
Abstract

The supraorbital keyhole approach is most frequently used in

treatment for lesions within the anterior cranial base. However,

it has some drawbacks, including cosmetically poor appearance

of the scar, forehead deformity, and difficulty in dealing with

some kinds of middle cerebral artery (MCA) and internal carotid

artery (ICA) aneurysms. Therefore, we have developed a small

pterion keyhole approach for an alternative access to treat ante-

rior circulation aneurysms. An oblique skin incision about

3�5 cm in length was made just from 1.0 cm anterior to the

superficial temporal artery at the level of the zygomatic arch,

curved just below the temporal line to the forehead, and stopped

at the hairline over the sylvian fissure. Then a small craniotomy

(2�3 cm) was made just over the sylvian fissure and the aneur-

ysms were exposed through the lateral cerebral fissure. We used

this approach to treat 40 patients with aneurysms located in

posterior communicating arteries (n = 14), the MCA (n = 10), the

anterior communicating arteries (n = 9), the anterior cerebral

artery (n = 1), the ophthalmic arteries (n = 3), and the ICA

(n = 3). The general outcome of all patients was good without

serious complications from the surgical technique even though 3

cases underwent intraoperative premature rupture of the aneu-

rysms. No approach-related complication occurred except that

one patient had vasospasm 2 days after the aneurysm clipping.

In conclusion, this pterion keyhole approach can achieve the best

operative effect for the treatment of intracranial anterior circula-

tion aneurysms in a selective group of patients with several

advantages over traditional craniotomy including minor tissue

damage, less brain retraction, a superior cosmetic result, and

shorter duration of surgery. Moreover, the operative field be-

comes wider in the deep area, providing sufficient space for

microscope-assisted surgery without the need for highly specia-

lized instruments.
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Introduction

The most definitive treatment for intracranial aneurysms is

surgical clipping. In most cases, a frontotemporal craniotomy is

required. Although this is tolerated well by most patients, reduc-

ing the size of the opening would be beneficial. Recent advances

in minimally invasive technique and instrumentation permit

certain intracranial aneurysms to be treated using very small

openings. These so-called ‘‘keyhole’’ openings have been used for

exposure of lesions within the anterior cranial base [1–5]. Po-

tential advantages of these approaches include reduced opera-

tive morbidity, expeditious patient recovery, and cost

effectiveness in case management. However, the keyhole ap-

proach is not appropriate for every aneurysm. Only selected

patients can benefit from this innovative approach. The mini-

craniotomy used in these approaches sometimes requires the

use of special instrumentation. In various keyhole procedures,

the supraorbital approach is most frequently applied for the

treatment of supratentorial aneurysms. However, this procedure

has some problems including cosmetically poor appearance of

the scar, forehead deformity, and difficulty in dealing some types
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of middle cerebral artery (MCA) and internal carotid artery (ICA)

aneurysms. In this article, the authors present an interesting

keyhole approach to treat anterior circulation aneurysms via a

pterion minicraniotomy.

Patient and Methods

Patients and criteria

From March 1999 to December 2004, we clipped 40 intracranial

aneurysms of the anterior circulation via a pterion keyhole

approach. The aneurysmal locations included 14 posterior com-

municating arteries (PCoA), 10 MCAs, 9 anterior communicating

arteries (ACoA), 1 anterior cerebral artery (ACA), 3 ophthalmic

arteries, and 3 ICAs (Table 1). The patients were selected on the

basis of the following criteria: Hunt and Hess Grades I through

III, and subarachnoid hemorrhage evaluated as Fisher Grades I

through III (Table 2). The patients comprised 24 females and 16

males with an average age of 57.4 years (ranged from 33 to 84

years). Twenty-five patients presented with subarachnoid he-

morrhage (SAH), of whom twenty received early operation and

five received delayed operation. Fifteen aneurysms without rup-

ture received a regular operation. For releasing intracranial

pressure and making the minicraniotomy easy, a lumbar drain-

age tube was inserted to drain the cerebrospinal fluid in some

cases. The pterion keyhole approach was performed as we have

previously described [6] and is detailed below.

Head position and skin incision

Under general anesthesia, the patient was placed in a supine

position and immobilized with sandbags. The head was rotated

to the side contralateral to the operative field so that the ipsi-

lateral sylvian fissure and sphenoid ridge are oriented vertically.

This rotation usually required turning of the patient’s head by

approximately 30�60 degrees according to the location of the

aneurysm. In addition to rotation, the vertex of the head was

placed downward, allowing the surgeon to see into the sylvian

fissure later. Finally, the head and neck were elevated to improve

venous drainage. The ipsilateral shoulder was elevated with a

cushion beneath to keep the zygomatic arch horizontal. An

oblique skin incision about 3�5 cm in length was made just from

1.0 cm anterior to the superficial temporal artery at the level of

the zygomatic arch, anteriorly curved just below the temporal

line to the forehead, and stopped at the hairline (Fig. 1a). To

expose the skull, the scalp and temporal muscle were incised,

dissected and fixed with elastic retraction. The temporal muscle

near the edge of its insertion to the temporal bone was cut

together with the skin flap. This procedure resulted in excellent

exposure of the anterior and middle cranial base, even though

this musculocutaneous flap may conceal a portion of the middle

fossa.

Craniotomy

With a high-speed bone drill, a small burr hole was made at the

temporal bone near the posterior margin of the zygomatic arch

(Fig. 1b). Then a craniotomy was made with a width of 2�3.5 cm

and height of 1.5�2 cm. It was limited by the sphenoid ridge

anteriorly, the suprameatal crest posteriorly, the zygomatic arch

inferiorly, and the squamosal suture superiorly. After craniot-

omy, a groove over the sphenoid ridge of the bone flap was made

and fractured manually to remove the bone flap (Fig. 1c). This

would allow easier control of bleeding from the middle menin-

geal artery. For access to the sylvian fissure, 1�2 cm of the

temporal lobe was exposed by extending the craniotomy to the

floor of the frontal fossa just above the orbital rim, exposing 2 cm

of the frontal lobe (especially for ACA or ACoA aneurysm), and

retracting the frontal lobe away from the MCA. If the extent of

the frontal fossa exposure was inadequate, it might hamper

visualization up into the sylvian fissure and force the surgeon

to retract the temporal lobe inordinately. A rongeur or a high-

speed drill was then used to remove the bones along the cranial

base, including a portion of the squamous temporal bone and the

sphenoid edge of the greater sphenoid wing. The dura was

opened with an arched fashion around the sylvian fissure,

flapped anteriorly, and tacked over the sphenoid ridge (Fig. 1d).

Oozing from the pterion might be problematic and was usually

reduced with tenting stitches and packing. Spinal drainage, if

needed, was begun as the dura was opened.

Although a small portion of the incision extended to the fore-

head, it gave a more excellent cosmetic result than the supraor-

bital keyhole approach and provided sufficient frontal exposure

for visualization deep into the sylvian fissure. This procedure

allows the surgeon to work in the anterior and middle cranial

fossa, the intracranial extradural space, and the subarachnoid

space. Under the microscope, the neurosurgeon could easily gain

a short access to the surgical targets in the suprasellar and

tentorial areas, the circle of Willis, and the whole anterior cranial

base. The pterion keyhole approach has the potential for access

to aneurysms and related structures at the following sites: the

ipsilateral ICA, the medial wall of the contralateral ICA, the ACoA,

bilateral ophthalmic arteries, the M1, M2, and M3 segments of

the ipsilateral MCA, the contralateral PCoA, the anterior choroi-

dal artery, the P1 segment of the PCA, the suprasellar and

tentorial areas, all the anterior cranial base structures, and the

basilar apex. In some selected aneurysm cases, 0- and 30-degree

endoscopic control was used (HSW Co., Tuttlingen, Germany) to

confirm the patency of neighboring perforating arteries, the

PCoA, and the anterior choroidal artery.

Table 1 Location of aneurysms in 40 patients

Location of
aneurysm

ICA ACA ACoA PCoA MCA Ophthalmic
artery

Number of
patients

3 1 9 14 10 3

ICA = internal carotid artery; ACA = anterior cerebral artery; AcoA = anterior
communicating artery; PcoA = posterior communicating artery; MCA = mid-
dle cerebral artery.

Table 2 Hunt and Hess grade and Fisher grade of the patients
(n = 40)

Grade I II III IV V

Hunt and Hess 18 17 5 0 0

Fisher 22 14 4 0 –
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After clipping the aneurysms, the surgical wound was then

closed layer by layer. It was noted that the temporal muscle must

be reattached to the cranium otherwise it might produce a

distinguishable bulge above the zygoma and postoperative fore-

head swelling and ecchymosis.

Results

All of the aneurysms were clipped successfully and uneventfully.

The overall outcome was good (Table 3), except for one patient

who suffered complications of vasospasm and cerebral infarction

2 days after aneurysm clipping. No serious complications and

mortality related to the surgical technique were noted. The

surgical space afforded by use of this approach allows wide

exploration of the anterior fossa, the orbital space, and the

ipsilateral middle fossa structures without limitations. It also

allowed access to portions of the contralateral ICA and its

bifurcation. Three patients showed premature rupture during

dissection of the aneurysmal neck including one each of the

ACoA, PCoA and MCA. However, they were successfully clipped.

