stenosis pressure gradient was as-
sessed after TS stenting; unfortunately, CSF pressure at 
this point was not assessed. The withdrawal of 32 ml of 
CSF during the LP determined a dramatic reduction in 
CSF pressure (from 520 to 230 mm H2O) and in the trans-
stenosis pressure gradient (from 38 to 6 mm Hg) with en-
largement of the cross-sectional area at the stenosis level 
(from 12.9 to 24.5 mm2). At symptom relapse, a new LP 
again showed both an elevated CSF pressure of 330 mm 
H2O and a trans-stenosis pressure gradient of 26 mm Hg. 
Ultimately, the patient underwent right TS stenting, which 
reduced the trans-stenosis pressure gradient to 2 mm Hg, 
followed by symptom improvement that was maintained at 
the 2-month follow-up.

In light of their findings, the authors suggest that “sinus 
stenosis may be a downstream effect of elevated intracra-
nial pressure in IIH, rather than its principal mechanism,” 
but they acknowledge that a positive feedback loop be-
tween intracranial pressure (ICP) and sinus stenosis may 
significantly contribute to the disease mechanisms in se-
lected cases. 

While we congratulate the authors on this interesting 
and very well-documented case report, we would attempt 
to provide a slightly different interpretation of their find-
ings. At symptom relapse, ICP was 330 mm H2O, the bi-
lateral TS stenosis recurred, and a trans-stenosis pressure 
gradient of 26 mm Hg was recorded. This means that, in 
this patient, the threshold at which the TS compression un-
der external CSF pressure (pCSF) might start is certainly 
lower than 330 mm H2O, a value close to the upper limit 
of the normal pCSF range (250 mm H2O). Furthermore, 
after the LP (closing pCSF = 230 mm H2O), the pressure 
gradient measured across the stenosis was still 6 mm Hg. 
Although the arbitrary cutoff of 8 mm Hg is used by many 
surgeons to perform the stenting procedure, successful 
stenting has been reported in 4 (22.2%) of 18 cases show-
ing a trans-stenosis pressure gradient of 6 mm Hg.8 In a 
recent case series by authors of the case report under dis-
cussion,6 19 IIH subjects underwent successful superior 
sagittal sinus stenting, and an even lower mean pressure 
gradient (4.2 mm Hg) was preoperatively measured across 
the stenosis, which reduced to 1.5 mm Hg after the proce-
dure. Actually, after unilateral sinus stenting in the woman 
in the case report, the trans-stenosis pressure gradient fur-
ther dropped to 2 mm Hg. 

Thus, a certain degree of venous collapse was already 
present at a pCSF of 230 mm H2O, sufficient to keep the 
pressure gradient across the stenosis at the “borderline” 
value of 6 mm Hg. Only after the “stiffening” of the si-
nus wall produced by the stenting procedure could a fully 
physiological value of 2 mm Hg be recorded. The above 
considerations and findings indicate that, in this patient, a 
progressive and clinically relevant sinus venous collapse 
by external compression actually starts at a relatively low 
pCSF value, close to the upper level of the normal range or 
perhaps even within such a range. 

Now, the crucial question is, can we consider “normal” 
a dural sinus whose collapse, on the one hand, is a suf-
ficient condition to promote the IIH syndrome, but on the 
other hand, already occurs at pCSF values close to the 
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normal range? In other words, which is the expected resis-
tance to external compression of dural sinuses?

We have recently discussed this topic and its relevant 
pathophysiological implications in IIH syndrome with 
and without papilledema.2 According to evidence in the 
animal and human experimental literature, though not re-
cent,3,5,7,9 the dural sinus walls must be rigid enough not to 
collapse as a consequence of the large pCSF continuous 
variations that occur in many pathological conditions as 
well as during postural changes or other common daily ac-
tivity implying the Valsalva effect. In a fundamental work 
by Johnston and co-workers,3 in 10 of 13 anesthetized ba-
boons, the experimental increase in pCSF up to mean ar-
terial pressure values was not associated with significant 
changes in dural sinus pressure (pDS). This indicates that 
in the majority of the studied animals, the compressibility 
of the dural sinus wall was negligible, even at pCSF values 
far beyond the physiological limits. In two similar stud-
ies on the dog,4,9 the pCSF increase up to 1000 mm H2O 
was not associated with significant changes in pDS. These 
studies show that the resistance to compression of the ve-
nous sinuses in the presence of increased pCSF is optimal 
within a wide range of pressure variations, well beyond 
that physiologically expected. On the contrary, in the pres-
ence of excessively collapsible dural sinuses, it is expected 
that the pDS increases together with the pCSF. In the other 
3 baboons in the study by Johnston et al.,3 the experimen-
tal increase in pCSF up to the arterial pressure value led 
to a parallel increase in pDS starting at a pCSF of 40 mm 
Hg (542 mm H2O). These animals were also the only ones 
in the sample to show a fall in venous blood pressure be-
tween the torcular sinus confluence and the jugular gulf, a 
finding that may indicate the partial collapse of transverse-
sigmoid sinuses in this subgroup. More recently, a CSF in-
fusion study with simultaneous measurement of pDS and 
pCSF in 9 patients with IIH5 has shown the existence of a 
pressure gradient between the superior sagittal sinus and 
the transverse sinus (indicative of transverse sinus com-
pression) in all cases and, importantly, has documented the 
strict dynamic coupling of pCSF and pDS, with the pCSF 
always higher than the pDS both at baseline and after CSF 
infusion (significant correlation, R = 0.97). Authors of that 
study concluded that in IIH patients, there is functional 
obstruction of the transverse sinus that induces an increase 
in the pDS, which in turn leads to an increase in pCSF. Of 
note, in a study on 12 subjects with secondary intracra-
nial hypertension,4 only 3 patients (25.0%) showed direct 
coupling of pDS and pCSF; in the remaining 75% of the 
sample, the pDS remained largely unaffected by the raised 
pCSF.

The above considerations and data strongly suggest that 
clinically relevant dural sinus compression occurring at 
CSF pressure values close to the upper limit of the normal 
ICP range is to be considered the primary event leading 
to IIH in such a patient. In other words, we believe that 
in the presence of sufficiently rigid dural sinuses, an IIH 
syndrome would never have occurred.

Roberto De Simone, MD
University Federico II of Naples, Italy 

Angelo Ranieri, MD, PhD
Istituto di Diagnosi e Cura Hermitage Capodimonte, Naples, Italy
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Response
First, we thank De Simone and colleagues for their 

great interest in our recent article. They were concerned 
with our suggestion that venous sinus stenosis (VSS) may 
be a downstream effect of elevated ICP in IIH, rather than 
its principal mechanism. They provide a slightly different 
interpretation of our findings by suggesting that clinically 
relevant VSS occurring at an ICP close to the upper limit 
of normal should be considered the primary event leading 
to IIH in our patient.  

De Simone states that “borderline” VSS (transverse-
sigmoid sinus pressure gradient of 6 mm Hg; many sur-
geons use 8 mm Hg as the minimum cutoff for stenting) 
was present at a CSF pressure of 26 cm H2O (close to the 
upper limit of the normal range: 25 cm H2O) after CSF 
drainage. They conclude that “the threshold at which the 
TS compression under pCSF might start is certainly lower 
than 33 cm H2O.” We acknowledge this interpretation but 
offer a possible alternate explanation. It is unclear if there 
is constant elasticity of the dural sinus walls. In pathologi-
cal states of elevated ICP, we hypothesize that an “elastic 
limit” may exist. If this threshold is exceeded, permanent 
deformation may begin; therefore, altered dural sinus elas-
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ticity under variable ICP may confound attempts to iden-
tify the inciting etiological factor of this case (VSS or el-
evated ICP).

Moreover, we believe that the duration of a patient’s 
clinical symptoms prior to focused investigation with ve-
nous manometric recording must be taken into consider-
ation. Our patient presented months after symptom onset; 
therefore, the exact duration of her elevated ICP was un-
known. Under chronically elevated ICP, do dural venous 
sinus walls remain rigid initially, only to “fail” eventually 
and become significantly compressed after exceeding an 
elastic limit? In thermodynamics and fluid mechanics, 
compressibility of a medium and its inverse (bulk modu-
lus) can change with high enough stresses. If this occurs in 
the dural sinuses of IIH patients, then our hypothesis that 
VSS may be a downstream effect of elevated ICP may be 
correct. 

In conclusion, we recommend rigorous investigation of 
the relationship between VSS and ICP in IIH patients and 
propose that there is a possible elastic limit for dural sinus 
walls. Moreover, we hypothesize that there may be two 
subsets within IIH: 1) primary VSS, in which VSS is the 
primary inciting factor, and in which case the syndrome is 
not truly idiopathic; or 2) secondary VSS, in which VSS 
occurs as a response to elevated ICP, and in which case 
the syndrome is appropriately named. In our case report, 
although we cannot state for certain whether VSS was 
secondary to elevated ICP, an apparent VSS-ICP physio-
logical coupling was present and was probably obliterated 
after stent deployment. Our report provides novel prelimi-
nary data, and we believe that further focused investiga-
tion of VSS-ICP physiological coupling in patients pre-
senting with IIH (or even non-IIH headache syndromes) 
is warranted.

Thomas J. Buell, MD
Daniel M. S. Raper, MBBS

I. Jonathan Pomeraniec, MD, MBA
Ching-Jen Chen, MD
Davis G. Taylor, MD

University of Virginia Health System, Charlottesville, VA 
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Kenneth C. Liu, MD
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Motor evoked potentials: details 
matter

TO THE EDITOR: We read with interest the article by 
Abdulrauf et al.1 that appeared in the August 2017 issue 

(Abdulrauf SI, Vuong P, Patel R, et al: “Awake” clipping 
of cerebral aneurysms: report of initial series. J Neurosurg 
127:311–318, August 2017) in which the authors described 
their results using an awake craniotomy approach for sur-
gical clipping of cerebral aneurysms. The study sought to 
evaluate the use of an awake procedure to allow for direct 
neurological testing during critical periods of the opera-
tion, such as temporary and permanent clipping maneu-
vers. They then compared the results of physical examina-
tion to simultaneously acquired neurophysiological data. 
We applaud their novel use of visual evoked potentials but 
have reservations about the motor evoked potential (MEP) 
data. 

