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Deep brain stimulation for 
schizophrenia

TO THE EDITOR: We read with great interest the 
review by Mikell et al.3 (Mikell CB, Sinha S, Sheth SA: 
Neurosurgery for schizophrenia: an update on patho-
physiology and a novel therapeutic target. J Neurosurg 
124:917–928, April 2016). These authors summarize cur-
rent understanding of the pathophysiology of schizophre-
nia based on dysfunction in dopaminergic and glutama-
tergic signaling. They suggest several nodes of the basal 
ganglia–thalamocortical circuit as therapeutic targets for 
deep brain stimulation (DBS): the hippocampus, the ven-
tral striatum, and the associative striatum.3 Regarding this 
dopamine dysregulation–based hypothesis, we believe 
that there are other targets that could be useful for DBS: 
the mediodorsal thalamus and the internal globus pal-
lidus.1,4,5,9 Moreover, in the last few years, findings from 
voxel-based morphometry, diffusion tensor imaging, and 
functional MRI suggest structure and functional altera-
tions of the medial prefrontal cortex, specifically the area 
correlated to the anterior midline node of the default mode 
network.6,8 This area corresponds to the subcallosal cingu-
late gyrus, which includes Brodmann area 25. The failure 
of task-related deactivation in this medial frontal cortex 
is related to the symptoms of schizophrenia. Actually, a 
meta-analysis of the whole-brain voxel-based approach re-
vealed that abnormalities in white matter areas in schizo-
phrenia were consistently identified across the studies in 
only 2 locations, one of them corresponding to this an-
terior cingulate subgenual area.2 This region has been 
stimulated with DBS in other neuropsychiatric disorders, 
and in our experience in treatment-resistant depression, no 
associated complications have been observed.7 We suggest 
that this could be another possible target for the treatment 
of resistant schizophrenia.

Schizophrenia remains one of the leading causes of 
disability worldwide, with 30% of patients refractory to 
treatment. We agree that given the severity of this disease 
and its high consumption of resources, new treatment 
strategies are needed. We are conducting a prospective, 
randomized, double-blind clinical trial (clinical trial no.: 
NCT02377505, clinicaltrials.gov) aimed at assessing the 
tolerability and efficacy of DBS in refractory schizo-
phrenia (founding Grant Nos. PI12/00042 [E.A.] and 
PI12/00686 [S.S.] from the Instituto de Salud Carlos III). 

We randomized the therapeutic target (nucleus accumbens 
vs subgenual area), and after the start of stimulation and a 
period of clinical stability, we made a crossover phase of 
generator on or off. We are studying treatment response in 
terms of neuroimaging (MRI, PET) and clinical variables. 
Completion of this ongoing study and an exhaustive analy-
sis of the data are needed for definitive answers.
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are intrigued by the suggestion of the subgenual anterior 
cingulate cortex (Cg25) as a potential therapeutic target. 
Evidence from the original trial of DBS for depression1 
indicating that Cg25 stimulation boosted dorsolateral pre-
frontal cortex and dorsal anterior cingulate cortex blood 
flow seems consistent with the idea that stimulation of 
this area could treat the frontal dysfunction observed in 
schizophrenia. We eagerly await the results of the authors’ 
trial and agree that further work is needed to understand 
this difficult disease.
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Failed microvascular decompression 
surgery 

TO THE EDITOR: I read the article by Bigder and 
Kaufmann2 with great interest (Bigder MG, Kaufmann 
AM: Failed microvascular decompression surgery for 
hemifacial spasm due to persistent neurovascular compres-
sion: an analysis of reoperations. J Neurosurg 124:90–95, 
January 2016). I would like to address several comments 
to the authors. In the article, the authors mentioned that 
microvascular decompression (MVD) is no guarantee of a 
hemifacial spasm (HFS) cure, presumably given a failure 
rate of nearly 10%. Despite all our efforts, we do know 
that there is a discrepancy between technical and clini-
cal success in the operation; that is, the surgeons are quite 

sure of decompression during the surgery, but the clinical 
results do not always correspond. In this respect I agree 
with the authors. However, I do wonder what rate of failure 
would fulfill the authors’ guarantee of success because I 
believe that our mission continues to be improvement of 
the surgery as long as MVD is the only curative treatment 
for HFS.

