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Historical evolution: Hemispherectomy — functional hemispherectomy — hemispherotomy (latest less

invasive microsurgical procedure to disconnect the cortex of the affected hemisphere).

- severely incapacitating unilateral seizures (when foci cannot be isolated) associated with permanent
hemiplegia (with useless hand), hemisensory loss, hemianopia, hemiatrophy; i.e. intractable partial and
secondarily generalized seizures when entire hemisphere is considered epileptogenic with little or no
remaining functional cortex.
o generalized EEG activity should not stop from surgery — contralateral EEG activity
tends to normalize postop!
It is unique situation when surgery target is selected by MRI and not EEG.
e ctiological categories:
A) atrophic
B) hypertrophic
o special indications - hemiconvulsion-hemiplegia-epilepsy syndrome; infantile hemiplegia syndromes,
Rasmussen's encephalitis, Sturge-Weber syndrome, hemimegalencephaly, large hemispheric neonatal
infarctions; diffuse malformations of cortical development.

Sturge-Weber syndrome (notice the hyperemic appearance of the cortex):



HEMISPHERECTOMY E19 (3)

CONTRAINDICATIONS

Residual motor function (finger opposition and foot tapping)

COUNSELLING

e parents need to be counseled about the presence of a contralateral hemianopsia postoperatively - will
preclude driving later in life.

e although not an absolute contraindication, the evidence of independent bilateral hemispheric ictal
patterns may influence postoperative seizure outcome and parents should be counseled appropriately.

TIMING OF SURGERY

e carlier intervention maximizes chances for neurodevelopment.
e risks (blood loss, hypothermia) are higher in younger patients.
e body weight of 10 kg is acceptable to undergo the procedure.
o all patients and families are asked to donate red blood cells and plasma before operation.
e for the patient with catastrophic hemispheric epilepsy, surgery is performed earlier with informed
consent on the risks of excessive blood loss and mortality.

WORK UP

e WADA test may be of use in older patients who may not experience language transfer after dominant
hemispherectomy.
e genetic testing preop - try mTOR inhibitors (may control epilepsy).

ANATOMICAL HEMISPHERECTOMY

- entire hemisphere, excluding basal ganglia®, anatomically removed from cranium.




*so more accurate term is hemicorticectomy
e first introduced by Dandy in 1923 for malignant glioma.
e 10 years later, McKenzie applied the technique to manage intractable epilepsy.
e popularized by a case series by Krynauw with good results with seizure control and cognitive
development.

INDICATIONS

- reoperation after other disconnective hemispherectomy techniques have failed (anatomical HE has
success rate of 50% after functional HE has failed).

e anatomic removal of the affected tissue is preferred over disconnection to help ensure seizure activity
ceases completely.
e ideal candidate has a contralateral hemiparesis and hemianopsia without fine finger movements.

TECHNIQUE

remove segments of brain — devascularizing en route.

coagulate and cut major arteries (such as MCA).

careful not to encroach on opposite ACA.

olfactory nerve — may remove it but do not avulse from cribriform plate — may leak CFS.

DRAINS

e leave large-bore EVD in resection cavity (as blood oozing is common).
o experts recommend 8-10 liter saline wash of brain at the end to reduce risk of HCP (so no need
for EVD!, others leave EVD).
o another option - choroid plexus cauterization (some experts do it routinely).
e close dura water-tight (fill cavity with saline).

COMPLICATIONS

- potentially lethal hydrocephalus and progressive superficial cerebral hemosiderosis

SUPERFICIAL CEREBRAL HEMOSIDEROSIS

— unique complication to anatomic hemispherectomy - occurs in 16-25% cases.

— gradual but devastating neurologic deterioration beginning years after surgical procedure
and eventually resulting in death.

— pathology - hemorrhagic subdural membrane within resected cavity, granular
ependymitis along ventricular walls (granulomatous membrane indistinguishable from
that of chronic subdural hematoma), and superficial hemosiderosis of remaining brain
and cranial nerves.

— contralateral foramen of Monro or aqueduct of Sylvius becomes occluded —
hydrocephalus leading to herniation and death.

HYDROCEPHALUS
— occurs in 50% cases.
— related to the elimination of subarachnoid space over the operated convexity



DISCONNECTIVE SURGERIES

Reduced size of the postsurgical cavity — |superficial cerebral hemosiderosis.

Indications are the same as those for a hemispherectomy.