Of note in this study were the 3 patients for whom clini-
cal assessment and the neurophysiological findings were 
“synchronous,” i.e., in agreement, and 3 patients for whom 
the neurological assessment techniques were “asynchro-
nous,” i.e., discrepant. There is an unfortunate lack of tech-
nical data on the MEPs acquired in both patient groups. 
This is critical for evaluating and comparing the data when 
physical examination results are synchronous with MEP 
results versus when discordance arises (false-negative 
MEP results). How do we evaluate and explain the MEP 
performance? What were the magnitudes of the MEP 
stimulation parameters between the 2 groups of patients? 
How was the voltage used to generate the MEPs chosen? 
Of particular concern is that for cerebral aneurysm proce-
dures, reliable MEP monitoring requires that stimulation 
of the motor tracts not occur distal to the tissues at risk, or 
false-negative responses will be obtained.2 Without some 
MEP technical detail, the reader cannot judge the likeli-
hood of a technical error leading to distal motor tract acti-
vation and the false-negative MEP outcomes.

In addition to establishing MEP threshold voltages, 
one method we recommend to evaluate the strength of the 
MEP stimulation is to include in the recording montage 
an ipsilateral hand channel. Activation of this ipsilateral 
hand pathway indicates that motor tract stimulation is oc-
curring in the brainstem or pyramidal decussation.3 Either 
scenario would indicate that the MEP stimulus strength is 
too strong with activation of the motor pathway below the 
tissue at risk for ischemia. This technical scenario could 
easily explain the study results where MEPs remained un-
changed while the patient experienced contralateral weak-
ness during application of the temporary clip.

Practitioners relying on MEP data during aneurysm 
clipping must ensure that the stimulus applied for MEP 
acquisition is minimal and not activating the distal motor 
pathways.2 The outcomes from this study emphasize the 
requirement for meticulous attention to neuromonitoring 
details that are crucial for patient safety as well as bal-
anced performance evaluation of intraoperative neuro-
physiological techniques. 

Marshall Wilkinson, MSc, PhD
Anthony M. Kaufmann, MD, MSc, FRCSC

University of Manitoba and Health Sciences Centre, Winnipeg,  
MB, Canada
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Response
We appreciate the observations made by Drs. Wilkin-

son and Kaufmann about the technical nuances of MEPs. 
What their comments and our experience both reflect is 
that there is a clear-cut risk of false-negative results us-
ing this monitoring. Therefore, this affirms our rationale 
that awake testing provides the “gold standard” for motor 
examination.

We also would like to take the opportunity to further 
affirm some benefits of awake unruptured aneurysm sur-
gery that go beyond just the motor examination.

Intraoperative Aneurysm Rupture Situation
This is the most common question I get asked since I 

started performing awake unruptured intracranial aneu-
rysm (UIA) clipping procedures. In our experience so far 
(over 100 awake clipping procedures of UIAs), we had 2 
patients with intraoperative ruptures that were handled 
without the need for intubation. Granted, neither case was 
an out-of-control rupture with accompanying brain swell-
ing, etc. So, let’s discuss this rare scenario. The specific 
question to be asked is, in craniotomies done under stand-
ard general anesthesia (GA), what is the overall outcome of 
patients who have these severe intraoperative ruptures with 
brain swelling, etc.? I think all of us would agree that this 
subset of patients has overall poor outcome (high morbid-
ity and mortality). So, should we hinge the future of awake 
clipping of UIAs, for which early results are showing bet-
ter outcomes, in a rare scenario that essentially universally 
has a poor outcome? Second, it is pure speculation, and 
not based on data, that patients in this scenario would fare 
worse under the awake protocol than the GA protocol in 
which they already have a very poor outcome.

Vision
Although technology exists to assess visual evoked po-

tentials (VEPs), there is a significant issue of false posi-
tives and negatives that have been observed by colleagues 
who have used this monitoring technique. So, I can state, it 
would be very hard to make intraoperative decisions about 
the patient’s potential vision loss in internal carotid artery 
aneurysm surgery based on the VEPs alone. Again, the 
patient “awake” visual examination is the gold standard 
for vision evaluation (we perform visual acuity and color 

testing intraoperatively). As a result, we have documented 
reversal of visual loss by removing the clip and reposition-
ing the clip reconstruction.

Level of Consciousness
Perhaps the most feared complication in neurosurgery 

is that the patient does not wake up. This complication is 
especially related to vascular procedures involving the 
basilar artery and P1 perforators. There is no neurophysi-
ological test for the level of consciousness. Some patients 
may tolerate long periods of basilar artery temporary clip-
ping, and others may not tolerate seconds; however, we 
have no idea when the patient is under GA. We have docu-
mented this in our early experience. I have placed a tempo-
rary clip on the basilar artery for minutes and I am talking 
to the patient who is tolerating that just fine, and I have 
situations where the patient who, immediately upon place-
ment of the temporary clip on the basilar artery, becomes 
sleepy and unresponsive to commands, which is immedi-
ately reversed by the removal of the temporary clip (in this 
latter scenario, if the clip were placed under GA, I would 
have kept the clip on without knowing).

Saleem I. Abdulrauf, MD 
Saint Louis University School of Medicine, St. Louis, MO
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Importance of multidisciplinary 
morning team huddles in the 
neurosurgical unit

TO THE EDITOR: We congratulate Chan and Vadera1 
on their excellent report on the efficacy of short neuro-
surgery-led morning huddles in reducing laboratory and 
pharmacy costs per patient, reducing the number of ICU 
days, and improving patient satisfaction with the overall 
delivery of their neurosurgical service (Chan AY, Vade-
ra S: Implementation of interdisciplinary neurosurgery 
morning huddle: cost-effectiveness and increased patient 
satisfaction. J Neurosurg 128:258–261, January 2018). The 
authors implemented a 30-minute multidisciplinary morn-
ing meeting on weekdays that was led by the neurosurgi-
cal team and involved pharmacists, physical/occupational 
therapists, ICU nurses, and case managers. Analysis of 
data from the 12 months prior to implementation of the 
huddle was compared to that of the subsequent 15 months. 
Of note, the average number of days spent in the ICU de-
creased by approximately half a day per patient (effect size 
3.24, p < 0.001). Although both laboratory and pharmacy 
expenses per patient decreased, overall costs showed no 
change. Patient satisfaction surveys revealed that the mul-
tidisciplinary approach improved patients’ understanding 
of their disease and how to take prescribed medication. 
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There was also a greater proportion of patients who stated 
that they would “strongly recommend” the hospital based 
on their experience.

We believe that the rewards of performing morning 
meetings such as the huddles described above are im-
mense. At our institution we have held similar meetings 
for many years. First, we have a neuroradiology meeting 
in which we discuss new cases referred over the previous 
24 hours and any pertinent scans required. We then have a 
preoperative morning huddle highlighting key issues sur-
rounding the anesthetic, surgical, and postsurgical consid-
erations for the day’s operating cases. We believe that this 
multidisciplinary input has multifaceted implications, in-
cluding reduced medication errors, timely discharge from 
the ICU, more efficient bed management, greater patient 
satisfaction, and lower overall costs. Chen and Vadera have 
objectively quantified these benefits, although they rightly 
highlight the unexpected disparity between laboratory/
pharmacy cost savings and overall savings, which clearly 
requires further research. Aside from these measureable 
effects, the multidisciplinary meetings are of great benefit 
in improving teamwork dynamics. Communication across 
specialties and between different clinicians has certainly 
evolved in our unit since the genesis of these meetings, 
and this likely improves clinicians’ overall job satisfaction. 
Cross-specialty consults, prioritization of investigations, 
and troubleshooting of issues brought up during meetings 
certainly facilitates more rapid joint decision-making. 
This is especially important in a post–reduction-of-hours 
era in which multiple handovers disrupt continuity of care 
and in which better teamwork with a more structured ap-
proach to decision-making is key. 

Stapley et al. assessed the impact of huddles in the pedi-
atric setting and demonstrated improved communication, 
teamwork, and efficiency.2 One challenge they highlighted 
was the potential for more junior staff to be excluded from 
the meetings because of other commitments, which con-
tributes to reinforcement of the traditional hierarchical 
structure ingrained in medicine. Huddles that are able to 
incorporate the entire team are likely to be most effective, 
leading to the greatest outcomes for patients and maximiz-
ing staff satisfaction.

Phillip C. Copley, BSc, BMBS, MRCS(Ed)
Andreas K. Demetriades, MBBChir, MPhil, FRCS(NeuroSurg)

Western General Hospital, Edinburgh, United Kingdom
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“Eloquent”
TO THE EDITOR: I read with interest the article by 

Kahn et al.2 (Kahn E, Lane M, Sagher O: Eloquent: his-
tory of a word’s adoption into the neurosurgical lexicon. J 
Neurosurg 127:1461–1466, December 2017). Kahn et al.2 
deserve to be appreciated for tracking down the first neu-
rosurgical usage of the now ubiquitous word “eloquent” in 
the 1951 paper from Oxford on abscesses, authored by then 
registrar O. V. Jooma,1 and the illumination of its popular-
ization by Prof. Drake in subsequent decades. There is a 
link here in as much as in 1951 both Omar Jooma (born 
1918) and Charles Drake (born 1920) were trainees with 
Hugh Cairns and Joe Pennybacker at the Radcliffe Infir-
mary before they began their illustrious careers in Pakistan 
and Canada, respectively. They were friends and kept in 
touch over the years. The assumption of Kahn et al. rings 
true, that the use of “eloquent” in the context in which we 
now know it was in common use in the Oxford unit in 1951, 
and the word would have been assimilated into the lexicon 
of those who worked there. Prof. O. V. Jooma on many oc-
casions spoke of his 1951 paper but not because of any in-
novation of vocabulary, but rather due to its early detailing 
of the significant reduction of surgical mortality of brain 
abscess with the introduction of penicillin. 

