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Tumor extension determines 
approach in insular gliomas

TO THE EDITOR: We read with great interest the se-
ries by Przybylowski et al.3 on the relative morbidity of 
the transsylvian versus transcortical approach to insular 
gliomas (Przybylowski CJ, Baranoski JF, So VM, et al: 
Surgical morbidity of transsylvian versus transcortical ap-
proaches to insular gliomas. J Neurosurg [epub ahead of 
print April 5, 2019. DOI: 10.3171/2018.12.JNS183075]). 
At the outset we congratulate the authors for reporting 
such a large series of insular gliomas. They also need to 
be commended for using volumetric assessment for both 
low-grade and high-grade gliomas as well as diffusion-
weighted imaging in all postoperative MRI scans to de-
termine infarcts in these cases, something that we believe 
is often underreported. As reported by them, these lesions 
are notoriously difficult to excise without subjecting the 
patients to risks of deficits. Both the approaches described 
have been used in this series for all 4 zones, although 
the inferior posterior area (zone III) was predominately 
treated via the transcortical approach (p < 0.01) and the 
inferior anterior area (zone IV) was approached predomi-
nately via the transsylvian approach (p = 0.17). Herein lies 
the conundrum—should location of the tumor decide the 
approach, or are both approaches equivalent in their re-
sults, apart from the superior posterior quadrant (zone II), 
as concluded in this article? 

Sylvian fissure opening may not be easy in all cases 
of insular gliomas, particularly when the opercula are 
involved by the tumor. Most neurosurgeons would agree 
that it is practically impossible to open the sylvian fissure 
distally, rendering visualization of zone IV extremely dif-
ficult, as duly noted by the authors themselves.2 An excep-
tion is generally observed with exophytic insular gliomas, 
which tend to autodissect the sylvian fissure.1 Therefore, 
the transcortical approach is the only option left in the ma-
jority of the sizable insular gliomas. We as well as other 
authors have often observed that removal of the middle 
part of the superior temporal gyrus, especially on the non-
dominant side, provides excellent exposure of zone II. 

 When going transsylvian, we believe a wide sylvian 
split is necessary to allow the surgeon to work inside the 
insula without having to retract the opercula. Although the 
strategy of sectoral opening of the sylvian fissure used by 

the authors seems appealing, a wide exposure and subse-
quent multiangle maneuverability of the tumor has been 
advocated by others too.4,5

The authors mention that they use awake craniotomy 
to map the periinsular cortices during the transcortical 
approach, whereas all transsylvian approaches are per-
formed under general anaesthesia. We believe that awake 
craniotomy and intraoperative monitoring (clinical and 
electrophysiological) are desirable in all patients with in-
sular glioma. This point has been strongly emphasized by 
the Duffau group too.2 In our practice, awake craniotomy 
and intraoperative monitoring are used in all patients with 
tumor on the dominant side, irrespective of whether the 
transsylvian or transopercular approach is used. On the 
nondominant side, we have observed that subcortical stim-
ulation with the patient off muscle relaxants under general 
anaesthesia is a reasonable approach when awake crani-
otomy is not feasible for any reason. High-grade gliomas 
with extensive infiltration and accompanying brain bulge 
may limit awake craniotomy use in some cases. We also 
agree that the high-grade gliomas tend to be infiltrative, 
particularly of the lenticulostriate perforators. Moreover, a 
propensity to bleed during surgery also increases the risk 
of inadvertent vascular injury while trying to establish he-
mostasis (either by coagulation or by trying to remove the 
bleeding tumor).

So, the type of insular glioma accessed by the two ap-
proaches are actually different, and hence their compar-
ison may not be appropriate. Many of these tumors are 
beyond the insula by the time they reach a neurosurgeon; 
more often than not, transcortical remains the only pos-
sible approach. Moreover, as Duffau et al.2 have shown, 
the transcortical approach may allow better seizure free-
dom and fewer retraction-related injuries, apart from less 
vascular manipulation. On the other hand, small (Yaşargil 
type 3A) tumors can be very well addressed by the trans-
sylvian route. We think tumors larger than this are best 
approached by a transcortical approach. In our experience, 
the transsylvian approach in larger tumors not only leads 
to insufficient tumor exposure but also endangers the vas-
cular structures. Moreover, it has been our experience that 
eventually another corridor (transcortical) becomes neces-
sary to visualize deeper areas of tumor extension to avoid 
undue opercular retraction. However, we find one advan-
tage of early sylvian fissure split (deeper sphenoidal part) 
even when using a transcortical approach, which includes 
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the ability to identify the medial-most lenticulostriate per-
forator extrapially early on in the surgery. Thereafter we 
proceed with transcortical tumor decompression and of-
ten try to visualize (or determine the location of) the len-
ticulostriate arteries through the opened-up sylvian fissure 
intermittently as we go along. This appears much safer to 
us than visualizing the lenticulostriate arteries through the 
tumor, which acts as a resection limit medially.  

Therefore, according to our understanding, the surgical 
approach is often dictated by the tumor size and extension 
rather than the surgeon’s preference.