Four principles:
1) disruption of the descending and ascending fibers through the corona radiata and internal capsule;
2) removal of the mesial temporal structures;
3) intraventricular callosotomy;
4) disruption of the frontal horizontal fibers, including the occipitofrontalis fasciculus and uncinate
fascicle.

The main differences among hemispherotomy variants:
1) how the lateral ventricle is accessed—whether access starts from the temporal horn or from the
body of lateral ventricle.
2) extent of brain resection necessary to gain access.
3) removal or preservation of insula
4) preservation or ligation of MCA branches.

OUTCOMES

e results in seizure control are comparable to anatomic hemispherectomy.
e seizure outcomes among the different techniques do not differ significantly - functional
hemispherectomy, vertical, and lateral hemispherotomy have similar results.
Vertical (vs lateral) hemispherotomy is probably slightly better for sz outcome!
e function also improves (seizures may have caused functional impairment).
e Dbest outcomes are with atrophic etiologies.
e 849% seizure freedom (Engel [A) at 6 months, 76% at 2 years, and 76% at 5 years and beyond.

Robert A. McGovern et al. Hemispherectomy in adults and adolescents: Seizure and functional
outcomes in 47 patients. Epilepsia Nov 2019

— postoperative seizures and contralateral interictal spikes at 6-month follow-up EEG were
associated with seizure recurrence.

— patients who could walk unaided preoperatively and had no cerebral peduncle atrophy on
MRI were more likely to experience worsening of motor function postoperatively.

Seizure persistence: check DTI for remaining fibers!

e incomplete disconnection is a significant risk; early postoperative MRI is useful for demonstrating
adequate disconnection - it shows a layer of blood reaching the mesial or basal arachnoid membrane as
a sign of complete disconnection.

o there are patients with RNS (on contralateral hemisphere).

COMPLICATIONS

e carly hydrocephalus is noted in 5%—64% in all types of functional hemispherectomy.
e death related to a functional hemispherectomy is very rare.



\

in patients with hemimegalencephaly, perform certain degree of brain resection (temporal lobectomy,
or resection of insula or frontal operculum) to allow space for postoperative swelling.

N.B. superficial cerebral siderosis has not been reported!

ANATOMY

CENTRAL CORE OF HEMISPHERE

1) extreme, external, and internal capsules;

2) claustrum,;

3) basal ganglia - lentiform and caudate nuclei,

4) thalamus.

externally, this core is covered by insula and surrounded by the fornix, choroid plexus, and lateral
ventricle.

o from lateral perspective, the superior, inferior, anterior, and posterior limits in the central core
correspond to those same limits of the insula, namely the superior, inferior, and anterior
limiting sulci of the insula.

o also from lateral perspective, the central core of the hemisphere is covered by the frontal,
parietal, and temporal opercula.

anteriorly, core connects to the frontal lobe by very anterior portion of internal capsule, which
separates the bottom of the anterior limiting sulcus of the insula (in the sylvian fissure) from the
frontal horn of the lateral ventricle, in front of the head of the caudate nucleus.

posteriorly, core connects to the temporal and parietal lobes by retrolenticular portion of internal
capsule, which separates the atrium of the lateral ventricle from the retroinsular region of sylvian
fissure.

inferiorly, core connects to the temporal lobe by sublenticular portion of internal capsule, which
separates the inferior limiting sulcus of the insula in the sylvian fissure from the temporal horn of the
lateral ventricle.

superiorly, core connects to the frontal and parietal lobes by the corona radiata, a superior
continuation of internal capsule separating the superior limiting sulcus of insula (in the sylvian fissure)
from the frontal horn, body, and upper portion of the atrium of the lateral ventricle.

Central core cut axially:

1 = genu of the corpus callosum; 2 = anterior limiting sulcus of the insula; 3 = frontal horn; 4 = head of
the caudate nucleus; 5 = foramen of Monro; 6 = lentiform nucleus; 7 = internal capsule; 8 = thalamus; 9 =
inferior limiting sulcus of the insula, retroinsular region; 10 = fornix; 11 = atrium; 12 = splenium of the
corpus callosum; 13 = tapetum of the corpus callosum.
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Image courtesy of AL Rhoton, Jr.

Central core (right hemisphere has been sectioned at the body of the lateral ventricle, the left hemisphere
at the frontal horn):

1 = corona radiata; 2 = corpus callosum; 3 = bodies of the caudate nucleus and the lateral ventricle; 4 =
superior limiting sulcus of the insula; 5 = internal capsule; 6 = lentiform nucleus; 7 = thalamus; 8 =
inferior limiting sulcus of the insula; 9 = temporal amygdala; 10 = sublenticular portion of the internal
capsule; 11 = collateral eminence of the temporal horn.
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Image courtesy of AL Rhoton, Jr.

