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The Latin word “isthmus” originates from the Greek 
word “isthmós” (Greek: isqmόV) and means a nar-
row strip of land, bordered on both sides by wa-

ter, which connects 2 larger land areas (http://dictionary. 
reference.com/browse/isthmus). Therefore, an isthmus 
connects lands and separates water areas at the same time. 
The appreciation of this dual semantic connotation of 
connection-separation is what essentially led to the incor-
poration of this word into medical terminology. In brain 
anatomy, the cerebral isthmus represents a discrete strip 
of white matter located between the periinsular sulcus and 
the lateral ventricle.5,47 It connects anatomofunctionally 
the gray matter of the insula and the so-called central core 

with the rest of the hemisphere5—the “lands”—whereas 
at the same time it separates the insular cistern from the 
ventricular system—the “water areas.”

With respect both to its pivotal topographic anatomy 
and its complex white matter composition, the cerebral 
isthmus seems to play a key role in the dissemination 
of gliomas from and to the insula and paralimbic struc-
tures.13,34,35,63,66,67 Hence, accurate knowledge of the loca-
tion, orientation, trajectory, and function of the fiber tracts 
that make up this anatomical entity is crucial for the op-
timal management of patients harboring such patholo-
gies.9,10,18

Coronal and axial cuts of cerebral hemispheres can de-
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pict the location and correlative anatomy of the cerebral 
isthmus sufficiently. However, it is the implementation 
of the fiber dissection technique that reveals the intricate 
configuration and delicate white matter tract composition 
of this confined parenchymal area. The integration and 
reciprocal enrichment of these 2 methods—i.e., sectional 
cuts and fiber dissection—provides an accurate and thor-
ough 3D anatomical knowledge for surgical practice. The 
fact that the cerebral isthmus is not just a white matter 
band that “wraps” the central core in a circumferential 
manner but is literally a cluster of fiber pathways that con-
nects the insular and central gray matter with the remain-
ing hemisphere has to be stressed.

Furthermore, the proximity of the entire isthmus to the 
lateral ventricle raises surgical considerations about the 
optimal access of intra- and paraventricular pathological 
lesions. Apart from the distinct role of the transcallosal 
and transcortical approaches to ventricular surgery, the 
significance of specific segments of the isthmus as alter-
native surgical corridors should be evaluated.16,48,53

Methods
This study was divided into 2 parts and included 30 

adult, formalin-fixed cerebral hemispheres, 5 of which 
were injected with blue and red silicone for vascular en-
hancement. For the fixation process a 10%–15% formalin 
solution was used for a minimum period of 6 weeks.

In the first part we used the 25 noncolored specimens 
after carefully removing the vessels and arachnoid mem-
brane. Fifteen specimens underwent the Klinger’s proce-
dure and were investigated using the fiber dissection tech-
nique and the microscope (Carl Zeiss OPMI Plus).26,31 Five 
hemispheres were used for each segment of the isthmus—
anterior, superior, inferior—and were dissected in a latero-
medial direction at the level of their respective periinsular 
sulci until the ventricular ependyma was encountered. The 
remaining 10 specimens were explored with sectional cuts 
at the level of the superior, inferior, and anterior isthmuses 
to measure their dimensions and demonstrate their rela-
tionship to the insular surface anatomy and central core 
structures.

After carefully reviewing the anatomical consider-
ations revealed during the first part, we used the 5 colored 
specimens to investigate the surgical utility of the proxi-
mal segment of the superior isthmus in accessing the fron-
tal horn of the lateral ventricle. Initially, the sylvian fissure 
was widely split62 and the insular surface anatomy was 
studied. Due to the “rigid” consistency of the specimens, 
we were obliged to remove segments of the frontoparietal 
and temporal operculum, to demonstrate more accurately 
the feasibility of the proximal superior isthmus in ap-
proaching the frontal horn. Special emphasis was given to 
the topographic anatomy of the insular arteries, lying over 
this part of the isthmus, as well as to the optimal surgical 
trajectory.

Our primary dissection tools for the white matter 
anatomy were fine metallic periosteal dissectors, various-
sized anatomical forceps, and microsurgical scissors since 
we found them easier and more precise in handling than 
the traditional wooden spatulas.55,68

During the study numerous digital photographs were 
taken. It must be emphasized that the photographs includ-
ed in the current study were not edited by picture pro-
cessing software, thus resembling closely the actual fiber 
tract anatomy and configuration encountered during the 
dissections.

Results
Cerebral Isthmus

The cerebral isthmus is divided into 3 segments: ante-
rior, superior, and inferior.5,47

Anterior Isthmus
The anterior isthmus is defined as the band of white 

matter situated between the anterior periinsular sulcus and 
the frontal horn of the lateral ventricle.5,47 To study the fi-
ber tract anatomy of this complex region, parts of the fron-
toorbital and temporal opercula are carefully removed, 
exposing the insular apex and the anterior insular surface 
(Fig. 1A).49,52,54 Peeling away the gray matter of the insu-
lar apex along with that of the transverse and accessory 
gyri discloses the extreme capsule, which constitutes the 
first layer of the anterior isthmus. Dissecting the extreme 
capsule reveals the second isthmic layer composed of the 
anterior parts of the occipitofrontal and uncinate fasciculi, 
both intermingling with the fibers of the external capsule 
at the periphery (Fig. 1B). We observed that, at this layer 
level, the occipitofrontal fasciculus occupies the superior 
two-thirds of the anterior isthmus while the uncinate fas-
ciculus covers the remaining one-third (Fig. 1C). Progres-
sive dissection discloses the gray matter of the putamen 
and superiorly to the fibers of the anterior limb of the in-
ternal capsule, which compose the third white matter layer 
of the anterior isthmus (Fig. 1D). Dissection of the ante-
rior limb of the internal capsule reveals the ependyma of 
the frontal horn and head of the caudate nucleus (Fig. 1E). 
Axial cuts demonstrate that the medial boundary of the 
anterior isthmus consists of the frontal horn superiorly and 
the putamen and the head of the caudate nucleus inferi-
orly. The average length and width of the anterior isthmus 
were 29.2 mm and 7.6 mm, respectively (Tables 1 and 2).