Harsh Deora, MCh, DNB
National Institute of Mental Health and Neurosciences (NIMHANS), 

Bangalore, India
Kuntal Kanti Das, MCh

Awadhesh Jaiswal, MCh
Sanjay Behari, MCh, DNB

Sanjay Gandhi Post Graduate Institute of Medical Education and 
Research, Lucknow, India

References
 1. Das KK, Singh S, Deora H, Khatri D, Mehrotra A, Srivastava 

AK, et al: Microsurgical excision of giant dominant lobe 
insular cavernoma presenting acutely: Sometimes you win, 
sometimes you learn. Interdiscip Neurosurg 18:100475, 
2019 

 2. Duffau H, Capelle L, Lopes M, Faillot T, Sichez JP, Fohanno 
D: The insular lobe: physiopathological and surgical consid-
erations. Neurosurgery 47:801–811, 2000

 3. Przybylowski CJ, Baranoski JF, So VM, Wilson J, Sanai 
N: Surgical morbidity of transsylvian versus transcortical 
approaches to insular gliomas. J Neurosurg [epub ahead of 
print April 5, 2019. DOI: 10.3171/2018.12.JNS183075]

 4. Rey-Dios R, Cohen-Gadol AA: Technical nuances for sur-
gery of insular gliomas: lessons learned. Neurosurg Focus 
34(2):E6, 2013

 5. Yaşargil MG: Microneurosurgery: Microsurgical 
Anatomy of the Basal Cisterns and Vessels of the Brain. 
Stuttgart: Georg Thieme, 1984

Disclosures
The authors report no conflict of interest.

Correspondence
Kuntal Kanti Das: kkdas@sgpgi.ac.in.

INCLUDE WHEN CITING  
Published online August 23, 2019; DOI: 10.3171/2019.5.JNS191308.

Response
We thank Deora and colleagues for their letter to the 

editor in response to our publication.
We agree with the authors that gliomas confined pure-

ly to the anterior insular region can be safely removed 
through the transsylvian route. As intraoperative mapping 
techniques have advanced, our practice has evolved to fa-
vor the awake transcortical approach for insular glioma 
resection. Overall, we agree that operating through win-
dows of nonfunctional cortex allows for safer and larger 
exposures of these lesions, often leading to greater extent 
of resection without increased neurological morbidity.1–3 

As demonstrated in our study, we have preferred the trans-
cortical approach for larger insular lesions, as the authors 
imply. However, we have also demonstrated that poste-
rior insular location is an important factor that favors the 
transcortical approach. Because retraction of the frontal 
operculum or sacrifice of superficial sylvian veins is often 
required to gain adequate access to the posterior insula 
via the transsylvian route, we now use the transcortical 
approach for all posterior insular gliomas, independent of 
tumor size. As such, tumor location, in addition to tumor 
size, should continue to influence the neurosurgeon’s deci-
sion on how to access insular gliomas.  
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Harvey Cushing’s legacy

TO THE EDITOR: We read with great enthusiasm 
the article by Al-Mefty et al.1 on Harvey Cushing’s surgi-
cal neurology (Al-Mefty O, Laws ER, Popp AJ: Surgical 
neurology: Harvey Cushing’s endangered legacy. J Neuro-
surg [epub ahead of print May 3, 2019. DOI: 10.3171/ 2019. 
1.JNS182290]). While the historical analysis of famous 
physicians was brilliant, we felt that the paper could have 
benefitted from analyzing how scientific societies develop 
a great neurosurgeon and relating historical findings to 
the current state of neurosurgery.1 The authors reflect on 
neurosurgery as it was envisioned by our forebears. The 
historical accounts of many famous neurosurgeons were 
discussed, and the paper ends by warning against the dim-
inution of the neurosurgeon to a mere technician.

We believe that the paper could have been further de-
veloped by evaluating the patterns of ingenuity that made 
neurosurgery flourish. The paper brilliantly recounts the 
achievements of Pierre Paul Broca. However, by mention-
ing his involvement in the Société Anatomique de Paris, 
the authors could have helped the reader understand how 
academic meetings can serve to develop physicians and in 
time result in medical breakthroughs. It was in just such 
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an environment that Broca and other notable physicians 
such Jean-Martin Charcot (the father of neurology) were 
able to create a culture of academia. By emphasizing this, 
the authors could have helped current neurosurgeons com-
prehend the relevance of academic societies today.

The paper emphasizes a holistic approach to neurosur-
gery, and while we completely agree, we want to highlight 
the advantages of subspecialization in neurosurgery: im-
proved patient mortality and morbidity.4 The “staggering 
expenditure on healthcare, coupled with technological ad-
vances” is also quoted as the cause of the diminishing role 
of the neurosurgeon. However, it is unclear if the paper 
references neurosurgeons in the United States or world-
wide. Consider, for instance, that Japan and the United 
States each have a unique healthcare footprint.5 Moreover, 
modern technological advances such as MRI provide neu-
rosurgeons with valuable information concerning brain 
pathologies. Spinal cord stimulation systems can help to 
reduce the use of opioids,2,7 and deep brain stimulation can 
help in the treatment of Parkinson’s disease.6 Therefore, 
we consider technological advances and subspecialization 
favorable to neurosurgery. 

In our neurosurgery department, we herald Cushing’s 
introduction of the silver clip, so we would like to high-
light here the gravity and ingenuity of such a simple and 
effective hemostatic method that we still use today.3

Google Trends shows that Harvey Cushing’s contribu-
tions are still remembered not only by the medical com-
munity but also by an international audience as Germany 
holds the highest interest while the United States is barely 
in 13th place. Moreover, searches for his name have in-
creased by 150% over the last 10 years.

