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The role of annexin A7 in SAH
TO THE EDITOR: We have read with great interest 

the article by Lin et al.3 (Lin QS, Wang WX, Lin YX, et al: 
Annexin A7 induction of neuronal apoptosis via effect on 
glutamate release in a rat model of subarachnoid hemor-
rhage. J Neurosurg [epub ahead of print January 25, 2019. 
DOI: 10.3171/2018.9.JNS182003]) regarding the potential 
role of annexin A7 (ANXA7) in the pathological process 
of subarachnoid hemorrhage (SAH) in a rat model. In this 
article, the data demonstrated that ANXA7 was upregu-
lated after SAH and caused the overproduction of gluta-
mate, which increased the glutamate toxicity to neurons 
and aggravated the early brain injury induced by SAH. 
The results of this study indicated that ANXA7 might be a 
promising target to treat SAH-induced early brain injury. 
We think it is a meaningful and interesting study; howev-
er, some results in this study need to be further discussed.

First, the efficacy of small interfering RNA (siRNA) 
was not shown in this study. In fact, short hairpin RNA 
(shRNA) is more commonly used in lentivirus packaging. 
We think that assessing the efficacy of lentiviral infection 
and comparing the protein level of ANXA7 between the 
ANXA7 knockdown and scramble groups would strongly 
support the results.

Second, the authors’ results indicated that inhibition 
of ANXA7 could reduce the apoptosis of neurons and at-
tenuate the blood-brain barrier (BBB) damage after SAH. 
The published articles have shown the direct neural pro-
tection effect of ANXA7 downregulation (such as inhibit-
ing ANXA7-induced neuron apoptosis in the neuron itself, 
not through other cell types) in different models, and the 
mechanisms were well discussed. However, the mecha-
nisms of BBB protection were less well shown in this and 
other published articles.1,2 Interestingly, Fig. 5 in this ar-
ticle showed that the astrocytes, an important component 
of the BBB, were not co-stained with ANXA7 by immu-
nofluorescence assay. However, they did not show the data 
on whether ANXA7 could be co-stained with endothelia, 
another important component of the BBB, and induce the 
apoptosis of endothelial cells. We think it will be inter-
esting to explore the function of ANXA7 on endothelial 
cells after SAH, and that this exploration might be helpful 

to reveal the mechanisms of the role of ANXA7 on BBB 
damage caused by SAH. 

Yaxing Chen, MD
Liangxue Zhou, MD, PhD

West China Hospital, West China Medical School, Sichuan University, 
Sichuan, People’s Republic of China
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Response
We appreciate the comments of Drs. Chen and Zhou 

in their letter to the editor regarding our published article. 
First, we have conducted Western blotting to illustrate 
the efficacy of ANXA7-siRNA as shown in Fig. 6A of 
our published article, and our data showed that ANXA7-
siRNA significantly decreased the expression of ANXA7 
after SAH (p < 0.05). Second, in our study we used the 
BBB as one indicator to identify the role of ANNA7 in 
brain injury, and we did not focus on the detailed mecha-
nism of the role of ANXA7 in BBB damage. Indeed, in 
the model of intracerebral hemorrhage in rats, Li et al. 
also revealed the rescue effect of ANXA7 knockdown on 
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BBB.2 The BBB is formed by endothelial cells of the cap-
illary wall, astrocyte end-feet ensheathing the capillary, 
and pericytes embedded in the capillary basement mem-
brane.1 In our study, we found that astrocytes did not co-
stain with ANXA7 by immunofluorescence assay. Further 
study is warranted to explore the function of ANXA7 on 
endothelial cells and pericytes after SAH, and we agree 
with Drs. Chen and Zhou that it might be helpful to reveal 
the mechanisms of the role of ANXA7 in BBB damage 
caused by SAH.
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Supratotal resection of glioblastoma
TO THE EDITOR: We read with great interest the re-

search by Roh et al.9 (Roh TH, Kang SG, Moon JH, et al: 
Survival benefit of lobectomy over gross-total resection 
without lobectomy in cases of glioblastoma in the nonelo-
quent area: a retrospective study. J Neurosurg [epub ahead 
of print March 1, 2019. DOI: 10.3171/2018.12.JNS182558]) 
regarding supratotal glioblastoma (GBM) resection in 
noneloquent brain area.

