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Reply to the Comment on the Article
“Selective-Targeted Extra-Intracranial Bypass Surgery
in Complex Middle Cerebral Artery Aneurysms:
Correctly Identifying the Recipient Artery Using
Indocyanine Green Videoangiography”: Recipient
Artery Identification

Bypass surgery plays a very important role in the management of
complex middle cerebral artery (MCA) aneurysms not amenable to
selective clipping, coiling, or other endovascular procedures. The
goal of a bypass is the preservation of blood flow in the territory fed by
the vessel that needs to be occluded for final aneurysm treatment.1

Identification of the correct bypass recipient could be obtained
by microsurgical dissection of both the perianeurysmal angioa-
natomy and the sylvian fissure.2 When dissection of the sylvian
fissure is considered at risk or when a superficial cortical recipient
artery (namely an M4 segment of the MCA) is preferred as the
recipient, it is very important that the cortical recipient artery
represents a distal branch of the trapped vessel.

Angioanatomic landmarks and neuroimaging, neuronaviga-
tion, and stereotactic modalities represent useful tools3,4 for
identifying the correct recipient; however, the risk of revascular-
ization into a wrong territory still exists, with possible subsequent
severe ischemic effects.1,3

We recently reported the feasibility and efficiency of a technique
for selective-targeted revascularization, namely for the identification
and targeting of the cortical recipient in extracranial-to-intracranial
bypass surgery for the treatment of complexMCA aneurysms.1 The
technique is based on the use of microscope-integrated near-
infrared indocyanine green video angiography. We have reported
our clinical experience in 7 consecutive patients treated for
complex MCA aneurysms. This technique allowed the correct
identification of the cortical recipient arteries (cortical branches
of the trapped MCA segment) in all patients and eliminated the
risk of erroneous revascularization of uninvolved territories.
Patients underwent successful treatment of their aneurysm,
including a cortical bypass; no ischemic complications were
reported, and a favorable clinical outcome was achieved in all
patients (The modified Rankin Scale score at follow-up was less
than or equal to the preoperative modified Rankin Scale score).
This technique can be applied in the treatment of both
proximal and distal complex MCA aneurysms.1

WethankDrAndreasGruber (Vienna,Austria),DrsDukeSamson
and Kim Rickert (Dallas, Texas), and Dr Laligam N. Sekhar (Seattle,
Washington) for their comments on and contributions to our article.1

From part of Dr Sekhar’s comment, we realized that the
illustrations of the case example 2 (see the original publication)
may have been somewhat misleading. Dr Sekhar stated that “in the
case example 2, we decided to accept the sacrifice of the anterior
temporal artery, even with the knowledge that it will lead to
infarction of that portion of the brain.” In fact, we did not sacrifice
the anterior temporal artery. We only occluded it temporarily to
perform a provocative indocyanine green video angiography to
avoid the selection of a cortical recipient representing a branch of
the anterior temporal artery itself. This step was useful for extra
verification and represents an application of the technique to
identify “uninvolved” cortical arteries. To better illustrate the

FIGURE. A, drawing illustrating the partially thrombosed giant middle cerebral

artery (MCA; M1) bifurcation aneurysm and the perianeurysmal angioanatomy. B,

the same drawing after placement of a temporary clip on the anterior temporal artery

to perform a provocative indocyanine green video angiography to identify “unin-
volved” cortical arteries (namely perisylvian fissure cortical arteries not representing

distal branches of the artery that need to be occluded for the final aneurysmal

treatment). C, the same drawing after removal of the temporary clip on the anterior
temporal artery and placement of a temporary clip on the M2 segment of the MCA

to perform a provocative indocyanine green video angiography to identify the correct

cortical recipient (a cortical artery representing a branch of the artery that needs to be

occluded for the final aneurysmal exclusion). D, the same drawing illustrating the
permanent clips used for final aneurysm exclusion and the role of the bypass in

revascularizing vessels coming from the permanently occluded aneurysmal branch.

The anterior temporal artery was preserved.
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treatment strategy applied in this case, we supply this letter with
a new schematic drawing (Figure).
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Simulating Ventriculostomy

To the Editor:
We were pleased to see the article by Schirmer et al1 because it

represents an update to our original concept from 20002 with
enhanced modernized haptics and fidelity. The authors have
updated our original model with an immersive environment and
better 3-D representation.

It is conceptually similar in termsof the procedural stepsmodeled,
and their assessment of our simulator from 2000.We have updated
our simulator to run on the iPad since this article was submitted
https://itunes.apple.com/gb/app/vcath/id568887198?mt¼8.3

This is quite a simple App; however, it lacks haptic feedback, but
it makes up for it in terms of accessibility and low cost. It has
inbuilt evaluation of the procedural steps.

We have concentrated on educational content and concepts
rather than fidelity of procedural accuracy. Improvements in
procedural fidelity are very resource intense and seem, over the
years since our original model, to have had limited success.

The authors describe and illustrate some of the problems of
validation of surgical simulators. We perceive a tendency to
demonstrate that the simulator shows improvement in learning the
simulator rather than in learning an actual procedure. The authors
have rightly used alternativemethods of didactic teaching to counter

this. The gold standard of validation has to be that performance in
the actual procedure is enhanced by the simulator. A focus on the
educational aspects of the simulator seems as important as the focus
on modeling procedural fidelity.
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In Reply: Simulating Ventriculostomy

Wewould like to thank the authors for their comments in response
to our article, “Virtual Reality-Based Simulation Training for
Ventriculostomy: An Evidence-Based Approach.”1 We would like
to point out that the intent of our article was to demonstrate that
neurosurgical resident training in ventriculostomy placement can be
enhanced through virtual reality-based simulation training. We
chose a commercially available simulator, designed by Immersive-
Touch (Chicago, Illinois),2 to provide ventriculostomy training to
neurosurgical residents as part of a larger simulation course.We wish
to clarify that none of the authors of our article were involved in the
development of the simulator.
We are pleased to see that the authors have now developed an iPad

application3 to supplement their Web-based surgical ventriculos-
tomy simulator.4 As they describe, there are many components of
educating trainees in surgical techniques. Their simulator offers the
ability to perform key components of ventriculostomy placement,
including selection of an entry point and trajectory of the catheter
and selection of depth of catheter placement. Final catheter
placement can then be verified by a cutaway image of the brain.
Although there is no haptic feedback with this system, and in truth,
realistic haptics are a limitation of even the most advanced virtual
reality-based simulators at this time, we contend that the most
common errors in ventriculostomy placement may be avoided by
educating trainees with simulators such as the VCath, described by
the authors, and the ImmersiveTouch system, which we used as part
of our training course. The technical implementation of a simulator
is a necessary component of a successful, validated simulation
curriculum. As described in our article, the use of structured
instruction and testing is at least equally as important. We were
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