No patient had postoperative visual or retinal disturbances with

regard to either visual acuity or visual field impairment.

All patients sustained transient hypesthesia over the temporal

region, which is expected and acceptable with the use of this

approach and is not considered as a complication. The post-

operative cosmetic result was excellent and the patients were

satisfied with it (Fig. 2). After 7 to 50 months of follow-up, we

found that only 3 patients had temporomandibular dysfunction

or signs of atrophy at the site of the craniotomy.

Discussion

Since Yasargil and Fox first described the frontotemporal cra-

niotomy with a pterional approach, it has replaced bifrontal and

Fig. 1 Surgical procedure of pterion keyhole approach. a The skin incision line was 1.0 cm anterior to the superficial temporal artery at the level
of the zygomatic arch, anteriorly curved just below the temporal line to the forehead, and stopped at the hairline. b A small burr hole was made at
the temporal bone near the posterior margin of the zygomatic arch. c A groove (indicated by arrows) over the sphenoid ridge was made and the
bony flap was removed. d The dura was opened in an arched fashion around the sylvian fissure and turned over anteriorly.

Table 3 Glasgow outcome scale of the patients (n = 40)

Score 5 4 3 2 1

Number of patients 37 2 0 1 0
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frontolateral craniotomies for access to aneurysms of the ante-

rior circulation. A common feature of all these conventional

approaches is the relatively extensive brain exposure and brain

retraction, causing an increase of surgical morbidity not related

to the lesion itself. Occasionally, patients complain of the de-

pressed deformities in the frontotemporal area due to craniot-

omy. Particularly, this occurs as a result of inappropriate repair of

the bone defect at the burr holes. Although application of some

biocompatible materials including hydroxyapatite ceramics [7],

burr-hole buttons and miniplate systems [8, 9] can prevent this

deformity to some extent, it does not fit well to a bone defect at

the keyhole because of the complex curvature of the surrounding

bone.

Since the implementation of the minimally invasive concept in

neurosurgery is to avoid surgical trauma, many surgical ap-

proaches and technological advances have been made to facil-

itate this goal. The clinical results are overwhelming. Shorter

hospital stay and less morbidity and mortality are achieved with

minimally invasive approaches. Also, minimally invasive ex-

ploration through a small keyhole [10,11] or endoscope-assisted

supraorbital craniotomy [12–14], using an eyebrow or a super-

ciliary skin incision, has become more widely performed with

the improvement of diagnostic imaging and surgical techniques.

Supraorbital keyhole craniotomy seems to cause less injury to

soft tissue and offers excellent cosmetic results compared to the

conventional frontotemporal craniotomy. The skin incision for a

frontotemporal craniotomy is always visible unless it is made

within the eyebrow. Even for an incision within the eyebrow, hair

loss at the margin of the incision may make it more visible. In

contrast, a scalp incision for a pterion keyhole is entirely behind

the hairline unless the patient is bald. Although any cosmetic

problems caused by burr holes drilled during surgery have been

largely eliminated by the use of plating systems and burr-hole

covers, scalp and cosmetic deformities should be avoided. Ad-

ditionally, the keyhole approach to cerebral aneurysms requires

a slack brain and may be associated with a higher risk of

devastating consequences due to unexpected conditions during

surgery because of the narrower surgical fields than in a stan-

dard pterional craniotomy. This technique, therefore, is recom-

mended for well-trained neurosurgeons having experience in

conventional craniotomy techniques, because avoidance of brain

injury should be more of a concern to a neurosurgeon than the

length of the skin incision.

Advantages of the pterion keyhole approach

The pterion keyhole approach offers several advantages com-

pared to a conventional frontotemporal craniotomy. First of all,

brain exposure to air, accidental surgical trauma and brain

retraction is minimal. This significantly decreases approach-

related surgical morbidity and shortens hospitalization. Time

spent in the surgical procedure is also significantly reduced

when compared to standard techniques. The primary benefit of

the pterion keyhole approach seems to be the avoidance of

Fig. 2 The case of a right ophthalmic artery
aneurysm treated by the pterion keyhole
approach. a An aneurysm of the right
ophthalmic artery under the microscope.
b Clipping of the aneurysm. c Appearance
of the incision one week after surgery.
d Appearance of the incision two months
after surgery. The cosmetic result was good.
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resection of the orbital rim and roof, and frontal sinus, which

would ultimately lead to a decreased incidence of cerebrospinal

fluid leakage and may result in less cosmetic deformity and less

discomfort than produced by supraorbital or transorbital ap-

proaches. The authors have demonstrated that, in a selected

group of patients, the pterion keyhole approach is a viable

alternative to the traditional pterion approach.

Disadvantages and limitations of the pterion keyhole

approach

Due to the small craniotomy, there is less opportunity to change

the surgical plan if unexpected conditions occur during surgery.

Because brain swelling was difficult to manage with the pterion

keyhole approach, we did not adopt this approach for patients

with severe subarachnoid hemorrhage (Hess and Hunt grades IV
� V) without hydrocephalus. Furthermore, an unexpected in-

traoperative serious rupture of the aneurysm would be ex-

tremely difficult to manage under the limited exposure of the

brain by this approach. We prevented this catastrophic event by

adequate exposure of the sylvian fissure and its vascular anat-

omy, as well as CSF drainage. Actually, for each patient, we had

evaluated whether the pterion keyhole approach allowed for

proximal control, dissection of the aneurysm, and application

of the aneurysmal clip in advance. Multidirectional viewing

through the keyhole was only achievable by use of intraoperative

endoscopy. Therefore, preoperative diagnostic imaging is of

paramount importance in reference to the surgical planning

and for preventing the occurrence of unexpected intraoperative

conditions in advance. The pterion keyhole approach for ACoA

aneurysms has drawbacks. A limited resection of the gyrus

rectus is often necessary for adequate control of the AcoA

aneurysms [15].

Surgical flexibility

The pterion keyhole approach is an alternative in the treatment

of patients with anterior circulation aneurysms in a wide ana-

tomic area, either ipsilaterally or contralaterally. One of the

important advantages of the approach is minimal brain retrac-

tion, which is achieved in three ways:

– changes of the approaching angle when the minicraniotomy

is shifted to the frontal area, allowing access to the bilateral

optic nerves;

– dissection and cistern drainage that is possible at all levels of

the brain and, for approaching the sylvian fissure, is possible

at the pre-pontine cistern; and

– modification of the head position with postural support of

gravity permitting access to all of the natural spaces in this

microsurgical corridor.

The pterion keyhole approach allowed for a craniotomy of up to

3.5 cm in diameter, approximately 1.5 cm wider than that ob-

tained using the supraorbital keyhole approach. The larger cra-

niotomy was particularly important because it increased the

field of illumination and visualization under the surgical micro-

scope, avoided total reliance on the endoscope, and decreased

the potential obstruction of light by the surgical instruments.

The pterion keyhole approach required a 3- to 5-cm long oblique

skin incision extending from the edge of the zygomatic arch to

the center of the pterion just over the sylvian fissure. Such an

incision method provided a superior postoperative cosmetic

appearance, because the pterion keyhole was well covered by

the temporal muscle. To avoid damage to the temporal muscle

and the frontal branch of the facial nerve, we cut the temporal

muscle near the edge of its insertion to the temporal bone. This

prevented atrophy of the temporal muscle, temporomandibular

joint problems, indentation of the temple, weakness of the

frontal muscle, eyelid droop, and cosmetic anomalies likely

caused by other cutting methods. Although the pterion keyhole

approach requires a limited skin incision and a small trephinated

bone opening, this approach allowed a short access to the

suprasellar area through the keyhole. Moreover, the operative

field became wider as it went deeper. Accordingly, sufficient

operative space was obtained requiring no highly specialized

instruments.

Application in neurovascular surgery

One of the commonest drawbacks of keyhole approaches in

neurovascular surgery is the risk of bleeding. However, the key-

hole procedures were carefully executed with consideration of

the essential factors regarding aneurysm dissection, including

individual anatomy, proximal vessels (flow control), distal ves-

sels, neck and dome of the aneurysm, and perforating vessels.

Thus, the usual microsurgical space of 20 mm at the site of the

lesion is ultimately the same as that required in a large craniot-

omy, without compromising the manipulation of aneurysm

clipping and, especially, without increasing the risk for the

patient. Even though clinoid resection was not necessary for

aneurysms in the paraclinoid segment or carotid cavum in some

of our cases, the above point still works and has been document-

ed in previous experimental studies [5,11,16,17].