In this well-written and timely article, the authors show 
that in patients with GBM located in right-sided, frontal 
and temporal, noneloquent brain area, supratotal resection 
(SupTR) defined as a total lobectomy improves median 
overall survival (OS) and progression-free survival (PFS), 
when compared with only gross-total resection (GTR) of 
GBM. We commend the authors for critically appraising 
their clinical practice variations, which adds to our un-
derstanding of the potential value of SupTR of GBM in 
improving patient survival.

Nevertheless, the study does raise some issues that need 
careful consideration. First, studying the value of SupTR 
without detailed and preferably standardized assessment 
of neurological outcome (i.e., NIH Stroke Scale)10 and 
quality-of-life assessments (i.e., QLQ-C30 and QLQ-
BN20)11 remains an important limitation. Although this 
issue is acknowledged by the authors, it is only briefly 
discussed in the limitations paragraph. Readers should be 
more strongly notified not to draw any decisive conclu-
sions on the safety of this procedure even in noneloquent 
areas, because only the Karnofsky Performance Status 
score was measured as a global neurological outcome and 
no data were available on the quality of patient life. With-
in this context, it also remains unclear how the dominant 
hemisphere and eloquent brain area were determined. The 
exclusion of all left-sided tumors by definition suggests 
that no functional MRI was used to assess functional later-
alization, and it seems to disregard the notion that the right 
hemisphere may be dominant in some patients. Addition-
ally, it should be noted that despite the exclusion of “tu-
mors involving motor or language areas,” awake surgery 
was performed when GBM “was near an eloquent area.” 
We think that it would be beneficial to read in Table 1 how 
many cases were classified as (near) eloquent GBM and 
thus how many cases were performed with awake surgery. 
If this hypothetically was the case in the majority of pa-
tients, many noneloquent GBMs should in fact have been 
labeled as (near) eloquent located GBMs. In such a case, 
the conclusion that SupTR of noneloquent GBM is a safe 
procedure would—unintentionally—mislead the reader.

Second, as the authors acknowledge, the definition of 
SupTR is ambiguous. GBM is known to infiltrate beyond 
the margins of contrast enhancement, into the surround-
ing edematous T2/FLAIR-weighted hyperintense area, as 
seen on MRI.2 In this study, SupTR was defined as com-
plete resection of contrast-enhancing tumor as seen on T1-
weighted, postcontrast, postoperative MRI plus (frontal or 
temporal) lobectomy. In addition, the authors considered 
a resection cavity on postoperative MRI that was larger 
than the contrast-enhancing tumor volume on preopera-
tive MRI as a criterion for SupTR. We think that this crite-
rion is highly debatable for two reasons. First, factors such 
as brain shift and swelling of brain parenchyma make a 
comparison of the postsurgical cavity with preoperative 
tumor volume unreliable. Second, as we mentioned ear-
lier, GBM can infiltrate far beyond contrast enhancement, 
and in fact beyond the resection cavity, as seen on post-
contrast T1-weighted images, due to expansive and large 
T2/FLAIR-weighted hyperintense regions. The authors do 
not specify whether SupTR included the entire T2/FLAIR 
hyperintense region. In fact, unfortunately, no volumetric 
analysis of T2/FLAIR abnormality was presented in this 
study. Previously published studies investigating the role 
of SupTR or postoperative residual T2/FLAIR abnormali-
ties found an association with survival.1,3–8 We believe that 
currently no clear definition of SupTR exists and it can 
only broadly be defined as any effort of resection beyond 
the contrast-enhancing part of GBM. In future studies 
SupTR yet needs to be defined in a prospective setting.