Superior Isthmus
The superior isthmus is defined as the strip of white 

matter between the superior periinsular sulcus and the 
lateral ventricle (frontal horn, body, and superior part of 
the atrium).5,47 To reveal the intricate fiber tract anatomy 
of this region, the frontoparietal operculum and a part of 
the frontoparietal convexity are carefully removed with 
attention to preserve the upper insular cortex. The supe-
rior periinsular sulcus, spanning between the anterior and 
posterior insular points and the upper parts of the short 
and long insular gyri are identified (Fig. 2A).49,52,54 Peeling 
away the gray matter of the periinsular sulcus and upper 
insular surface reveals the extreme capsule, which con-
stitutes the first layer of the superior isthmus (Fig. 2B). 
Gradual dissection of the extreme capsule discloses the 
fibers of the dorsal external capsule—the second layer of 
the superior isthmus—passing through the isthmus to the 
fiber system of corona radiata (Fig. 2C). Further delicate 
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dissection of the external capsule at the level of the peri-
insular sulcus exposes the superficial layer of the internal 
capsule while inferiorly the upper part of the putamen is 
identified (Fig. 2D). Removing the putamen and the gray 
matter of the globus pallidus clearly demonstrates the fi-
bers of the anterior limb, genu, and posterior limb of the 
internal capsule, which constitute the third and last lay-
er of the superior isthmus (Fig. 2E). We noticed that the 
anterior limb occupies a maximum length of 25 mm in 
the hemispheres measured and its fibers pursue a rather 
oblique course. The genu follows a straighter course com-
pared with the anterior limb, while the posterior limb 
runs again obliquely. The demarcation distinguishing the 
aforementioned parts of the internal capsule is their re-
spective fiber direction. The transition point between the 
anterior limb and the genu was observed at the level of the 
posterior short insular gyrus, whereas the central insular 
sulcus and anterior long gyrus correspond to the transi-
tion of the genu to the posterior limb. Gradual dissection 
of the dense and compact fibers of the internal capsule 
exposes the ependymal layer of the frontal horn and body 
of the lateral ventricle along with the head and body of the 
caudate nucleus (Fig. 2F). Although the internal capsule 
at the level of the superior isthmus is composed of differ-

ent fiber tracts (frontopontine fibers, corticobulbar fibers, 
corticospinal fibers, parietopontine fibers, and superior 
and anterior thalamic peduncles), these cannot be prop-
erly demonstrated since they share the same orientation 
and direction.17,18,55,68 Sectional cuts depict thoroughly the 
relationship of the superior isthmus to the insular surface 
anatomy and central core structures (Figs. 3A–C and 4B–
E). The curved shape of the anterior part of the superior 
isthmus, resulting from the anatomical indentation of the 
caudate and lenticular nuclei on it is also evident. The av-
erage length of the superior isthmus was 56.4 mm, while 
its width varies, ranging from an average of 10.8 mm in 
the anterior part (anterior insular point to the frontal horn), 
16.4 mm in the middle (level of central insular sulcus to 
the body of lateral ventricle), and 10.2 mm in the poste-
rior part (posterior insular point to the superior part of the 
atrium) (Tables 1 and 2).

Inferior Isthmus
The inferior isthmus is defined as the white matter area 

between the inferior periinsular sulcus and the temporal 
horn and inferior part of the atrium of the lateral ventri-
cle.5,47 To study the fiber tract anatomy of this region, the 
temporal operculum and part of the temporal lobe are re-

Fig. 1. Stepwise lateromedial dissection of the anterior cerebral isthmus in a right cerebral hemisphere. The dotted black line 
represents the level of the anterior periinsular sulcus in each panel.  A: Anterior periinsular sulcus. Parts of the frontoorbital and 
temporal opercula have been removed to expose the insular apex and the anterior insular surface.  B: First layer: extreme capsule. 
The extreme capsule is revealed after peeling away the gray matter of the insular apex, transverse and accessory gyri.  C: Second 
layer: occipitofrontal and uncinate fasciculi. The extreme capsule has been dissected. The second layer of the anterior isthmus 
composed of the fibers of the anterior parts of the occipitofrontal and uncinate fasciculi is revealed.  D: Third layer: anterior limb 
of the internal capsule. Progressive dissection at the level of the anterior isthmus exposes the fibers of the anterior limb of the 
internal capsule, i.e., the third layer. The putamen is also evident centrally, demonstrating the proximity of these 2 anatomical 
entities.  E: Ependyma of the frontal horn. The ependyma of the frontal horn is encountered at the end of the dissection procedure 
of the anterior isthmus. The head of the caudate nucleus, lying adjacent to the frontal horn, is also demonstrated. A = insular 
apex; aig = accessory insular gyrus; alic = anterior limb of the internal capsule; alig = anterior long insular gyrus; asig = anterior 
short insular gyrus; cn = caudate nucleus; ep = ventricular ependymal; exc = extreme capsule; fob = frontoorbital operculum; fp = 
frontoparietal operculum; off = occipitofrontal fasciculus; P = insular pole; psig = posterior short insular gyrus; pu = putamen; t = 
temporal operculum; tig = transverse insular gyrus; u = uncinate fasciculus. Figure is available in color online only.
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moved, with attention to preserve the inferior periinsular 
sulcus and the lower part of the insular surface (Fig. 5A). 
Peeling away the gray matter of the periinsular sulcus, in-
sular apex, and inferior surface of the insula reveals the 
extreme capsule, which constitutes the first layer of the in-
ferior isthmus (Fig. 5B). Careful dissection of the extreme 
capsule discloses the fibers of the external capsule—the 
second layer of the inferior isthmus—and a part of the 
dorsal claustrum. At this dissection step, the characteristic 
fibers of the occipitofrontal and uncinate fasciculi are also 
revealed. Therefore, the inferior isthmus, at this layer lev-
el, is composed of the inferior part of the uncinate and oc-

cipitofrontal fasciculi anteriorly and the dorsal part of the 
external capsule posteriorly (Fig. 5C). Removal of these 
white matter bundles reveals the anterior commissure and 
the sub- and retrolenticular parts of the internal capsule—
all of them composing the third layer of the inferior isth-
mus (Fig. 5D). Progressive dissection reveals the fibers of 
the tapetum of the temporal horn and atrium of the lateral 
ventricle, which form the fourth and last layer (Fig. 5E). It 