It is possible to gain access to the region of the tip of the basilar

artery with appropriate microdrilling of the posterior clinoid. In

those aneurysms with a ventral neck, a postural change to a more

lateral angle allows better visualization than does the keyhole

supraorbital approach. With regard to the limitation of axial

illumination at 0-degree microscopic visualization, it is also

possible to use an endoscope with 0 and 30 degree optics to

verify the anatomic position of the neighboring arteries, the

PCoA, the anterior choroidal artery, and the perforating arteries

in the supraclinoid segment of the lCA. The procedure is safe

under three-dimensional verification of the clip position. A

second placement of the clip was necessary in only three of our

cases.

Improvement of surgical technique

Perneczky and colleagues [1, 5] have advocated the keyhole

concept in neurosurgery and have used the supraorbital mini-

craniotomy extensively for a variety of lesions. Recently, others

have reported experience with this approach in the management

of tumors and aneurysms of the anterior cranial fossa and the

sellar and parasellar regions [2–5].

The drawbacks of supraorbital keyhole approach are:

– transient loss of supraorbital sensation that frequently oc-

curs and is attributed to traction on the supraorbital nerve;
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– prolonged paresis of the eyebrow in an elevated position

probably due to the interrupted insertion of the frontal

muscle on the eyebrow;

– alopecia of the eyebrow;

– unsatisfactory postoperative cosmetic results;

– contraindication for a large frontal sinus;

– injury of the temporal muscle by drilling a single burr hole at

the orbital rim, causing a small indentation of the lateral

aspect of the eyebrow.

A watertight dural closure and meticulous wound closure, parti-

cularly that of the brow skin incision, are important to attain a

good cosmetic result.

As in the case with the standard pterional approach to aneurysms

of the anterior circulation, atrophy of the anterior temporal

muscle can occur and may cause a small indentation in the

temporal region. The traditional large craniotomy needs signifi-

cant brain retraction and may have associated morbidity. Instead,

the pterion keyhole approach allows for a short and relatively safe

access to the suprasellar area behind the optic chiasma and a

ventrolateral entrance into the petroclival region [18].

The main advantage of the minicraniotomy for the pterion key-

hole approach is the very low basal approach to the circle of

Willis; particularly in the case of middle cerebral artery aneu-

rysms, one can look directly into the sylvian fissure down to the

suprasellar and petroclival region from an anterolateral direc-

tion, allowing minimal retraction for a temporofrontal approx-

imation. This approach has also been found to be particularly

easy, quick, and direct for other lesions of the perichiasmatic and

suprachiasmatic region. As with any new procedure, familiarity

brings a sense for properly determining its indications. We use a

hairline incision instead of an eyebrow incision to facilitate

harvesting a piece of temporal muscle or fascia for dural repair

or preventing ecchymosis.

Conclusions

The pterion keyhole approach is effective for gaining access to

the circle of Willis, and dissection of the sylvian fissure and MCA

can be performed easily. A keyhole in the temporal bone may

expose the middle fossa. Based on this concept, an extension of

the craniotomy allows the surgeon to decrease the surgical

distance and provides a more convenient microsurgical field for

microscope-assisted and/or endoscope-assisted neurosurgery. In

spite of any modification of this approach, the main purpose of

the keyhole is not only to diminish the size of craniotomy but

also to reduce brain retraction and simplify the subsequent

intracranial procedure. A detailed preoperative study of standard

and individual anatomy helps in determining the size and loca-

tion of the keyhole craniotomy. It needs to be modified suitably

in each case, not only according to the location and nature of the

lesion, but also taking into account the treatment goal, the

cosmetic implications, and the skills and experience of the

surgeon.
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Abstract

Objective: The aim of this study is to discuss the variations in the

morbid anatomy of colloid cysts with its impact on the choice of

endoscopic approach through a standard Kocher’s burr hole.

Methods: This study was conducted on 18 patients between

1996 and 2006. All patients were operated through a single burr

hole at Kocher’s point using a rigid endoscope with a single

working channel. The anatomical variations of the cyst and the

foramen of Monro dictated the use of the transforaminal ap-

proach, the transseptal interforniceal approach or both. Results:

There were no mortalities or significant morbidities. The opera-

tive time ranged between 90 to 240 minutes (with a mean of 133

minutes). Five patients (27.7 %) developed remediable post-

operative chemical meningitis successfully controlled with ster-

oids. Postoperative transient memory disturbance was observed

in 3 patients (16.7 %). One patient had a postoperative CSF leak

that stopped spontaneously. Aspiration of the cyst’s contents

showed variable degrees of resistance to aspiration. The period

of follow-up ranged between 5 months to 8 years and 3 months

(mean: 4 years and 2 months). None of our patients showed

radiological evidence of cyst recurrence during the follow-up

period. Conclusion: Through a single right pre-coronal burr hole

at Kocher’s point, several endoscopic manoeuvres can be done.

These include aspiration of the contents or its piecemeal re-

moval, combined balloon squeeze and aspiration, foramino-

plasty, pellucidotomy, coagulation of cyst capsule and ETV. The

choice of the appropriate approach is largely dependent on the

location of the cyst and the shape of the foramen of Monro.

Coronal MRI may aid in preoperative evaluation of the tucked up

retroforaminal growth of the cyst. We had no recurrence in our

series with a follow-up reaching more than 8 years. This could be

attributed to both the marsupialization and coagulation done for

the remaining cyst capsule.

Key words

Neuroendoscopy �colloid cysts � transforaminal approach �

transseptal interforniceal approach

Introduction

Third ventricular colloid cysts constitute about 0.5 to 1 % of all

intracranial tumors [1–3]. Surgery of this benign cystic lesion

has challenged neurosurgeons since Dandy successfully removed

a colloid cyst in 1921 [4]. Several therapeutic options have been

proposed, ranging from shunting [5] to stereotactic aspiration

[6–8]. In the past decade, microsurgical resection with the use of

either a transcallosal [9–11] or a transcortical-transventricular

[9,12,13] approach has been accepted as the ‘‘gold standard’’

treatment of colloid cysts. As this cystic lesion commonly in-

duces obstructive hydrocephalus it is considered an attractive

target for neuroendoscopic intervention. This has been sup-

ported in the past decade with the rapid advancement of neu-

roendoscopic equipment making endoscopic resection an

effective, generally safe procedure with a favourable outcome

[14–26]. The aim of this study is to discuss the impact of the

variations in the morbid anatomy of colloid cysts on the choice of

the endoscopic approach.
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Patients and Methods

Patients

This study was conducted on 18 patients (10 males) treated in

the University Hospitals of Kasr El Aini School of Medicine, Cairo

and Tanta University Hospital, Tanta, between 1996 and 2006.

The age ranged between 14 and 60 years (mean: 33.6) with the

clinical presentations shown in Table 1 .

Endoscopic equipment

The rigid endoscope with a single working channel was used in

all cases. The French 3 Fogarty catheter � whenever needed

beside the instrument in the working channel - was inserted

through the irrigation channel. The excess and outflow of the

irrigation sufficiently welled out from around the catheter and

the instrument.

Operative technique

Under general endotracheal anesthesia, in the supine position, a

precoronal 1.5 cm. burr hole was done 3 cm lateral to the midline

and jutting with the coronal suture. All the patients had moder-

ate to severe hydrocephalus, hence free-hand insertion of the

trocar followed by intraventricular endoscope loading was al-

ways done without any difficulty.

After careful endoscopic inspection of the anatomic structures

and landmarks around the foramen of Monro, their relation to

the colloid cyst was defined and the appropriate endoscopic

approach chosen. These variations are shown in Fig. 1 and Table 2 .

The shape and size of the foramen of Monro dictated the use of

the transforaminal approach (in 7 cases), the transseptal inter-

forniceal approach (in 4 cases) and the combined approach (in 7

cases). Foraminoplasty was done in 10 patients who had a

crescentic, coapted, displayed and glued foramina. Fogarty bal-

loon squeeze of the cyst contents to facilitate its aspiration was

done in 7 cases (Fig. 2).

The transforaminal approach

We started the resection with initial bipolar coagulation of the

cyst capsule and the overlying choroid plexus followed by fenes-

tration of the cyst capsule. The contents of the cyst varied from

mucoid suckable to solid difficult to aspirate and even mixed

contents. A central venous cannula (CVC) was inserted and

suction of the contents attempted. We initially used a 10-mL

syringe followed by a 20-mL syringe if a forcible suction was

required for the thick mucoid contents. Piecemeal removal of the

solid contents with the biopsy forceps was done. Following

evacuation of all the cyst contents, bipolar shrinkage of the inner

and outer surfaces of the cyst capsule facilitated its maximum

possible resection.

The transseptal-interforniceal approach

The cyst was approached through the septum pellucidum just

behind the anterior septal vein. Initial coagulation and fenestra-

tion of the septum and underlying cyst capsule was performed.

Using CVC, aspiration of the contents was first attempted apply-

Table 1 Clinical presentations

Clinical features No. of patients

Headache 17

Vomiting 2

Ataxia 2

Papilledema 13

Post�papilledemic optic atrophy 2

Urinary incontinence 5

Memory disturbance 3

Decreased level of consciousness 6

Bobble head doll syndrome 1

Fig. 1 Endoscopic morbid anatomical
variations showing the relationship of the
colloid cysts to the foramen of Monro and
related structures. The foramen of Monro
is A "displayed", B "coapted", C "glued",
D "crescentic", E "large" having enough
space but with little choice of target area,
F "divaricated" with the anterior septal vein
running on cyst capsule, and G "dilated"
permitting multiple points of entry.