Finally, we fear that the internal and external validity 
of the study is influenced by confounding and selection 
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biases, respectively. Although the authors acknowledge 
the presence of selection bias in the last sentence of the 
Discussion, this issue needs more attention, because the 
impact of the biases on the results and the main conclusion 
is expected to be substantial. Indeed, of 400 patients with 
GBM only 40 patients with GTR of right-sided, frontal or 
temporal, noneloquent GBM were selected. It is also un-
clear how GBM location within a lobe and surgeon prefer-
ence influenced SupTR versus GTR. The surgeon might 
have intended a SupTR for a GBM in the right temporal 
pole, whereas a more posterior and medial GBM within 
the same lobe might receive GTR instead of a lobectomy. 
Based on this highly selected group of patients, it remains 
unclear how to translate the potential benefit and the 
safety of SupTR for GBM surgery in general. In addition, 
the retrospective nature of the study prohibits a reliable 
comparison of median OS and PFS between the SupTR 
and GTR groups and raises several questions such as the 
impact of the surgeon’s preference on achieving SupTR 
versus GTR, its influence on survival, and the impact of 
performing 5-ALA fluorescence–guided or awake surgery 
on survival. It is therefore preferable to control for known 
confounding factors in a multivariate analysis and focus 
on the corrected hazard ratio of SupTR versus GTR, as 
the authors rightly performed, instead of a biased improve-
ment of median OS and PFS between groups as seen in the 
Kaplan-Meier curves.

We hope that emphasizing these issues will encourage 
readers to carefully consider both the potential benefits 
and the risks of SupTR, such that the conclusions of this 
important study can be fully and reliably appreciated.

Fatih Incekara, MD
Marion Smits, MD, PhD

Arnaud J. P. E. Vincent, MD, PhD
Erasmus MC, Cancer Institute, University Medical Center Rotterdam, The 

Netherlands
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Response
We thank Dr. Incekara et al. for their insightful com-

ments. We fully agree with their opinion that the con-
clusions of our paper need to be validated. We are also 
concerned about this issue and discussed it briefly in our 
paper. What we have done is just a pilot study that will 
serve as the basis for future studies.

We are now checking quality-of-life assessments in 
most patients. However, answering a quality-of-life as-
sessments questionnaire is a relatively difficult task for 
patients with GBM. Missing values of the questionnaire 
make the analysis difficult. Awake surgery was performed 
in 2 patients, each with a tumor in the posterior part of the 
middle inferior frontal gyrus. Gross-total resection with-
out lobectomy was performed using awake surgery in both 
cases. Among the patients who underwent lobectomy, no 
awake surgery was performed.

It is very important to determine whether the survival 
benefit we have observed is due to lobectomy or removal 
of FLAIR abnormalities. We also tried to investigate it in 
our study, but the FLAIR images that we acquired were 
not in thin cuts, and the areas that showed abnormalities in 
the FLAIR image were irregular in shape and would not 
be accurate enough to measure the volume. We think that 
comparing postoperative FLAIR abnormality is one of the 
necessary studies.

We have just suggested a possible option of SupTR in 
selected cases. Hopefully, our study will encourage further 
investigations defining SupTR in terms of maximal safe 
resection.
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Pallidothalamic pathway stimulation 
in DBS for dystonia 

TO THE EDITOR: I read with great interest the article 
by Lin et al.5 (Lin S, Wu Y, Li H, et al: Deep brain stimula-
tion of the globus pallidus internus versus the subthalamic 
nucleus in isolated dystonia. J Neurosurg [epub ahead of 
print March 8, 2019. DOI: 10.3171/2018.12.JNS181927]). 
This is a very interesting retrospective study comparing 
the outcomes of patients with isolated dystonia treated 
with either globus pallidus internus (GPi) deep brain stim-
ulation (DBS) or subthalamic nucleus (STN) DBS. The 
authors concluded that both targets are effective in allevi-
ating dystonia and improving quality of life. Interestingly, 
the authors found a greater 1-month clinical improvement 
in patients treated with STN DBS rather than with GPi 
DBS. Along with this report, another recent multicenter 
study by Reich et al.9 provided conclusive evidence of the 
optimal location for “antidystonic” effect in the pallidal 
region. How do two different targets produce similar clini-
cal improvement?  First, Lin et al.5 targeted the dorsal area 
of the STN in order to avoid dyskinesias as a side effect. 
Second, Reich et al.9 showed their “antidystonic” spot in-
cluded the subpallidal white matter. The pallidothalamic 
pathway is the major output of the GPi and encompasses 
these two regions: the dorsal STN and the subpallidal 
white matter. The reason for the clinical improvement in 
STN and GPi could be related to the modulation of this 
pathway in two different locations. The pallidothalamic 
pathway originates in the dorsomedial (lenticular fascicle) 
and ventromedial (ansa lenticularis) aspects of the GPi. 
The fibers cross the internal capsule to reach the area dor-
sal to the STN. In this area, the dorsal segment of the ansa 
lenticularis merges with the lenticular fascicle to end in 
thalamus (thalamic fascicle).8 Accordingly, the rapid effect 
of STN DBS on dystonia may be explained by the stimula-
tion of the pathway close to the target structure (thalamus), 
where the fibers are more compacted and produce a more 
powerful effect on symptoms. 