Previously, in a report on patients with trigeminal neu-
ralgia in whom treatment had failed, Jannetta and Bisson-
ette described, “a ‘failed’ patient is a signal that we are not 
perfect and that the forces of nature have again outwitted 
us. We cannot hide these failures, avoid them, or ignore 
them. Rather, we can learn from them and, frequently, can 
make the patients feel better or even cure them.”4 The arti-
cle by Bigder and Kaufmann illustrates 3 important points 
that can help us achieve better outcomes. Firstly, exposure 
of the sigmoid sinus and inferior floor of the cerebellum 
should never be skipped. Secondly, the vertebral artery 
should be properly transposed but not interposed. Thirdly, 
we should try our best to mobilize the responsible artery 
in the presence of perforating arteries. I fully agree with 
their conclusion that caudal side exposure is very impor-
tant for observation of the entire facial nerve as well as the 
protection of hearing function.1 In addition, I mobilize the 
arterial loops close to the facial root exit zone (fREZ) that 
represent potential causes of HFS in the future to avoid 
new neurovascular compression, if this maneuver can be 
achieved safely. I believe that correct application of all 
these procedures in the initial surgery will increase the 
rate of success.

Finally, I would like to discuss the importance of pre-
operative imaging, which the authors did not mention 
in their article. The techniques of preoperative MRI are 
well advanced and established.3 However, I am afraid that 
neurosurgeons may depend on MRI too much. Vascular 
components can be located nearby or even conflict with 
the seventh and eighth cranial nerve complex in the ab-
sence of symptoms and can represent the cisternal part 
that is not responsible for the symptoms in patients with 
HFS. Consequently, the proximal part of the fREZ may 
be overlooked.

Kenichi Amagasaki, MD
Mitsui Memorial Hospital, Tokyo, Japan

References
 1. Amagasaki K, Watanabe S, Naemura K, Nakaguchi H: 

Microvascular decompression for hemifacial spasm: how can 
we protect auditory function? Br J Neurosurg 29:347–352, 
2015

 2. Bigder MG, Kaufmann AM: Failed microvascular decom-
pression surgery for hemifacial spasm due to persistent 
neurovascular compression: an analysis of reoperations. J 
Neurosurg 124:90–95, 2016

 3. Du ZY, Gao X, Zhang XL, Wang ZQ, Tang WJ: Preoperative 
evaluation of neurovascular relationships for microvascular 
decompression in the cerebellopontine angle in a virtual 
reality environment. J Neurosurg 113:479–485, 2010

 4. Jannetta PJ, Bissonette DJ: Management of the failed patient 
with trigeminal neuralgia. Clin Neurosurg 32:334–347, 
1985

Unauthenticated | Downloaded 05/23/23 11:19 PM UTC

http://thejns.org/doi/abs/10.3171/2015.1.JNS142714


Neurosurgical forum

J Neurosurg  Volume 125 • July 2016 231

Disclosures
The author reports no conflict of interest.

Response
We thank Dr. Amagasaki for his thoughtful comments 

regarding MVD for HFS. The objective of our paper was 
to highlight what we perceived to be a frequent source of 
failed surgery: incomplete exposure, exploration, and de-
compression of the fREZ. The successful alleviation of the 
compression caused by culprit vessels is associated with a 
high rate of disease cure. We also agree that vessels “that 
represent potential causes of HFS in the future” should be 
similarly mobilized or transposed when it can be safely 
achieved during surgery. 

Regarding preoperative diagnostic imaging, it is not 
uncommon for dictated reports to describe the common 
association between vessels and the cisternal portion 
of the facial nerve, which is usually incidental, whereas 
the culprit neurovascular compression at the fREZ is not 
noted. We have previously reported on the nature of this 
compression causing HFS and agree that high-resolution 
imaging has a very high degree of sensitivity when care-
fully interpreted.1 Such imaging has also been quite useful 
in the evaluation of patients with persisting spasms after 
MVD surgery. In our paper we referenced 2 such cases 
(Cases 3 and 5) in which previously unidentified neurovas-
cular compression was clearly evident following the first 
surgery and supported early reoperation.

It also bears emphasizing that HFS cure sometimes fol-
lows a latency period of several months, even more than 1 
year, after technically effective alleviation in culprit neu-
rovascular compression.2–5 Reoperations in such cases are 
unnecessary and subject the patient to unnecessary surgi-
cal risks. It is our practice to offer reoperation for persist-
ing spasms within the 1st year only if persisting vascular 
compression on the fREZ is demonstrable on high-resolu-
tion MRI. The majority of patients will, however, demon-
strate immediate or gradual resolution of HFSs in the first 
few months following technically thorough MVD surgery. 
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Dural arteriovenous fistula 
mimicking Creutzfeldt-Jakob disease

TO THE EDITOR: We read with great interest the 
report by Holekamp et al.1 on dural arteriovenous fistula 
(dAVF)–induced thalamic dementia (Holekamp TF, Moll-
man ME, Murphy RKJ, et al: Dural arteriovenous fistula–
induced thalamic dementia: report of 4 cases. J Neurosurg 
124:1752–1765, June 2016). We similarly had a 61-year-old 
male patient with no significant medical history who was 
being screened for subacute-onset dementia. On MRI, he 
had bithalamic T2 hyperintensity without restricted dif-
fusion (Fig. 1). Physicians at another institution suspected 
that the patient had Creutzfeldt-Jakob disease when he sud-
denly developed coma and intraventricular hemorrhage on 
CT scans (Fig. 2). This resulted in emergency neurosurgi-
cal transfer to our institution for a vascular evaluation and 
emergency diagnostic cerebral digital subtraction angiog-