Regardless of our assessment, the study by Al-Mefty 
et al. offers a crucial reminder to the neurosurgical com-
munity to reflect on the principles that guide its everyday 
practice, as the past can often inspire the future. Harvey 
Cushing’s legacy should serve to instill the core values 
of neurosurgery as we all aim to uphold this very special 
branch of medicine.
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Response
We welcome Dr. Szmuda and colleagues’ comments 

and are very pleased that our article has inspired thoughts 
and discussion about the future direction of neurosurgery, 
as we had hoped. Indeed, neurosurgery has flourished in a 
scientific environment and will continue to do so with the 
interaction and progress of other disciplines. This places a 
heavy responsibility on the neurosurgical leaders at aca-
demic medical centers to innovate and advance the field 
and inspire their trainees beyond the practice of daily care. 
We hold high and espouse the neurosurgeon-scientist and 
believe this breed to be vital to the survival and advance-
ment of our field. Being a scientist and understanding the 
physiology, anatomy, pathology, and other aspects related 
to the nervous system in health and disease were mandated 
by Cushing as a prerequisite to the practice and develop-
ment of neurosurgery, as we quoted in our article: 

To successfully cope with the many operative problems 
offered by the various disorders of the nervous system, a man, 
after a thorough training in pathology and medicine (in its 
broadest sense) must study, not only in the neurological clinic 
but also in the laboratory, the pathology of these afflictions 
in their histological and—what is more important—in their 
experimental aspects.1

Moreover, prior to his contributions to the surgical as-
pect of neurosurgery, in 1901, Cushing invested time in 
Europe in the laboratory of Dr. Hugo Kronecker in Ber-
ne, Switzerland, and Angelo Mosso in Italy, researching 
brainstem control of systemic blood pressure.3 Cushing 
revealed in the laboratory what is coined as the “Cushing 
reflex” way before his design of a surgical instrument, the 
“Cushing forceps.” He saw such efforts as pivotal in devel-
oping neurosurgery:

The real leaders of today in surgery who owe their place not 
to any special brilliancy in operative manipulations, but to 
their laborious investigations of certain problems of disease, 
whereby has been disclosed a rational mechanical basis for 
a surgical therapy which can then be safely and successfully 
adapted by their many followers.2

We believe that the early founders of our specialty were 
knowledgeable scientists who collaborated with the lumi-
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naries around them. We maintain that the neurosurgeon-
scientist plays a critical role in the future of our specialty. 
We are blessed that our specialty attracts the finest minds 
in medicine that can carry on the torch. And indeed, the 
neurosurgeon is fortunate to benefit from the surrounding 
multidimensional advances. 

Neurosurgery has risen from, benefitted from, and con-
tributed to the magnificent advancement in technology and 
neuroscience. With this naturally comes growth, branch-
ing, and multidisciplinary collaboration. Our tree now 
holds more fruit. We should resist cutting off the branches, 
which will become unviable fragments of narrow interest, 
with the potential danger of becoming limited not only to 
procedures, but even to a specific procedure. A carpen-
ter would not be fulfilled by only hammering nails while 
solely crafting chairs. 
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Edward R. Laws Jr., MD

Brigham & Women’s Hospital, Boston, MA 
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Multimodal management for benign 
skull base meningiomas

TO THE EDITOR: We read with great interest the ar-
ticle by Kim et al.,3 in which they discussed multimodal 
management of petroclival meningiomas (Kim JW, Jung 
HW, Kim YH, et al: Petroclival meningiomas: long-term 
outcomes of multimodal treatments and management 
strategies based on 30 years of experience at a single in-
stitution. J Neurosurg [epub ahead of print May 10, 2019. 
DOI: 10.3171/2019.2.JNS182604]). The current authors’ 
preference is for multimodal management, with planned 
subtotal resection followed by adjuvant stereotactic radio-
surgery (SRS).  

During the past 10 years, our unit has developed an 
optimally invasive skull base surgery approach for large 
benign tumors. The philosophy of this approach is planned 

subtotal resection followed by SRS using Gamma Knife 
surgery (GKS), with the aim to reduce morbidity and mor-
tality. GKS is usually performed between 3 and 6 months 
after microsurgical resection, without a “wait-and-scan” 
follow-up period of the remnant tumor. In relation to this 
recently published paper by Kim and coauthors, we also 
apply this approach to other skull base meningiomas, such 
as the clinoid and cavernous sinus ones.2 

In the particular case of petroclival meningiomas radi-
cal removal remains challenging, primarily due to brain-
stem adherence or invasion, and encasement of basilar 
artery/perforators, as well as cranial nerves (CNs) V, VII, 
VIII, IX, X, and XI.6 In these cases we prefer to use the 
supracerebellar infratentorial (extended retrosigmoid) ap-
proach. The extent of tumor removal frequently depends 
on the extent of clival component, invasion of cavernous 
sinus, and adherence to brainstem pia and the basilar 
artery or its branches. What is deemed risky to remove 
is left behind for subsequent GKS-SRS. In our series of 
combined approaches for benign skull base lesions, we 
have not had any mortality or major neurological morbid-
ity. Single-fraction GKS can be safely applied on residual 
tumors,1 even in cases with brainstem contact, due to low 
prescription marginal doses of 12 Gy, which allow for high 
rates of tumor control.7 In cases in which the limiting fac-
tor is the optic apparatus, due to the steep gradient of GKS it 
is possible to keep the dose below 8 Gy.4,5

In the particular case of clinoid and cavernous sinus me-
ningiomas, the surgical challenge is to preserve the carotid 
artery and its branches, recover visual function, and limit 
oculomotor CN palsies. We do not routinely remove the in-
tracavernous sinus part for these tumors. We also perform 
chiasmopexy, by interposing a small fat graft between the 
optic nerve, chiasm, and residual intracavernous sinus tu-
mor component, allowing safe GKS on the remnant. The 
same strategy is applied to pituitary stalk whenever need-
ed, to minimize the risk of pituitary insufficiency. 