Fig. 2. Stepwise lateromedial fiber dissection of the superior cerebral isthmus in a left cerebral hemisphere. The dotted black line 
represents the level of the superior periinsular sulcus in each panel.  A: Superior periinsular sulcus. The frontoparietal opercu-
lum and a part of the frontoparietal convexity are carefully removed with attention to preserve the upper insular cortex. The fiber 
system of the corona radiata is revealed. The superior periinsular sulcus and the upper part of the short and long insular gyri are 
identified.  B: First layer: extreme capsule. The extreme capsule is revealed after peeling away the gray matter of the periinsular 
sulcus and upper insular surface. The extreme capsule constitutes the first layer of the superior isthmus.  C: Second layer: exter-
nal capsule. Dissection of the extreme capsule discloses the fibers of the external capsule, which constitute the second layer of 
the superior isthmus. Note the transition and intermingling of the external capsule to the fibers of the corona radiata at the level of 
the superior isthmus. This photograph also demonstrates the occipitofrontal fasciculus and the claustrum, since the dissection was 
directed further inferiorly.  D: Third layer: internal capsule. The fibers of the superficial layer of the internal capsule are revealed 
after dissecting the external capsule. The internal capsule forms the third layer of the superior isthmus. The gray matter of the pu-
tamen is also depicted inferiorly.  E: Third layer: anterior limb, genu, and posterior limb of the internal capsule. Carefully dissecting 
the gray matter of the putamen and globus pallidus demonstrates more accurately the fiber direction of the anterior limb, genu, and 
posterior limb of the internal capsule.  F: Ependyma of the lateral ventricle. Gradual dissection of the compact and dense fibers of 
the internal capsule at the level of the superior isthmus reveals the ependymal layer of the lateral ventricle. Inferiorly the head and 
body of the caudate nucleus are demonstrated. alic = anterior limb of the internal capsule; alig = anterior long insular gyrus; aip 
= anterior insular point; asig = anterior short insular gyrus; cl = claustrum; cnb = body of the caudate nucleus; cnh = head of the 
caudate nucleus; cr = corona radiata; ec = external capsule; ep = ventricular ependymal; exc = extreme capsule; fob = frontoorbital 
operculum; gic = genu of the internal capsule; Hg = Heschl gyrus; ic = internal capsule; msig = middle short insular gyrus; off = 
occipitofrontal fasciculus;  pip = posterior insular point; plic = posterior limb of the internal capsule; psig = posterior short insular 
gyrus; pu = putamen; t = temporal operculum. Figure is available in color online only.

TABLE 1. A summary of the length of the anterior, superior, and 
inferior cerebral isthmuses

Isthmus Mean Length (range) in mm

Anterior 28 (25–32)
Superior 56.4 (53–64)
Inferior 52.8 (45–60)

TABLE 2. A summary of the width of the anterior, superior, and 
inferior cerebral isthmuses

Isthmus Mean (range) in mm

Anterior 7.6 (7–9)
Superior
  Anterior portion 10.8 (10–15)
  Middle portion 16.4 (15–20)
  Posterior portion 10.2 (10–13)
Inferior 9.0 (8–10)
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must be emphasized that although the sub- and retrolentic-
ular parts of the internal capsule are composed of differ-
ent fiber tracts, (i.e., temporopontine, parietopontine, oc-
cipitopontine, inferior and posterior thalamic peduncles, 
and optic radiation), they cannot be individually dissected 
and demonstrated.17,18,45,55 The only exception is the ante-
rior optic bundle or Meyer’s loop, which courses promi-
nently in the sublenticular part. At the end of the dissec-
tion process the ventricular ependyma and the tail of the 
caudate nucleus are demonstrated. Sectional cuts clearly 
depict the correlation of this segment of the isthmus to 
the insular surface anatomy and the deep structures such 
as the hippocampus and the tail of caudate nucleus (Figs. 
3B and C and 4B–E). The average length and width of the 
inferior isthmus were 52.8 mm and 9 mm, respectively. 
(Tables 1 and 2).

It has to be noted that the temporal stem, although 
closely related to the inferior isthmus in terms of anatomy 
and function, is actually a different anatomical entity. It 
is defined as the white matter area between the temporal 

horn and the inferior periinsular sulcus, originating at the 
level of the limen insula and terminating at the level of the 
lateral geniculate body.25,35,59 Hence, it is smaller than the 
inferior isthmus. The average length of the temporal stem 
was 32 mm. For this measurement we used the intersec-
tion point of the gyrus of Heschl with the inferior periin-
sular sulcus as a surface landmark of the lateral geniculate 
body.5,59

 Transisthmus Approach to the Frontal Horn
Given the aforementioned anatomical considerations, 

we sought to investigate the surgical utility of the proxi-
mal 2–2.5 cm of the superior cerebral isthmus in safely 
accessing the frontal horn. Since it is mainly composed of 
the anterior limb of the internal capsule, this segment is 
relatively noneloquent in terms of functional significance, 
when compared with the rest of the cerebral isthmus.32,51 
For that purpose, 5 formalin-fixed and silicone-injected 
cerebral hemispheres were used. After meticulous dissec-
tion of both the proximal and distal rami of the sylvian 