Right insula; overlying gyri of the lateral surface of the hemisphere have been removed to expose the
lateral ventricle:

1 = body of the corpus callosum; 2 = splenium of the corpus callosum; 3 = septum pellucidum; 4 = bulb of
the callosum and the medial atrial veins; 5 = foramen of Monro; 6 = genu of the corpus callosum; 7 =
calcar avis; 8 = superior limiting sulcus of the insula; 9 = inferior limiting sulcus of the insula; 10 =
anterior limiting sulcus of the insula.
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Image courtesy of AL Rhoton, Jr.

TENTORIUM CEREBELLI

Free edge of the tentorium cerebelli extends from the dorsum sellae anteriorly to its junction with the falx
posteriorly; this free edge has two portions:

1. Anterior/horizontal portion - attached to petrous apex and the anterior and posterior clinoid
processes (by the anterior and posterior petroclinoid folds).

e this portion is related superiorly to anterior parahippocampal gyrus, where it is naturally
herniated anteriorly and medially to the oculomotor nerve, posteriorly and medially to the crus
cerebri and the contents of the crural and ambient cisterns, and laterally to the
parahippocampal gyrus.

2. Posterior/ascending portion - begins at the level of lateral mesencephalic sulcus of the midbrain,
where it arches posteriorly, superiorly, and medially to join its contralateral mate behind the
splenium of the corpus callosum to form the falx.

e anterior part is related medially to midbrain tegmentum and contents of ambient cistern,
laterally to the parahippocampal gyrus, and superiorly to the pulvinar of the thalamus.

e as the tentorium arches almost vertically toward the falx, the free edge becomes related to the
pulvinar of the thalamus and the contents of the quadrigeminal cistern anteriorly and the
parahippocampal gyrus laterally.



e parahippocampal gyrus is positioned laterally to the free edge of the tentorium cerebelli
throughout its entire course and also arches posteriorly, superiorly, and medially to form
isthmus of the cingulate gyrus.

e from a lateral perspective, posterior/ascending portion of tentorium is located more anteriorly
than choroid plexus of the atrium.

Tentorial incisura (cerebrum has been removed at the pontomesencephalic junction):

1 = anterior clinoid process; 2 = posterior clinoid process; 3 = anterior petroclinoid fold; 4 = petrous apex;
5 = anterior/horizontal portion of the free edge of the tentorium; 6 = lateral mesencephalic sulcus; 7 =
trochlear nerve; 8 = posterior/ascending portion of the tentorium; 9 = straight sinus.
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Image courtesy of AL Rhoton, Jr.

Midsagittal view demonstrating the free edges of the tentorium and the falx, to display their relationship to
the brainstem and the corpus callosum:

1 = precentral gyrus; 2 = marginal ramus of the cingulate sulcus; 3 = cingulate gyrus and free edge of the
falx; 4 = body of the corpus callosum; 5 = parietooccipital sulcus; 6 = genu of the corpus callosum; 7 =
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splenium of the corpus callosum; 8 = vein of Galen; 9 = crista galli; 10 = straight sinus; 11 = horizontal
portion of the free edge of the tentorium; 12 = beginning of the ascending portion of the free edge of the
tentorium.

TENTORIUM
CEREBELLI

-

Image courtesy of AL Rhoton, Jr.

Inferior view exhibiting the posterior portion of the tentorial hiatus (cerebellum has been removed by
sectioning the superior, middle, and inferior cerebellar peduncles; arteries on the right side have also been
removed):

1 = straight sinus; 2 = vein of Galen; 3 = posterior cerebral artery; 4 = posterior/ascending portion of the
free edge of the tentorium and the pulvinar of the thalamus; 5 = superior cerebellar artery; 6 = basal vein
and trochlear nerve; 7 = middle cerebellar peduncle and flocculus; 8 = posterior inferior cerebellar artery;
4V= fourth ventricle.
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Image courtesy of AL Rhoton, Jr.