Zohdi A, El Kheshin S. Endoscopic Approach ... Minim Invas Neurosurg 2006; 49: 263–268

O
rig

in
a

l
A

rticle

264



ing the same principle as mentioned above. A French 3 Fogarty

catheter was then inflated around the fenestration to dilate it

allowing better access to the remaining cyst contents. Balloon

foraminoplasty was always performed to restore a patent fora-

men of Monro and squeeze the remaining cyst contents to

facilitate removal with a suction catheter or a biopsy forceps.

The combined approach

Starting with the transforaminal approach, it would be possible

to access the cyst capsule directly and deal with the contents.

The bulging part behind the septum pellucidum is then ap-

proached through the transseptal-interforniceal approach.

We performed third ventriculocisternostomy as a last step in all

of the cases. This was to ensure patency, free CSF circulation and

prevent an unexpected rise in the intracranial pressure due to

impaction of tissue debris or solid cyst fragments. Only in one

patient, with a crescentic foramen of Monro, was a pellucidot-

omy done to inspect the contralateral foramen of Monro. Bleed-

ing, although not frequently encountered, was controlled by

profuse irrigation, Fogarty balloon tamponade and bipolar co-

agulation as a last resort (2 cases).

Results

In this series we successfully treated 18 patients with colloid

cysts without any mortality or significant morbidity. None of our

patients had any postoperative deterioration. The preoperative

clinical manifestations improved postoperatively. The patients

with preoperative decreased levels of consciousness (GCS

13–14), cleared up gradually.

The operative time ranged between 90 to 240 minutes (mean:

133 minutes). With the increase in learning curve the time

needed accordingly decreased. Five patients (27.7 %) developed

remediable postoperative chemical meningitis that was success-

fully controlled with steroids. Postoperative transient memory

disturbance was observed in 3 patients (16.7 %). One patient had

a postoperative CSF leak, with spontaneous cure 5 days later. The

size of the cysts and the distribution of cases according to the

approach used are shown in Tables 3 and 4, respectively.

The contents of the cysts showed variable degrees of resistance

to aspiration. One patient had a cyst content that was totally

solid. Nine patients had mixed contents of thick mucoid that was

difficult to aspirate and solid contents that were essentially

removed with the biopsy forceps. Most of the previously men-

tioned ten patients with difficult aspiration had hypointense

Table 2 Types of foramina

Types of foramina No. of patients

Displayed 2

Coapted 4

Glued 1

Crescentic 3

Large 4

Divaricated 1

Dilated 3

Total 18

Fig. 2 A Aspiration of the cyst contents. B Removal of the solid
contents with the biopsy forceps. C Cauterization of the inner surface
of the capsule. D Balloon foraminoplasty of the amalgamated foramen.
E Combined balloon squeeze and aspiration of contents. Note: the
suction catheter (arrowhead), the inflated balloon catheter in the
foramen of Monro (angled arrow) and the squeezed out contents
(straight arrow). F ETV.

Table 3 Size of cysts

Size of cyst in cm No. of patients

< 1.5 5

1.5�3 8

> 3 5

Table 4 Endoscopic approaches

Approach No. of
patients

Shapes of foramina
encountered

Transforaminal 7 1 divaricated, 3 dilated, 3 large

Trans�septal interforniceal 4 3 coapted, 1 glued

Combined 7 3 crescentic, 1 large,
1 coapted, 2 displayed
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lesions on T2 MR imaging (9 out of 10 patients) (Figs. 3 and 4).

The period of follow-up ranged between 5 months to 8 years and

3 months (mean: 4 years and 2 months). None of our patients

showed radiological evidence of any cyst recurrence during the

follow-up period.

Discussion

The endoscopic approach to colloid cysts started in 1983 when

Paul et al. [27] reported their successful endoscopic aspiration of

a colloid cyst. Due to the advances achieved in endoscopic

equipment and the experience of endoscopic neurosurgeons,

endoscopic resection should be considered as the operative

approach of choice.

In this study we are presenting different patterns of growth of

colloid cysts seen on endoscopic navigation during cyst resec-

tion. These patterns of growth are not just typical for all cases.

The velum interpositum appears to be the anatomic site of origin

of third ventricular colloid cysts [28]. If the cyst slowly grows

anteriorly, it tends to widen the foramen of Monro resulting in a

foramen that is larger than normal with less choice of target area,

a markedly dilated or divaricated foramen with a part of the cyst

wall bulging into the lateral ventricle. The direct transforaminal

approach was the preferred operative choice applied for these

cases.

The cyst may grow posteriorly in the third ventricle medial to the

septum pellucidum. This may compromise the foramen of Mon-

ro resulting in a coapted or glued foramen. This pattern of

growth may also induce a displayed foramen that is hardly seen

with narrowing of the anterior lateral ventricle. For all of these

varieties, we essentially opened the septum pellucidum to get

access to the cyst as a part of the transseptal interforniceal

approach used.

An intermediate type of growth both medial to and bulging

through the foramen of Monro gives it a crescent shape. We

combined the mentioned approaches whenever any residue of

the cyst remained.

Most authors presented their experience in endoscopic colloid

cyst resection via a transforaminal approach. We reviewed the

literature for reported cases in which the cyst was not visible

through the foramen of Monro and how they were managed.

Abdou and Cohen [15] in their series on 13 patients had three

patients with posteriorly placed lesions that were tucked up

underneath the roof of the third ventricle; they described these

cysts to be more difficult to evacuate endoscopically.

Decq et al. [19] and King W. A. et al. [24] described colloid cysts

that were implanted too posteriorly. They believed that such

cysts are not easily treatable endoscopically because a rigid

endoscope is not physically able to reach a target behind the

level of the interthalamic commissure without creating some

damage to the foramen of Monro or the fornix.

Rodziewicz et al. [25] clearly mentioned that occasionally colloid

cysts do not present at the foramen of Monro. In these cases, the

cyst usually protrudes superiorly and splits the septum pelluci-

dum. Such cysts can be approached transventricularly, but sur-

Fig. 3 A retroforaminal tucked up colloid cyst with a normal sized
third ventricle in C-1 image (arrowhead). C-2 and C-3 are preoperative
axial T1 and T2 images respectively. Note: the hypointense lesion on
image C-3 (T2) associated with intraoperative solid cyst contents.
C-4 is a postoperative axial T1 image.

Fig. 4 A-1 and A-2 are preoperative CT scans of patients with coapted
and displayed foramina of Monro. Both cysts lie higher than the third
ventricle which is filled with CSF behind the lesion. B-1 and B-2 are
their respective postoperative scans following resection through the
transseptal interforniceal approach.
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geons should anticipate the need to open the septum pellucidum

to identify and reach the cyst, as in 7 cases of our series.

Vialogo [29] reported a case of colloid cyst located in a retro-

foraminal position, in the diencephalic roof, dissecting the raphe

fornix, expanding superoposteriorly, inside the cavum of the

septum pellucidum, and protruding on the floor of lateral ven-

tricles. The cyst was approached with a rigid neuroendoscope,

through a precoronal burr hole, 2.5 cm lateral to the midline

(Kocher’s point). Following a transventricular route, the right leaf

of the septum pellucidum was endoscopically opened with

bipolar, posterior to the septal vein. The two fornices were split

apart by the uncommon expansion and location of the lesion,

allowing a new endoscopic transventricular transseptointerfor-

niceal approach. He also performed endoscopic septostomy and

third ventriculostomy.

In our study of 18 patients we reported variations regarding

visibility of the cyst at the foramen of Monro. The cyst was

directly seen filling and widening the foramen of Monro in 8

cases, approached through a direct transforaminal route. Only

three cases with crescentic foramina had both a small visible

part of the cyst wall at the foramen of Monro and a retroforam-

inal bulge. In 7 patients we had a totally occluded foramen of

Monro with no visible part of the cyst wall but a retroforaminal

bulge pointing to the interseptal posteriorly tucked up lesion for

which a transforaminal route was not feasible. We essentially

opened the septum pellucidum as a part of the transseptal-

interforniceal approach.

We believe that the transforaminal route is not the only ap-

proach to be used in endoscopic colloid cyst resection. The

tucked up growth of the cyst in the posterior third ventricle can

markedly approximate the edges of the foramen of Monro mak-

ing a direct transforaminal route impossible. This direction of

growth displaces the fornices, the leaves of the septum pelluci-

dum and widens the interforniceal space. In this situation, the

choice should not be to shift to open surgery as the interforniceal

approach originally described in transcallosal microsurgery is

still feasible with the endoscope.