Several “positive” symptoms, including dystonia, rigidi-
ty, tremor, and dyskinesia, have been ameliorated by target-
ing the dorsal STN.3,6 In patients with Parkinson’s disease, 
the stimulation within the MRI-defined STN correlated 
with improvement of bradykinesia (“negative” symptom) 
but not with rigidity.2 Akram et al. reported an interest-

ing finding related to the sweet spot for rigidity that also 
involves the dorsal STN.1 Recent evidence suggests that 
rigidity and tremor are associated with exaggerated excita-
tion of the ventrolateral thalamic nucleus.4 Experimental 
studies also provide evidence that optogenetic activation 
of the GPi decreased thalamic firing.7 This is in line with 
the current model of basal ganglia, where the GPi sends in-
hibitory signals to the thalamus. Therefore, the modulation 
of the pallidothalamic pathway could have a major role in 
the amelioration of positive symptoms related to undesired 
muscle activity (abnormal thalamic firing). 

These two recent pieces of evidence in dystonia high-
light the importance of white matter stimulation in differ-
ent locations for the same disorder. Conventional tractog-
raphy approaches are still limited in correctly identifying 
the real trajectory of the basal ganglia pathways. More ad-
vanced imaging approaches will improve our understand-
ing of the configuration of these pathways for our surgical 
approaches.10,11 By furthering our understanding of the ef-
fects of DBS, these studies will help to develop new treat-
ment strategies for more complex movement disorders or 
even other psychiatric conditions. 

Josue Avecillas-Chasin, MD, PhD
Cleveland Clinic, Cleveland, OH
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Response
We appreciate the concise and in-depth comments from 

Dr. Avecillas-Chasin. The hypothesis that the clinical im-
provement seen after STN DBS and GPi DBS could be re-
lated to the modulation of the pallidothalamic pathway is 
intriguing. Symptoms could be caused by abnormal con-
nectivity within a brain network, and stimulation of any 
node of this network could alter such connectivity in its 
specific way. In the cases of dystonia, we have observed 
that the treatment effects of STN DBS and GPi DBS have 
a similar impact but that the clinical action of the former 
stimulation develops more rapidly than the latter. Indeed, 
we have observed a marked difference in the therapeutic 
volume of tissue activated between the GPi and STN (192 
± 65.3 mJ vs 123.9 ± 52.2 mJ; p = 0.008) using lead DBS.7 
In the field of movement disorders, the effect of DBS on 
dystonia takes weeks, even months, to occur, while the 
tremor response occurs almost immediately. Also, a le-
vodopa challenge is a reliable outcome predictive factor 
for Parkinson’s disease but not for dystonia. There is a 
dramatic improvement rate of DBS in dystonia, but there 
is also a nonnegligible number of unsatisfied patients,12 
which warrants an imaging biomarker to stimulate the 
sweet spot.14

Diffusion tensor imaging (DTI) has been extensively 
applied in clinical neuroscience to examine and visualize 
nervous system architecture and related diseases. There 
is increasing evidence that tractography can help to iden-
tify white matter pathway abnormalities that might serve 
as clinically effective targets in DBS treatments for Par-
kinson’s disease,1 depression,4,15 obsessive compulsive 
disorder,2 and dystonia.16 For example, both prospective 
and retrospective studies have identified the dentatorubro-
thalamic (DRT) tract as an effective DBS target for es-
sential tremor.5 DBS of the DRT tract improved clinical 
symptoms by more than 50% after the revision or removal 
of initial suboptimal leads using conventional methods.17 
Thus, the application of tractography to DBS target iden-
tification could substantially improve clinical patient out-
comes. Moreover, targeting well-defined white matter 
pathways could improve the reliability and reproducibility 
of DBS treatment studies.17