Lateral view displaying the left tentorium cerebelli and its medial relationships (temporal and occipital
lobes have been removed):

1 = central sulcus of the insula; 2 = long gyri of the insula; 3 = posterior end of the inferior circular sulcus
of the insula; 4 = pulvinar of the thalamus; 5 = temporal stem; 6 = choroidal fissure, pulvinar of the
thalamus, and medial geniculate body; 7 = optic tract, lateral geniculate body, and inferior choroidal point;
8 = straight sinus; 9 = beginning of the ascending portion of the free edge of the tentorium and the lateral
mesencephalic sulcus; 10 = oculomotor nerve; 11 = trigeminal nerve; * = crus cerebri.
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Image courtesy of AL Rhoton, Jr.

Right anterolateral view (following removal of the basal ganglia, thalamus, and frontal lobe on both sides;
coronal sectioning of the right temporal lobe has been performed to show the relationship between the free
edge of the tentorium and the parahippocampal gyrus):

1 = bulb (splenium) of the corpus callosum; 2 = septum pellucidum; 3 = crus fornicis; 4 = calcar avis; 5 =
body of the fornix; 6 = dentate gyrus; 7 = ascending portion of the free edge of the tentorium; 8 =
parahippocampal gyrus; 9 = choroid plexus; 10 = pons; 11 = uncus; 12 = hippocampus; 13 = horizontal
portion of the free edge of the tentorium; 14 = parahippocampal gyrus; * = lateral mesencephalic sulcus.
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Image courtesy of AL Rhoton, Jr.

Lateral view of left insula (most of the left hemisphere has been removed except the central core to
display the relationship among the central core, corpus callosum, free edge of the tentorium, and falx;
ascending portion of the tentorium is hidden by the choroid plexus):

1 = ACA; 2 = callosal sulcus; 3 = body of the corpus callosum; 4 = splenium of the corpus callosum; 5 =
genu of the corpus callosum; 6 = insula and branches of the M2 segment of left MCA; 7 = glomus
(choroid plexus of the atrium of the lateral ventricle).
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Image courtesy of AL Rhoton, Jr.

e attached anteriorly to the crista galli.

e posteriorly, falx blends into the midline with the tentorium cerebelli and is located above the straight
sinus and behind the splenium of the corpus callosum — arches anteriorly and superiorly, bordering
the upper portion of the splenium.

e at the transition between the splenium and the body of the corpus callosum, however, in most cases the
free edge of the falx arches anteriorly at a higher level—no longer on the edge of the corpus callosum.

ANTERIOR CEREBRAL ARTERY

e important segments of the ACA are those coursing around the corpus callosum - usually located in the
callosal sulcus (some portions of these segments can be tortuous and related more to the cingulate
gyrus than the corpus callosum).

BASAL SURFACE OF FRONTAL LOBE

e basal surface of the frontal lobe is divided by the olfactory tract and the sulcus into two uneven
portions:
1) smaller, medial portion is rectus gyrus
2) larger, lateral portion is the orbital surface.
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e limited posteriorly by the anterior perforated substance (site for lenticulostriate arteries and veins; also
represents the site where the anteroinferior portion of the basal ganglia rises to the surface).

Basal view of frontal lobe displaying the direction of the disconnection of the fibers from the frontal lobe
(superficial sulci and gyri have been removed):

1 = genu of the corpus callosum; 2 = cavity of the frontal horn; 3 = rostrum of the corpus callosum; 4 =
posterior wall of the anterior limiting sulcus of the insula (anterior surface of the insula); 5 = head of the
caudate nucleus; 6 = olfactory tract; 7 = temporal lobe; 8 = anterior perforated substance; 9 = MCA (M2
segment); 10 = anterior portion of the parahippocampal gyrus.

Image courtesy of AL Rhoton, Jr.

A. FUNCTIONAL HEMISPHERECTOMY
(RASMUSSEN)

- combination of ablation and disconnection:
1) removal of sensorimotor cortex and temporal lobe.
2) frontal lobe and parieto-occipital lobes are left intact but are disconnected from cortical and
subcortical structures (interhemispheric commissures are divided).
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e introduced by Rasmussen in 1974

TECHNIQUE (OPEN)

Schematic view of functional hemispherectomy:
A. Shaded area - cortical resection in central region, cross-hatched area - temporal lobe resection.

Cortical resection

Temporal lnbe resection

Source of picture: Marshall B. Allen, Ross H. Miller “Essentials of Neurosurgery: a guide to clinical practice”, 1995;
McGraw-Hill, Inc.; ISBN-13: 978-0070011168 >>

B. Incisions in corpus callosum and deep projection fibers in white matter disconnecting remaining frontal
and occipital lobes.