Fig. 3. Photographs of brain specimens demonstrating the correlation 
between the cerebral isthmus and the insular surface anatomy.  A: Su-
perior view of a left cerebral hemisphere following removal of the fron-
toparietal operculum through the superior periinsular sulcus. The entire 
length of the superior cerebral isthmus is demonstrated. Notice the “ana-
tomical indentation” of the head of the caudate nucleus on the proximal 
part of the superior isthmus. Appreciate the complex relationship be-
tween the insular surface anatomy, the superior isthmus, and the head 
of the caudate nucleus.  B: Lateral view of a left cerebral hemisphere 
following removal of the frontoparietal and temporal opercula through 
the superior and inferior periinsular sulci respectively. The insular sur-
face anatomy and its relationship to the superior and inferior isthmuses 
are demonstrated. Notice the proximity of the inferior isthmus to the 
temporal horn and hippocampus.  C: Anterolateral view of a left cerebral 
hemisphere following removal of all the opercula and their respective 
lobes through the anterior, superior, and inferior periinsular sulci. The 
correlation between the insular surface anatomy and the entire cerebral 
isthmus is demonstrated. aig = accessory insular gyrus; Ant.Isth = 
anterior isthmus; alig = anterior long insular gyrus; asig = anterior short 
insular gyrus; at = atrium; chp = choroid plexus; cn = caudate nucleus; 
cs = central sulcus of the insula; fh = frontal horn; FL = frontal lobe; fob = 
frontoorbital operculum; Hg = Heschl gyrus; hp = hippocampus; Inf.Isth 
= inferior isthmus; lmi = limen insula; msig = middle short insular gyrus; 
PL = parietal lobe; plig = posterior long insular gyrus; psig = posterior 
short insular gyrus; Sup.Isth = superior isthmus; th = thalamus; tig = 
transverse insular gyrus; TL = temporal lobe. Figure is available in color 
online only.
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fissure,64 the opposing opercula are gently retracted with 
self-retaining retractors (Fig. 6A). The insular surface 
anatomy is exposed along with the branches of the mid-
dle cerebral artery (MCA). Due to the relatively “rigid” 
consistency of the cadaveric brain specimens, parts of the 
frontal and temporal operculum are carefully removed to 
demonstrate more accurately the regional anatomy and to 
dissect more easily without the retractors obstructing the 
surgical view (Fig. 6B). The superior periinsular sulcus, 
originating at the anterior insular point, is exposed along 
with the M2 and M3 branches of the MCA. The vascular 
complex of the prefrontal and precentral arteries and their 

candelabra lying over this part of the periinsular sulcus 
are identified and microsurgically mobilized from their 
arachnoid adhesions (Fig. 6C). Blunt dissection along the 
proximal 2–2.5 cm of the sulcus with an almost straight 
trajectory gradually leads to the frontal horn of the lateral 
ventricle (Fig. 7). The anterior and posterior points that 
demarcate the extent of the dissection along the superior 
periinsular sulcus are the anterior insular point and the 
initiation of the posterior short insular gyrus, respectively. 
Furthermore, the ideal angle of the brain transgression 
was measured to be 10° superiorly off the horizontal plane 
of the surgeon’s view. This surgical trajectory facilitates 

Fig. 4. Coronal cuts of a left cerebral hemisphere accomplished through the levels b, c, d, and e.  A: Photograph of a left cerebral 
hemisphere. The black lines represent the levels of coronal cuts made. b = level of the sylvian point; c = level of the amygdala; 
d = level of Heschl gyrus; e = level of the posterior insular point. Appreciate the topographic anatomy of the superior and inferior 
cerebral isthmuses with respect to central core structures and lateral ventricular compartments (B–E). Note the proximity of the 
superior isthmus to the head and body of the caudate nucleus. The relationship of the superior isthmus to the frontal horn as well 
as that of the inferior isthmus to the temporal horn is also evident.  B: Coronal cut at the level of the sylvian point (b). Appreciate 
the relationship of the superior isthmus to the frontal horn of the lateral ventricle and to the head of caudate nucleus.  C: Coronal 
cut at the level of the amygdala (c). This part of the inferior isthmus is incised down to the temporal horn during the transsylvian 
transinsular approach for selective amygdalohippocampectomy.  D: Coronal cut at the level of the Heschl gyrus (d). Notice the 
enlarged width of the superior isthmus due to the participation of the posterior limb of the internal capsule at this level.  E: Coronal 
cut at the level of the posterior insular point (e). Transecting the superior and inferior isthmuses at this level leads to the superior 
and inferior part of the atrium, respectively. A = insular apex; a = amygdala; at = atrium; bv = body of the ventricle; cc = corpus 
callosum; cg = cingulate gyrus; cl = claustrum; cnb = body of the caudate nucleus; cnh = head of the caudate nucleus; cnt = tail 
of the caudate nucleus; ec = external capsule; exc = extreme capsule; fg = fusiform gyrus; fh = frontal horn; gb = globus pallidus; 
Hg = Heschl gyrus; hp =hippocampus; ic = internal capsule; ifg = inferior frontal gyrus; in = insula; Inf.Isth = inferior isthmus; itg = 
inferior temporal gyrus; lmi = limen insula; ln = lentiform nucleus; mfg = middle frontal gyrus; mtg = middle temporal gyrus; pcg = 
precentral gyrus; pg = parahippocampal gyrus; pocg = postcentral gyrus; pu = putamen; sfg = superior frontal gyrus; smg = su-
pramarginal gyrus; sp = splenium; stg = superior temporal gyrus; Sup.Isth = superior isthmus; Th = temporal horn; th = thalamus. 
Figure is available in color online only.
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safe entry to the frontal horn without violating the adjacent 
head of the caudate nucleus.

Discussion
Accurate knowledge of intrinsic brain anatomy, archi-

tecture, and function is a cornerstone of performing mod-
ern glioma surgery.18,55,63,64 Understanding the dissemina-
tion patterns of gliomas through fiber tracts refines the 
presurgical planning and surgical strategy by tailoring the 
exposure needed and by estimating the maximal extent of 
a safe resection in each case.9,10,63,64,66 Furthermore, suffi-
cient explanation of pre- and postoperative clinical syn-
dromes and also proper interpretation of modern neuroim-
aging studies, such as diffusion tensor imaging (DTI), can 
be accomplished successfully.18,49 This complicated yet 
crucial intellectual process leads to the optimal treatment 
of patients harboring intraparenchymal lesions and should 
be carried out in the everyday practice of neurosurgeons 
who specialize in glioma surgery.