In conclusion, we are completely in agreement and we 
congratulate Kim and coauthors for a very nice paper, which 
will contribute, in the future, to a major paradigm shift in the 
treatment of these difficult skull base tumors. 
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Response
It is our great pleasure to send this response to the letter 

from Dr. Tuleasca. As mentioned in our article, the treat-
ment modality of petroclival meningioma is still under 
debate—and for certain surgical approaches such as the 
transpetrosal approach, which allows shorter distance to 
the tumor, broadening of the surgical field, and minimiz-
ing brain retraction, complete resection of the lesion ap-
pears to be beneficial. However, considering the changes 
in the treatment paradigm, it is important for surgeons to 
devise the most optimal treatment plan to enhance the pa-
tients’ clinical outcome postoperatively. Hence, we believe 
that multimodal treatments including adjuvant SRS or ra-
diation therapy can improve the patients’ clinical outcome 
by reducing the risks associated with surgery alone. 

In response to adjuvant GKS, during the period of 3 
to 6 months after the resection, we perform fractionated 
or single-fraction GKS based on the postoperative imag-
ing follow-up. As Dr. Tuleasca mentioned, single-fraction 
GKS can be used even if the residual tumor is in contact 

with the brainstem. However, if major CN pathways are 
compromised by the tumor, we consider fractionated 
GKS. Although it is not set as a routine, usually for lesions 
in contact with the optic nerve we limit the maximum 
amount of radiation to 8 Gy and for fractionated GKS we 
use 5.5–5.7 Gy at each session. For single-fraction GKS, 
small tumors are controlled with 14 Gy and large tumors 
are treated with 11 Gy.

As to Dr. Tuleasca’s remark on cavernous and clinoid 
meningiomas, we are also expanding our indications for 
multimodal treatments not confined to the petroclival 
area, and we are observing promising results. 

In conclusion, we would like to acknowledge Dr. Tu-
leasca for the thorough response to our work. We believe 
such reviews can facilitate the adoption of multimodal 
treatment in petroclival meningioma and furthermore in 
difficult skull base tumors. 

Sang Hyung Lee, MD, PhD
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Preoperative embolization of brain 
arteriovenous malformations

TO THE EDITOR: We read with great interest the ar-
ticle by Dr. Donzelli and colleagues3 that describes their 
experience with preoperative embolization of brain arte-
riovenous malformations (AVMs) (Donzelli GF, Nelson J, 
McCoy D, et al: The effect of preoperative embolization 
and flow dynamics on resection of brain arteriovenous 
malformations. J Neurosurg [epub ahead of print May 17, 
2019. DOI: 10.3171/2019.2.JNS182743]). This retrospec-
tive study found that preoperative embolization was asso-
ciated with longer median resection times and that it did 
not affect intraoperative blood loss or the modified Rankin 
Scale score. 

Although we admit that it is very difficult to stratify 
data in terms of safety and effectiveness of preoperative 
embolization because of the heterogeneous landscape of 
brain AVMs, our extensive experience has progressively 
led us to select only grade III Spetzler-Martin AVMs for 
preoperative embolization.2,5 An exception would be me-
dium-eloquent lesions (grade III+, S2V0E1), for which a 
conservative treatment is recommended because the sur-
gical risk is similar to that of high-grade AVMs.4,5 Apart 
from the obvious need for a detailed preoperative an-
giographic study of the AVM that must imperatively be 
completed through superselective microcatheterization of 
the nidus, it is our opinion that 3 other essential aspects 
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must be considered before drawing definitive conclusions 
about the effectiveness and safety of preoperative emboli-
zation—namely, 1) type of embolic material used; 2) time 
frame between embolization sessions; and 3) time to re-
section after embolization. In the article by Dr. Donzelli 
et al., N-butyl 2-cyanoacrylate was the most common em-
bolic agent used (53% of cases); however, reports in the 
literature support the superiority of low-density ethylene 
vinyl alcohol (EVOH) copolymer with respect to efficacy 
of embolization, especially for deeper arterial feeders.1,5 
Next, our experience also leads us to recommend a time 
frame of 10–15 days between embolization sessions to ac-
commodate the well-known risk of dynamic recruitment 
of new arterial feeders. Furthermore, we suggest that re-
section be performed within 7 days of embolization, be-
cause longer time frames may nullify the valuable effects 
of preoperative staged embolization or even negatively af-
fect surgery. 

Given the above, it is reasonable to assume that a de-
tailed analysis of these factors within this large series can 
lead to slightly different interpretations of the effectiveness 
of preoperative embolization of brain AVMs. Therefore, in 
contrast to the conclusion reached by Donzelli et al., we 
are firmly convinced that preoperative embolization may 
be capable of downgrading the AVM from a functional 
vascular standpoint rather than a volumetric one, only in 
select grade III AVMs, which would ultimately make the 
surgery easier and safer. Nonetheless, we completely agree 
with Dr. Donzelli and colleagues on the utility of the iFlow 
parametric color-coding quantitative technique for preop-
eratively assessing AVM flow. We hope that the authors 
will further analyze data pertaining to these significant as-
pects in their large and therefore precious case series.

Sabino Luzzi, MD, PhD1,2 
Mattia Del Maestro, MD2 

Renato Galzio, MD1,2

1University of Pavia, Italy
2Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
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Response
We thank Drs. Luzzi, Del Maestro, and Galzio for their 

interest in our article and for their thoughtful comments. It 
is our hope that our study will spark discussion regarding 
the selection of patients with AVM for embolization. Our 
study is retrospective and by no means definitive, with the 
possibility that we did not collect and incorporate all per-
tinent variables associated with surgical outcomes in our 
analysis. Nonetheless, we have attempted to address our 
correspondents’ key concerns below.