FIg. 1. A: Axial MR image obtained without contrast.  B: T2-weighted 
spin echo MR image demonstrating bithalamic hyperintensities.  C: Ax-
ial MR image showing no diffusion-weighted restriction.  D: MR angio-
gram showing tortuous, curvilinear vessel extending posteriorly and 
inferiorly from the area of the vein of Galen (arrow).
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raphy (DSA) (Fig. 3). We discovered a Borden II/Cognard 
IIb stage dAVF in this patient. The dAVF was treated with 
immediate angiographic embolization and obliteration. 
The patient regained consciousness but had cognitive im-
pairment. He was later discharged to inpatient rehabilita-
tion. We think that similar dAVF cases that cause venous 
hypertension or vascular steal on the bilateral thalami 
have a characteristic MRI presentation. In such cases, MR 
angiography could be useful to screen for a dAVF.
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comments from Dr. Freeman and his colleagues. Their 
case nicely demonstrates two important characteristics of 
patients with dAVF-induced thalamic dementia highlight-
ed in our article: 1) the typical MRI finding of bithalamic 
hyperintensities on T2/FLAIR studies without associated 
restricted diffusion; and 2) the common occurrence of a 
significant delay between symptom onset and diagnosis 
in these patients. In their particular case, the diagnosis 
was not made until a precipitous decline in the patient’s 
neurological condition due to intraventricular hemorrhage 
prompted transfer to the authors’ hospital. This aggressive 
clinical course is an important reminder of the well-doc-
umented poor natural history associated with dAVFs pre-
senting with symptomatic cortical venous drainage1–3—a 
natural history that argues strongly for prompt treatment 
of these lesions following initial diagnosis.4 Finally, the au-
thors correctly point out that noninvasive vascular imaging 
studies such as MR angiography or CT angiography can 
play an important role in the identification of dAVFs—es-
pecially those having cortical venous drainage.  
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FIg. 2. Axial CT scan of the head obtained without contrast showing 
acute development of left medial thalamic hemorrhage with intraven-
tricular hemorrhage.

FIg. 3. Left: DSA study of the right external carotid artery demonstrat-
ing a dAVF (arrowhead) with draining vein and feeding arteries from the 
posterior meningeal artery (white arrow) and feeding arteries from the 
occipital artery (black arrows).  Right: DSA study obtained after Onyx 
embolization of the aforementioned feeding arteries, showing complete 
obliteration of the dAVF.
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the role of neurosurgeons in mild 
traumatic brain injury

TO THE EDITOR: We read with interest the article by 
Ditty et al.2 (Ditty BJ, Omar NB, Foreman PM, et al: The 
nonsurgical nature of patients with subarachnoid or intra-
parenchymal hemorrhage associated with mild traumatic 
brain injury. J Neurosurg 123:649–653, September 2015). 
The authors presented a retrospective review of 500 con-
secutively treated patients with mild traumatic brain injury 
(mTBI) and imaging findings of traumatic subarachnoid 
hemorrhage (tSAH) and/or intraparenchymal hemorrhage 
(IPH) and concluded that such patients require neither 
neurosurgical consultation nor transfer to tertiary care re-
ferral centers. The solution they proposed, which excludes 
the need for neurosurgeons in the management of mTBI, 
may be reasonable in rural areas where transfer to a neuro-
surgically equipped center may be difficult or delay patient 
care. However, we believe that the exclusion of neurosur-
gical consultation should be the exception rather than the 
rule. At Level I and Level II trauma centers, especially 
those with major academic centers, neurosurgery should 
continue to be involved in the care of patients with mTBI 
and can do so without excess cost. Ceding the care of these 
patients to other services may result in worse patient care, 
worse neurosurgical resident training, and fewer research 
opportunities to advance the field of TBI.

The authors’ report primarily focused on cost and the 
allocation of resources. A related article by Joseph et al. 
emphasized the consult burden faced by neurosurgeons 
and reached the same conclusion.3 Overall, cost is cer-
tainly a consideration; however, excluding neurosurgeons 
from the management of mTBI is not necessary for cost 
containment. Alternatively, Carlson et al. proposed a pref-
erable model utilizing initial telephone triage by a neuro-
surgeon without interhospital transfer.1 Traumatic SAH 
can be managed by neurosurgeons at a low cost by the ju-
dicious use of imaging and intensive care unit admission.4