By definition, the cerebral isthmus is a strip of white 
matter that anatomically and functionally connects the 
gray matter of the insula and central core with the remain-
ing cerebral hemisphere.5,47 It consists of distinctive fiber 

bundles that converge in a relatively narrow brain region 
situated between the periinsular sulcus and the lateral ven-
tricle. With respect to its inherent nature, the cerebral isth-
mus proves to be one of the main white matter diffusion 
pathways through which gliomas spread.13,34,35,63,64,67 Thus, 
precise knowledge of the location, orientation, trajectory, 
and function of these tracts is mandatory to accomplish 
the aforementioned intellectual process and provide opti-
mal neurosurgical management. This is of extreme impor-
tance when dealing with gliomas that reside in or extend 
to the insula and central core since the regional anatomy is 
complex and the function highly eloquent, thus rendering 
the surgical treatment a challenging procedure.

Although each of the fiber tracts that compose the ce-
rebral isthmus has been thoroughly described in the past, 
their convergence and intermingling, eventually compos-
ing what we call the cerebral isthmus, has been rather 
incompletely investigated and illustrated. Interestingly, 
although modern and elegant neuroimaging studies, such 
as DTI, can adequately reconstruct and noninvasively map 
several fiber pathways, they are prone to multiple artifacts 
when applied to narrow and complex white matter areas 
due to the “crossing” and “termination” problems.17,18,22,29,59 
Hence, we chose to study this anatomical entity through 

Fig. 5. Stepwise lateromedial fiber dissection of the inferior cerebral isthmus in a right cerebral hemisphere. The dotted black line 
represents the level of the inferior periinsular sulcus in each panel.  A: Inferior periinsular sulcus. The temporal operculum and 
a part of the temporal lobe are removed with attention to expose the inferior periinsular sulcus and the lower part of the insular 
surface.  B: First layer: extreme capsule. Peeling away the gray matter of the periinsular sulcus, insular apex, and inferior insular 
surface reveals the extreme capsule, which constitutes the first layer of the inferior isthmus.  C: Second layer: external capsule 
and occipitofrontal and uncinate fasciculi. Carefully dissecting the fibers of the extreme capsule discloses the second layer of the 
inferior isthmus composed of the inferior parts of the uncinate and occipitofrontal fasciculi rostrally and of the dorsal part of the 
external capsule caudally.  D: Third layer: anterior commissure and sublenticular and retrolenticular parts of the internal capsule. 
Removal of the second white matter layer of the inferior isthmus reveals the anterior commissure and the sub- and retrolenticular 
parts of the internal capsule, all of them composing the third layer of the inferior isthmus. At this step of dissection the gray matter 
of the putamen is also exposed superiorly.  E: Fourth layer: tapetum. The fibers of the tapetum of the temporal horn and atrium 
of the lateral ventricle, consisting of the fourth and last layer of the inferior isthmus, are demonstrated. Inferiorly, the tail of the 
caudate nucleus is also exposed during this dissection step. A = insular apex; ac = anterior commissure; alig = anterior long insular 
gyrus; asig = anterior short insular gyrus; cnt = tail of the caudate nucleus; ec = external capsule; ep = ventricular ependymal; exc 
= extreme capsule; fp = frontoparietal operculum; lmi = limen insula; off = occipitofrontal fasciculus; plig = posterior longinsular gy-
rus; pu = putamen; rllic = retrolenticular limb of the internal capsule; sllic = sublenticular limb of the internal capsule; tp = tapetum; 
u = uncinate fasciculus. Figure is available in color online only.
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the fiber dissection technique since it provides a 3D knowl-
edge of both the gray and white matter anatomy simulta-
neously, and we further discuss its functional and surgical 
significance.

Microsurgical Anatomy of the Cerebral Isthmus
The cerebral isthmus is defined as the white matter zone 

between the periinsular or circular sulcus and the lateral 
ventricular system.5,47 It is topographically divided into 
3 segments: anterior, superior, and inferior. The anterior 
isthmus is located between the anterior periinsular sulcus 
and the frontal horn; the superior isthmus is situated be-
tween the superior periinsular sulcus and the frontal horn, 
body, and superior part of the atrium; and the inferior isth-
mus covers the area between the inferior periinsular sulcus 
and the inferior part of the atrium and temporal horn.5,47

Even though it is a narrow white matter band, the ce-

rebral isthmus is composed of several distinct fiber tracts 
and fasciculi organized in specific layers. Therefore, the 
anterior and superior isthmuses consist of 3 fiber layers, 
while the inferior isthmus has 4 layers. More specifically, 
in a lateromedial direction, the anterior isthmus comprises 
the extreme capsule, the external capsule, the anterosupe-
rior part of both the uncinate and occipitofrontal fasciculi, 
and the proximal fibers of the anterior limb of the internal 
capsule. The superior isthmus in turn contains the extreme 
capsule, the external capsule, the remaining part of the 
anterior limb of the internal capsule, the genu, and pos-
terior limb. Finally, the inferior isthmus is formed by the 
extreme capsule, the external capsule, the posteroinferior 
parts of the uncinate and occipitofrontal fasciculi, the ret-
rolenticular and sublenticular limbs of the internal capsule, 
the anterior commissure, and the tapetum.