The correspondents note that their experience has led 
them to select only grade III Spetzler-Martin AVMs for 
embolization. When we restricted our models to grade III 
Spetzler-Martin AVMs (n = 58), we found a trend toward 
decreased operative time (-21 minutes; 95% CI -80 to +38 
minutes, p = 0.486), and a trend toward decreased blood 
loss  (proportional increase 0.84; 95% CI 0.54 to 1.31, p = 
0.436). Although these results do not meet any reasonable 
threshold of statistical significance, the direction of effect 
of these coefficients is in agreement with the correspon-
dents’ observations. 

The correspondents also note that the embolization 
material should be considered, citing the superiority of 
EVOH.  To address this, we compared outcomes for cases 
that used EVOH as the embolic material (n = 12) to N-
butyl 2-cyanoacrylate (n = 71; the most common material 
used in our series). We found a trend toward shorter resec-
tion times for EVOH (-24 minutes; 95% CI -107 to +58 
minutes; p = 0.562), as well as less blood loss (proportional 
increase 0.75; 95% CI 0.41 to 1.38, p = 0.359). Again, the 
coefficients’ direction of effect was in agreement with the 
correspondents’ observations, but we lack the statistical 
power to make any strong claims. Unfortunately, we were 
unable to explore the role of time between embolizations 
and time from embolization to surgery due to limitations 
of the data set. 

The use of preoperative embolization in general is 
poorly studied whether it is for AVMs, tumors, or other 
vascular anomalies. Such practices are inconsistent and 
driven largely by personal experience rather than formal 
study. Given emerging interest in primary endovascular 
treatment of brain AVMs, however, there is promise for 
better guidance to the neurointerventional community. 
Further study would help identify subsets of patients for 
whom preoperative embolization may be of benefit as well 
as the materials and techniques that are best suited for 
this procedure. We believe that this selection is critical, 
especially because our study suggests that, as uniformly 
applied, preoperative embolization may not have a clear-
ly beneficial effect on surgical outcomes. As a start, the 
community would benefit from improving embolization 
nomenclature to better define both the purpose and meth-
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ods used in a treatment. Our ability to better communicate 
such surgical subclassification strategies helps bring into 
focus our goals as they relate to research and clinical care.  

Grace F. Donzelli, MD
Jeffrey Nelson, MS

Helen Kim, PhD
Daniel L. Cooke, MD 

UCSF Medical Center, San Francisco, CA
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Do bacteria contribute to formation 
and rupture of intracranial 
aneurysms?

TO THE EDITOR: We read the article by Aboukais 
et al.1 with great interest (Aboukais R, Loiez C, Leclerc 
X, et al: Absence of bacteria in intracranial aneurysms. 
J Neurosurg [epub ahead of print March 1, 2019. DOI: 
10.3171/2018.12.JNS183044]). 

First, we would like to congratulate the authors for try-
ing to identify other inherent risks factors associated with 
intracranial aneurysm (IA) formation and rupture.

Aboukais et al. conducted a prospective study of 30 
French patients treated between January and July 2018, 
including analysis of specimens from 10 ruptured and 20 
unruptured IA walls obtained intraoperatively after micro-
surgical clipping. In addition, the authors compared their 
results with those of previous Finnish studies4–6 in which 
analyses of odontogenic bacteria showed an association 
of oral infection and saccular IA formation and rupture.4,5 
However, some methodologic and analytical issues should 
be discussed. 

The data in the study by Aboukais et al. may have been 
compromised due to a low number of cases (n = 30) man-
aged in only one center, in comparison with the 70 cases 
examined in the Finnish study.4 Moreover, Aboukais et al. 
did not use a control group to compare the ruptured and 
unruptured IA data for the study patients to the general 
population.

These authors argue that the higher prevalence of bac-
teria found in the Finnish study aneurysms is due to more 
frequent tooth brushing in this population. However, to 
our knowledge, there are no supporting data for this asser-
tion in the literature. Nevertheless, Aboukais et al. suggest 
that brushing teeth regularly prevents periodontitis and 
that possible microtrauma formation caused by brushing 
is not sufficient to explain the transitory bacteremia, and 
therefore it is likely that these microtraumas bias inflam-
matory changes and facilitate the movement of bacteria 
into the blood. This explanation, in our opinion, may be 
due to an ecological inference fallacy, because periodonti-
tis infection can change the mouth microbiota and induce 
systemic inflammatory changes. However, we believe that 

Aboukais et al. reached this false-negative finding because 
their investigation only analyzed 2 bacteria species, Esch-
erichia coli and Staphylococcus aureus, neither of which 
is commonly found in the oral cavity. In our experience, 
other pathogens such as Fusobacterium and Treponema 
are prevalent in the oral cavity.

Several factors can influence IA formation and rupture, 
and studies like those we discuss here can give rise to a 
new understanding of the underlying pathophysiology.4,5 
Periodontitis and periapical lesions facilitate chronic in-
flammatory changes, and inflammation modifies the 
microenvironment of the oral cavity. Bacteria may then 
migrate via blood circulation and be deposited into the 
cerebral vessels, promoting new inflammatory responses 
and adjusting the vessel wall quality. Therefore, chronic 
periodontal inflammation by bacteria can lead to systemic 
inflammation that could be a cause of IA rupture because 
of wall changes such as apoptosis, infiltration of T cells 
and macrophages, and complement activation.4 This con-
dition is in addition to the traditional risk factors for IA 
formation, including being younger than 50 years and fe-
male, hyperlipidemia, smoking, aneurysm size ratio, poly-
cystic kidney disease, old cerebral infarct, multiple aneu-
rysms, Marfan and collagen syndromes, systemic arterial 
hypertension, family history, and Japanese or Finnish eth-
nicity.2,3

Therefore, it is necessary to perform further compara-
tive studies to establish the exact roles and relationships of 
odontogenic bacteria, oral infection, and IA to understand 
the pathophysiology of aneurysm rupture and formation. 
In any case, the authors should be congratulated for con-
tinuing this interesting debate and for bringing to light 
these thoughtful insights into the genesis of IA.