Traumatic brain injury is necessarily a neurosurgical 
pathology. Most neurosurgical diseases span a broad spec-
trum of care that includes both operative and nonopera-
tive management. For example, in the treatment of brain 
tumors or vascular malformations, the neurosurgeon is 
responsible for the clinical and radiographic findings that 
merit surgical versus conservative management because 
only the neurosurgeon can perform surgery should it be-
come necessary. The neurosurgeon is also best suited and 
most experienced for the long-term follow-up of such pa-
tients. There can be significant sequelae in “mild” TBI and 
tSAH and/or IPH, both in the short- and long-term; there-
fore, neurosurgeons who have been trained in managing 
mTBI patients and who understand the complex neuropsy-
chological sequelae must be involved in the care of these 
patients.5

Moreover, excluding neurosurgeons in the management 
of mTBI at centers with neurosurgical residency programs 
significantly erodes the quality of training. Trainees can-
not learn to judiciously choose operative management if 
they are not exposed to nonoperative management. Neu-
rosurgical trainees must see the full spectrum of TBI and 
understand the nuanced decision-making process in neu-

rotrauma. Otherwise, we devolve from physicians to pro-
tocol-driven technicians.

The effect that deferring neurosurgical consultation of 
mTBI patients has on neurotrauma research must also be 
considered. Neurosurgeons have long been involved in ad-
vancing the field of TBI and treatment, and even currently, 
they have a demonstrated interest in pathologies such as 
concussions that have a “nonsurgical nature.” Without evi-
dence of hemorrhage on imaging, concussions are argu-
ably milder than the mTBI and tSAH discussed by Ditty 
et al. To continue their involvement in research and in 
treating concussions, neurosurgeons must maintain their 
visibility among physician peers by being present in the 
patient care of all TBI, from mild to severe.

Since the American College of Emergency Physicians 
and Centers for Disease Control and Prevention have not 
set forth specific guidelines for the management of mild 
intracranial bleeds, organized neurosurgery should lead 
the development of such guidelines, so that patients with 
TBI are not improperly managed.

Visish M. Srinivasan, MD
Patrick J. Karas, MD

Anish N. Sen, MD
Jared S. Fridley, MD

Baylor College of Medicine, Houston, TX

References
 1. Carlson AP, Ramirez P, Kennedy G, McLean AR, Murray-

Krezan C, Stippler M: Low rate of delayed deterioration re-
quiring surgical treatment in patients transferred to a tertiary 
care center for mild traumatic brain injury. Neurosurg Focus 
29(5):E3, 2010

 2. Ditty BJ, Omar NB, Foreman PM, Patel DM, Pritchard PR, 
Okor MO: The nonsurgical nature of patients with subarach-
noid or intraparenchymal hemorrhage associated with mild 
traumatic brain injury. J Neurosurg 123:649–653, 2015

 3. Joseph B, Pandit V, Haider AA, Kulvatunyou N, Zangbar B, 
Tang A, et al: Improving hospital quality and costs in nonop-
erative traumatic brain injury: the role of acute care surgeons. 
JAMA Surg 150:866–872, 2015

 4. Quigley MR, Chew BG, Swartz CE, Wilberger JE: The clini-
cal significance of isolated traumatic subarachnoid hemor-
rhage. J trauma Acute Care Surg 74:581–584, 2013

 5. Rabinowitz AR, Li X, McCauley SR, Wilde EA, Barnes A, 
Hanten G, et al: Prevalence and predictors of poor recovery 
from mild traumatic brain injury. J Neurotrauma 32:1488–
1496, 2015

Disclosures
The authors report no conflict of interest.

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

nal article.

INCLuDE whEN CItINg  
Published online May 6, 2016; DOI: 10.3171/2015.12.JNS152964.
©AANS, 2016

Unauthenticated | Downloaded 05/23/23 11:19 PM UTC

http://thejns.org/doi/abs/10.3171/2014.10.JNS132713


Neurosurgical forum

J Neurosurg  Volume 125 • July 2016234

topical vancomycin use following 
craniotomy 

TO THE EDITOR: We read with keen interest the ar-
ticle by Abdullah et al.1 regarding the use of topical vanco-
mycin in reducing surgical site infections (SSIs) following 
craniotomy (Abdullah KG, Attiah MA, Olsen AS, et al: 
Reducing surgical site infections following craniotomy: 
examination of the use of topical vancomycin. J Neuro-
surg 123:1600–1604, December 2015). We commend the 
authors for describing a method to decrease SSIs following 
craniotomy, which remain an important preventable cause 
of morbidity and mortality in neurosurgical practice. The 
authors describe 150 consecutive patients who underwent 
craniotomy, in which the first 75 patients did not receive 
topical vancomycin (control group) and the subsequent 75 
patients received 1 g of topical vancomycin. The incidence 
of SSIs was significantly less in the vancomycin group. 
Topical vancomycin is well established to decrease SSIs 
in spinal surgeries.3,7 Although topical vancomycin is used 
in intracranial surgeries by many surgeons, this is the first 
study showing its efficacy following craniotomy.