The evacuation of the contents of the cyst behind the foramen of

Monro will open it allowing a transforaminal approach to any

remaining parts of the cyst. A combined approach should also be

born in mind after transforaminal evacuation if any remnants of

the cyst are still seen bulging behind the foramen of Monro and

medial to the septum pellucidum.

Short-term memory disturbance due to forniceal trauma is a

major disincentive to the transcallosal interforniceal approach to

third ventricular lesions. A transient short-term memory loss

was reported in 30 % of patients in the series of Apuzzo and Amar

using the interforniceal approach. The memory disturbance was

maximal for the first 24 to 72 h and gradually settled, 75 %

resolved over 7 days and all resolved or returned to the pre-

operative status by 3 months [30].

We reported postoperative transient memory disturbances in 3

patients who gradually improved within 3 weeks. Two of these

patients had preoperative memory disturbances that were

mildly aggravated after surgery (both operated through com-

bined approach) with preservation of the fornices. The third one

had no preoperative memory complaint and showed an early

return of normal memory within 5 days postoperatively and was

operated by the direct transforaminal approach. This transient

effect, which is still not higher than in the microsurgical ap-

proach, showed postoperative spontaneous improvement. It may

be attributed to the manipulation of the fornices whether by the

cyst itself or due to the balloon squeeze.

A total removal of the cyst capsule was not planned for in any of

the patients. We removed as much as possible of the cyst wall

and the remaining attached parts were coagulated and left in

place to avoid any traction. We do believe, as others

[14,15, 24, 25], that a serious, endoscopically uncontrolled bleed-

ing may follow this manoeuvre whose necessity is debatable.

In our series, there were no mortalities or permanent morbid-

ities. The period of follow-up ranged between 5 months and 8

years and 3 months (mean: 4 years and 2 months). The regimen

of radiological follow-up included a postoperative CT scan one

day after surgery, MRI 3 months after surgery, one year after

surgery, then every two years. We combined bipolar coagulation

of the cyst capsule with cyst marsupialization, for continuous

wash out of the formed colloid material if any by the circulating

CSF. This combination could be the reason for the recurrence-

free follow-up period amounting to 8 years and 3 months.

Conclusion

With an ascending learning curve, endoscopic colloid cyst resec-

tion could be the approach of choice. Through a single right

precoronal burr hole at Kocher’s point, several endoscopic man-

oeuvres can be done. These include aspiration of the contents or

piecemeal removal, combined balloon squeeze and aspiration,

foraminoplasty, pellucidotomy, coagulation of cyst capsule mar-

supialization of the cyst and ETV. The choice of the appropriate

approach is largely dependent on the location of the cyst and the

shape of the foramen of Monro.
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Abstract

Optical coherence tomography (OCT) is a non-invasive and non-

contact imaging technology that has been applied to several

biomedical applications. We have recently demonstrated that

OCT allows discrimination of tumor adjacent brain, diffuse and

solid tumor tissue and that this technology may be used to detect

residual tumor within the resection cavity during resection of

intrinsic brain tumors. Here we show that an OCT integrated

endoscope can image the endoventricular anatomy and other

endoscopically accessible structures in a human brain specimen.

A Sirius 713 optical coherence tomography device was mounted

to a modified rigid endoscope. A formalin-fixed human brain

specimen was used to simulate endoscopic visualization of brain

anatomy and two specimens of fixed malignant tumors with

endoventricular growth patterns. Simultaneous OCT imaging

and endoscopic video imaging of the visible spectrum was

possible using a graded index rod endoscope. OCT imaging of a

human brain specimen in water allowed an in-depth view into

structures like the walls of the ventricular system, the choroid

plexus or the thalamostriatal vein. OCT further allowed imaging

of structures beyond tissue barriers or opaque media. In this

fixed specimen OCT allowed discrimination of vascular struc-

tures down to a diameter of 50 mm. In vessels larger that 100mm

the lumen could be discriminated and within larger blood ves-

sels a layered structure of the vascular wall as well as endovas-

cular plaques could be visualized. This in vitro pilot study has

demonstrated that OCT integrated into neuroendoscopes may

add information that cannot be obtained by the video imaging

alone. This technology may provide an extra margin of safety by

providing cross-sectional images of tissue barriers within opti-

cally opaque conditions.

Key words

Optical coherence tomography � intraoperative imaging �

neuroendoscopy � ventriculoscopy

Introduction

Optical coherence tomography (OCT) is an imaging technology

that uses reflected infrared light from tissue structures for

reconstruction of tomographic images similar to ultrasound.

The light from a super luminescence diode is split into a probe

and a reference light beam. The reference light and the probe

light are combined by a beam splitter and registered at a detec-

tor. Interference of low-coherence light only occurs when the

optical path length of reference and probe are matched within

the coherence length of the light source. Evaluating the inter-

ference for different path lengths of reference generates an A-

scan image. Scanning the sample beam along a transverse axis

can be used to create B-scan images. Implementation of this

interferometer with fiber-optic couplers and beam scanning

systems may be used to perform OCT measurements through

hand-held probes [1], through the optical path of neurosurgical

microscopes [2], or through fiber-optic catheters and endoscopes

[3, 4, 5, 6]. Integration of OCT into specific applicators has en-
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abled medical applications in ophthalmology [7], gastroenterol-

ogy [8], urology [3-5], and dermatology [1].

Optical coherence tomography can achieve a spatial resolution of

micrometers and has also been applied to imaging of central

nervous system tissues. Interpretable B-scan information in

highly scattering tissue such as brain can only be obtained to a

tissue depth of approximately 2 millimeters [9]. Ultrahigh reso-

lution optical coherence tomography has recently been demon-

strated to resolve brain tissue morphology from a single cell level

to a whole animal brain ex vivo and in vivo [10]. We have

recently shown that optical coherence tomography may be used

to image human brain tumor tissue in vivo. At a spatial resolu-

tion of 10mm optical coherence tomography differentiates tumor

from adjacent brain, the infiltration zone, as well as highly

cellular tumor and necrotic areas of malignant gliomas [11].

These observations have raised the question whether optic tissue

analysis may allow detection of residual tumor within the wall of

the resection cavity during operations for intrinsic brain tumors.

Using a high-resolution spectral-domain implementation of the

OCT technology we have analyzed biopsies taken from the wall

of macroscopically tumor-free resection edges during surgical

removal of a malignant glioma. OCT analysis demonstrated

residual microscopic tumor in what appeared macroscopically

normal cortex or white matter [12]. Because OCT analysis can be

performed as non-contact measurements over distances of sev-

eral centimeters we have recently integrated this technology

into the optical path of an experimental neuronavigated operat-

ing microscope [2].

In this study we have used a rigid endoscope, which accepts an

OCT applicator and allows display of a simultaneous endoscopic

video image and an OCT B-scan tomographic image of the tissue

in front of the endoscope. A fixed human brain was used to

simulate a ventriculoscopy and endoscopic approaches to other

brain regions. This feasibility study demonstrates that neuro-

anatomical imaging by OCT can be performed through rigid

endoscopes. Optical tomography may be used to identify and

measure anatomic structures through tissue barriers such as

membranes and non-transparent media and may help to dis-

criminate pathological tissues from normal brain specimens.

Material and Methods

Optical coherence tomography and endoscope integration

In this study a time-domain optical coherence tomography

device (Sirius 713 Tomograph, 40ptics, Lübeck, Germany) was

used, which was modified by the Medical Laser Center, Lübeck,

Germany for use with an endoscope (Fig. 1). The radiation of a

super luminescence diode (SLD) emitting at a central wavelength

of 1310 nm with a coherence length of 15 mm was launched into

an optical monomode fiber, which guides the radiation to an OCT

adapter connected to a modified rigid endoscope with an outer

diameter of 3 mm containing an imaging graded index (GRIN)

Fig. 1 Endoscope integrated optical coherence tomography. The sample beam of a fiber optic interferometer is passed through a GRIN rod
endoscope via a galvo scanner. A superluminescence diode (SLD) with a central wavelength of 1300 nm was used as a light source. Interference of
low-coherence light occurs when the optical path length of the phase modulator and the sample beam are matched. Scanning the sample beam
along a transverse axis can be used to create B-scan images. For positioning of the endoscope both the video and OCT images may be used.
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Fig. 2 Intraventricular OCT imaging.
Cross-sectional image of the peri-aqueductal
tissue (A). OCT imaging of the choroid
plexus and the thalamostriatal vein
(B and C).

Fig. 3 OCT imaging of the floor of the third
ventricle at the level of the corpora mamil-
laria (A) and approximately 4 millimeters
rostral to the mamillary bodies (B).