Nícollas Nunes Rabelo, MD 
Renan Salomão Rodrigues, MD 

Arthur Araújo Massoud Salame, MD 
Paulo Henrique Braz-Silva, DDS, PhD 

Manoel Jacobsen Teixeira, MD, PhD 
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Are disproportionate subarachnoid 
spaces and stroke history predictors 
of external lumbar drainage outcome 
in iNPH?

TO THE EDITOR: The article by El Ahmadieh et al.1 
pursues the aim to find predictors of one of the most prac-
ticed and accurate tests to select idiopathic normal pres-
sure hydrocephalus (iNPH) patients for shunt surgery (El 
Ahmadieh TY, Wu EM, Kafka B, et al: Lumbar drain trial 
outcomes of normal pressure hydrocephalus: a single-cen-
ter experience of 254 patients. J Neurosurg [epub ahead of 
print January 4, 2019. DOI: 10.3171/2018.8.JNS181059]).5,7 
The issue is important because, although external lumbar 
drainage (ELD) is becoming less demanding for patients 
and for the healthcare system as well, it is not risk free, and 
it involves discomfort and requires hospitalization with 
the ensuing costs,2 hence the value in finding methods able 
to overcome the need for this invasive test. However, the 
study by El Ahmadieh et al.1 presents several limitations 
that make their results difficult for the reader to under-
stand and, as they stand, of moderate clinical utility. 

According to the classification of iNPH,8 it is question-
able to label the study population of El Ahmadieh et al.1 as 
probable iNPH patients because of the presence in some 
patients of neurodegenerative diseases. Also, a history of 
brain surgery may be suggestive of a secondary origin for 
some of the patients’ hydrocephalus.6

The reader is left unaware of the breakdown of poten-
tial predictors between the ELD responsive and unrespon-
sive groups. This is a critical point because, for instance, 
it cannot be verified where the 29% of patients affected 
by neurodegenerative disorders fall, particularly the 25 
patients with a diagnosis of Alzheimer’s disease who are 
not expected to pass an ELD test9 and should have been 
excluded from the study.

The authors found that a negative history of stroke 
and disproportionate subarachnoid spaces are predictors 

of successful ELD, but the reader cannot see how many 
patients with none, one, or both have either a positive or 
negative test outcome. In other words, it is impossible to 
derive the accuracy of the method, including its sensitiv-
ity, specificity, and predictive values. Even if the predictors 
were reliable, and we believe they are not for the above 
reasons, they are unlikely to be a real game changer in 
the management of iNPH, because of the weak correlation 
between them and the outcome (r2 = 0.12).

A much more important step forward would be the de-
velopment of a bedside clinical prediction tool allowing 
the clinician to identify a subset of iNPH patients with a 
very high a priori probability to have a negative or posi-
tive ELD trial. Those patients with a very high likelihood 
of having a negative ELD outcome could be confidently 
screened out and spared from undergoing both ELD and 
subsequent surgery. Likewise, those patients identified as 
having a very high a priori probability of a positive ELD 
outcome could be safely assigned to surgery without un-
dergoing ELD beforehand. Eventually, this would avoid 
undue discomfort and complication risks associated with 
ELD3 and surgery4 for a subset of iNPH patients, with ob-
vious savings for healthcare providers. This would really 
move things along. 
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Response
We thank Dr. Porfirio and colleagues from Florence, 

Italy, for their interest and thorough review of our article, 
which brings up several important points and encourages 
further discussion of the topic. We also value their expe-
rience and previous contributions to the literature.2,3 The 
main goal of this study was to review our institutional ex-
perience with lumbar drainage (LD) in iNPH patients and 
assess outcomes and complication rates. We had a special 
interest in looking at predictors of passing an LD trial in 
our patient population and comparing them with predictors 
reported in the literature. It was not our intention to create 
a universal predictive model that would enable physicians 
to overcome the need for an LD trial. While such a model 
would provide an invaluable tool that could help avoid un-
necessary invasive testing, the current body of literature 
supports a trial of temporary CSF diversion to confirm ap-
propriate response prior to permanent shunt placement.1 A 
reliable predictive model may be achieved in the future by 
conducting well-designed, multicenter prospective stud-
ies, but our study represents a retrospective review of more 
than 10 years of experience at our center.

Regarding the question about the legitimacy of the 
“probable” iNPH diagnosis in our patient population, the 
iNPH guidelines clearly state that there should be “no oth-
er neurological, psychiatric, or general medical conditions 
that are sufficient to explain the presenting symptoms.”4 
Therefore, the mere presence of a neurodegenerative dis-
ease, which is to be expected in a patient population with 
a mean age of 77 years, or a history of brain surgery, does 
not exclude patients from a probable iNPH diagnosis if 
their symptoms are not explained by these conditions. 
These patients are typically referred to the neurosurgery 
clinic for iNPH evaluation after an extensive workup, per-
formed by their neurologist, that exhausts all other possi-
bilities as a potential cause of their presenting symptoms. 
We believe that our study population represents a real-life 
iNPH patient population that carries an inherent challenge 
of harboring other comorbidities that could be contribut-

ing to the clinical picture. In our experience, the perfect 
iNPH patient who has no other medical comorbidities and 
no overlapping symptoms is a rare phenomenon. 