The readers would be interested to know what was in-
cluded in SSIs in the study, because SSIs have not been 
defined in the study. The exclusion criteria are not men-
tioned. 

There are many confounding factors that might affect 
the rates of infection and that should be considered while 
studying infection rates in intracranial surgeries. These 
factors include preoperative CSF diversion via external 
ventricular drain and postoperative CSF leaks.2,4,5 The use 
of Gliadel wafers in gliomas is known to have a higher 
incidence of SSIs.6 Patients with an allergy to penicillin re-
ceived injectable vancomycin as preoperative prophylaxis 
and also in the postoperative period. The number of such 
patients in each group has not been mentioned and it could 
be a cause of bias in this study. 

Although all patients in the vancomycin group received 
1 g of topical vancomycin, the local concentration of the 
agent is expected to be different in different patients be-
cause the surface area of the bone exposed in each surgery 
is different. One patient in the vancomycin group devel-
oped an SSI, and it would be worthwhile to know the sur-
face area of the exposed bone in this patient, because a 
low concentration of vancomycin might be responsible for 
the infection. Similarly, it would be important to know the 
vancomycin drain level in this patient; it may again point 
out the reason for infection despite application of topical 
vancomycin. 

It is important to know whether or not the organisms 
cultured from the patients were sensitive to vancomycin, 
to validate the utility of vancomycin in preventing SSIs 
in cranial surgeries. It is also important to know whether 
or not the methicillin-susceptible Staphylococcus aureus 
found in the patient with an SSI in the topical vancomycin 
group was sensitive to vancomycin. 

Chinmaya Dash, MCh
Kanwaljeet garg, MCh
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Response
We very much appreciate the interest in our study and 

the opportunity to address these thoughtful remarks. First, 
we considered an SSI to have occurred in any patient re-
admitted as an inpatient for a surgical wound revision. Our 
exclusion criteria were patients under the age of 18 years, 
those who had a “clean contaminated” or “dirty” designa-
tion for their index surgery, or any patient undergoing bur 
hole craniotomy only (including shunts). 

Regarding the factors that may confound rates of infec-
tion, we agree that these may be multifactorial and some-
times difficult to capture. It so happened that in this study 
no patients had preoperative CSF diversion, clinically ap-
parent leaking postoperatively, or Gliadel wafer use. An 
analysis of the use of preoperative intravenous antibiotics 
and its correlation to infection with or without vancomycin 
powder as an adjunct is an interesting consideration, and 
one that we will examine in future studies. We feel simi-
larly regarding the classification of craniotomy size and its 
correlation to infection. The lone patient who experienced 
an SSI following craniotomy and vancomycin administra-
tion had a standard parietooccipital craniotomy, but the 
size of the bone flap was not measured in any case in this 
series. However, we believe that the concentration of 1 g 
of vancomycin should more than likely suffice for even 
larger craniotomies, including decompressive procedures 
(which were present in this series), because the evidence 
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from spine surgeries has shown that 1 g of vancomycin 
can still result in high local concentrations in an ostensibly 
much larger wound.1  

To address the final point, all cultures taken from 
infected cases grew vancomycin-sensitive organisms. 
Nonetheless, we agree with the comments from our col-
leagues—findings regarding the utility of topical vanco-
mycin have been interesting thus far, but require further 
study. We thank them again for the opportunity to address 
their well-measured inquiries. 

Kalil g. Abdullah, MD
On behalf of the authors

Hospital of the University of Pennsylvania, Perelman School of Medicine, 
Philadelphia, PA
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Augmented reality–guided 
neurosurgery

TO THE EDITOR: We read with interest the paper by 
Besharati Tabrizi and Mahvash2 that was recently pub-
lished in this prestigious journal, in which the authors de-
scribed the in vitro testing and clinical application of a 
projector-based augmented reality (AR) system (Besharati 
Tabrizi L, Mahvash M: Augmented reality–guided neuro-
surgery: accuracy and intraoperative application of an im-
age projection technique. J Neurosurg 123:206–211, July 
2015). We recently published a paper demonstrating that 
the registration of rigid bodies as done in Besharati Tabrizi 
and Mahvash’s article, when manually performed under 
a specific AR visualization, can be guaranteed by optical 
and geometrical rules,3 and we applied this approach to a 
maxillofacial procedure.1 

To enhance the value of Besharati Tabrizi and Mah-
vash’s work,2 we would like to open a constructive dis-
cussion with the authors, and with other experts on this 
matter, on 2 topics related to the perception of the AR 
visualization and to the method adopted to evaluate the 
projection error by the authors.