It must be emphasized that the inferior cerebral isthmus 

Fig. 6. Photographs of a left cerebral hemisphere injected with colored 
silicone for vascular enhancement, used for the application of the proxi-
mal superior transisthmic approach to the frontal horn.  A: The opercula 
have been retracted to expose the insula and the MCA with its branches. 
The self-retaining retractors demarcate the level of the superior and 
inferior periinsular sulci. A wide dissection of both the proximal and distal 
rami of the sylvian fissure is mandatory to reveal the entire periinsular 
sulcus.  B: The same specimen is shown, following removal of the fron-
toparietal and temporal opercula with preservation of the MCA branches 
lying over the superior periinsular sulcus. The pins demarcate the part 
of the superior periinsular sulcus that can be incised down to the frontal 
horn during the proximal superior transisthmic approach. The proximal 
pin indicates the anterior insular point. Attention must be paid to the vas-
cular complex of the prefrontal and precentral arteries that interfere with 
the surgeon’s view.  C: The same specimen is shown following mobiliza-
tion of the prefrontal and precentral arteries. The proximal part of the 
superior periinsular sulcus can now be safely incised down to the frontal 
horn. A = insular apex; alig = anterior long insular gyrus; asig = anterior 
short insular gyrus; cs = central sulcus of the insula; fob = frontoorbital 
operculum; fp = frontoparietal operculum; M2 = M2 segment of the MCA; 
M4 = M4 segment of the MCA; Pcc = precentral vascular complex; Pfc 
= prefrontal vascular complex; psig = posterior short insular gyrus; t = 
temporal operculum. Figure is available in color online only.
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and the temporal stem, although very similar in terms of 
location and white matter composition, are in fact discrete 
anatomical entities. While both originate at the level of the 
limen insula, the temporal stem ends up at the level of the 
intersection point of the gyrus of Heschl and the inferior 
periinsular sulcus (the surface landmark of the lateral ge-
niculate body), whereas the inferior isthmus extends to the 
level of the posterior insular point.25,59 According to the 
study measurements, the average length of the temporal 
stem and that of the inferior isthmus are 32 and 46 mm, 
respectively. Regarding their differences in white matter 
fiber tract composition, the former contains the anterior 
bundle of the optic radiation, i.e., Meyer’s loop, whereas 
the latter includes the entire optic radiation.14,42,44,45,50 It is, 
therefore, delineated that the temporal stem actually forms 
the anterior part of the inferior cerebral isthmus.

Anatomofunctional Significance of the Cerebral Isthmus
 Functionally, the significance of each part of the cere-

bral isthmus is directly related to its fiber tract and white 
matter layer anatomy. Thus, the first layer—the extreme 
capsule—is common in all 3 segments of the isthmus and 
lies just beneath the gray matter of the periinsular sulcus. 
Recent in vivo imaging studies in humans demonstrated 
its role in connecting the caudal orbitofrontal cortex and 
inferior frontal gyrus to the middle third of the superior 
temporal gyrus. Furthermore, increasing evidence deriv-
ing from experimental studies in primates has led to the 

hypothesis that the extreme capsule participates in the 
ventral language pathway along with the middle longitu-
dinal fasciculus.33

The second layer of the cerebral isthmus, namely the 
external capsule, forms the projection fiber system between 
the claustrum and the cerebral cortex. Recent studies have 
highlighted its implication in the integration of the neu-
ronal correlate of consciousness, since it highly connects 
the claustrum with multiple cortical areas in a reciprocal 
manner.6,19 Additionally, the second layer of both the ante-
rior and inferior isthmuses includes 2 long association fiber 
tracts, the inferior occipitofrontal and uncinate fasciculi. 
The former connects, anatomically and functionally, the 
frontal lobe (orbitofrontal and prefrontal cortex) to the tem-
poral lobe (posterolateral area of middle and inferior tem-
poral gyri and fusiform gyri) and occipital lobe (lingual 
gyrus).3,18,35,39 It courses through the superior two-thirds of 
the anterior isthmus in the frontal lobe, dorsal to the unci-
nate fasciculus at the level of the limen insula, and through 
the posterior two-thirds of the inferior isthmus to end up at 
the temporal and occipital lobes.3,4,17,18 Increasing evidence 
deriving from intraoperative subcortical electrostimulation 
in glioma surgery highlights its role in the semantic com-
ponent of the language pathway.11,12,35 The uncinate fascic-
ulus is, in turn, situated ventrally to the occipitofrontal fas-
ciculus, occupying the most anterior and inferior parts of 
the inferior and anterior isthmuses, respectively. It courses, 
in a hook-like manner, from the frontal to the temporal 

Fig. 7. Schematic drawings showing coronal sections of a hemisphere at the level of the proximal part of the superior periinsular 
sulcus.  Left: The direction of the spatula retracting the inferior frontal gyrus indicates the ideal surgical trajectory that facilitates safe 
entry to the frontal horn, without violating the adjacent head of the caudate nucleus.  Right: This angle of brain transgression was 
measured to be 10° off the plane of the surgeon’s view. cc = corpus callosum; cl = claustrum; cn = caudate nucleus; ec = external 
capsule; exc = extreme capsule; fg = fusiform gyrus; fh = frontal horn; ic = internal capsule; ifg = inferior frontal gyrus; in = insula; itg = 
inferior temporal gyrus; ln = lentiform nucleus; mfg = middle frontal gyrus; mtg = middle temporal gyrus; pg = parahippocampal gyrus; 
sfg = superior frontal gyrus; sps = superior periinsular sulcus; stg = superior temporal gyrus; Sup.Isth = superior isthmus; Th = tempo-
ral horn; 3v = third ventricle. Copyright Christos Koutsarnakis. Published with permission. Figure is available in color online only.

J Neurosurg  September 11, 2015 9



C. Koutsarnakis et al.

lobe connecting the gyrus rectus, the medial, lateral, and 
posterior orbitofrontal gyri to the temporal pole, amygdala, 
uncus, anterior part of the hippocampus, and lateral tem-
poral gyri.15 Current research in epilepsy and psychiatric 
disorders highlights its implication in memory, language, 
and behavioral/emotional functions.18,57

The third layer of the cerebral isthmus consists of the in-
ternal capsule and the anterior commissure, the latter par-
ticipating only in the formation of the inferior isthmus. The 
internal capsule is the major projection fiber system of the 
human brain, connecting the cerebral cortex to the brain-
stem and basal ganglia. It is divided into the anterior limb, 
genu, posterior limb, and retrolenticular and sublenticular 
parts.18,39,47 The anterior limb is a component of the anterior 
and superior isthmuses; the genu and posterior limb are in-
cluded in the superior isthmus, whereas the sub- and ret-
rolenticular limbs are incorporated in the inferior isthmus.