We agree with the authors that patients with Alzhei-
mer’s disease are not ideal candidates for an LD trial. 
Their chances of passing an LD trial and benefiting from a 
subsequent shunt are low overall but not zero, based on our 
experience. In our study, 25 patients had a working diagno-
sis of Alzheimer’s disease in addition to progressive symp-
toms and new imaging findings suggestive of iNPH that 
were deemed worthy of investigation by the neurologist. 
Of these 25 patients, 4 passed the LD trial, and 3 of them 
eventually underwent shunt placement and experienced an 
improvement in their symptoms. One patient elected not to 
proceed with a shunt procedure. The outcome of shunting 
in our patient population required a separate analysis and 
is currently under review in another medical journal. With 
these numbers, 16% (4/25) of patients with a clinical diag-
nosis of Alzheimer’s disease in this study passed the LD 
trial. Therefore, excluding these patients, as suggested by 
the authors, would have eliminated the chance of picking 
up those few patients who could potentially benefit from 
a shunt. Whether that is worth the risk of an LD trial re-
mains a judgment call to be made by the physician and the 
patient or family after a thorough discussion of expecta-
tions and after weighing the risks of the procedure against 
the potential benefits. Of course, it would be of interest to 
further study patients with various other clinical diagnoses 
who present with symptoms of iNPH, though sample sizes 
would need to be adequate for meaningful analyses.

The development of a bedside predictive model that 
allows physicians to screen out patients who are unlikely 
to benefit from CSF diversion is a challenging task with 
the currently available predictors and levels of evidence. 
Until that can be achieved, the LD trial remains a useful, 
reliable, and relatively safe tool that can predict shunt re-
sponsiveness in patients with iNPH. Neurodegenerative 
diseases are not an absolute contraindication for an LD 
trial, and select patients with findings highly suggestive of 
iNPH should be given the chance to pass or fail an LD 
trial. A case-by-case approach to such patients and exten-
sive patient and family counseling are encouraged.
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The future of patient safety in 
neurological surgery

TO THE EDITOR: We read with great interest the ar-
ticle by Sankaran et al.1 on the current and future direc-
tions of patient safety in neurological surgery (Sankaran 
S, Andrews JP, Chicas M, et al. Patient safety movement 
in neurological surgery: the current state and future direc-
tions. J Neurosurg. 2020;132(1):313–323). The paper high-
lights the promise of technological advancements such as 
the adoption of electronic medical records, neurosurgi-
cal simulators, and artificial intelligence (AI) concerning 
patient safety. While we agree that these developments 
have merit, we feel that the adoption of this technology in 
medicine may pose a threat to patient safety. Moreover, the 
seemingly simple issue of work-hour restrictions helped 
us commend the advantages but also the limitations that 
evidence-based medicine can offer.

Artificial intelligence and its various medical applica-
tions need to be examined for inconsistencies. Currently, 
the application of AI to medicine is limited by its sample 
pool. Thus, machine learning algorithms can only be ap-
plied on patients of a certain age group, ethnicities, and an-
atomical variations. If the same neural network is applied 
in a different hospital or minority population, the analy-
sis and prediction of the AI would be completely biased. 
Therefore, we call on the scientific community to develop 
robust evaluation methods prior to the implementation of 
new technology2 and encourage new information-sharing 
systems to be realized while protecting patient anonymity. 
With recent information breaches such as the 2,200,000 
personal medical records hacked from 21st Century On-
cology,3 we realize that the adoption of new technology 
raises concerns of privacy, data usage policy, security, 
oversight, and the lack of traditional medical relationships. 
These factors have substantial potential to lead to worse 
patient outcomes in the medical, social, and economic sec-
tors. Therefore, along with the current limitations of AI, 
we are cautious to paint an optimistic view of the future 
that embraces technology.

The paper indicates that resident work-hour restrictions 
may have actually harmed patient safety rather than im-
proved it. In this case, evidence-based medicine eloquently 
provided clarity to a seemingly obvious assumption that 
working fewer hours results in better patient safety as the 

physician is more alert and rested. However, we feel that a 
healthy distance is required from evidence-based medicine 
as it might also hinder medical innovation. When William 
T. G. Morton used ether to provide general anesthesia to 
his dental patients in 1846, he had meager evidence (most-
ly from experiments on his dog and himself) to support 
ether’s anesthetic properties.4 Furthermore, plastic surgery, 
neurosurgery, and arterial ligation techniques were all pio-
neered during the American Civil War, a time when physi-
cians enjoyed considerable leeway to test new ideas that did 
not necessarily have concrete evidence.5 Therefore, while 
we herald medicine’s current devotion to evidence-based 
medicine, we ask that physicians are allowed sufficient lati-
tude to experiment to pave safer procedures for patients.

Both the physician and the patient share a future held in 
optimism; thus, we commend Sujatha Sankaran and col-
leagues for raising these pertinent issues of patient safety 
in their paper. We hope this letter prompts physicians to 
keep cognizant of the current issues in medicine so that 
our field will enjoy a more fruitful future. 