Rashid Jooma, MBBS, FRCS(Eng), FRCSEd(SN)
Aga Khan University, Karachi, Pakistan
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Response
We are very grateful for Prof. Rashid Jooma’s personal 

comments related to the early use of “eloquent” in the neu-
rosurgical lexicon. In researching and writing our paper, 
we could only hope for such a supportive and insightful 
response. Prof. Jooma’s comments suggest that Charles 
Drake was likely familiar with the term well before he first 
used it in a published paper in 1963. Furthermore, Prof. 
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Jooma’s comments lend credence to the notion that “elo-
quent” was in common use at Oxford—if not elsewhere—
prior to 1951, opening the door for further investigation 
into earlier uses and origins of this fascinating term.

Elyne Kahn, MD, MPH
Megan Lane, BA

Oren Sagher, MD
University of Michigan, Ann Arbor, MI
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Cyst formation after stereotactic 
radiosurgery for brain AVMs

TO THE EDITOR: We read with great interest the ar-
ticle by Ilyas et al.4 (Ilyas A, Chen CJ, Ding D, et al: Cyst 
formation after stereotactic radiosurgery for brain arterio-
venous malformations: a systematic review. J Neurosurg 
[epub ahead of print May 26, 2017. DOI: 10.3171/2016.12.
JNS162478]), who pooled data from 22 studies. This pooled 
analysis provides helpful information about the incidence, 
time course, and optimal management of cyst formation 
after stereotactic radiosurgery (SRS) for the treatment of 
arteriovenous malformations (AVMs). However, there are 
some issues that we would like to discuss.

First, some of the included studies involved the same 
series of AVM cases. For instance, the study by Izawa et al. 
published in 20095 and the study by Izawa et al. published 
in 20056 are both based on data from patients admitted 
to Tokyo Women’s Medical University between May 1991 
and December 2002. The 2009 publication5 only included 
the 15 AVM patients who underwent embolization before 
SRS, whereas the 2005 publication included all the pa-
tients undergoing SRS. Thus, the patients in the later study 
constituted a subset of the patients in the earlier one, and 
the 2009 publication should therefore have been excluded. 
Moreover, all of the studies by Kano and colleagues7–10 are 
based on the data from AVM patients admitted to the Uni-
versity of Pittsburgh from 1987 to 2006 and presumably 
include many duplicate patients. The studies by Ding et 
al.2,3 are based on the series of AVM patients treated at the 

University of Virginia between 1989 and 2009–2010, and 
the studies by Yen et al.13 and Yen and Steiner14 also in-
cluded patients admitted to that same institution between 
1989 and 2007. Although these studies had different inclu-
sion criteria, it seems likely that data from many duplicate 
patients were pooled.

Second, because of the different inclusion criteria and 
duplicate patients in some of the included studies, we con-
ducted subgroup analyses by pooling the data from studies 
that had the same inclusion criteria (Table 1). Eight of the 
studies that Ilyas et al. selected for their reviews includ-
ed AVM patients undergoing SRS, and the incidence of 
cyst formation based on pooled data from these 8 studies 
was 4.335%, which is higher than the overall result of the 
pooled data analysis (3.0%). Moreover, our subgroup anal-
yses showed that there was a tendency for patients with 
prior embolization, brainstem AVMs, or large AVMs and 
pediatric patients to have a lower risk of cyst formation 
(1.481%, 1.975%, 2.198%, and 0.187%, respectively). Eight 
studies that only included the patients with prior embo-
lization, brainstem AVMs, or large AVMs and pediatric 
patients were included in this meta-analysis, which might 
affect the results.

Third, authors of some studies3,12 have suggested that the 
presence of radiation-induced changes (RICs) is associated 
with cyst formation after SRS in AVM patients. Thus, we 
conducted an analysis of the studies that provide sufficient 
patient data or summary statistical data about the associa-
tion of cyst formation and factors. The pooled odds ratio 
(OR) was used to evaluate the relationship between fac-
tors and cyst formation. Five studies,1,3,6,11,12 involving 2330 
patients, were included in our analysis. The pooled results 
suggested that patients undergoing prior embolization (OR 
2.30, 95% CI 1.73–3.05, p < 0.001, Fig. 1A) and repeat ra-
diosurgery (OR 2.74, 95% CI 1.11–6.78, p = 0.03, Fig. 1B) 
had a higher risk of cyst formation after SRS, while sex (OR 
1.16, 95% CI 0.93–1.44, p = 0.18, Fig. 1C), incomplete oblit-
eration of AVMs (OR 1.32, 95% CI 0.31–5.60, p = 0.71, Fig. 
1D), RIC (OR 3.03, 95% CI 0.87–10.64, p = 0.08, Fig. 1E), 
and history of hemorrhage (OR 1.11, 95% CI 0.62–1.96, p = 
0.73, Fig. 1F) were not associated with cyst formation after 
SRS. More studies are needed to provide more high-quality 
evidence regarding the factors involved in cyst formation.

Zengpanpan Ye, MD
Xiaolin Ai, MD

TABLE 1. Subgroup analyses for incidence of cyst formation

Groups No. of Studies Mean Incidence of Cyst Formation (95% CI) Incidence of Cyst Formation

Total 21 4.268% (1.610–0.069%) 77/2604 (2.957%)
SRS* 8 7.208% (0.394–14.376%) 43/992 (4.335%)
Prior embolization 2 3.749% (–33.312 to 40.811%) 2/135 (1.481%)
Pediatrics 2 1.714% (–10.658 to 14.087%) 6/321 (0.187%)
Brainstem AVMs 2 2.081% (–9.409 to 13.571%) 3/152 (1.975%)
Large AVMs 2 2.227% (–26.605 to 31.150%) 2/91 (2.198%)
Repeat radiosurgery 2 6.190% (1.399 to 12.241%) 7/120 (5.833%)

* The studies included the patients undergoing SRS.
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FIG. 1. Forest plots for relationship between cyst formation and prior embolization (A), repeat radiosurgery (B), sex (C), incom-
plete obliteration (D), RIC (E), and history of hemorrhage (F). df = degrees of freedom; IV = inverse variance; SE = standard error. 
Figure is available in color online only.
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Response
We thank the authors, Zengpanpan Ye, Xiaolin Ai, and 

Chao You, for their interest in this paper and 2 others9,10  
for which they have also written letters to the editor. We 

disagree with the authors’ assertion that overlap exists 
between the 200512 and 200911 studies by Izawa and col-
leagues. The former study included patients with previ-
ously untreated brain AVMs who underwent SRS alone, 
whereas the latter study reported outcomes of AVMs 
treated with combined neoadjuvant embolization followed 
by SRS. We also disagree with their assertion that substan-
tial overlap exists among the patients included in the stud-
ies by Kano and colleagues13–16 due to differences in each 
study’s inclusion criteria. For example, the embolization 
case-control series only included patients who underwent 
single-session SRS, and there is no appreciable overlap be-
tween this study and the volume-staged SRS and repeat 
SRS studies.13,15,16

As we have noted in a prior response to the authors, 
some degree of overlap is sometimes unavoidable in sys-
tematic reviews, for which the availability of individual 
patient data are limited.2,9,10,17,22 Additionally, the lack of 
granularity within the pooled data are a critical limitation 
of systematic reviews and meta-analyses. These inherent 
limitations must be weighed against the primary advan-
tage of systematic reviews and meta-analyses, which is the 
inclusion of a large number of patients. As we discuss in 
our paper, mean follow-up duration is an important factor 
that may affect the reported rates of post-SRS cyst forma-
tion. Therefore, a meta-analysis of studies with significant 
variability in follow-up durations, as the authors have per-
formed, is prone to inaccuracies.1,8,18,19

Notably, the authors combine potentially overlapping 
data from the 2005 study by Pan et al.19 and the 2013 study 
by Ding et al.8 in their own meta-analysis of the associa-
tion of prior embolization and the development of post-SRS 
cysts, which is a major point of contention in their critique. 
In our single-center retrospective cohort study, we found 
that a greater number of isocenters (p = 0.014), radiologi-
cal evidence of RIC (p = 0.002), and longer follow-up (p = 
0.034) were independent predictors of post-SRS cyst for-
mation in the multivariate analysis.21 Additionally, there 
was a trend toward a significant association between cyst 
formation and new or worsening seizures (p = 0.054). We 
agree with the authors that further studies are needed to 
determine predictive factors of post-SRS cyst formation in 
AVM patients. To this end, multicenter cohort studies and 
prospective registries, such as those conducted by the In-
ternational Gamma Knife Research Foundation (IGKRF) 
and the AANS and ASTRO SRS registries, may yield more 
reliable findings than systematic reviews and meta-analy-
ses.3–7,20,23–25

Adeel Ilyas, MD1,2

Ching-Jen Chen, MD2

Dale Ding, MD2,3

Panagiotis Mastorakos, MD2

Davis G. Taylor, MD2

Jonathan Pomeraniec, MD, MBA2

Cheng-Chia Lee, MD4

Jason P. Sheehan, MD, PhD2

1University of Alabama at Birmingham, AL
2University of Virginia Health System, Charlottesville, VA

3Barrow Neurologic Institute, St. Joseph’s Hospital and Medical Center, 

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC



Neurosurgical forum

J Neurosurg Volume 129 • July 2018262

Phoenix, AZ
4Taipei Veterans General Hospital, Taipei, Taiwan

References
 1. Chang TC, Shirato H, Aoyama H, Ushikoshi S, Kato N, Ku-

roda S, et al: Stereotactic irradiation for intracranial arterio-
venous malformation using stereotactic radiosurgery or hy-
pofractionated stereotactic radiotherapy. Int J Radiat Oncol 
Biol Phys 60:861–870, 2004

 2. Chen CJ, Chivukula S, Ding D, Starke RM, Lee CC, Yen CP, 
et al: Seizure outcomes following radiosurgery for cerebral 
arteriovenous malformations. Neurosurg Focus 37(3):E17, 
2014

 3. Ding D, Starke RM, Kano H, Lee JYK, Mathieu D, Pierce J, 
et al: Radiosurgery for unruptured brain arteriovenous mal-
formations: an international multicenter retrospective cohort 
study. Neurosurgery 80:888–898, 2017