The first topic is related to the virtual content and the 
user’s perception of it. The system presented by the au-
thors projects a virtual rendering of brain tumors on the 
patient’s head “to plan the skin incision and the cranioto-
my and to visualize the tumor borders on the brain surface 
after dural opening.” In the Discussion section the authors 
state, “The image projection technique can be used for a 
‘tailored’ skin incision and craniotomy” and then, “Fur-

thermore subcortical lesions, which are not visible on the 
brain surface during surgery, can be visualized due to le-
sion projection on the brain surface while planning the ap-
proach and operative strategy.” They also point out some 
limits of their approach, such as depth perception of the 
virtual regions of interest (ROIs): “Depth visualization of 
ROIs is still a challenge in projecting 2D images.” Fur-
thermore, they state that the projector “requires a direct 
line of sight, which may interfere with the surgeon, the 
microscope, and the instruments.” 

Nevertheless, the authors did not explicitly mention a 
fundamental limit of their system, which is related to the 
parallax error. As stated in the paper by Gavaghan et al.4 
cited by the authors, which describes the implementation 
of the same projector-based AR approach, “all applica-
tions displaying structures that are positioned below the 
projection surface will however be affected by the pose of 
the viewer.” This means that after a proper registration, the 
location of a projected internal ROI (e.g., a brain tumor) is 
perceptually consistent only if observed from a viewpoint 
coincident to that of the projector. This condition is clearly 
impossible to obtain given the presence of the projector. 
If the observer’s viewpoint does not coincide with that of 
the projector, the surgeon’s perception of the ROI is af-
fected by a parallax error that increases with increasing 
ROI depth (or increasing surgeon/projector misalignment). 

The parallax problem can be easily demonstrated by 
applying simple geometrical rules that we prefer to skip 
in this letter, given the clinical scope of this journal. Given 
the existence of such parallax error, if the surgeon uses 
the projection of an internal ROI “to plan the skin incision 
and the craniotomy” he/she will make an error because the 
ROI (e.g., a tumor) does not lie on the line of sight passing 
through the observer’s eye and the projection of the tumor 
on the patient’s head. It is particularly important to inform 
the surgeon about the existence of such error, especially 
for targeting of deep lesions where the parallax error is 
bigger. For applications in which all visualization data are 
defined on the head’s surface, the procedure’s accuracy is 
not affected by such parallax error.4 For this reason, the 
functionalities presented as future works by the authors 
will work without any parallax error: “we believe that the 
described technique can be used very well to quickly and 
accurately guide surgery for deep brain tumors—not to 
project the deep tumor borders but to project the preop-
eratively planned approach and the craniotomy borders or 
any other useful information to the patient’s head, skull, or 
brain surface.”

The second topic is related to the evaluation of the pro-
jection error performed by the authors both on the phan-
tom and during real neurosurgical interventions. 

On the phantom, “A virtual image was created using 
a digital photograph of the head phantom with the fidu-
cial markers. The photograph was taken from the same 
perspective used for image projection. Brain tumors were 
drawn in the different areas using image editing software.” 
In other words, on the phantom the virtual information 
does not consist of a virtual 3D model, but is drawn by 
the user on a 2D picture of the phantom. Projection error 
is defined as “the difference between the distance of the 
5 fiducial markers from the tumor borders on the virtual 
image and the distance of the 5 fiducial markers from the 
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tumor borders on the head phantom,” and it is calculated 
after each manual registration. The authors performed 
projection accuracy evaluation in 10 cases. In our view, 
this evaluation is incorrect. We cannot compare measure-
ments done on the virtual image, that represent a 2D pro-
jection of the world, with measurements done on the head 
surface, as shown in Fig. 1C. This problem is probably 
known by the authors, who state: “Given the anticipated 
incongruence between the projected 2D virtual image and 
the 3D convexity of the head, the error of projection after 
each registration was measured.” It is of fundamental im-
portance to highlight that such measure of projection error 
is inconsistent because it is influenced by the curvature of 
the head around the tumor. For this reason the projection 
error of the different surgical cases cannot be compared 
because it is affected by the tumor and by the markers’ 
arrangement for each specific case. 

During real neurosurgical interventions, the projec-
tion error is evaluated by means of a commercially avail-
able neuronavigator. It is our understanding that prior to 
the intervention, an MRI-based virtual 3D model of the 
anatomy is registered to the patient independently by the 
projector-based AR system and by using a common regis-
tration routine of the neuronavigator. In Fig. 3C a “naviga-
tion pointer” is placed on the border of the tumor projected 
on the patient’s head surface, as described in the caption: 
“Accuracy was evaluated using a standard navigation sys-
tem (navigation pointer) comparing the tumor borders and 
localization with the MRI on the navigation monitor.” 
Furthermore, the authors add that “the navigated pointer 
was used to delineate the tumor borders (anterior, poste-
rior, superior, and inferior) identified with navigation MR 
images on the navigation monitor….” and “The difference 
between the tumor borders visualized with image projec-
tion and the navigated localization of the tumor borders 
(navigation pointer) was measured.” 