Each part of the internal capsule has distinct anatomi-
cal and functional characteristics. Hence, the anterior limb 
of the internal capsule contains the anterior thalamic pe-
duncle along with frontopontine fibers and is functionally 
related to set shifting. Set shifting is the ability to dynami-
cally change focus and attention between different envi-
ronmental stimuli and is essentially a reflection of cog-
nitive flexibility.37,38 DTI studies in healthy subjects and 
research in the field of bipolar disorder and major depres-
sion have documented the aforementioned anatomofunc-
tional correlation.20,27,30,51,70,71 Furthermore, human studies 
using electrical stimulation have indicated reciprocal con-
nections between the anterior limb of the internal capsule 
and the dorsolateral and ventrolateral prefrontal cortex, 
findings consistent with anatomical tracing research in 
nonhuman primates.32 The genu of the internal capsule in 
turn contains pyramidal fibers that connect the precentral 
gyrus to the motor nuclei of the cranial nerves, and also 
the anterior part of the superior thalamic peduncle. Func-
tionally, the genu serves swallowing, facial expression, eye 
movement, and oral-buccal motor activity.47 The posterior 
limb is composed of corticospinal, corticopontine, and 
corticotegmental fibers along with the remaining part of 
the superior thalamic peduncle and controls the motor and 
sensory functions of the contralateral half of the body.47 
The retrolenticular limb includes parietopontine, occipito-
pontine, and posterior thalamic peduncle fibers.18,55 Func-
tionally, the role of the occipitopontine and parietopontine 
fibers remains unclear, whereas the posterior thalamic 
peduncle, since mainly composed of the optic radiation, 
conveys visual stimuli from the contralateral half of the vi-
sual field to the cerebral cortex of the lips of the calcarine 
fissure. Finally, the sublenticular limb, the last part of the 
internal capsule, comprises the anterior bundle of the optic 
radiation, i.e., Meyer’s loop, the auditory radiation, and the 
temporopontine fibers.18,55 Meyer’s loop serves the contra-
lateral superior quadrant of the visual field whereas audi-
tory radiations convey auditory stimuli from the medial 
geniculate body to the primary auditory cortex located in 
the Heschl gyrus.46,47 The role of the temporopontine fibers 
has not been thoroughly elucidated.

Regarding the function of the anterior commissure, 
which participates in the third layer of the inferior isthmus, 
it seems to connect both the temporal and occipital lobes 

with the contralateral ones. Increasing evidence derived 
from DTI studies in humans suggests the anterior com-
missure’s implication in language processing. However, its 
comprehensive role continues to remain obscure.18,40

The fourth white matter layer is present only in the in-
ferior isthmus and consists of the tapetum. The tapetum 
is formed primarily by splenial callosal radiations, arch-
ing over the lateral walls of the atrium and temporal horn. 
Although its function remains widely unclear, recent evi-
dence arising from DTI studies in humans postulate its 
role in the pathway of language comprehension.48,56,58

 Summarizing, the anterior isthmus participates mainly 
in language and memory through the occipitofrontal and 
uncinate fasciculi. The superior isthmus serves the mo-
tor and sensory functions of the contralateral half of the 
body, since it contains the genu and posterior limb of the 
internal capsule. The inferior isthmus is intimately relat-
ed to language processing, memory, and vision since it is 
comprises the entire optic radiation along with parts of the 
occipitofrontal and uncinate fasciculi. It has to be noted 
that the anterior commissure, included in the third layer of 
the inferior isthmus, is the only white matter bundle of the 
cerebral isthmus that connects the cerebral hemispheres 
across the midline, hence participating in the generaliza-
tion of seizure activity.18

The Surgical Significance of the Cerebral Isthmus and 
the Introduction of the Proximal Superior Transisthmus 
Approach to the Frontal Horn

Besides the utility of transecting the entire cerebral 
isthmus for the control of drug resistant pediatric epilepsy 
during functional hemispherectomy,2,28 the surgical signif-
icance of this narrow white matter area lies in its anatomi-
cal proximity to the lateral ventricle. As it is emphasized 
and demonstrated in most anatomical publications perti-
nent to insular anatomy,5,24,52,54 the width of the isthmus av-
erages between 9 and 16 mm, thus rendering this structure 
a potential corridor in accessing ventricular and paraven-
tricular areas.24,46 However, the eloquence of its compos-
ing fiber tracts (internal capsule, optic radiations, uncinate, 
and occipitofrontal fasciculi) along with the natural vas-
cular barrier posed by the MCA offsets its advantageous 
anatomical location and limits its surgical implementation. 
Apparently, the development of delicate microneurosurgi-
cal techniques coupled with the application of the detailed 
and thorough neuroanatomical knowledge about the insula 
yielded new perspectives regarding the surgical utility of 
the cerebral isthmus. Surgery through the isthmus was 
popularized by Yaşargil with the evolution of the trans-
sylvian transinsular approach to the temporal horn.61,65,67,69 
According to this approach the anterior one-third of the 
inferior periinsular sulcus is incised down to the temporal 
horn by transecting the proximal part of the inferior cere-
bral isthmus. Special emphasis must be placed not only on 
the extent of the incision but also on the surgical trajectory 
applied to access and selectively remove the amygdala and 
hippocampal head without damaging vital neural struc-
tures. So far, this is the only part of the entire cerebral 
isthmus that the neurosurgeon can dissect in order explore 
a specific part of the ventricular system without major 
postoperative neurological deficit.60,65,69
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In our study we sought to determine additional safe sur-
gical zones along the cerebral isthmus through which the 
lateral ventricles and adjacent structures can be effectively 
accessed. Interestingly, it was revealed that the proximal 
part of the superior isthmus can be safely incised down 
to the frontal horn by transgressing relatively noneloquent 
white matter pathways. More specifically, the proximal 2 
to 2.5 cm of the superior cerebral isthmus, lying between 
the anterior insular point and the end of the middle short 
insular gyrus along the superior periinsular sulcus, are 
composed of fiber tracts (insuloopercular fibers, external 
capsule, and anterior limb of the internal capsule) that 
can be transected down to the frontal horn without major 
neurological sequelae. The average distance between this 
part of the periinsular sulcus and the frontal horn is 10.8 
mm (ranging between 10 and 15 mm). The prefrontal and 
precentral branches of the MCA residing in this area pose 
a vascular barrier and must be carefully mobilized from 
their arachnoid adhesions. Special attention must be paid 
to the angle of the dissection, which should be directed up 
to 10° superiorly off the horizontal plane of the surgeon’s 
view, to avoid inadvertent injury to the head of the caudate 
nucleus (Fig. 7).