 4. Ding D, Starke RM, Kano H, Lee JYK, Mathieu D, Pierce J, 
et al: Stereotactic radiosurgery for Spetzler-Martin grade III 
arteriovenous malformations: an international multicenter 
study. J Neurosurg 126:859–871, 2017

 5. Ding D, Starke RM, Kano H, Mathieu D, Huang P, Kond-
ziolka D, et al: Radiosurgery for cerebral arteriovenous 
malformations in A Randomized Trial of Unruptured Brain 
Arteriovenous Malformations (ARUBA)-eligible patients: a 
multicenter study. Stroke 47:342–349, 2016

 6. Ding D, Starke RM, Kano H, Mathieu D, Huang PP, Feli-
ciano C, et al: International multicenter cohort study of pedi-
atric brain arteriovenous malformations. Part 1: Predictors of 
hemorrhagic presentation. J Neurosurg Pediatr 19:127–135, 
2017

 7. Ding D, Starke RM, Kano H, Mathieu D, Huang PP, Kond-
ziolka D, et al: Stereotactic radiosurgery for ARUBA (A 
Randomized Trial of Unruptured Brain Arteriovenous 
Malformations)-eligible Spetzler-Martin grade I and II arte-
riovenous malformations: a multicenter study. World Neuro-
surg 102:507–517, 2017

 8. Ding D, Yen CP, Xu Z, Starke RM, Sheehan JP: Radiosur-
gery for patients with unruptured intracranial arteriovenous 
malformations. J Neurosurg 118:958–966, 2013

 9. Ilyas A, Chen CJ, Ding D, Buell TJ, Raper DMS, Lee CC, et 
al: Radiation-induced changes after stereotactic radiosurgery 
for brain arteriovenous malformations: a systematic review 
and meta-analysis. Neurosurgery [epub ahead of print], 2017

10. Ilyas A, Chen CJ, Ding D, Taylor DG, Moosa S, Lee CC, et 
al: Volume-staged versus dose-staged stereotactic radiosur-
gery outcomes for large brain arteriovenous malformations: a 
systematic review. J Neurosurg 128:154–164, 2018

11. Izawa M, Chernov M, Hayashi M, Iseki H, Hori T, Takakura 
K: Combined management of intracranial arteriovenous mal-
formations with embolization and gamma knife radiosurgery: 
comparative evaluation of the long-term results. Surg Neurol 
71:43–53, 2009

12. Izawa M, Hayashi M, Chernov M, Nakaya K, Ochiai T, Mu-
rata N, et al: Long-term complications after gamma knife 
surgery for arteriovenous malformations. J Neurosurg 102 
Suppl:34–37, 2005

13. Kano H, Kondziolka D, Flickinger JC, Park KJ, Parry PV, 
Yang HC, et al: Stereotactic radiosurgery for arteriovenous 
malformations, Part 6: multistaged volumetric management 
of large arteriovenous malformations. J Neurosurg 116:54–
65, 2012

14. Kano H, Kondziolka D, Flickinger JC, Yang HC, Flannery 
TJ, Awan NR, et al: Stereotactic radiosurgery for arterio-
venous malformations, part 2: management of pediatric pa-
tients. J Neurosurg Pediatr 9:1–10, 2012

15. Kano H, Kondziolka D, Flickinger JC, Yang HC, Flannery 
TJ, Awan NR, et al: Stereotactic radiosurgery for arteriove-

nous malformations, Part 3: outcome predictors and risks 
after repeat radiosurgery. J Neurosurg 116:21–32, 2012

16. Kano H, Kondziolka D, Flickinger JC, Park KJ, Iyer A, Yang 
HC, et al: Stereotactic radiosurgery for arteriovenous malfor-
mations after embolization: a case-control study. J Neuro-
surg 117:265–275, 2012

17. Moosa S, Chen CJ, Ding D, Lee CC, Chivukula S, Starke 
RM, et al: Volume-staged versus dose-staged radiosurgery 
outcomes for large intracranial arteriovenous malformations. 
Neurosurg Focus 37(3):E18, 2014

18. Nakajima H, Yamanaka K, Ishibashi K, Iwai Y: Delayed cyst 
formations and/or expanding hematomas developing after 
Gamma Knife surgery for cerebral arteriovenous malforma-
tions. J Clin Neurosci 33:96–99, 2016

19. Pan HC, Sheehan J, Stroila M, Steiner M, Steiner L: Late cyst 
formation following gamma knife surgery of arteriovenous 
malformations. J Neurosurg 102 Suppl:124–127, 2005

20. Patibandla MR, Ding D, Kano H, Xu Z, Lee JYK, Mathieu 
D, et al: Stereotactic radiosurgery for Spetzler-Martin Grade 
IV and V arteriovenous malformations: an international mul-
ticenter study. J Neurosurg [epub ahead of print September 
8, 2017; DOI: 10.3171/2017.3.JNS162635]

21. Pomeraniec IJ, Ding D, Starke RM, Liu KC, Mrachek EK, 
Lopes MB, et al: Delayed cyst formation after stereotac-
tic radiosurgery for brain arteriovenous malformations. J 
Neurosurg [epub ahead of print December 1, 2017; DOI: 
10.3171/2017.6.JNS17559]

22. Russell D, Peck T, Ding D, Chen CJ, Taylor DG, Starke RM, 
et al: Stereotactic radiosurgery alone or combined with em-
bolization for brain arteriovenous malformations: a system-
atic review and meta-analysis. J Neurosurg [epub ahead of 
print May 12, 2017; DOI: 10.3171/2016.11.JNS162382]

23. Sheehan JP, Kavanagh BD, Asher A, Harbaugh RE: Inception 
of a national multidisciplinary registry for stereotactic radio-
surgery. J Neurosurg 124:155–162, 2016

24. Starke RM, Ding D, Kano H, Mathieu D, Huang PP, Felicia-
no C, et al: International multicenter cohort study of pediatric 
brain arteriovenous malformations. Part 2: Outcomes after 
stereotactic radiosurgery. J Neurosurg Pediatr 19:136–148, 
2017

25. Starke RM, Kano H, Ding D, Lee JYK, Mathieu D, Whitesell 
J, et al: Stereotactic radiosurgery for cerebral arteriovenous 
malformations: evaluation of long-term outcomes in a multi-
center cohort. J Neurosurg 126:36–44, 2017

INCLUDE WHEN CITING  
Published online April 20, 2018; DOI: 10.3171/2017.11.JNS172776.
©AANS 2018, except where prohibited by US copyright law

Volume-staged vs dose-staged SRS 
for large brain AVMs

TO THE EDITOR: It was a great pleasure to read the 
article by Ilyas et al.,3 which pooled the data to compare 
the effects of volume-staged (VS) and dose-staged (DS) 
stereotactic radiosurgery (SRS) in patients with large brain 
arteriovenous malformations (AVMs) (Ilyas A, Chen CJ, 
Ding D, et al: Volume-staged versus dose-staged stereo-
tactic radiosurgery outcomes for large brain arteriovenous 
malformations: a systematic review. J Neurosurg 128:154–
164, January 2018). The meta-analysis suggested that VS-
SRS afford a higher obliteration rate and a less favorable 
complication profile than DS-SRS. However, there were 
some issues that we feel should be discussed.
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First, several included studies collected the same series 
of patients. The study by Sirin et al.8 involved 37 patients 
who underwent VS-SRS for symptomatic large AVMs (> 
10 cm3) at the University of Pittsburgh Medical Center 
from 1987 to 2004. Meanwhile, the study by Kano et al.4 
included the 47 patients with large AVMs (> 10 cm3) who 
also received VS-SRS treatment at the University of Pitts-
burgh Medical Center between 1987 and 2006. Moreover, 
the 2015 study by Lindvall et al.6 included the 24 patients 
who received hypofractionated stereotactic radiotherapy 
(HSRT) treatment for large AVMs (10–42 cm3) at the 
University Hospital of Umeå between 1986 and 2013. The 
2003 study by Lindvall et al.5 also included 29 patients 
undergoing HSRT treatment at the University Hospital of 
Umeå from 1986 to 2001; however, only 10 of these 29 pa-
tients had large AVMs (> 10 cm3). It appears likely that the 
2006 study by Sirin et al. shared many patients with the 
2012 study by Kano et al.4 The 2003 study by Lindvall et 
al.5 included 19 patients with moderate-sized AVMs (2–10 
cm3) and shared 10 patients with the 2015 study by Lind-
vall et al.6 We believe that the 2006 study by Sirin et al.8 
and the 2003 study by Lindvall et al.5 should be excluded.

Second, we performed an analysis of the results after 
excluding these 2 studies. The results showed complete 
obliteration rates of 39.8% (103/259) and 30.9% (65/210) 
in patients undergoing VS-SRS and DS-SRS, respectively. 
The partial obliteration rate was 53.6% in patients with 
VS-SRS, which was lower than the 75% reported in this 
systematic review.

Third, Seymour et al.7 suggested that dose and AVM 
volume were associated with obliteration rate in patients 
undergoing VS-SRS for large AVMs, so we searched for 
the studies that provided the statistical data for the asso-

ciation of factors and obliteration rate. The pooled results 
of 4 studies1,2,4,7 showed that lower Spetzler-Martin grade 
(OR 0.59, 95% CI 0.37–0.94, p = 0.03) and smaller AVM 
volume (OR 0.95, 95% CI 0.9–0.99, p = 0.009) were associ-
ated with a higher obliteration rate in patients undergoing 
VS-SRS for large AVMs, while patient sex (OR 1.02, 95% 
CI 0.98–1.06, p = 0.43), age (OR 0.99, 95% CI 0.96–1.02, p 
= 0.59), dose (OR 1.56, 95% CI 0.84–2.91, p = 0.16), prior 
hemorrhage (OR 1.07, 95% CI 0.95–1.20, p = 0.30), and 
deep location (OR 1.55, 95% CI 0.75–3.21, p = 0.24), in-
cluding thalamus and basal ganglia, were not associated 
with obliteration rate (Fig. 1). However, only 1 of the in-
cluded studies (the 2015 study by Lindvall et al.6) provided 
adequate data for the association of factors and obliteration 
rate in patients undergoing DS-SRS for large AVMs, and 
we found that no factor was associated with obliteration 
rate. Thus, more studies are needed to identify factors for 
predicting the outcomes of SRS treatment of large AVMs.

