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INTRODUCTION
Corpus_callosotomy was introduced by Van Wagenen and Herr894it Over time,

numerous refinements in surgical techniques have occurred and corpus callosotomy is
now aswidely accepted surgical option in appropriately selected patients. caburgi
disconnection of the corpus callosulisrupts synchronization of epileptifa discharges
between, bilateraterebral hemispheresd is therefore effective in reducing the severity
and frequency of generalized seizures.isla viable palliativesurgical procedure for
patients with medically refractory generalized seizures amtlapaeizures with rapid
secondary generalization in the absence of an identifiable seizure*fodssneralized
seizures™with falls (e.g. myoclonic seizures, tonic seizures, atonic seizures) are
particularly‘likely to respond to surgefy* ® Although corpus callosotomy is generally
well tolerated, transient or permanepostoperativeneurological deficits including
hemiparesis, aphasia, mutism, akinesia, and disconnection syndromes ma$ décur.

The extent of callosotomy performed varies across surgical centers, and ngeonsur
prefer an anterior half or twihirds callosotomy sparing the splenia this has a lower
incidenece of postoperative complicatioris. our experience, both anterior twlurds and
compléetecallosotomy result in improved seizure confrol. However, children with

failed anterior twethirds callosotomy who subsequently underwent a second procedure
for complete callosotomy, and those who underwent upfront complete callosotomy
experiencedmprovement of a broader spectrwh seizure typeshan those who only
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underwent an anterior twihirds callosotomy’ * Moreover, children who underwent an
upfront complete callosotomy had broader seizure control than thoseindeowent a
two-stage complete callosotomy. However, the higher potential for postoperative
neurological complications and possible unmasking of dormant seeftees complete
callosotemy must be carefully considered when deciding on the extecalo$al
disconnection to be performéd® Technically, both anterior and complet®rpus
callosotomiesnaybe performed via an open or endoscopic approackvhile how the
procedure’is done is unlikely to affect the outcome, endoscopitis callosotomygoes

offer the benefit of a smaller incision, minimized brain retraction and lower postoperative

pain.

OPEN CORPUS CALLOSOTOMY

An open_corpus callosotomy involves a rectangular craniotomy approximately 8cm x

4cm, eccentric to one side along the length of the corpus callosum. Our surgical
techniqueris described below

Positioning=*The patient is positioned supine on the operating table with head secured
using“threepoint pin fixation. The neck isoderatelyflexedand the torso is elevated 10

to 20.degrees above horizontaMlternatively, the head can be positioned laterally with
the right side down, to allow for gravigssisted retraction of the frontal lobe.

Preoperative Adjuncts: Preoperative magnetic resonarimaging is caegistered to the

scalp and*used for frameless stereotactic navigatidithough not essential, frameless
stereotaetic navigation is helpful in developing trajectories to thei@nterd postrior
limits of the callosotomy anglanning acraniotomy that avoidkarge bridging cortical
veins. The patient is administered antibiotidexamethasone, amdannitol prior to skin
incision, Early administration ofmannitol and mild hyperventilation help witbrain
relaxation.and fabtates the interhemispheric approach with minimal retraction
Exposures”A” trapdoor incision centered on the coronal suture, and encompassing the
contralateral medial parasagittal region, is plannétternatively, a sigmoidor
curvilinearbicoronal incision in theegion of the coronal suture maybe ufieid 1]. A
limited hair shave is performed around the planned incisidre scalp flap is created in
standard fashion, and then three to Bixr holes are placed for adequaeidural
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dissection An 8 cm (AP) x 4cm (Lateral) bone flap is created, straddling the coronal
suture[Fig 2]. Bleeding over the superior sagittal sinus is usually controlled using
Surgicel, Gelfoam, and cotton strip§he dura is then opened in a U shaped fashion and
reflected towards thesuperior sagittal sinusuntil the interhemispheric fissure is
visualized[Fig 3]. Care is taken to preserve all cortical veins thabamposterior to the
coronal.suture.