Böhringer HJ et al. Optical Coherence Tomography ... Minim Invas Neurosurg 2006; 49: 269–275

O
rig

in
a

l
A

rticle

271



rod (Richard Wolf, Knittlingen, Germany). This allowed OCT

measurements and conventional endoscopic visualization of

endoscopically accessible brain tissue. The endoscope was

placed close to structures of interest under visual guidance. In

this configuration the OCT measurements of the tissue in front of

the endoscope required positioning of the endoscope at a sub-

millimeter distance to the region of interest, because of an OCT

measurement window of 2 millimeters. This provided an optical

tomography and B-scan image of a plain 90 degrees to the tissue

surface and a 3 mm scan line [5]. The OCT image acquisition time

at a resolution of 100 pixels/mm was about 2 seconds per 1 mm

scan line. The OCT base unit used in this study allows an axial

and lateral optical resolution of about 15 mm and has been used

in other studies of imaging of central nervous system tissues and

brain tumors by our group [9,11]. In this pilot study a formalin-

fixed human brain and two formalin-fixed specimens of malig-

nant tumors with endoventricular growth pattern were used in

water to simulate ventriculoscopic imaging.

Results

OCT integrated endoscope

Traditionally endoscopes of 3 mm diameter are constructed

using discrete lenses. Because of the inferior imaging quality

GRIN rods are only used for very small diameters when the

assembly of optical components is difficult. Unlike endoscopes

constructed for the visible spectrum, endoscopes for OCT imag-

ing must comply with low losses and low stray light as a

consequence of reflections at the optical surfaces, in this case

specifically at a wavelength of 1300 nm. In a GRIN endoscope the

optical surfaces are minimized and a special antireflex coating

for infrared spectra is not necessary. The rigid 0 1 GRIN endo-

scope used in this study was originally designed for cystoscopy.

It allowed good visualization of the endoventricular anatomy

similar to standards of conventional lens endoscopes. Simulta-

neously, an OCT B scan image was displayed on a second monitor

providing a cross-sectional image of tissue within a 2 millimeter

distance of the front lens (Fig. 2). The OCT scan line of 3 milli-

meters was oriented horizontally in the center of the endoscopic

field of view. Close range positioning of the endoscope to specific

areas of interest was possible based on the on-line OCT image,

which showed the distance of the target tissue volume from the

front lens to the tissue surface.

Endoscopic OCT imaging of anatomical structures and tumor

tissue

Simulation of a ventroculoscopy in a formalin-fixed human brain

specimen in water demonstrated the possibility of a depth view

into structures like the choroids plexus, or the thalamostriatal

vein and the walls of the ventricular system (Fig. 2). OCT imaging

of the floor of the third ventricle was able to identify a fluid filled

space underneath the ventricular floor. The tissue barrier prior to

perforation was measured as 180 mm on post-acquisition OCT

images (Fig. 3). Hence, within a two millimeter window for OCT

imaging not only intra-tissue structures but also structures

underneath or beyond tissue barriers may be visualized. Within

the basal and prepontine cisterns, OCT imaging was performed

through arachnoid membranes. Whereas with decreasing dis-

tance to the arachnoid membrane the video image became

increasingly opaque, OCT allowed measurements of structures

behind the arachnoid membranes and showed detailed cross-

Fig. 4 OCT imaging following perforation
of the floor of the third ventricle. A Small
blood vessel embedded in fine arachnoid
membranes visualized through an arachnoid
sheet of approximately 75mm thickness.
B The rostral wall of the basilar artery
imaged through an arachnoidal barrier.
C Fluid filled space between an arachnoid
membrane and the anterior brain stem.
Note, high signals represent direct
geometric reflexes at the level of the front
lens of the endoscope (star).
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sectional images of, for example, vascular structures (Fig. 4). This

allowed visualization of the anterior wall of the basilar artery

through an arachnoid membrane of 75 mm thickness. We have

previously demonstrated that OCT differentiates tumor and

normal brain based on the light attenuation profile and the

intra-tissue microstructure [11,12]. For this in vitro study two

specimens of tumors with intraventricular extensions were

available as formalin-fixed tissue blocks. These specimens were

OCT imaged in water. Similar to our previous findings for fixed

normal human brain the ventricular walls of the fixed brain

specimen showed little intra-tissue microstructure and a char-

acteristic light attenuation profile with a signal intense tissue

surface and a rapid continuous loss of signal with increasing

tissue depth (Fig. 5). In a specimen of a glioblastoma involving

the ventricular wall, OCT imaging demonstrated a distinct mi-

crostructure and an altered light attenuation profile compared to

the normal ventricular wall. Endoscopic OCT imaging of a mel-

anoma metastasis showed the vascularization of the tumor

capsule. The loss of signal in this specimen occurred at a greater

distance from the tissue surface than in normal brain.

OCT imaging of cerebral blood vessels

The endoscope-integrated OCT was used to image cerebral blood

vessels of different size. Small arachnoid vessels were imaged by

placing the endoscope into the basal cistern. B-scan images

identified vascular structures as small as 50 mm in diameter. For

arachnoid vessel larger than 100 mm the lumen could be visua-

lized (Fig. 6A). Moving the OCT-B scan plain along vascular

structures displayed branching of smaller vessels from parent

vessels (Fig. 6B). OCT showed a layered structure of vascular

walls of different size blood vessels (Fig. 6C). For vessels up to a

diameter of approximately 1.5 millimeters the entire lumen

could be displayed within the imaging window (Fig. 6E). Larger

vessels only allowed imaging of sectors of the vascular wall and

the lumen (Fig. 6F). However, analysis of the basilar artery

showed that details of the vascular anatomy may be studied by

OCT. OCT showed that the rostral wall of the basilar artery

showed a layered structure characteristic for large vessels (Fig.

4B). The posterior wall of the basilar artery in this specimen was

significantly larger in diameter than the vascular wall and did

not show a defined structure. A heterogeneous signal of low and

high intensity was found within the vascular wall. Histology

demonstrated a large plaque distorting the vascular anatomy in

this area (Fig. 6F).

Discussion

Optical coherence tomography is a high-resolution, cross-sec-

tional optical imaging technique that allows real-time imaging

for some applications approaching histological resolution with-

out the need to remove tissue. Different strategies have been

followed to permit OCT imaging through endoscopes. OCT imag-

ing may be performed through fiber-optic catheters that can be

passed through the instrument channel of conventional endo-

scopes. This approach has demonstrated visualization of the

gastrointestinal epithelium and has been applied to imaging of

esophageal adenocarcinoma and colonic polyps. Currently, in

gastroenterology OCT provides visualization at the same imaging

depth as conventional mucosal biopsy and may prove to become

Fig. 5 OCT imaging of the normal ventri-
cular ependyma in a fixed human brain
specimen (A) and in fixed specimens of
malignant tumors involving the walls of the
ventricular system. B Glioblastoma WHO
grade IV. C Vascularized capsule of a
melanoma metastasis.
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a useful minimally invasive technique for evaluation of early

neoplastic changes [13]. Diagnostic cystoscopy frequently faces

the challenge that structural alterations of the bladder wall

below the surface can only be characterized by excisional biopsy.

Using fiber-optic catheters through the instrument channel of a

cystoscope, characteristic OCT patterns of non-proliferative and

proliferative inflammation, dysplasia and transitional cell carci-

noma could be obtained in vivo [6]. Because OCT provides a

cross-sectional analysis, neoplastic lesions may be discriminated

based on the loss of tissue layering. Daniltchenko et al. have

demonstrated that OCT imaging can be performed through the

optic path of a rigid cystoscope, eliminating the need for shared

or dedicated instrument channels [5]. In this study we have used

a similar OCT integration in a rigid GRIN endoscope to simulate

endoscopic procedures in formalin-fixed whole brain specimens.

Similar to our previous findings of non-contact central nervous

system tissue and brain tumor OCT tissue analysis through

air, interpretable B-scan image information could be obtained

in up to 1.5�2.0 millimeter depth depending on the tissue

characteristics [11].

Several details of the intraventricular anatomy could be identi-

fied by OCT. Further, OCT allowed visualization of structures

through arachnoid membranes and other structures obscuring

the view of the endoscope. The preliminary analysis of two

tumor specimens with endoventricular growth demonstrated

that, based on the light attenuation and the intra-tissue struc-

ture, these neoplastic tissues showed a distinct appearance to

normal ependyma. However, this analysis was done in fixed

specimens. We have previously shown that formalin fixation

results in a loss of intra-tissue structure and carries less diag-

nostic information. In fixed brain interpretable OCT B-scan in-

formation can be obtained at lower tissue depth compared to the

in vivo situation [9]. Further studies of endoscope integrated in

vivo OCT will have to show whether endoscopic OCT imaging of

tumor tissue may contribute to a safer identification of the target

tissue volume. However, in vivo OCT imaging of normal brain

and intrinsic brain tumors of different histological grade through

air facilitates non-invasive imaging of tumor to adjacent brain,

the infiltration zone, solid tumor and necrosis at high definition

based on both the light attenuation profile and the appearance

on B-scan images [12].