Callasa) fibers
N

Frantal labe
disconnastion

Source of picture: Marshall B. Allen, Ross H. Miller “Essentials of Neurosurgery: a guide to clinical practice”, 1995;
McGraw-Hill, Inc.; ISBN-13: 978-0070011168 >>

e resection of central cortex is followed by temporal lobectomy.

e blood supply to basal ganglia and frontal and occipital lobes is preserved.

e after sectioning corpus callosum, projection fibers to frontal and occipital lobes are divided, isolating
these structures but leaving them in place.


http://www.amazon.com/gp/product/0070011168
http://www.amazon.com/gp/product/0070011168
http://www.amazon.com/gp/product/0070011168
http://www.amazon.com/gp/product/0070011168

\

e degree of resection or isolation may be modified to adjust to presenting pathological and
electrocorticographic changes and function to be preserved.
- note ablated area and disconnection incisions:

MRI following functional hemispherectom

Source of picture: Marshall B. Allen, Ross H. Miller “Essentials of Neurosurgery: a guide to clinical practice”, 1995; McGraw-Hill, Inc.;
ISBN-13: 978-0070011168 >>

COMPLICATIONS

Hydrocephalus
Hemorrhage

B. VERTICAL HEMISPHEROTOMY

e introduced by Delalande and colleagues in 1992.
e Dbegins with a parasagittal parietal corticectomy down to the lateral ventricle.



http://www.amazon.com/gp/product/0070011168
http://www.amazon.com/gp/product/0070011168

corpus callosum is then identified, the roof of the lateral ventricle followed, and its fibers
disconnected.

temporal horn is reached through corona radiata, and the medial temporal structures and the frontal
and occipital lobes are disconnected.

most often residual connection - deepest part (temporal stem).

C. LATERAL (PERIINSULAR) FUNCTIONAL
HEMISPHEROTOMY

introduced in 1995 by Schramm et al. and Villemure and Mascott.
anatomical structures of hemisphere are disconnected from its lateral surface around the insula,
through the lateral ventricle toward the midline.

PROCEDURE

preop steroids.
electrocorticography and cortical stimulation are not routinely used.
two reports from German group of preoperative embolization to minimize blood loss.

POSITIONING

head is positioned with 90-degree lateral turn with ipsilateral shoulder support.

some prefer Mayfield frame and navigation.

head is elevated above the level of the heart to assist with venous return and reduce risk of bleeding.
vertex is slightly down to allow access to the mesial temporal lobe and interhemispheric fissure.

INCISION


https://www.amazon.com/Functional-Neurosurgery-Neurosurgical-Operative-2008-11-11/dp/B01FJ0ZZN2
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A. Kempe

Source of picture: Starr, Barbaro, Larson “Neurosurgical Operative Atlas - Functional Neurosurgery” 2nd ed (2009); Publisher: Thieme
(1899); ASIN: BO1FJOZZN2 >>

B. “Question-mark” incision centered over the sylvian fissure

Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

¢ incision extends inferiorly to the zygoma, allowing adequate exposure of the temporal lobe.


https://www.amazon.com/Functional-Neurosurgery-Neurosurgical-Operative-2008-11-11/dp/B01FJ0ZZN2
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e superior limb of incision should be extended slightly above the superior temporal line.

CRANIOTOMY

e should include the lateral aspect of the frontal and parietal lobes, the sylvian fissure, and majority of
temporal lobe.

e adequate access is necessary to visualize the entire lateral ventricle, including the anterior horn,
body, and atrium — so bone flap should extend superior and posterior enough (but flap is still much
smaller than for anatomic hemispherectomy).

DURA

e opened in a C-shape and reflected anteriorly.

TECHNIQUE

Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

1. REMOVAL OF MESIAL TEMPORAL LOBE STRUCTURES
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- amygdalohippocampectomy with* or without anterior temporal lobectomy.
*if lateral temporal tissue is needed for pathological analysis
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Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

With temporal lobectomy
e horizonal incision through superior temporal gyrus (or middle temporal gyrus) 4-4.5 cm from the
temporal tip angling caudally and slightly posteriorly until the temporal horn is reached.
o depth of temporal horn from cortical surface should be determined from MRI and
neuronavigation; it usually lies 3—3.5 cm from the surface.
o small cottonoid is placed in ventricle.
e lateral neocortex is released by completing section orthogonally (vertically) to the floor of middle
cranial fossa.
o lateral neocortex is then removed by dissection parallel to the cortical surface at the depth of the white
matter just above the ventricle.
e anterior tip of the temporal horn is exposed.
e incision is made from the tip of temporal horn to temporal tip, and orthogonally to the lateral inferior
pial edge.
e cach incision is extended to pia, and the pia over the dura is incised, resecting the parahippocampal
cortex to obtain a specimen for pathological analysis.
e subpial plane is then developed from the lateral edge medially until the carotid bifurcation is
visualized thru the pia and the entorhinal sulcus is reached (confirmed either by inspection or by
frameless stereotaxy) - specimen is taken as uncus.
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e amygdala is resected (below line connecting M1 bifurcation and choroidal point)
e hippocampus, parahippocampal gyri are resected.