Zengpanpan Ye, MD
Xiaolin Ai, MD

Chao You, PhD
West China Hospital of Sichuan University, Sichuan, China
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FIG. 1. Forest plots for relationship between obliteration rates and Spetzler-Martin grade (A), AVM volume (B), sex (C), age (D), 
dose (E), prior hemorrhage (F), and deep location (G) in patients undergoing VS-SRS for large AVMs. IV = inverse variance. 
Figure is available in color online only.
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Response
We thank the authors, Drs. Ye, Ai, and You, for their 

interest in our paper and two other published studies of 
ours for which they have written letters to the editor.16,17 
Indeed, the authors have composed a number of letters 
commenting on recent articles.2,30–32 We agree with the au-
thors that there is likely some degree of overlap among the 
28 patients included for analysis in the Sirin et al. 2006 
study of outcomes following VS-SRS for brain AVM and 
the 47 patients reported in the Kano et al. 2012 series.19,27 
There is also likely some degree of overlap among the 
10 patients with large AVMs treated with DS-SRS in the 
Lindvall et al. 2003 study and the 24 patients reported in 
the Lindvall et al. 2015 study.20,21 Regarding VS-SRS, the 
previously reported rates of obliteration, radiation-induced 
changes (RIC), post-SRS hemorrhage, and death were 
40%, 14%, 20%, and 7%, respectively; excluding the Sirin 
et al. 2006 study, the updated rates are 40% (103/259), 13% 
(37/294), 20% (46/228), and 8% (22/295), respectively. Re-
garding DS-SRS, the previously reported rates were 33%, 
12%, 11%, and 5%, respectively; excluding the Lindvall et 
al. 2003 study, the updated rates are 31% (65/210), 12% 
(27/225), 11% (28/253), and 5% (13/252), respectively. 
Therefore, the minor aforementioned changes to the selec-
tion methodology do not substantially impact the original 
findings of our study.

Unfortunately, some degree of overlap is typically un-
avoidable in systematic reviews, where access to individual 
patient data is limited.1,16,17,22,25 Furthermore, the degree of 
overlap cannot be fully quantified. Thus, the effects of in-
cluding potentially overlapping articles on the results are 
difficult to predict. Additionally, including patients from se-

ries with longer follow-up durations has merit, particularly 
given the rarity of the patient population and need for long-
term follow-up to determine the success and complications 
associated with SRS for large AVMs.8,18 These inherent 
limitations to systematic reviews must be weighed against 
the primary advantage of this type of study, which is the 
inclusion of a large number of patients. However, some of 
these limitations can be overcome by multicenter cohort 
studies and prospective registries, such as those put forth 
by the International Gamma Knife Research Foundation 
(IGKRF) and NeuroPoint Alliance’s SRS registry.3–7,23,26,28

The authors have conducted a meta-analysis of 4 VS-
SRS studies and found that lower Spetzler-Martin grade 
and smaller AVM volume are associated with higher oblit-
eration rates. These results have been consistently reported 
in the literature, and, therefore, they do not represent novel 
findings.9–15,24,29 Further studies are needed to better eluci-
date the role of VS- and DS-SRS in the treatment of large 
AVMs.
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Computed tomography angiography 
for the diagnosis of blunt 
cerebrovascular injury

TO THE EDITOR: We would like to commend Gran-
dhi et al.2 for their study assessing the limitations of CT 
angiography (CTA) for diagnosis of blunt cerebrovascular 
injury (BCVI) (Grandhi R, Weiner GM, Agarwal N, et al: 
Limitations of multidetector computed tomography angi-
ography for the diagnosis of blunt cerebrovascular injury. 
J Neurosurg [epub ahead of print August 11, 2017. DOI: 
10.3171/2017.2.JNS163264]). However, we have a few ques-
tions and concerns about the study.

There has been significant controversy regarding the 
use of CTA for BCVI screening. Low sensitivity for BCVI 
has been ascribed to CTA in multiple studies. Some groups 
have justified CTA use despite showing only a 68% sensi-
tivity (and 92% specificity) for 64-channel multidetector 
CTA, thereby recommending digital subtraction angiog-
raphy (DSA) for patients with CTA-negative results and 
persistent neurological symptoms.7 However, most pub-
lished literature has shown a high specificity for CTA. In a 
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previous meta-analysis, Roberts et al. found that CTA had 
a 97% specificity for BCVI.8 

In the current study, the authors are reporting a very 
high false-positive rate (> 47%). The only possible expla-
nation provided for the high false-positive CTA studies is 
that “a number” of indeterminate readings were consid-
ered CTA-positive findings. Since the paper is justifying 
the use of DSA based on false-positive CT angiograms, we 
believe that the authors should detail how many such CT 
angiograms were “indeterminate.”

Amongst the false-positive CT angiograms (Table 3 of 
the article), the majority were internal carotid artery or 
vertebral artery dissections. DSA was used in this study as 
the reference standard to determine the utility of CTA for 
identifying dissections. However, DSA cannot detect mu-
ral hematomas or vessel wall abnormalities and might miss 
the diagnosis if the lumen is only minimally affected.9,12 
Conventional angiography is no longer recommended for 
diagnosing cervical arterial dissection.1 Assuming DSA to 
be perfect for diagnosing BCVI might be a flaw. Retro-
spective review of both DSA and CTA studies would be 
helpful with blinding and would be helpful before drawing 
strong conclusions.

The authors’ claim that CTA followed by DSA for de-
finitive diagnosis is proved to be safe and effective also has 
to be seen in context. The justification for DSA is to pre-
vent anticoagulation in patients with false-positive CTA 
findings. Recent literature has shown the relative safety 
of antithrombotic therapy, even in patients with traumatic 
brain injury and solid organ injury.6,10 However, we agree 
that starting a regimen of antithrombotic treatment after a 
false-positive CT angiogram in almost 50% cases (if in-
deed true) would not be acceptable. 

Although the authors found DSA to be safe in the cur-
rent study, it is an invasive procedure with a known risk 
of complications. Also, the authors reported no bump in 
serum creatinine to state the safety of extra contrast used. 
However, creatinine levels typically peak at 3 to 5 days 
after contrast administration, and earlier levels might not 
be reflective of extent of renal injury.5

Ultimately, it is the incidence and, hopefully, the preven-
tion of subsequent stroke that would determine the utility 
of imaging. It would be interesting to know if the patients 
with DSA-negative, CTA-positive findings had any subse-
quent strokes. The authors cited Shahan et al., who also 
reported a high false-positive rate on CTA.11 Their group 
had previously reported low sensitivity of CTA, raising the 
possibility that the radiologists were reporting high false 
positives, bringing into question the need for the radiol-
ogy review process. Previous studies have also shown a 
learning curve with intervention that resulted in improved 
sensitivity of CTA without an increase in false positives.4 
Greater awareness of BCVI, the grading of injury, and 
imaging pitfalls would help improve noninvasive imaging 
diagnosis.13 Optimized, selective CTA in high-risk popu-
lations may be the most cost-effective strategy for BCVI 
detection.3

Ajay Malhotra, MD, MMM
Xiao Wu, BS
Long Tu, MD

Kimberly Seifert, MD, MS
Yale School of Medicine, New Haven, CT
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Chronic subdural hematoma 
management and outcomes

TO THE EDITOR: I read with great interest the ar-
ticle published by Brennan and colleagues1 (Brennan PM, 
Kolias AG, Joannides AJ, et al: The management and 
outcome for patients with chronic subdural hematoma: 
a prospective, multicenter, observational cohort study in 
the United Kingdom. J Neurosurg 127:732–739, October 
2017). The authors prospectively reviewed the data from 
1205 adult patients in 26 neurosurgical units in the United 
Kingdom and Ireland, the largest study of primary chronic 
subdural hematoma (CSDH) management in the current 
literature, providing Level I evidence with which they con-
firmed the effectiveness of subdural drain placement fol-
lowing intraoperative irrigation in the surgical treatment 
of CSDH. There is no doubt that this publication has the 
potential to draw enormous attention from neurosurgeons 
working in other countries because CSDH is the most 
common clinical condition in neurosurgery and points of 
controversy remain. Based on my personal experience, as 
well as on data in the literature, I would like to point out a 
few limitations of the study that I noticed.

First, the authors prefer to use the modified Rankin 
Scale (mRS) and Glasgow Coma Scale (GCS) for the eval-
uation of their patients upon admission to the hospital and 
at discharge, whereas most studies in the literature have 
used the clinical grades described by Markwalder for clas-
sifying patients with CSDH.2–4 Accordingly, I also think 
that the GCS is not useful for CSDH because the relevant 
score assigned for almost 88% of the patients in their se-
ries is 13–15 on the GCS scale and the median mRS score 
was 3.1

Second, I noticed that the authors neglected an interest-
ing and exceptional issue in the management of patients 
with CSDHs: the presence of  calcification/ossification.7,8 
Unfortunately, its exact pathogenesis and its optimal man-
agement have not been described in detail, while CSDH 
is a frequently encountered disorder in clinical practice in 
neurosurgery.

Third, it has been recently suggested that the existence 
of niveau formation and acute subdural bleeding over the 
CSDH demonstrated on CT scans should be seen, on ar-
rival to the hospital, as signs implying brain herniation and 
as a poor prognostic finding in these cases;5 Brennan and 
colleagues,1 however, reported that the preoperative ap-
pearance of a mixed-density subdural collection on CT 
scans did not predict recurrence. Furthermore, it would be 
interesting to know the rate of associated “insular infarct” 
in their series, as a marker of greater disease severity sug-
gested by Sacchetti and colleagues,6 since cognitive im-
pairment was the most common presenting symptom in 
the patients reported on by Brennan and colleagues.1

Last, the authors reported that duration of burr-hole 

drainage after insertion of a subdural drain was 24–48 
hours.1 However, I think that this duration is not sufficient 
to prevent a recurrence of CSDH after the surgery in some 
exceptional cases in which the amount of daily drainage 
from the subdural space may aid the neurosurgeon in 
making a final decision in clinical practice. 