Therefore, it is our understanding that the authors com-
pared the position of 4 points on the head surface corre-
sponding to the projected tumor borders (probably iden-
tified by the surgeon as anterior, posterior, superior, and 
inferior) with their corresponding positions measured on 
the MR image. The measurement of the distance between 
reference points on the anatomy and their corresponding 
points on the MR image is a common approach used to 
evaluate the target registration error of any surgical navi-
gation modality. In any case, one cannot determine on the 
MR image shown on the “navigation monitor” the 4 points 
on the head surface corresponding to the projection of the 
tumor borders but at most the 3D points (voxel) belonging 
to the tumor itself. To understand the relevance of results 
reported during real interventions, it would be fundamen-
tal to know exactly how the authors determined the projec-
tion error. 

We hope to have initiated a productive discussion on 
this interesting projector-based AR approach to neuro-
navigation. 

Vincenzo Ferrari, PhD
Fabrizio Cutolo, PhD

University of Pisa, EndoCAS Center, Italy
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Response
We read with interest Ferrari and Cutolo’s letter to the 

editor, and here is our response. The authors of the letter 
discussed 2 main issues: 1) parallax effect, and 2) mea-
surement of the projection error.

1. In our paper we discussed the limitation of the pro-
jection to depth structures: “Depth visualization of ROIs 
is still a challenge in projecting 2D images” and cited the 
paper by Gavaghan et al. from 2012, which discussed the 
problem of parallax.1 The parallax effect means that the 
apparent position of an object in relation to the background 
changes as the result of a change of the line of sight of the 
observer. It can be measured as the parallax angle, which 
is the angle between the different lines of sight to the ob-
ject. This has been used to measure the distances of 2 ob-
jects. The parallax effect increases with the increasing dis-
tance of the object from the background or the decreasing 
distance from the object to the observer. If the distance of 
the object from the background is very small, the parallax 
effect is minimal. It means equally for our projection tech-
nique that the effect of parallax depends on the distance 
of the projected virtual image from the projection surface. 

In our AR system the virtual image is projected to a 
surface similar to “image fusion,” and there is no mea-
surable distance between the projected images and the 
projection surface, which can be the skin, skull, and brain 
surface.2 Therefore the parallax effect does not play a rel-
evant role in these cases. For skin incision, craniotomy, 
and projection on the brain surface it does not influence 
the planning. However, if the projection would be used for 
deeper structures and reliable registration is performed, 
the deeper structures would also function as a projection 
surface. The problem of projection to deep structures is 
more related to the image distortion, brain shift, and the 
registration. The parallax effect is more relevant for tech-
niques based on head-up displays or mirror-based systems. 
The other point is that the line of sight of the neurosurgeon 
is localized in a circumscribed area, particularly after cra-
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niotomy. The angle through which to look inside the head 
is limited by the extent of craniotomy. The neurosurgeon 
looks into the head in a direct line through the craniotomy 
approach and not from the side. 

We were able to show in the study that the accuracy 
is similar to the navigation systems. We agree that for 
deep lesions the system we presented is limited, and we 
discussed this issue in our paper: “we believe that the de-
scribed technique can be used very well to quickly and 
accurately guide surgery for deep brain tumors—not to 
project the deep tumor borders but to project the preop-
eratively planned approach and the craniotomy borders or 
any other useful information to the patient’s head, skull, or 
brain surface.” 

2. In our opinion the measurement of the projection er-
rors is correct, but it has limitations. We mentioned this in 
our paper. We are aware that a 2D image is different from 
the 3D reality. The aim of the study was to determine if the 
image projection can be used to localize the brain lesions 
accurately and to compare it with a navigation system. 
Therefore it is unavoidable to compare the 2D image with 
the real projection of the 2D image on the head surface. 
We measured the difference between the distance of the 
5 fiducial markers from the tumor borders on the virtual 
image and the distance of the 5 fiducial markers from the 
tumor borders on the head phantom. The fiducial markers 
were the reference points. The distances between the fidu-
cial markers were known and allowed us to measure the 
distance of tumor border in relation to the known distance 
of the fiducial markers.

With the results of the phantom study we evaluated the 
AR system intraoperatively and compared it with a naviga-
tion system. Prior to the surgery the MRI navigation data 
set was registered to the patient, showing MR images in 
axial, coronal, and sagittal planes with visualized tumor 
borders. We aimed to compare these 2 different systems 
directly. We compared the projected tumor borders—vi-
sualized with image projection—with the corresponding 
tumor borders on MRI planes.