Tomasz Szmuda, MD, PhD
Shan Ali

Paweł Słoniewski, MD, PhD
Medical University of Gdańsk, Poland
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Response
We greatly appreciate the perspective of Szmuda et al. 

regarding our paper on the current and future directions of 
patient safety in neurosurgery. We agree that AI offers a 
tremendous opportunity for improving the quality, safety, 
and efficiency of care but that there is a risk of overhype 
and unanticipated consequences. It will be important to 
subject AI-based interventions to rigorous evaluation. 
We also agree with the notion that evidence-based medi-
cine has limitations and may hinder innovation if applied 
indiscriminately to areas that do not lend themselves to 
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simple evidence-based analysis. We suggest that more re-
search and a wider focus on improving patient safety in 
neurosurgery will benefit both practitioners and patients 
immensely.

Sujatha Sankaran, MD
John P. Andrews, MD

Madeline Chicas, MHA
Robert M. Wachter, MD

Mitchel S. Berger, MD
University of California, San Francisco, CA
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Meralgia paresthetica: what to do?
TO THE EDITOR: I read the interesting article by 

Malessy et al. describing the technique and results of dy-
namic decompression of the lateral femoral cutaneous 
nerve (LFCN) to treat meralgia paresthetica (MP) (Ma-
lessy MJA, Eekhof J, Pondaag W. Dynamic decompres-
sion of the lateral femoral cutaneous nerve to treat me-
ralgia paresthetica: technique and results. J Neurosurg. 
2019; 131(5):1552–1560).1 The article describes a layer of 
fascia superficial to the LFCN and another layer deeper to 
the nerve. These were previously clearly described as the 
LFCN canal by our group and independently confirmed 
by Xu et al.2,3 The LFCN canal is an anatomical fact that 
cannot be ignored and should be the basis of any surgical 
approach. It clearly defines the planes that need to be de-
compressed in surgery on the LFCN without the need for 
dynamic testing. In addition, many patients with MP have 
the nerve in proximity to or riding over the iliac crest at 
the region of the anterior superior iliac spine (ASIS). The 
technique described by Malessy et al. does not address this 
patient population since it does not tell us how to deal with 
the bone. The dynamic decompression as described raises 
some concerns. Most MP patients have a high body mass 
index, so taking that heavy lower limb and moving it in 
flexion, abduction, and extension seems impractical and 
not reproducible and presents the risks of breaking steril-
ity and inflicting injury to the person while lifting up the 
leg. The LFCN canal has well-defined anterior and pos-
terior walls that must be decompressed regardless of the 
findings with limb mobilization.2 The LFCN transposition 
as described by Hanna addresses the issue of proximity to 
bone by mobilizing the LFCN medially for about 2 cm, 
which will eliminate the nerve rubbing against the bone.4–6 
This situation was not observed in the authors’ series ei-
ther because of ethnic differences or more likely due to a 
lack of intraoperative measurements prior to decompres-
sion. While proximity of the LFCN to the ASIS is rare in 
human cadavers, it is very common in MP patients. This 
means it is part of the pathology and needs to be addressed 
by transposition. It is likely that Malessy and colleagues 
actually performed transpositions, but it is hard to confirm 

since no measurements were taken. This is very obvious 
in their Fig. 1A, where the nerve is very close to the ASIS 
(labeled 2) prior to deep decompression, then is clearly 
medialized after deep decompression in Fig. 1C.1

Amgad Hanna, MD
University of Wisconsin, Madison, WI
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Response
We have read with interest the letter from Dr. Hanna. 

Since our publication in 2018, in which we reported the 
outcome of dynamic decompression of the LFCN in idio-
pathic MP, the total number of surgically treated patients 
with sufficient follow-up has amounted to 30. In the vast 
majority of patients, the pain completely disappeared and 
skin sensation recovered to (near) normal. As described, 
we first decompress the LFCN with the leg in a neutral po-
sition. Subsequently, we move the leg in extension and ab-
duction. In doing so, we observed that fibers located dor-
sal to the LFCN tighten and cause compression at various 
locations. These could be fibers of the musculotendinous 
origin of the sartorius muscle at the level of the ASIS, the 
iliac fascia proximal to the ASIS, or the lateral aspect of 
the fascia of the sartorius muscle distal to the ASIS. Ad-
ditionally cutting these fibers, which we call “dynamic de-
compression,” is likely the distinctive factor that positively 
distinguishes our results from those of others who perform 
the same decompression but only with the leg in a neutral 
position.1,2 The good results following dynamic decom-
pression encourages us to continue using this technique. 

Dr. Hanna does not move the leg out of fear of infection 
and physical strain and therefore misses the observation of 
the dynamics of compression of the LFCN. This is unfor-
tunate because this relatively easy and simple procedure 
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takes only a few minutes to perform, is reproducible, and 
does not break sterility. Additionally, it is not a burden-
some procedure regardless of body mass index. More im-
portantly, moving the leg provides important information.

In our consecutive series, the entrapment site of the 
LFCN was consistently found medial to the ASIS. By ob-
serving the LFCN during limb movement at the end stage 
of dynamic decompression, it becomes clear that “riding” 
over the ASIS does not occur, nor did we see “rubbing 
against the bone.” Complete dorsal decompression and 
release induce a posterior shifting of the LFCN. We did 
not perform medial transposition as was first described by 
Keegan and Holyoke in the Journal of Neurosurgery3 and 
now proposed again by Dr. Hanna.4 In view of our obser-
vations and results, there is no need for medial transposi-
tion. Fixation of the LFCN in this position with a stitch is, 
in view of the dynamics, in fact contraindicated.

Martijn J. A. Malessy, MD, PhD1,2

Job Eekhof, MD, PhD2

Willem Pondaag, MD, PhD1,2 
1Leiden University Medical Center, Leiden, The Netherlands

2Alrijne Medical Center, Leiden, The Netherlands
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