Interhemispheric Approach: Telfa or cotton strips are placed on thesialfrontal lobe

to avoid“cortical injury. The interhemispheric fissure is then opened and arachnoid
dissection is continued to deepen the exposAreetractorbladeis positioned for gentle
retractiongo aid visualizatioravoiding retracting the frontal lobe more than1Bdmm
Pericallosal arteries are identifiethd carefully separated to each side using the midline
avascular planfFig 4]. Further arachnoid dissection exposes the glistening white corpus
callosum. _The corpus callosum is then exposed along the desired extent of the
callosotomy. Neuronavigatiomay beused to confirm midline and extent of exposure.

It is preferable to complete the entire interhemispheric dissection (depending on whether
an anterior2/3rds or complete callosotomy isyp&d) prior to starting the callosotomy
itself.

Callgsetomy: A small callosotomy isnitially created with suction and bipolar cautery
under low powerand deepened to expose the midbiedt between leaves of the septum
pellucidum[Fig 5]. The midlinecleft is then followed anteriorlgcross the genio the
rostrumrefithe corpus callosum using suction and bipolar cautery or ultrasonic aspiration.
Care isataken to preserve ependymal lining of the ventricle in order to avoid risk of
postoperative CSF lkaand the potential for intraventricular bloodTo performa
complete callosotomy, the bedtienpositioned in Trendelenbund the microscope is
directed posteriorly. An intracallosal disconnectiothisnperformed from the posterior
body to splenim. Exposure of the midline piaverlying the vein of Galeposteriorly

and inferiorly confirms adequate disconnection of the spleniGare is taken to preserve

the pia™to,avoid injury to the internal cerebral veins aeth of Galen. Posterior
callosobmy is often challenging as the angle of the splenium falls away from the
surgeon.If a posterior callosotomy is later indicat@dsecond stage procedure through a

separate posterior incision and craniotomy provides a more direct access to the splenium.
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Closure: After completion of the callosotomy, careful hemostasis is obtained. The dura is
closed with a braided nylon suture in a wdtght fashion. The bone flap is secured to
the skull with titanium plates and screws. The galea is approximatedngtiupted

Vicryl sutures, and the skin is closed with a running absorbable suture.

ENDOSCOPIC CORPUS CALLOSOTOMY

Endoseopic corpus callosotomy aims at minimizing the size of incision and craniotomy

It wasfirst described by Bahuleyan et @h cadaveic dissectionutilizing anterior and
posteriorly=located burr holés This conventional one handed techniquevith
instrumentation through the side channel did not offgaw of controlling hemorrhage in
event of a vascular injury, dhe ability to bimanually dissectand therefore was not
practical. _An dternative threehanded tehnique, traditionally used in endoscopic
transphenoidal surgery, wascentlyadapted forendoscopic callosotomlyy Chandra et

al.2 Howevef, in this techniguéhe endoscope is either Hddy an assistant or on a holder

so that"both hands of the surgeon are free to use instruments. This technique aequires
larger=eraniotomy as therowding of instrumentsecessitates more space. Morepver
sincethe field of surgery is larger than the vidglwough the endoscope, it require
repeated repositioning of the endoscope, and daris be tedious and frustratingo
overcome these limitations, the author (SS) uses a clamp to attach the suction to the
endoscopesas shown in Figur@)p Thisallows the surgeon to use the suction in the left
hand and-a'second instrument in the right hand in a standard microsurgical fashion. Since
the endoscope is attached to the suction it moves with the suction to the site of surgical
dissectiontherebyeliminating the need for repositioningd his two handed technique has
been used_ by us since 2011 and it allows safe control of hemorrhageeanits
bimanualmicrosurgicalissectior °

Obscuration of vision from the instruments, lighting and depth of focus Useifulness

of conventional microscopic surgery at a depth of more th@rcih from the surface of

the brain with a standard sizethniotomy In contrast, the deptdt which surgery can be
performedwith anendoscopés determined primarily by the length of the endoscampe

can be done with a much smaller craniototdging our techniquethe depth to which
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surgery can be performed through a micraniotomy (23 cm) can be extended beyond
the limit of the microscopeA stereotactic attachment further aids in surgical navigation.
This is especially useful when a 2D endosaspesed since beyond a depth of more than
5 cm, surgical manipulations become difficult and require frequent reassessmeptiof
with neurenavgation. The author (SS) has used both 2D and 3D endoscopesrfous
callosotomybut recommends usirg3D endoscope (such as VisionSense®, 248 Greiger
Rd, Philadelphia, PA).