Given the increased knowledge about the importance 
of fiber pathways for DBS surgery, a growing number of 
tractography applications have been proposed.2,9,11 How-
ever, DTI currently suffers from both fundamental and 

practical limitations, which compromise its accuracy in 
planning DBS surgery. These DTI limitations include a 
relatively low spatial resolution, a poor signal-to-noise ra-
tio, and a possible misalignment with anatomical images 
(eddy current–induced image distortion by echo planar 
imaging sequences).3 DTI may also have difficulty resolv-
ing complex intravoxel fiber crossings or nondominant fi-
ber populations due to limitations in scan time, hardware, 
or processing methods.6 In addition, the sensitivity to head 
motion of patients with movement disorders often induces 
severe artifacts on diffusion-weighted images, thereby 
challenging the fiber-tracking algorithms for defining the 
exact white matter tracts.8

The use of different multimodality imaging methods 
and techniques may complement one another. For exam-
ple, quantitative susceptibility mapping (QSM) is a post-
processing technique that employs deconvolution of the 
phase data acquired by gradient echo sequences for faith-
ful depiction of tissue iron distribution. QSM is believed 
to be one of the most promising techniques for functional 
and stereotactic imaging of the STN.10,13 In a similar vein, 
the exact identification of the GPi for pallidal DBS using 
conventional MRI modalities has been complicated by 
a low signal-to-noise ratio, poor tissue contrast, and the 
presence of position variability in the anterior-posterior 
commissure–based coordinate space. In contrast, QSM-
based images significantly improved the visualization of 
the GPi in humans.18

Unfortunately, we believe that tractography in DBS 
planning generally appears to be underutilized, despite 
its potential clinical benefits to patients. Notwithstanding 
this, further connectomics studies remain highly needed 
to assess and optimize the surgical outcomes. Exploiting 
tractography techniques could offer a powerful tool to 
refine and improve DBS treatment. Moreover, the use of 
multiple imaging modalities may provide more compre-
hensive information for clinicians and patients to gain a 
better understanding of the etiology or pathophysiology 
and the rationale behind the indicated treatment for the 
brain disease involved.
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Giant intracranial aneurysms of the 
posterior circulation

TO THE EDITOR: We read with great interest the ar-
ticle by Lenga et al.1 (Lenga P, Hohaus C, Hong B, et al: 
Giant intracranial aneurysms of the posterior circulation 
and their relation to the brainstem: analysis of risk fac-
tors for neurological deficits. J Neurosurg 131:403–409, 
August 2019). In their study, the authors examined the risk 
factors for cranial nerve deficits, motor deficits, and dis-
ability in patients with giant intracranial aneurysms of the 
posterior circulation (GPCirAs). They found that higher 
degrees (incidence and magnitude) of neurological deficits 
and disability were significantly associated with aneurysm 
volume but not with brainstem displacement. 

Although it appears logical that the extent of brainstem 
displacement will be correlated with the volume (diam-
eter) of the aneurysm sac, the results in this study differ 
from this logic. We think that the method of measuring 
the brainstem displacement is inappropriate. In the article 
by Lenga et al., the basis of measuring brainstem displace-
ment is analogous to that for measuring basilar invagina-
tion (BI).1 Brainstem displacement (ΔMT) is measured as 
the distance between the highest tip of the GPCirA and the 
McRae line, as is done in cases of BI. Applying this method 
of measurement to aneurysms is not justified. Aneurysms 
arising from posterior circulation will displace the brain-
stem away from the clivus, predominantly posteriorly, and 
the ideal method for measuring brainstem displacement 
may be the perpendicular distance from the Wackenheim 
clivus canal line.2 Vertebral artery (VA)–posterior inferior 
cerebellar artery aneurysms arising posterolaterally may 
displace the brainstem anteriorly or medially, and in these 
particular cases, axial T2-weighted MRI may be more ac-
curate for assessing brainstem displacement in the respec-
tive directions.