Caution should be used to maintain an intact pial membrane as a protective layer to avoid injury to PCA,
CN3-4 lying deep to the subpial dissection!

Without temporal lobectomy — perform transsylvian amygdalohippocampectomy

e cextensive dissection of sylvian fissure, exposing circular sulcus.

e cortex of inferior circular sulcus is resected to white matter of temporal stem — incision is deepened
until entrance into the temporal horn

e amygdala and hippocampus are resected.

There are 4 potential epileptogenic structures with efferent connections:
1) anterior temporal cortex and paralimbic gyrus via the anterior commissure;
2) hippocampus via the fimbria-fornix (these are sectioned later at the level of the atrium)
3) amygdala complex via the stria terminalis and projections to the basal ganglia, thalamus, hypothalamus,
and brainstem;
N.B. amygdala resection is mandatory and should be more aggressive!
4) insular cortex via projections to the basal frontal lobe, basal ganglia, thalamus, hypothalamus, and
brainstem.

2. ATRIUM EXPOSURE VIA CIRCULAR SULCUS
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Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E 7 ’()17

e dissection continues with the removal of the operculum of the supramarginal gyrus overlying the
atrium of the lateral ventricle to expose the atrium.
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o MCA branches and large veins that supply the parietooccipital area should be preserved to
minimize cerebral edema or infarcts.
e partial resection of the supramarginal gyrus may assist in exposure of the atrium.
e after the hippocampal structures have been resected, the free edge of the tentorium is followed
posteriorly until its junction with the falx;

o as the tentorium ascends, several structures are identified: tail of hippocampus, crus fornicis,
calcar avis and bulb of callosum (medial wall of atrium), precuneus, and cuneus;

o these structures are disconnected behind choroid plexus of the atrium - medial wall of atrium is
disconnected by following the free edge of the tentorium up to the roof of atrium, which is
formed by splenium of corpus callosum (disconnection can be confirmed using
neuronavigation).

o it disconnects sublentiform and retrolentiform components of internal capsule.

a — atrium; note preserved MCA ranch

Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

Postoperative MRI showing resection of entire hippocampus until free edge of tentorium is reached.
Circle indicates termination of the hippocampal resection (junction of the tentorium and the falx).



3. INTERNAL CAPSULE AND CORONA RADIATA TRANSECTION UNDER CENTRAL SULCUS

- transection of internal capsule around basal ganglia and thalamus under the central sulcus

mm mm Suprasylvian window

Temporal lobectomy/ Amygdalohippocampectomy
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e cortex of frontoparietal operculum is incised 1.5-2 cm above sylvian fissure - goal is to enter into the
lateral ventricle perpendicularly, ideally above caudate nucleus - neuronavigation is useful to confirm

appropriate entrance into ventricle:
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o frontal and parietal opercula can be resected to lessen the need for retraction - using a subpial
dissection, cortex and white matter are resected until the circular sulcus surrounding the insular
cortex is exposed.

e once ventricle is entered, large cottonoids are placed in ventricle to avoid blood entrance into
ventricle.

e suprasylvian window is extended from the anterior-most aspect of the superior circular sulcus to its
most posterior aspect at the level of the ventricle trigone - corticectomy should complete a C-shaped
disconnection by joining with the prior incision of the posterior circular sulcus.

C: The frontal operculum (fo) is retracted exposing the superior limb of the circular sulcus (cs).

D and E: The white matter is resected around the insular cortex (ic) until the circular sulcus is exposed.
The dashed line (E) indicates the edge of the insular cortex.

F: The lateral ventricle has been entered.
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Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

4. INTRAVENTRICULAR CALLOSOTOMY

- disconnect intraventricular fibers of corpus callosum above central core - landmarks include septum

pellucidum, callosal sulcus or distal ACA.
o especially indicated in cases with enlarged lateral ventricle.