Mehmet Turgut, MD, PhD
Adnan Menderes University Faculty of Medicine, Aydın, Turkey
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Response 
We are grateful to Dr. Turgut for his comments on our 

research.  
It is not the case that the majority of patients in the 

CSDH literature are classified by the Markwalder grading 
scale. We have previously reviewed the CSDH literature 
and found that the GCS score and the Markwalder sco-
re are equally used for classifying the neurological status 
of patients on admission.1 Also, this scale is not in routi-
ne clinical use in the United Kingdom, and we therefore 
utilized the GCS and mRS, which are validated across a 
range of neurological conditions and are in regular clinical 
use. The 5-point Malkwalder scale uses descriptive terms 
about the level of consciousness (e.g., drowsy, stuporous, 
etc.) in combination with the presence of focal signs.2 Our 
approach was to accurately document the level of consci-
ousness with the use of the GCS (rather than descriptive 
terms) and also to document the presence of focal signs. 
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We believe that this approach is more useful, but we would 
also like to state that standardization of data collected by 
future CSDH studies would help advance the field.   

Imaging characteristics that may predict clinical prog-
ression or the likelihood of recovery might be important 
adjuncts to clinical decision-making, provided they can be 
validated in a large cohort or in prospective studies. Cli-
nical assessment is nevertheless crucial. We are unclear as 
to whether Dr. Turgut is suggesting that some radiological 
features predicting poor prognosis should result in a deci-
sion not to operate. We would not advocate this. In a sub-
sidiary analysis of our data awaiting publication, we have 
examined the role of age, GCS score, and radiological fin-
dings on outcome. Elderly patients and those in a coma 
can still have good outcomes. However, we acknowledge 
that more work needs to be done with regard to whether 
radiological findings (CT or MRI), including calcification/
ossification of CSDH, may predict recurrence or outcome. 
With respect to the paper by Sacchetti and colleaegues,3 it 
would certainly be of interest to examine the proportion of 
patients in whom improvement fails to occur after CSDH 
drainage because of an associated ischemia event. We do 
not have the data to examine this in our population, but we 
note that if ischemic events are responsible for a  failure 
to improve after CSDH drainage, this suggests a greater 
urgency to drain the CSDH in the first place, because dra-
inage may reduce the ischemic risk.  

Through the evidence from our study and that of the 
Cambridge Chronic Subdural Haematoma Trial, a time 
window of up to 48 hours is emerging as adequate for ke-
eping the drain in place after burr-hole drainage. Longer 
periods of drainage may potentially be associated with 
increased morbidity, but we acknowledge that in rare ca-
ses with significant ongoing drain output, a longer period 
of drainage may be necessary.
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Burr-hole drainage of chronic 
subdural hematoma under local 
anesthesia

TO THE EDITOR: We are responding to the article by 
Brennan et al.1 (Brennan PM, Kolias AG, Joannides AJ, et 
al: The management and outcome for patients with chron-
ic subdural hematoma: a prospective, multicenter, obser-
vational cohort study in the United Kingdom. J Neurosurg 
127:732–739, October 2017). First, we wish to congratulate 
the authors on this interesting paper. Chronic subdural he-
matoma is a highly common disorder, which is why this 
study, the largest prospective, observational, multicenter 
study on management of chronic subdural hematoma to 
be published to date, is an important way of gaining more 
insight in the most optimal choice of therapy. However, the 
authors have neglected a major aspect of surgical treat-
ment: the type of anesthesia.

As expected in chronic subdural hematomas, the pa-
tients were mainly elderly. The median age of the popu-
lation was 77 years.1 Also, the most frequent presenting 
complaint of patients transferred to a neurosurgical unit 
was cognitive impairment (see Table 2 in the article).1 Nev-
ertheless, to our surprise, nearly all surgical procedures 
(93%) were performed under general anesthesia (GA).1 
Particularly in elderly patients, GA poses a risk for postop-
erative cognitive impairment and postoperative delirium, 
hindering recovery.2 Furthermore, GA can be challenging 
in the elderly due to concomitant diseases. In this light, it 
would be interesting to make a comparison with hip sur-
gery, which also primarily concerns an aging population. 
It has been demonstrated that locoregional anesthesia, in-
stead of GA, reduces both the in-hospital mortality rate 
and length of hospitalization.3 

In our neurosurgical practice, the default treatment 
for chronic subdural hematoma is burr-hole craniostomy 
(BHC) under local anesthesia, except in the few patients 
who are unable to cooperate. In our considerable collec-
tive experience, when performed with the patient under 
local anesthesia, the procedure is well tolerated, has no 
cognitive complications, and has the great advantage that 
patients can immediately mobilize after surgery. The only 
drawback to mention is that the BHC creates a lot of noise 
for patients, which can be largely reduced by having them 
open their mouths.
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The authors conclude that they have defined the pre-
ferred strategy for treatment of chronic subdural hema-
toma. We would like to add to this conclusion that BHC 
under local anesthesia should be the preferred treatment in 
the predominantly elderly population of patients.

Adriaan R. E. Potgieser, MD, PhD
J. Marc C. van Dijk, MD, PhD

Jan D. M. Metzemaekers, MD, PhD 
University of Groningen, University Medical Center Groningen,  

The Netherlands
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Response
We are grateful to Potgieser and colleagues for their 

comments on our paper. It certainly sounds plausible, 
as they suggest, that there might be an advantage to the 
elderly and frail population to have surgery under local 
anaesthesia (LA). Our United Kingdom (UK)–wide study 
demonstrated that 93% of the operations were performed 
under general anaesthesia (GA), so rather than necessarily 
neglecting the issue, we restricted our recommendations 
to the evidence we obtained. In our study, patients treated 
under LA were, in fact, significantly older than those tre-
ated under GA (p < 0.0001). More work needs to be done 
to understand whether or not this is beneficial for patients.

The predominance of GA in CSDH management in the 
UK begs the question as to why? Does this reflect a patient 
preference, surgeon preference, surgeon perception of pa-
tient preference, anesthetist preference, or a combination 
thereof? 

We briefly reviewed the impact of anaesthesia type 
on CSDH management in the elderly in a 2016 review.6 
Few studies had compared the influence of LA and GA 
on surgical CSDH evacuation, and the results were con-
tradictory. Recently, we also demonstrated that approxi-
mately one-third of the studies in the field did not even 
report whether the operations were performed under GA 
or LA.1 Improved reporting is a prerequisite for meaning-
ful cross-study comparisons. It is also worth considering 
that comparisons of GA and regional/LA have been made 
in nonneurosurgical practice. For example, a review of 
18,715 geriatric patients undergoing hip fracture surgery 
concluded that spinal anaesthesia was associated with sig-

nificantly reduced early mortality and a decreased risk of 
venous thromboembolism, delirium, myocardial infarcti-
on, pneumonia, and postoperative hypoxia.4 In contrast, 
the GALA trial (general anaesthesia versus local anaesthe-
sia for carotid surgery) failed to demonstrate a difference 
in outcomes (stroke, myocardial infarction, or death at 30 
days) between GA and LA in 3523 patients undergoing ca-
rotid artery surgery.3 A study in the Cochrane Data base of 
Systematic Reviews  in 2004 of 13,500 patients also found 
no difference between LA and GA in carotid endarterec-
tomy. Interestingly, data from patients in the UK national 
audit of CSDH suggest that many have similar baseline 
characteristics as those included in the GALA trial.5

The emergence of bedside minimally invasive drainage 
techniques (e.g., with the use of hollow screws) may obvi-
ate the need for GA, if these techniques are proven to be 
as effective as burr-hole craniostomy.2 However, for now, 
we would recommend that the anaesthetist and surgeon, in 
consultation with patients and/or their next-of-kin, decide 
which anaesthesia technique to use on an individual basis. 
An assessment of the impact of LA versus GA on CSDH 
outcomes might best be tested in a prospective random-
ized controlled trial and should include a qualitative com-
ponent to understand the acceptability of the anaesthesia 
mode to the patients.
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The surgical outcomes of 
symptomatic moyamoya disease in 
adults

TO THE EDITOR: We read with great interest the 
meta-analysis by Jeon et al.5 (Jeon JP, Kim JE, Cho WS, et 
al: Meta-analysis of the surgical outcomes of symptomatic 
moyamoya disease in adults. J Neurosurg 128:793–799, 

March 2018) evaluating the clinical outcomes in patients 
with moyamoya disease (MMD) after different treatments 
and surgical techniques. In this study, the authors dem-
onstrated that bypass surgery reduced the risk of future 
stroke in patients with MMD, and the direct bypass had a 
better angiographic outcome and lower incidence of future 
stroke than indirect bypass. However, there were some is-
sues that should be discussed.

First, several of the included studies were based on the 
same series of patients. The studies by Lee et al. (2012),8 
Kim et al. (2012),6 and Choi et al. (2013)2 were based on 
the patients who were diagnosed with MMD in Mary’s 
Hospital (the Catholic University of Korea School of Med-
icine) during 1998 and 2010. The studies by Bang (2012)1 
and Kim et al. (2016),7 had many of the same subjects who 
were admitted to Seoul National University Bundang Hos-
pital. Lee et al.8 collected 142 patients (> 18 years old) with 
MMD, including 124 patients who underwent bypass sur-
gery and 44 treated hemispheres with hemorrhagic MMD. 
Kim et al.6 only included the 96 patients with MMD who 
underwent the bypass surgery in the same period. Choi et 
al.2 retrospectively included 44 patients with hemorrhag-
ic MMD to evaluate the efficacy of different treatments. 
Thus, the data of these studies should not be pooled be-

FIG. 1. Comparison of recurrent stroke between surgically and conservatively treated groups in patients with MMD (A), patients 
with hemorrhagic MMD (B), and patients with ischemic MMD (C). M-H = Mantel-Haenszel. 