An essential point to note here is that since the verte-
brobasilar arterial system is ventral to the brainstem, it is 
expected to displace the brainstem away from the clivus 
(and not away from the foramen magnum, as assumed in 
the present article). Being a caudal structure, the odontoid 
tip is expected to displace the brainstem predominantly 
superiorly, with additional posterior displacement when 
associated with atlantoaxial dislocation. Thus, this meth-
odology for measuring BI is inappropriate for measuring 
brainstem displacement, and it might have affected the 
results. Also, with the authors’ method a distal aneurysm 
will cause greater brainstem displacement; for example, an 
aneurysm of the basilar artery (BA)–superior cerebellar 
artery junction will produce greater brainstem displace-
ment than a VA-BA junction aneurysm of same volume 
because the distance is measured with reference to the 
McRae line.

We think that, because of this inappropriate method 

Unauthenticated | Downloaded 05/23/23 11:22 PM UTC

https://thejns.org/doi/10.3171/2018.4.JNS172343
https://thejns.org/doi/10.3171/2018.4.JNS172343
https://thejns.org/doi/10.3171/2018.4.JNS172343
https://thejns.org/doi/10.3171/2018.4.JNS172343
https://thejns.org/doi/10.3171/2018.4.JNS172343


J Neurosurg Volume 132 • March 2020 985

Neurosurgical forum

of measurement, the authors could not find a correlation 
between GPCirA volume and the extent of brainstem 
displacement. And because of this fallacy, the authors 
reported that “the actual craniodorsal [italics added] dis-
placement of the brainstem by the GPCirA and GPCirA 
volume seem to be 2 separate risk factors.” A modified 
and more logical method to measure brainstem displace-
ment away from the clivus may find a correlation between 
aneurysm volume and brainstem displacement and also 
between brainstem displacement and neurological deficits/
disability.
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Response
We thank Drs. Verma and Singh for their interest in 

our article and for their comments. Drs. Verma and Singh 
object to the measurement technique used in our study to 
quantify brainstem displacement and propose that the per-
pendicular distance from the Wackenheim clivus line is a 
more useful alternative. 

The main idea of the letter to the editor by Drs. Ver-
ma and Singh is in line with numerous interactions that 
members of the Giant Intracranial Aneurysm Study Group 
have encountered in recent years within the scientific com-
munity, be it during review processes or in discussions at 
conferences. The most frequent misunderstanding arises 
when giant aneurysms are viewed through the same lens 
as nongiant aneurysms. This has likely happened in their 
letter as well, since Drs. Verma and Singh exclusively re-
fer to “aneurysms” throughout their critique of our article. 
The word “giant” does not appear at all in that context. 
We are happy to concede that had we examined “regu-
lar” nongiant aneurysms, then, yes, one might suspect that 
brainstem displacement was potentially better quantified 
using a different method. But since, in our multicenter in-
terdisciplinary experience, GPCirAs tend to exert upward 
mass effect on the brainstem, quite comparable to the mass 
effect exerted by a deformed odontoid process in BI, we 
think it is quite justified to transfer some of the ideas valid 

in the context of BI, such as using the McRae line as refer-
ence for measuring brainstem displacement, to the inter-
face between the brainstem and a giant aneurysm.

Our article presents data from the Giant Intracranial 
Aneurysm Registry, which was established in 2008 as an 
international prospective and retrospectice interdisciplin-
ary network of 32 centers that exclusively deals with giant 
intracranial aneurysms. Previous publications from this 
network highlight the radiological and clinical unique-
ness of these rare lesions, especially when compared to 
nongiant aneurysms.1,5 A recurring theme in our findings 
is that the sheer volume and mass effect caused by giant 
aneurysms affect the brain in ways that are not observed 
in cases of nongiant aneurysms. As a side note, since Drs. 
Verma and Singh equate volume and diameter in their 
comments, we would like to mention that our previous 
findings suggest that those two modes of quantification are 
actually not interchangeable in giant aneurysms, mainly 
due to the wide range of giant aneurysm shapes.2 So while 
in nongiant aneurysms measuring the diameter may still 
be the gold standard of quantification,4 in giant aneurysms 
measuring volumes may be a more attractive mode of 
quantification in the future. 

The 1-year clinical results of the Giant Intracranial An-
eurysm Registry have recently been published in the Jour-
nal of Neurosurgery,3 and we hope to be able to provide 
3-year results in the not too distant future. 
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