A feasibility study using OCT analysis of clinical biopsy speci-

mens from solid tumor and the wall of the resection cavity ex

vivo has demonstrated that OCT allows identification of micro-

Fig. 6 Endoscopic OCT imaging of intracranial blood vessels. A Arachnoidal vessels within the prepontine cistern. B Branching point of a small
vessel from the M2 segment of the middle cerebral artery. C and D M1 segment of the middle cerebral artery showing the layered structure of
larger arteries. E OCT image of the posterior wall of the basilar artery showing a thickened vascular wall with a low intensity signal within the
vascular wall. F Corresponding H&E staining of the basilar artery.
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scopic tumor in what appeared macroscopically normal cortex

and white matter [12]. However, non-contact imaging of brain

tissue during neurosurgical procedures has to take into account

that the target volume follows the respiratory and arterial cycle

resulting in movements of several millimeters in amplitude,

which results in a characteristic distortion of the OCT image.

Post-acquisition image processing and automated detection of

the air to tissue intensity change at the tissue surface allowed

realignment of the A scans, which allowed easy interpretation of

changes in the intra-tissue light attenuation profile in vivo [11].

These findings illustrate that optical technologies offer the po-

tential of a high resolution imaging modality of the structure and

optical properties of brain and brain tumor tissue, which has lead

to integration of OCT into the optic path of a neurosurgical

operating microscope. This has fully integrated OCT into the

workflow of experimental microsurgical procedures [2]. In this

early phase of evaluation OCT has already demonstrated an

interesting potential as an aid to neurosurgical procedures.

Regardless of the OCT applicator, endoscope, free probe, or

microscope integration, OCT offers perspectives for further de-

velopments. Recent development of Doppler OCT offers the

potential of functional optical tissue imaging. These technologies

are largely software-based and theoretically can be implemented

into both endoscopic and microscopic OCT integrated instru-

ments. In this study we have shown that OCT provides cross-

sectional images of brain blood vessels of varying calibers.

Doppler optical coherence tomography (D-OCT) images the flow

velocity of moving particles in highly scattering media [14].

Recently, a fast-scanning D-OCT system has been presented that

uses the phase information derived from a Hilbert transforma-

tion demonstrating accurate measurements of the blood flow

velocity in blood vessels of 10�30 mm diameter in human skin up

to a tissue depth of 600mm [15]. Measurements of blood flow in

small vessels in which red blood cells move at low velocity is

difficult because the high imaging frame rates required for real-

time D-OCT reduce the sensitivity due to very short A-scan times.

However, at A-scan rates of 400 Hz a minimum velocity of

10mm/s could be detected at a spatial resolution of 10 mm [15].

For potential neurosurgical applications this would suggest that

both blood flow analysis of larger vessels in neurovascular

procedures as well as measurements of tissue perfusion based

on the flow velocity of capillary-size vessels can be obtained. We

have demonstrated here that imaging of the lumen of large

cerebral blood vessels by endoscope-integrated OCT is feasible,

suggesting that D-OCT integration may allow a non-contact ana-

lysis of vessels of all sizes relevant to neurosurgical procedures.

OCT may carry some potential as a tool in neuroendoscopy. To

improve the image definition and image acquisition rates of an

OCT-integrated neuroendoscope our group is currently working

on a high-resolution spectral-domain OCT-integrated GRIN en-

doscope. Further in vivo studies will have to demonstrate the

value of this technology.
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11 Böhringer HJ, Leppert J, Lankenau E, Reusche E, Hüttmann G, Giese A.
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Abstract

Objective: The aim of the present work is to report the volu-

metric changes of tumor in two pineoblastoma patients treated

with stereotactic interstitial irradiation and to present a review

on radiosurgery of pineal parenchymal tumors. Methods: Two of

our patients with pineoblastoma were treated with CT and

image-fusion guided 125-iodine brachytherapy. The tumor

volumes were determined with outlined contours on planning and

control CT/MRI images and were compared. Results: Until Jan-

uary 2006, there were 61- and 58-month follow-up periods in

the two cases. 56 and 53 months after irradiation the MRI images

showed significant tumor shrinkage. In case 1 tumor volume was

0.76 cm3 on the last control MRI image, compared to the 2.87 cm3

at the time of interstitial irradiation, which means 73 % shrink-

age. In case 2, tumor volume measured with the last control MRI

examination was 0.29 cm3, which represents 77 % shrinkage of

the original tumor volume. In both Cases 1 and 2, PET examina-

tions using 11C-methionine showed no active tumor mass 56 and

53 months following brachytherapy. Conclusion: Two successful

treatments of pineoblastoma are reported. The interstitial irra-

diation of the tumors decreased their volumes significantly. The

CT and image fusion-guided 125-iodine stereotactic brachyther-

apy can be planned well dosimetrically and is surgically precise.

Key words

Pineoblastoma �brachytherapy �125-iodine interstitial

irradiation � shrinkage � image fusion

Introduction

The frequency of pineal region tumors (PRTs) shows regional

differences. From a global perspective PRTs make up 0.4–1 % of

all brain tumors and 3–11 % of childhood brain tumors in the USA

and Europe compared to 2.2–8.8 % of all brain tumors and 12.5 %

of childhood tumors in Japan and Taiwan [1–5]. PRTs can be

divided into 4 main groups, 50 % of these tumors appear in

people under 20 years of age (Table 1) [6–8].

The pineal parenchymal tumors (PPT) can be further differen-

tiated according to their types. Their frequency is not gender

biased (Table 2) [2, 7].

Symptoms caused by PRTs can be a result of increased intracra-

nial pressure provoked by obstructive hydrocephalus, pressure

on the tectum mesencephali and more rarely, pressure on the

hypothalamus. Hormonal changes can be caused by the hormo-

nal activity of the tumor, or by the damage to the surrounding

tissues [2, 9,10].

Today, biopsy is a standard procedure and can be readily per-

formed to support the diagnosis of PRT [11–13]. Regis et al. have

reported 1.3 % mortality and 0.8 % morbidity following the biopsy

of 370 PRTs. The tumors were correctly identified in 94 % of the

cases [13]. Dempsey et al. reported 0 % mortality and less than 2 %

morbidity while performing biopsies of PRTs [14,15].
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Patients and Methods

In the treatment of two cases of pineoblastoma tumor, we used

CT and image-fusion guided 125-iodine (125I)-stereotactic bra-

chytherapy. The image fusion was performed by the BrainLab-

Target 1.19 software on an Alfa 430 (Digital) workstation before,

during and after interstitial irradiation of pineoblastoma with

125-iodine seeds. This method has been described in a previous

publication [16,17].

Case Reports

Case 1

K. Cs., female patient born in 1952, complained of headaches and

vertigo for one year in February 2000. The CT examination

confirmed hydrocephalus and a space-occupying lesion in the

pineal region. Because of the hydrocephalus, a ventriculo-antral

shunt was implanted in February 2000. Ten months later in

December 2000, following a stereotactic biopsy which showed

a pineoblastoma, a catheter was stereotactically introduced into

the tumor through a right-side parieto-occipital burr hole, fol-

lowed by a CT-guided computerized treatment planning and

interstitial irradiation. The placement of the catheter was con-

firmed by intraoperative CT-CT image fusion. Two 125I isotope

seeds, each with 4.6 mCi activity, were introduced into the

catheter, so the total activity was 9.2 mCi. As a result, 94 % of

the tumor volume (2.87 cm3) was irradiated by the dose of 60 Gy

or more.

The catheter with the isotope seeds was removed 522 hours after

the implantation. The patient reported no complaints and ex-

hibited no neurological changes. The general state of the patient

corresponds to level 100 of the Karnofsky scale in January 2006.

Case 2

Cs. L. a female patient, born in 1937, complained of unsteady gait,

vertigo and loss of memory of 3 weeks duration in January 2001.

The neurological examination revealed bilateral horizontal nys-

tagmus. The CT examination revealed a space-occupying lesion

located in the pineal region that caused obstructive hydrocepha-

lus. A ventriculo-peritoneal shunt was implanted in February

2001. This procedure significantly reduced the unsteady gait and

vertigo. In March 2001 a stereotactic biopsy was performed

confirming a pineoblastoma. A CT-guided stereotactic target

volume determination and computerized treatment planning of

the interstitial irradiation was completed. A catheter was intro-

duced into the tumor from the right-side centro-parietal burr

hole. The location of the catheter was confirmed with an intra-

operative CT-CT image fusion. One 125I isotope seed of 17.1 mCi

activity in the catheter was placed into the tumor, and 92 % of the

tumor volume (1.27 cm3) was irradiated with a dose of 54 Gy or

more. The catheter with the seed was removed 192 hours

following the implant procedure. The complaints of the patient

ceased and no change has occurred in her neurological status. In

January 2006, the general state of the patient corresponded to

level 90 of the Karnofsky scale.

Results

In January 2006, the follow-up period after the brachytherapy

was 61 months in case 1 and 58 months in case 2. We have

repeatedly performed control MRI and PET examinations on both

patients. The last MRI and PET examinations were done in August

2005. In case 1, the measured tumor volume was 0.76 cm3 on the

control MR images, which means a 73 % shrinkage compared to

2.87 cm3 tumor volume at the time of brachytherapy (Fig. 1). In

case 2, the tumor volume measured on the control MRI images

was 0.29 cm3, which demonstrated 77 % shrinkage of the initial

1.27 cm3 tumor volume at the time of brachytherapy (Fig. 2). In

case 1, as well as in case 2, PET examinations using 11C-methio-

nine were showing no active tumor mass 56 and 53 months

following brachytherapy.