Septum pellucidum

Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

e slight angle formed by junction of the corpus callosum and the septum pellucidum is identified and
can be used to mark the site of the callosotomy.

e callosotomy is performed 3 mm off midline.

e start with a small (2-3 mm) vertical incision in superomedial aspect of ventricular roof — pericallosal
artery is identified — ependyma of the ventricular roof is incised — callosotomy is extended 1 cm at a
time to follow the course of the artery.
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o coronal T2-MRI is very useful for studying the relationship between the ipsilateral and
contralateral pericallosal arteries and corpus callosum, allowing to predict arterial course
changes and ensure that only ipsilateral pericallosal artery is followed.

-
T ,
e pericallosal artery is followed posteriorly to connect to the previously made incision in the splenium
and anteriorly through the body, genu, and rostrum of the corpus callosum.

Incision is performed at the union of septum pellucidum (sp) and corpus callosum (cc).

B: Overview of the entire lateral ventricle, demonstrating the choroid plexus (cp), the foramen of Monro
(fM), and the septum pellucidum-corpus callosum (sp-cc) union (dashed line). Notice the grayish
appearance of the corpus callosum compared with the septum pellucidum.

C: Close-up of the foramen of Monro.

D: Typically sp-cc junction is 2 cm from the beginning of corpus callosum; however, this is variable
depending on the patient’s age.

E: Pericallosal artery (asterisk) is used as a reference to continue callosotomy.
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Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

5. FRONTOBASAL (FRONTAL HORIZONTAL FIBERS) DISCONNECTION
- disconnect frontal lobe ahead central core - landmarks include head of the caudate nucleus and ACA.

Disconnects remaining frontal lobe connections: 1) bifrontal caudal orbitofrontal cortices via the anterior
commissure (anterior bundle); 2) projections of the frontobasal cortex via anterior sublenticular fibers; 3)
cortical connections between orbitofrontal and insular cortices; 4) uncinate fasciculus; and 5) arcuate
fibers (parietooccipital fibers).

e after rostrum of corpus callosum is disconnected (which corresponds to the floor of the anterior horn),
the most anterior portion of the interhemispheric fissure is identified (by identifying ACA or

ACommaA).
e disconnection continues anteriorly to the head of the caudate nucleus and inferiorly through the basal

part of the frontal lobe.



\,11: NoTtEs HEMISPHERECTOMY E19 (31)

e cdge of the sphenoid wing is identified and used as a landmark to indicate the posterior limit of the
basal surface of the frontal lobe.

e 5-mm-wide frontobasal gray and white matter subpial aspiration allows for visualization of the
olfactory tract and optic nerve through the pia.

e (N2, ICA, and proximal ACA and MCA may be injured at the lateral end of the frontobasal
disconnection - maintain a pial boundary to avoid these complications

Resection proceeds from the most anterior part of the anterior horn down to sphenoid wing ridge;
olfactory nerve and in some cases the optic nerve can be seen.

Lesser sphenoid wing

Anterior horn

Olfactory tract

Optic nerve

Source of picture: Leonardo Rangel-Castill, ..., Daniel J. Curry. The periinsular functional
hemispherotomy. Neurosurg Focus 32 (3):E7, 2012

6. INSULAR ASPIRATION

e due to the anatomical distortion from periinsular dissection, systematically resect 3 short gyri and 2
long gyri to ensure complete removal of insular tissue.
e importance of insula resection is debatable (was not found to result in higher seizure control), although

resection in the setting of Rasmussen encephalitis may be worth the extra operating time and blood
loss.

TECHNIQUE (LITT)

Pending read:
Chua MMJ, Bushlin I, Stredny CM, Madsen JR, Patel AA, Stone S. Magnetic resonance imaging—
guided laser-induced thermal therapy for functional hemispherotomy in a child with refractory
epilepsy and multiple medical comorbidities. J Neurosurg Pediatr. 2021;27(1):30-35.