Corpus callosotomys a low risk operation. A open callosotomysually does no
require bload transfusion arttle risk of new deficits related tthe surgical procedure
such as vasospasm, retraction injagdvenous infarctivasreportedoy us (MDS)to be
about 5% While none of the 10 patienivho hal anendoscopic corpus callosotoray

our institutiondevelopedhew neurologicaldeficits related to ggery, it would require a
large number of patients to statistically demonstrate the perceived adgaradhge
endoscopic callosotomy over standard open callosotddonetheless a smaller incision

meandaetter cosmesisesspostoperativepain, and potentidy a lower risk of infection

Surgical, I echnique:

Patient-Selection: At the present time we do not offer endoscopic callosotomy to patients

who have undergone a previous cranial operation or have significantly distorteghyanato
with a“poorly formed falx and interdigitating medial hemispheres. Dissectaler
endoscopie, vision, in these patient is difficult because of adhesions and distorted
anatomys.

Preoperative Adjuncts: Each patient undergoes a neuronavigation MRI scan and an

additional TRICKS sequencgith MRV to determine the location of bridging veis.
pre-cortonal_craniotomy is planned to optimize the trajectory that allows access to the
splenium_and also the genu of the corpus callosufromt of the major bridging veins

but behind the hairlinéAs with standard corpus callosotomy antibiotic and mannitol are
administered prior to incision, however, we do not use steroid intra or post-opgrativel
Positioning: In the operating room, under standard anesthesia, the patient is positioned
with the trurk in slight flexion and the head in mild extension, so that the face is looking
straight up and fixed in Mayfiefdhead holder (Integra Corp, 311 Enterprise Drive

This article is protected by copyright. All rights reserved



Plainsboro, NJ). This position puts the head slightly above the heamiamdizesthe
intracranial venous pressure. The patient is appropriately secured to allow for
Trendelenburg or reverse Trendelenburg positioning during surgery. With - neuro
navigation registration completed, scalp EEG electrodes are placed according te the 10
20 interpationalsystem of electrode placement, in order to monitor EEG during the
surgical procedure.

Exposurerincision is marked about 1.5 cm lateral to the midline and abdus inches

in length™along the sagittal plariEigure ). This region is clipped and prepped with
povidoneiodine solution. Infiltration with 1:200,000 epinephrine with 2% lidocaine is
used tosminimize scalp bleeding. A single baby mastoid retractor with sharp teedt is us
to retract the scalp and subgaldasection is done without elevating the pericranium. A
burr-hole is made in the midline over the sagittal sinus using MidasRex® high spéed dri
(710 Medtronic Parkway, Minneapolis, MN)ith a B1 Midas attachment, a-Bhaped
craniotomy _is done with thetraight of the D over the midline (figuré(b)). The
craniotomyy bevel medially is outwards and the bevel anteriorly and posteriorly is
inwards: This maximizes the angulation required to reach the anterior and pdistésor

of resection of corpus callosu

The _dura’is opened with the flap based on the sagittal sinus. Gentle lateral retraction of
the brain is done to reach the lower end of the falx. A fingertip retractor may be used
medially to retract the falx. Intravenous Mannitol (20%, 1gm/kg body weight) may be
used to“relax the brain or alternatively, a ventricular catheter is placed under ne
navigatien-guidance into the frontal horn to drain CSF.

Inter-Hemispheric Exposure. The endoscope with mounted suction is introduced

alongside the falx; the cingulate gyrus in the Hiitemispheric fissure is dissected and the
corpus,callosum is exposed under endoscopic vision using the mounted suction, which
aids a_bimanual dissection with a dissecting forcepdipolar (Figure 7 ah). The
dissection’is cared out anteriorly and posteriorly between the two pericallosal arteries to
the necessary limit as delineated on the neandgation preoperatively.Generally no

more than 15-2 cm of exposure is necessaBubsequently, under endoscopic vision

using themounted suction, CUSA is used to remove the corpus callosum sequentially
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from anterior to posterior, while avoiding entry into the ventricle. Any bleedingean
easily controlled with a bipolar cautery.