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC

https://thejns.org/doi/abs/10.3171/2016.11.JNS161688


J Neurosurg Volume 129 • July 2018 271

Neurosurgical forum

cause of the duplicate data. However, this meta-analysis 
pooled the data of studies by Lee and Choi to compare the 
outcomes of surgery and conservative treatment (Fig. 2A 
and B in their article). 

Second, the method of data collection was not unified. 
In Fig. 2, they collected the outcomes of some studies2,4,8,10 
according to the number of brain hemispheres, whereas 
the data in the rest of the studies7,9 were collected accord-
ing to the number of patients. This may affect the pooled 
results. For instance, in Fig. 2A, Choi et al.2 included 35 
patients (53 of 70 hemispheres underwent surgery and 17 
hemispheres underwent conservative treatment) in the 
bypass group, and 9 patients (18 hemispheres underwent 
conservative treatment) in the conservative group. How-
ever, the authors only included the 18 hemispheres of 9 
patients in the conservative group without consideration of 
the 17 hemispheres undergoing conservative treatment in 
the bypass group. Most of the included studies evaluated 
the outcomes according to the number of patients rather 
than hemispheres. Thus, we excluded the study by Choi et 
al. and conducted a meta-analysis according to the number 
of patients. We found that the patients in the conservative 
group had a higher risk of future stroke than those in the 
surgical group (OR 3.07, 95% CI 1.95–4.84, p < 0.00001; 
Fig. 1A), which was consistent with the results of this meta-
analysis. However, no heterogeneity (I2 = 0%) was found in 
our analysis, and the heterogeneity of the meta-analysis (I2 
= 26%, Fig. 2A in Choi et al.) might be attributable to the 
non-unified collection methods.

Third, one recent study,3 which evaluated the long-term 
outcomes of 82 patients with MMD, demonstrated the by-
pass surgery could not reduce future stroke. After pooling 
the results with this study, we found that bypass surgery 
could decrease future stroke in patients with hemorrhag-
ic MMD (OR 2.47, 95% CI 1.18–5.15, p = 0.02; Fig. 1B), 
but not in patients with ischemic MMD (OR 2.31, 95% 
CI 0.65–8.16, p = 0.19; Fig. 1C), which was inconsistent 
with this meta-analysis. For the limited number of studies, 
more studies are encouraged to elucidate the efficacy of 
bypass surgery in patients with ischemic MMD.

Zengpanpan Ye, MD
Xiaolin Ai, MD

Chao You, PhD
West China Hospital of Sichuan University, Sichuan, China
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Response 
We appreciate Dr. Ye and colleagues and the Journal of 

Neurosurgery for this opportunity to respond to the letter 
and review a recent article.3 We have explained further re-
garding the concerns. First, we have included studies such 
as Lee et al. (2012),9 Kim et al. (2012),6 and Choi et al. 
(2013).2 Surely, those are retrospective studies conducted 
by several affiliated hospitals at Catholic University in 
Korea. We admit that partially overlapped data could ex-
ist, because they did not provide clear information on data 
for each study. However, previous systematic review and 
meta-analyses evaluated treatment outcomes including 
those studies collectivley.12,13 Accordingly, we have includ-
ed those studies in this meta-analysis after discussion. For 
the studies conducted by Bang et al. (2012)1 and Kim et al. 
(2016),8 Bang et al.1 compared treatment outcomes accord-
ing to surgical techniques (direct vs indirect revasculariza-
tion). In contrast, Kim et al.8 demonstrated better surgical 
efficacy of direct revascularization in preventing further 
strokes in patients with MMD presenting with ischemia 
than in those treated conservatively. Therefore, we have 
included the Bang study for comparative studies between 
direct and indirect revascularization, and the Kim study 
for comparative studies between surgical and conservative 
treatment.

Second, per Dr. Ye’s comment, the method of data col-
lection could be biased toward results. Some studies cal-
culated future stroke events according to the number of 
patients, whereas others did it according to the number 
of brain hemispheres. Mostly, symptomatic MMD with 
hemodynamic impairment is an indication for surgical 
revascularization.3,5,7 Accordingly, a more accurate as-
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sessment of surgical efficacy for MMD can be conducted 
by comparison with conservatively treated symptomatic 
hemispheres, not nonsymptomatic hemispheres. Most 
studies did not clearly provide information about treated 
symptomatic hemispheres. Additionally, differences in fu-
ture stroke event site (ipsilateral vs contralateral side to the 
surgical treatment) and definition of control group (other 
MMD patients or the side contralateral to the surgery in 
the same patients) could also be biased toward results 
when assessing stroke events by the number of patients. 
Accordingly, there may be controversy over the fact that 
the meta-analysis included the study by Choi et al.2 When 
calculating the future stroke event, only 35 patients with 
53 hemispheres were the main concern in their study. Re-
cent meta-analysis conducted by Qian et al.12 compared 
the future stroke events by the number of hemispheres 
(53 in the surgical treatment group and 18 in the medi-
cal treatment group). In our meta-analysis, subsequent 
subgroup analysis of treatment outcomes according to the 
method of data collection was conducted. We observed 
that adult patients with MMD who received conservative 
treatment experienced a higher risk of future stroke than 
those who received surgical revascularization (OR 2.539, 
95% CI 1.422–4.532, p = 0.002), without heterogeneity (I2 
= 0%).2,8,10,11 When calculating stroke events by the number 
of hemispheres,4,9 future stroke events were significantly 
increased in medically treated hemispheres compared 
to surgically treated hemispheres (OR 4.652, 95% CI 
2.420–8.946, p < 0.001), with moderate heterogeneity (I2 = 
26.697%). A small number of cases are a concern regard-
ing interpretation when assessing future stroke events ac-
cording to the data collection method. Ye et al. compared 
recurrent stroke events between surgical and conservative 
groups irrespective of the data collection method in their 
Fig. 1B and C. Comparison of treatment outcome of the 
study by Ge et al. (2017)3 is revealed as recurrent stroke 
events by the number of hemispheres, whereas other com-
parisons done by Lee et al. (2012)9 and Kim et al. (2016)8 
are revealed as recurrent stroke events by the number of 
patients. After discussion, with reference to previous me-
ta-analysis,12 data were provided without considering the 
data collection method. Additionally, we pointed out that 
the results of our meta-analysis should be interpreted with 
caution because of heterogeneity in the articles. 

Third, you recommend a recent article authored by Ge 
et al.3 in which they retrospectively evaluated surgical effi-
cacy of direct revascularization for 82 patients with MMD 
(164 hemispheres) at late Suzuki stage 4–6. Surgery was 
indicated for ischemic or hemorrhagic symptoms related 
to hemodynamic impairment. During a mean follow-up 
of 55.1 ± 16.2 months, the recurrent stroke rate was 9.3% 
(7 of 75) in conservatively treated hemispheres and 10.1% 
(9 of 89) in surgically treated hemispheres. However, all 
hemispheres that received conservative treatment were 
contralateral to the surgically treated hemispheres in pa-
tients with bilateral MMD. In contrast, the remaining stud-
ies (shown in Fig. 1B and C) defined control subjects who 
were conservatively treated patients with MMD.8–10 Addi-
tionally, the rate of late Suzuki stage 4–6 was 50% (71 of 
142) in Lee et al.’s study9 and 60.3% (266 of 441) in Kim 
et al.’s study.8 Accordingly, such a difference in baseline 

characteristics could be attributed to heterogeneity across 
studies and appears to be different from previous meta-
analysis.

There are limitations for meta-analysis of surgical ef-
ficacy in patients with MMD. First, most studies were 
retrospective investigations including a relatively small 
number of the patients. Second, differences in MMD di-
agnosis, surgical techniques, and definitions of control 
groups among studies are limitations in reaching conclu-
sions. Therefore, further meta-analysis based on an indi-
vidual patient-level database is needed to confirm surgical 
efficacy for adult patients with MMD. 

Jin Pyeong Jeon, MD
Institute of New Frontier Research,  

Hallym University College of Medicine, Chuncheon, Korea
Jeong Eun Kim, MD 

Seoul National University College of Medicine, Seoul, Korea
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Brachyury as prognostic biomarker 
in chordoma

TO THE EDITOR: We read with great interest the 
article by Otani et al.7 (Otani R, Mukasa A, Shin M, et 
al: Brachyury gene copy number gain and activation of 
the PI3K/Akt pathway: association with upregulation of 
oncogenic Brachyury expression in skull base chordoma. 
J Neurosurg [epub ahead of print July 28, 2017. DOI: 
10.3171/2016.12.JNS161444]). The authors performed a 
clinical and experimental study with regard to the role of 
Brachyury in skull base chordoma (SBC). They found that 
Brachyury mRNA expression was negatively associated 
with progression-free survival (PFS) of patients, and over-
expression of Brachyury was partially due to the PI3K/Akt 
pathway activation and Brachyury copy number gain in 
SBC. We commend the authors for performing this inter-
esting study as these helpful results would be useful for the 
development of novel molecular targets to treat this chal-
lenging tumor entity.

Brachyury (also called T gene) is an important tran-
scriptional factor that regulates the mesoderm develop-
ment in the early human embryo. While Brachyury is re-
ported to be expressed in the majority of chordoma tissues, 
recent studies have also shown Brachyury expression in 
several other types of human cancers and its significant 
association with prognosis.4,8,10,14 To date, although the 
prognostic role of Brachyury expression in chordoma has 
been discussed in the literature, the results are still incon-
clusive.23,24 For example, similar to the current findings by 
Otani et al.,7 researchers also found that positive Brachy-
ury expression as assessed by an immunohistochemical 
method was correlated with shorter PFS of patients with 
SBC.5 In contrast, most studies exploring Brachyury sta-
tus in chordoma showed no prognostic implication.16–18,21,22 
Although the difference in categorization and the choice 
of experimental technique may be responsible for the con-
flicting results, we cannot obtain definitive conclusions re-
garding the prognostic relevance of Brachyury expression 
in chordoma according to the limited evidence available. 
More large-sample studies with more uniform data report-
ing and study design are needed to further determine the 
role of Brachyury expression in chordoma prognosis.