To approach and dissect this part of the superior isth-
mus, an extended pterional craniotomy coupled with a 
wide splitting of the sylvian fissure are mandatory. Both 
the proximal and distal rami of the sylvian fissure must 
be meticulously opened, respecting the pial planes, the 
terminal branches of the MCA, and the overlying middle 
cerebral veins. Particularly, the distal part of the sylvian 
fissure is more difficult to split since the opposing oper-
cula are more adherent and the risk of vascular, especially 
venous, injury is higher. Furthermore, the wide insular ex-
posure facilitated by the entire sylvian fissure dissection 
necessitates the use of brain retractors to optimize surgical 
view and increase maneuverability. Widening the surgical 
corridor ensures adequate exposure of the insular surface 
and periinsular sulci while reducing the ill effects of brain 
retraction. Once the proximal part of the periinsular sulcus 
is reached, the frontal horn can be easily accessed through 
minimal brain transgression.

It has to be stressed that the proximal superior trans-
isthmus approach to the frontal horn and adjacent area 
was the observational outgrowth of our anatomical study 
regarding the cerebral isthmus. Thus, we have performed 
and tested it exclusively in the setting of the microneuro-
surgery laboratory. Nonetheless, it features certain advan-
tages, at least on a theoretical basis, when compared with 
the most commonly used approaches in anterior ventricu-
lar surgery, namely the anterior transcallosal and transcor-
tical approaches.

More specifically and regarding surgical anatomy, the 
“transisthmus” approach shortens the distance to access 
pathological lesions located in or adjacent to the frontal 
horn compared with the transcallosal and transcortical 
variants, thus improving surgical maneuverability and dis-
section accuracy. Furthermore, the rather common “issue” 
of surgical orientation regarding which ventricle the sur-
geon has entered when using the transcallosal approach is 
eliminated with the transisthmus approach. This is crucial 
when exploring small lesions situated in the anterior part 

of the frontal horn and when the regional pattern of ven-
tricular venous anatomy is severely distorted. Addition-
ally, the surgical limitations of the transcallosal and trans-
cortical approaches regarding the access and treatment of 
an exclusively intraventricular lesion in the former along 
with the presence of ventriculomegaly to perform the lat-
ter are absent in the transisthmus approach.7,16,21 Theoreti-
cally, with the transisthmus approach the neurosurgeon 
can effectively treat both intra- and paraventricular lesions 
with minimal brain retraction, when the sylvian fissure is 
widely split, and maximal dissection accuracy since the 
surgical distance is reduced.

Moreover, from a functional perspective, since the 
transcortical and transcallosal approaches traverse the en-
tire middle frontal gyrus and the anterior corpus callosum, 
respectively, they are prone to postoperative neurological 
and neuropsychological deficits. The former is related to 
the increased incidence of postoperative seizures due to the 
cortical incision involved while the latter has been associ-
ated with permanent impairment in long-term memory, 
deficits in the interhemispheric transfer of motor learning, 
and frontal disconnection syndrome.1,7,21,36,41,43 On the con-
trary, we postulate that the transisthmus approach, through 
the incision of the periinsular sulcus and the white matter 
of the proximal part of the superior isthmus, is advanta-
geous when compared with the transcortical and transcal-
losal variants in terms of neuropsychological morbidity.

More specifically, the periinsular sulcus, since it is a 
paralimbic structure, is lined by mesocortex, which is less 
organized in terms of cytoarchitecture and thus phyloge-
netically older than the neocortex of the middle frontal 
gyrus.8,18,23,49,55,66 In this context it would be preferable to 
transgress a mesocortical structure, such as the periin-
sular sulcus, than recourse to the cortical incision of the 
frontal lobe when performing the transcortical approach. 
Additionally, we consider incising the proximal superior 
isthmus less destructive than the anterior corpus callosum, 
since the former is mainly related to the ability of set shift-
ing while the latter participates in the vital functions of 
memory and learning.20,27,30,37,38,41,43,51,70,71

Undoubtedly, approaching the frontal horn through 
the proximal part of the superior isthmus is not an easy 
and straightforward procedure. It requires thorough neu-
roanatomical knowledge of the insular anatomy, flawless 
microneurosurgical technique, and proper planning of the 
surgical trajectory. However, the proximal superior trans-
isthmus approach shortens the surgical distance to lesions 
located in or adjacent to the frontal horn and minimizes 
brain transgression when compared with transcortical or 
transcallosal approaches. Theoretically it could be use-
ful in the surgical treatment of intra- or paraventricular 
pathological entities, such as ependymomas, astrocyto-
mas, lymphomas, choroid plexus papillomas, metastases, 
and cavernomas, but whether this approach can be safely 
extrapolated to real operative settings remains a project for 
future studies.

Conclusions
The cerebral isthmus, although a narrow strip of white 

matter, is composed of important and distinct fiber tracts 
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which anatomofunctionally connect the insular and central 
core gray matter with the remaining hemisphere. Profound 
knowledge of this intricate anatomy can only be obtained 
using the fiber dissection technique in combination with 
sectional cuts in cadaveric specimens. This is particularly 
true since the implementation of modern neuroimaging 
methods, such as DTI, cannot reveal the 3D anatomical 
perplexity of narrow and delicate areas. The significance 
of the proximal part of the superior isthmus as a surgi-
cal corridor to the frontal horn and paraventricular area is 
emphasized but should be definitely further investigated.
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