Mehran Mahvash, MD
Leila Besharati tabrizi, BA

HELIOS Klinik Siegburg and University of Witten-Herdecke,  
Köln, Germany
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trigeminal neuralgia in patients with 
multiple sclerosis

TO THE EDITOR: We read with great interest the 
report authored by Martin et al.5 and published in your 
journal (Martin S, Teo M, Suttner N: The effectiveness 
of percutaneous balloon compression in the treatment of 
trigeminal neuralgia in patients with multiple sclerosis. 
J Neurosurg 123:1507–1511, December 2015). Undoubt-
edly, dealing with trigeminal neuralgia (TN) in patients 
with multiple sclerosis (MS) still represents a controversial 
issue in current neurosurgical practice. Although several 
surgical interventions are available, we still do not have an 
efficient treatment method, nor do we have an agreed-upon 
treatment algorithm. 

Currently available neurosurgical interventions to treat 
TN in patients with MS include percutaneous procedures 
such as the one highlighted by Martin et al., open surgi-
cal decompression, and stereotactic radiosurgery.1,5,7 Per-
cutaneous procedures are generally favored by most neu-
rosurgeons; however, a high recurrence rate follows these 
approaches, whose efficacy is still suboptimal. To improve 
our treatment algorithm and the outcomes of TN in pa-
tients with MS, we believe that we should keep in mind 3 
important points. 

First, in patients with MS who also harbor TN, the 
treatment should be adapted to each patient as it is critical 
to remember that the MS plaque is not always responsible 
for what we recognize as the dysfunctionality of TN and 
the subsequent pain. For example, Meaney et al. used MRI 
to study 7 patients affected by MS and TN.6 The purpose 
of their study was to investigate the underlying pathology 
that could contribute to patient pain. Interestingly, they 
found demyelinating plaque in only 1 patient. These au-
thors concluded that even in patients with MS, the etiology 
of TN could be variable. 

Second, if the aim of percutaneous approaches is the 
destruction of nerve fibers, perhaps we should consider 
and further investigate the method described by Bederson 
and Wilson and utilized by others—namely, performing a 
partial sensory rhizotomy of the inferior one-half to two-
thirds of the sensory root of the trigeminal nerve when 
there is no obvious vascular compression.1,2 Rationally, 
this method allows more definitive destruction of the nerve 
fibers. Furthermore, it provides an opportunity to defini-
tively rule out any vascular compression as the sensitivity 
of the preoperative imaging study is not absolute in terms 
of delineating all possible vascular abnormality that could 
be responsible for TN.8 

Third, what is the exact role of local arachnoiditis and 
the resultant arachnoid adhesions in the pathophysiology 
of TN in general and in patients with MS who develop 
TN in particular? Arachnoiditis and thickened arachnoid 
adhesions during trigeminal nerve decompression sur-
gery have been reported by several authors.3,4 We could 
speculate that MS plaque (itself an inflammatory process) 
could lead to local arachnoiditis, which could result in a 
thickened and strongly adhesive arachnoid to the trigemi-
nal rootlets, which in turn could cause compression and 
changes in the local blood circulation and supply to the 
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nerve. This process could play a role in generating pain 
in at least a subgroup of TN patients. Hence, these arach-
noid adhesions may need to be released. At this time we 
did not have enough data regarding the significance of the 
observed thickened and strongly adhesive arachnoid in the 
pathophysiology of TN pain, although we did notice it in 
several surgically treated cases. Perhaps this aspect should 
be the subject of further investigation and research effort 
in the future. Regardless, we believe any arachnoid adhe-
sions should be examined during surgery and released if 
they are detected. Possibly, this could be another advan-
tage for open trigeminal nerve decompression even for 
patients with MS. 

Asem Salma, MD
Ahmed Alkhani, MD 

King Faisal Specialist Hospital and Research Centre, Riyadh,  
Saudi Arabia

hazem Akil, MD
The Royal Children’s Hospital, Melbourne, Australia 
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Response
We appreciate the interest that Dr. Salma and col-

leagues have shown in our paper. We largely agree with 
each of the points raised. First, we agree entirely that TN 
in the context of MS is not always caused by a primary 
demyelinating plaque; we posit only that the plaque is a 
possible explanation for the increased frequency of TN in 
the MS population. As we stated in our paper, we accept 
that vascular compression and other causes of TN such as 
those seen in the non-MS population are still just as likely 
to occur in patients with MS.

Second, the surgical procedure described certainly 
seems to be a reasonable option; however, it is not a proce-
dure offered at our center. And, in our experience (indeed, 
in the literature), we have yet to see any particular proce-
dure proving superiority for MS-related TN.

Third, we had not considered the role of arachnoidi-
tis in the pathogenesis of pain in MS-related TN, and it 
seems an interesting consideration. It would follow that 
an inflammatory lesion such as an MS plaque may indeed 
cause local inflammation and adherent arachnoid mater. 
We await, with interest, the findings of any such research.

Sean Martin, MRCS(glasg)
Mario teo, FRCS(SN)

Nigel Suttner, FRCS(SN)
Institute of Neurological Science, Glasgow, United Kingdom
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