Mechanically, how Brachyury expression is upregu-

lated in chordoma remains unclear. Besides the potential 
molecular basis described by Otani et al.,7 recent studies 
also reported several other molecular mechanisms under-
lying Brachyury regulation in chordoma. Using in-silico 
analysis and dual luciferase report assay, Wei et al.20 found 
that downregulation of miR-219-5p in SBC could ex-
ert its oncogenic effects by directly targeting Brachyury, 
and then promote the proliferation and clonogenicity of 
chordoma cells, leading to an aggressive phenotype. Feng 
et al.2 investigated the expression profile of the BMP4/
SMAD signaling pathway in SBC and found that overex-
pression of the pathway was significantly correlated with a 
poor clinical outcome. As BMP4 signaling acts upstream 
of Brachyury, these results collectively suggest a potential 
regulatory role for the BMP4/SMAD signaling pathway in 
Brachyury overexpression. Similarly, published data also 
provided evidence of the FGF/FGFR signaling pathway 
modulating the expression of Brachyury in chordoma.3,13 
Furthermore, it has been demonstrated that the brachy-
ury single nucleotide polymorphism (SNP) rs2305089 is 
linked to chordoma susceptibility.9 However, the impact 
of rs2305089 SNP on Brachyury expression remains un-
known. Previous studies showed that the rs2305089 SNP 
could change the binding capacity of Brachyury, thereby 
altering its expression level.9 A recent large multicenter co-
hort study found that the rs2305089 SNP could indepen-
dently predict overall survival in patients with spinal chor-
doma.1 Taken together, these data indicate that the Brachy-
ury gene SNP may influence the chordoma outcomes at 
least in part through regulating Brachyury expression. Fi-
nally, in several other human cancers, TGF-b and Wnt/b-
catenin pathways have been shown to be implicated in the 
regulation of Brachyury;15 it is worth investigating whether 
Brachyury expression can be driven by similar molecular 
mechanisms in chordoma.

In their study, the authors failed to further define how 
Brachyury expression affected the survival outcomes 
in patients with SBC. Prior data have demonstrated that 
Brachyury expression can influence patient outcomes by 
driving epithelial-to-mesenchymal transition, inducing ac-
quisition of cancer stem cell characteristics, or modulating 
androgen receptor activity in human cancers.11,12,15 In view 
of this, whether Brachyury impacts chordoma outcomes 
through similar mechanisms or other pathways deserves 
further investigation. In addition, recent studies reported 
that Brachyury was positively correlated with PDGFR-b 
and Ki-67 expression in SBC.7,21 We consider that Brachy-
ury may function as an oncogene in association with up-
regulation of PDGFR-b and Ki-67 as they are shown to be 
closely associated with tumor growth, proliferation, and 
patient survival in human cancers, including chordoma.6,19
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Response
We sincerely appreciate Dr. Zhong et al.’s interest in 

and comments about our study. We agree with their point 
that the correlation between Brachyury expression and 
prognosis shown in our study is not in accordance with 
some other studies, partly because of the small sample 
size and methodological inconsistencies among the previ-
ous studies. To address these issues, larger-scale studies 
involving collaboration among multiple hospitals will be 
necessary in the future.

We also thank Dr. Zhong and colleagues for mention-
ing several interesting studies in the literature that showed 
the mechanisms of how Brachyury expression is regulated 
in chordoma. Such candidate molecules or pathways as-
sociated with Brachyury expression include miR-219-5p, 
BMP4/SMAD signaling, FGF/FGFR signaling, TGF-β 
pathway, and Wnt/β-catenin pathways. In our study, acti-
vation of PI3K/Akt signaling, which had also been demon-
strated in studies from other groups as we discussed in our 
paper, was the most significantly associated gene network, 
whereas we observed no obvious activation of BMP4/
SMAD, FGF/FGFR, TGF-β, or Wnt/β-catenin signaling 
pathway. Again, larger-scale studies may further clarify 
the role of those different pathways in the Brachyury ex-
pression status in chordomas.

We also investigated the SNP rs2305089 in germline 
DNA; rs2305089 is located in the region that encodes the 
DNA-binding domain of Brachyury. The previous report 
demonstrated that the A allele at this SNP site was fre-
quently observed in patients with chordoma compared with 
controls, and that A allele cases showed higher Brachyury 
expression than G allele cases.2 However, in our 19 patients 
with SBC, the SNP genotypes determined with Sanger se-
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quencing were G/G in 10, G/A in 8, and A/A in 1 case, and 
the frequency of the A allele was not significantly differ-
ent from the frequency in the Japanese controls obtained 
from the HapMap Project (n = 172, 26% vs 31%, p = 0.18, 
Fisher’s exact test). Furthermore, we found no relationship 
between the germline SNP genotype and the Brachyury 
expression level in our cases (G/G, 1241 ± 719; G/A, 1124 
± 785; A/A, 1068). According to previous reports, the odds 
ratios between the SNP genotype and chordoma develop-
ment were 5.3, 2.8, and 1.1 in European,2 American/Cana-
dian,1 and Chinese populations,3 respectively. In contrast, 
the odds ratio from our data for the Japanese population 
was 0.78. Therefore, ethnic differences may account for 
the different results in association data.

We could not determine how Brachyury drives chor-
doma cell proliferation. Our microarray data did not in-
dicate an association between Brachyury expression and 
epithelial-mesenchymal transition or PDGFR-β expres-
sion, unlike the positive correlation that was observed in 
previous reports of chordoma and other cancers. Further 
investigation is needed to elucidate the role of Brachyury 
in chordoma cell proliferation.
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Collecting data about the 
transorbital endoscopic eyelid 
approach

TO THE EDITOR: We have read with interest the 
article by Almeida and colleagues1 (Almeida JP, Omay 

SB, Shetty SR, et al: Transorbital endoscopic eyelid ap-
proach for resection of sphenoorbital meningiomas with 
predominant hyperostosis: report of 2 cases. J Neurosurg 
[epub ahead of print September 1, 2017. DOI: 10.3171/ 
2017. 3.JNS163110]). The authors presented a novel, mini-
mally invasive option for the treatment of the anterior and 
middle cranial fossae lesions. Based on this initial experi-
ence, the same group has introduced an interesting ana-
tomical study, and they described the limitations of their 
technique.2 Additionally, they recommended more reports 
for a better understanding of the benefits of this new surgi-
cal approach, particularly for sphenoorbital meningiomas 
(SOMs) with predominant hyperostosis.1 Accordingly, be-
cause we have the same kind of patient group, we would 
like to discuss with the authors the specific surgical nu-
ances that might allow surgeons to create an ideal new 
space (predominantly at the orbital apex) that can lead to 
a significant reduction of the proptosis. Detailed supple-
mentary radiographic data might also be required. Subse-
quently, we can apply this unique technique based on the 
authors’ highly accurate records. 

Almeida et al. stated the following: “The transorbital 
endoscopic approach provides access to the superolateral 
orbital region, which makes this an interesting option for 
the treatment of select SOMs in which hyperostosis and 
proptosis are the primary issues…,” “Debulking of the 
hyperostosis and orbital decompression were the primary 
goals…,” “Transorbital endoscopic drilling may not be 
sufficient for all cases…,” and “The presence of significant 
soft-tissue enlargement may be a limitation for successful 
reduction of the proptosis via an endoscopic transorbital 
approach.”1 

By carefully studying the exposure and maneuverability 
of this anatomical study1 in correlation with the presented 
preoperative and postoperative neuroimaging (Figs. 1,6,7,9 
and 10) of the reported cases (case 1 and 2),1 our lead au-
thor (A.N.) tried to extract detailed radiographic-based 
surgical nuances and he found some interesting points that 
raised several questions. 

First, regarding case 1; we can appreciate the reduction 
of hyperostosis, particularly along the lateral wall and or-
bital roof, but it is difficult to know how far posteriorly 
and/or laterally we can drill to create a significant space 
to accommodate the proptosis. Is it mandatory to remove 
the lateral portion of the lesser wing of sphenoid2 in such 
cases? Is it possible to add anterior clinoidectomy to better 
deal with the orbital apex? 

Is the approach you describe a selective posterior eth-
moidectomy? If so, do you think an extensive transnasal 
decompression can facilitate a more medial orbital retrac-
tion that might result in a wider transorbital operative cor-
ridor, with better access to the orbital apex via both ap-
proaches?

Second, regarding case 2, we cannot confirm significant 
debulking of the hyperostotic part and adequate orbital 
decompression, as the authors kindly concluded from the 
presented figures. Perhaps additional radiographic detail 
would help here. Is it possible to assess the extent of bone 
removal with additional 3D reconstructed CT via different 
angles to make the view of the greater sphenoid wing fall 
in a direct line?
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Third, we could not find satisfactory answers to our 
questions on the supplemental videos. Is it possible to have 
more descriptive data? 

Finally, we appreciate the authors’ contributions to neu-
rosurgery, and we consider the abovementioned study1 as 
a fundamental reference in treating our patients. Thus we 
are looking forward to receiving the valuable comments 
and additional data from these authors. 
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Response 
Thank you for your interest in our article. The authors 

have specific questions regarding the technique, which we 
will try to address. The first question is how can the orbit 
be drilled to create a significant space, and is it mandatory 
to remove the lateral portion of the lesser wing of the sphe-
noid and can anterior clinoidectomy be added. In response, 
there must of course be a graded removal of bone depend-
ing on the patient’s individual anatomy and the location 
of the hyperostosis. The lateral and superior walls of the 
orbit can be drilled all the way to the superior orbital fis-
sure, with removal of the greater wing of the sphenoid. 
Following the superior wall, portions of the lesser wing 
of the sphenoid can also be removed, but reaching the cli-
noid and optic nerve may be challenging. Ethmoidectomy 
may facilitate medial mobilization of the orbit once the 
lamina papyracea is removed, but this is often not neces-
sary. Lateral orbitotomy can be performed to help with the 
lateral to medial exposure to avoid excessive retraction on 
the globe. With regard to the second case, this patient had 
soft tissue in the globe, namely meningioma invading the 
lateral rectus and intraconal area. Hence, the bone decom-
pression alone was not adequate to reduce proptosis. We 
will send 3D CT scans to the authors so they can further 
appreciate the details of the surgery.
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