Surgical Anatomy and Technique of Peri-Insular Hemispherotomy in Pediatric Epilepsy Cicutti,
Santiago E. MD*; Cuello, Javier F. MD}; Villamil, Facundo MDg,; Gromadzyn, Guido P. MD*;
Bartuluchi, Marcelo MD. Operative Neurosurgery April 23, 2024. >>

Tractography-based, case reports
Mendoza-Elias, Nasya et al. Tailored Hemispherotomy Using Tractography-Guided Laser Interstitial
Thermal Therapy. Operative Neurosurgery:10.1227/ons.0000000000000650, February 20, 2023. |
DOI: 10.1227/0ons.0000000000000650

e using tractography to define targets - allows surgical planning to be tailored according to individual
patient anatomy, which often is distorted in perinatal stroke.
e classically, hemispherotomy necessitates disconnection of:
1) temporal lobe and insula
2) complete corpus callosum
3) descending corticospinal projections
4) frontobasal projections
e the following seed points were used:
1) left and right hemispheres (interhemispheric tracts)
2) ipsilateral hemisphere and pons (rostral-caudal tracts)
3) posterior frontal lobe* and pons (corticospinal tract)
4) anterior temporal stem (uncinate fasciculus)
*supplementary motor area if precentral gyrus was absent

e at 3 months postop, DTT is repeated — entire ipsilateral hemisphere is first used as a seed — explore for
potential areas of residual connectivity between the hemispheres or between the ipsilateral hemisphere
and brainstem.

o studies have shown benefit to redisconnection, if residual fibers are found after recurrence of
seizures.

Case 1 (11 yo) - 5 trajectories were planned:
1) anterior trajectory - genu and partial rostrum of corpus callosum
2) superior trajectory - body of corpus callosum
3) posterior trajectory - splenium of the corpus callosum and inferior fronto-occipital fasciculus
4) central trajectory - corticospinal tract and uncinate fasciculus
5) medial temporal trajectory - amygdala and hippocampus

e discharged home on PODS, returned to neurological baseline at 2 weeks.

e seizure-free at the last follow-up, 9 months after surgery; improvements in hand spasticity and
function, significant cognitive improvement and substantially expanded vocabulary.

A, Preoperative MRI - encephalomalacia in the left hemisphere. B, Preoperative tractography of the CST and
uncinate fasciculus, overlaid on immediate postablation MRI. C, Thermal damage maps (>70°C) along each
ablation trajectory. Targets of each trajectory are listed. D, Diffusion tensor mapping of interhemispheric tracts
revealing disconnection of corpus callosum with residual splenium. E, Diffusion tensor mapping of rostro-
caudal tracts showing disconnection of descending tracts with residual streamlines in the basal frontal white
matter (arrow). F, Postoperative CT - hemorrhage within callosal body ablation extending into ventricular


https://journals.lww.com/onsonline/abstract/9900/surgical_anatomy_and_technique_of_peri_insular.1138.aspx

system (did not require EVD).

Preoperative MRI CST & uncinate fasciculus

Intraoperative thermal damage maps
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Case 2 (also 11 yo) - 3 trajectories were planned:
1) superior trajectory - genu of the corpus callosum and the basal frontal white matter
2) anterior trajectory - body of the corpus callosum and the corticospinal tract
3) lateral trajectory - uncinate fasciculus and basal frontal white matter.

discharged home at neurological baseline on POD 1.
seizure-free at the last follow-up, 9 months after surgery; no changes in cognitive, motor, or sensory
function relative to baseline.

A, Preoperative MRI - encephalomalacia in the right hemisphere. Functional MRI - bilateral motor
representation in the left precentral gyrus. B, Preoperative tractography of the CST and uncinate fasciculus,




overlaid on immediate postablation MRI. C, Thermal damage maps (> 70°C) along each ablation trajectory.
Targets of each trajectory are listed. WM, white matter. D, Diffusion tensor mapping of interhemispheric tracts
revealing disconnection of corpus callosum with residual streamlines through the ablation volume in the genu of
the corpus callosum (arrow). E, Diffusion tensor mapping of rostro-caudal tracts showing disconnection of
descending tracts with residual streamlines between the basal frontal white matter and dorsal brainstem. F,
Postoperative CT - trace hemorrhage within encephalomalacia.

Preoperative MRI CST & uncinate fasciculus

Left hand motor

Genu/rostrum, Callosal body, Basal frontal WM,
basal frontal WM CST uncinate fasciculus

Rostro-caudal tracts

Post




TECHNIQUE (RF-ABLATION)
Pending read:

P Sarat Chandra et al. Robotic thermocoagulative hemispherotomy: concept, feasibility, outcomes,
and safety of a new "bloodless" technique. J Neurosurg Pediatr. 2021 Apr 2,27(6):688-699. doi:
10.3171/2020.10.PEDS20673. PMID: 33799306 DOI: 10.3171/2020.10.PEDS20673

e Dr. Gross: RF HT is better than LITT HT.

TECHNIQUE (ENDOSCOPIC)
Dr. Neena Marupudi (U of Michigan)
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