Role of intragperative EEG recording:

Intraoperéive EEG monitoring is usedather as a confirmatory diagnosing test at
Children’s_Hospital of Michigan in DetroitWhen bisynchronous epileptiform
discharges are present under the general anesttiesevidence of desynchronization of
inter-ictal“epileptiform discharges can guide titentof callosalresection(figure 8).
Some linvestigators have reported that such-menispheric desynchronization became
evident:only during the resection of tip@sterior portion of the corpus callosuth
Conversely, othersuggest that intraoperative EEG changes altidenot effectively
predict longterm seizure outcome following callosotortly, thus, the extent of callosal
resection_Is determined by integration of multiple variables including neurelogic
neuropsychologicaéxaminations, preoperative EEG abnormalities, and neuroimaging
data.

Closurer Once adequate callosal resection is completed, good hemostasis is achieved and
the dura,is closed in a watertight fashion witQ prolene, the bone flap is replaced and
secured*with plates and screws. The scalp is clomsadstandard fashion in two layers.
All patients are observed in Pediatric ICU overnight.
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FIGURE LEGENDS
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Figure 1 Patientis positioned supine with head of bed elevated approximately 10 to 20
degrees above horizontalhd neck flexed. A curvilinear incision is marked in the region

of the coronal suture.

Figure 2,A.craniotomy (~4cm x 8cm) is performed straddling the coronal suture, and
crossing.the midline. Hemostasis is achieved over the superior sagittalsimgyis

surgical,"gelfoam and cottonoids.

Figure 3 U-shaped dural opening is created #raHura is reflected towards the superior
sagittal;sinus to expose the interhemispheric fissBralging veins posterior to the

coronalsuture are preserved.

Figure 4 Meticulous araknoid dissection is performex the midline avascular plane,
and pericallosal arteries are separated to expose the glistening white corpus callosum.

Figure 5 After exposure of the corpus callosum along the length of the planned
callosetemy a small opaingis createdand this is deepened to expose midline leaves of
the septum pellucidum. The callosotomy is then extended anteriorly and posteriorly to
achieve the intended disconnection.

Figure 67(a). Endoscope with the attached suction mewarenavigation guide is held in
surgeon’s«eft hand and bimanual dissection is performed with a second instrurdent hel
in surgeon’s right hand. (b, c) The incision required to perform complete corpus

callosotomy, using the endoscopic method.

Figure_Z (a-h) Endoscopic views along the corresponding trajectories shown in (i); CM-
Callosomarginal Artery, GgCingulate Gyrus, CE&orpus Callosum, Pc Pericallosal
Artery, ACA- Anterior Cerebral Artery, SiBeptum Pellucidum, IHAnter Hemispheric

Fissure, SplSplenium. EndoEndoscope, CUSA&avitron Aspirator.
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Figure 8 Scalp EEG in an 1§earold boy with Lennoxsastaut syndrome. (Left) Prior

to the endoscopic corpus callosotomy, scalp EEG showed frequent bisynchronous spike-
wave discharges. (Middle) Upon completion of anterior 2/3 corpus callosotomy, EEG

still showed frequent bisynchronous spikave discharges. (Right) Upon completion of

the total,callosotomy, EEG showed occasional spi&ee discharges independently in

the right and left hemispheres. Posigiively, the patient has been free from tonic as

well"as astatic seizures at a thraenth follow-up period.

VIDEO LEGEND

Endoscopic Corpus Callosotomy .mp4: Stereo Pair video to be viewed about 18 inches
from the screen. Fuse the right and the le&iges by viewing crossyed, the center

image appears in 3D. Cm, Callosomarginal Artery; Pc, Pericallosoal Arter;dZpus
Callosum; g, Genu; R, Rostrum; Ac, Anterior Commisure;fx, Fornix; Se, Septum
Pellucidum; IHF, Inter Hemispheric Fissure; Spl, Splen Hc , Hippocampal

Commisure:
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