Discussion

The surgical treatment of PRT goes back to the first two decades

of the 20th century. The first attempts are attributed to Krause

(1907), Horsley (1910), Bruhner (1913) and Pusepp (1914). In

1913, Oppenheim and Krause performed the first successful

Table 1 Types and frequency of pineal region tumors

Type Frequency ( %)

I. Germinomas 33–71

II. Pineal parenchymal tumors (PPT) 14–30

III. Neuroectodermal tumors 0–10

IV. Other tumors, cysts and vascular malformations 0–10

Table 2 Types and frequency of pineal parenchymal tumors

Type Frequency ( %)

1. Pineocytomas 45

2. Pineoblastomas 45.5

3. Pineal parenchymal tumors with intermediate
differentiation

8.5

4. Mixed pineocytoma/pineoblastoma 10

Fig. 1 The fusion of
planning CT images
with the control CT
images obtained 56
months after the
brachytherapy of the
1st case. The green
contour indicates the
tumor contour
before and the yellow
one 56 months after
the brachytherapy.
The examination
shows a 73 %
decrease of the
original tumor
volume.
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exposure of the infratentorial supracerebellar pineal region on a

ten-year-old boy in the sitting position. Dandy reported 3 par-

ieto-occipital transcallosal exposures in 1921. Right-side parieto-

occipital transcortical translateral ventricular exposure was in-

troduced by Van Wagenen in 1928. The occipital interhemispher-

ial transtentorial exposure is associated with Poppen and

Jameison [18–22].

The mortality rate for surgical procedures by excision was

50–70 % at the beginning and therefore less radical procedures

were introduced later. In the period between 1948–1968 Tor-

kildsen began to use ventriculo-cisternostomia. Radiotherapy

was practiced by Kahn [23]. Thanks to these new methods, the

survival rate at one year reached 50 %, while the rate of survival

at five years reached 30 %. Stein (1971), one of the forerunners of

microsurgery of the pineal region, reported on 6 PRTs using

infratentorial supracebellar exposure with a 0 % morbidity rate

[22, 24].

Hoffmann et al. reported on the surgical mortality rate of PRTs in

a retrospective study, showing a decrease from 75 % to 25 %

between 1950–1960, and a further decrease to 4 % between

1967–1974, and finally reaching 0 % between 1975 and 1982.

This significant decrease in mortality was found to be a direct

result of the use of microsurgical techniques, the development

and use of improved anesthesia coupled with the advancement

in intensive care and management of patients [4, 25, 26].

The utilization of radiotherapy (gamma knife, LINAC, brachyther-

apy, frameless stereotactic radiosurgery and the combination of

these with external irradiation) with PRTs increased in the

decades between the 1960 and 1990 [14, 27–33]. Many studies

showing the results of the treatment of PRTs have been pub-

lished in the last few decades [13, 26, 34, 35]. The effectiveness of

the individual types of treatments has not yet been studied.

Based on information from previous publications, we were able

to demonstrate that our radiological method used in the treat-

ment of histologically confirmed PPT was efficacious (Tables

3–5) [2,11,15, 23, 26–28, 34–45].

Wara reports a survival of 3 years after the external irradiation

administered locally on the tumor [32]. Sung et al. report a 3–6

year follow-up period following the introduction of a VP shunt

and external irradiation administered locally on the tumor [44].

According to Fuller, the PPT has a more frequent reoccurrence

than any other type of tumor of the pineal region. The incidence

of spinal metastases is significantly increased in patients under-

going surgical biopsy and in patients without surgical biopsy of

the PPT. Fuller did not find any correlation between the quantity

of the dose administered to the tumor, the frequency of relapse

and the length of survival [35].

As for Schild, relapses were more frequent when the radiother-

apeutic dose was less than 50 Gy–in 6 of 7 cases. Using doses

higher than 50 Gy, the frequency of relapse was 0 in 12 cases [46].

Fig. 2 The fusion of planning CT images
with the control MRI images obtained 53
months after the brachytherapy of the 1st
case. The red contour indicates the tumor
contour before and the white one 53
months after the brachytherapy. The exam-
ination shows a 77 % decrease of the original
tumor volume.
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Abay performed radiotherapy on 27 tumors of the pineal region,

and found a direct correlation between the size of the irradiated

field and the local tumor control. The larger the irradiated field

the better the tumor control [9].

Bradfield pursued radiotherapeutic treatment on 20 PRTs and

reported on longer survival when having irradiated larger fields

[47]. Similar results were given by Rao, however, he found no

correlation between the intensity of the administered dose and

the survival length [48].

Mincer found an absence of symptoms in patients who had been

irradiated in smaller field rather than in those irradiated in larger

field [49].

Table 3 Treatment results of external irradiation of pineal parenchymal tumors

Author
(year)

Histology Number
of cases

Number of
hydrocephalus
treatment

RT – Number of
cases/Type/
Dose (Gy)

Other
therapy –
Number of
cases/Type

Relapse –
Number of
cases/Time
after RT

Leptomeningeal
and spinal
disease –
Number of
cases/Time
after RT

Death –
Number of
cases/Time
after RT

Follow up
from RT

Fuller
(1993)

PNB 3 ND 3/L, CS/54–55.8,
30.6–39

ND 2/10 Mo, 1 Yr – – 1–6 Yr

Chao
(1993)

PNC 1 1 1/L, WB/36, 20 1/SR – – – 41 Mo

Linggood
(1992)

PNB 4 3 4/L, WB, CS/10–15,
30–50 30

3/SR ND ND 3/16, 20, 27 Mo 16 Mo–6 Yr

D’Andrea
(1987)

PNC 6 3 6/L, WB, CS, S/40–61,
32.5, 36–40, 30

3/K, 5/SR 4/0.5–3.5 Yr 2/0.5, 2 Yr 4/1–5.5 Yr 1–5.5 Yr

Chapman
(1980)

PNB 3 2 3/L, WB, S/50, 30–50,
15.5–20

2/SR 1/ND 2/ND 3/16, 27, 28 Mo 16–28 Mo

Borit
(1980)

PNC 1 – 1/ND/60 – – – 1/1 Yr 1 Yr

PNB 1 – 1/ND/50, 30, 35 1/SR ND 1/ND 1/24 Mo 24 Mo

Neuwelt
(1979)

PNC 2 2 2/L, WB, S/10, 40,
40–43

2/SR – – – 1 Mo, 2 Yr

PNB 2 2 2/L, WB, S/15, 40–50,
22.5–34

1/SR – 1/10 Mo 1/13 Mo 6–13 Mo

Pecker
(1979)

PNC 1 1 1/ND – ND – – 29 Mo

PNB 1 1 1/ND – ND 1/ND – 42 Mo

Sung
(1978)

PNB 1 1 1/L/50 ND ND ND – 6 Yr

MIX 1 1 1/L/50 ND ND ND – 3 Yr

Wara
(1977)

PNB 1 ND 1/L/42.5 ND ND ND 1/3 Yr 3 Yr

CS = cerebrospinal, K = chemotherapy, L = local, MIX = mixed pineocytoma/pineoblastoma, Mo = month, ND = no data, PNB = pineoblastoma, PNC = pineocy-
toma, RT = radiotherapy, S = spine, SR = surgery, WB = whole brain, Yr = year.

Table 4 Treatment results of stereotactic radiosurgery of pineal parenchymal tumors

Author (year) Histology Number
of cases

Stereotactic
radiosurgery
Marginal
dose (Gy)

Number of
hydrocephalus
treatment

RS – Number
of cases/
Type/Dose (Gy)

Other therapy –
Number of
cases/Type

Death – Number
of cases/Time
after RS

Follow up
from RS

Hasegawa (2002) PNC 10 12–20 8 1/WB/ND 1/K, 1/SR 1/14 LM

PNB 4 13–16 3 2/WB, S/24–30 3/K

1/WB, L, S/32, 19.8, 36 1/SR 4/LM, NL, S, ND 52 Mo

MIX 2 14 2 1/L/56 2/SR –

Manera (1996) PNC 3 12–20 2 – 1/K – 4, 10, 12 Mo
PNB 2 12–20 2 – 2/K – 1, 33 Mo

Dempsey (1992) PNC 1 20 NA – – – 14 Mo

Backlund (1974) PNC 2 ND 1 – – – 1, 3 Mo

K = chemotherapy, L = local, LM = leptomeningeal disease, MIX = mixed pineocytoma/pineoblastoma, Mo = month, ND = no data, NL = new lesion, PNB = pineo-
blastoma, PNC = pineocytoma, RS = radiosurgery, S = spine, SR = surgery, WB = whole brain, Yr = year.
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The first stereotactic radiosurgery of histologically verified PPTs

was performed by Backlund in 1974. He administered 50 Gy

irradiation on each tumor. One year later, 2 irradiated pineo-

cytomas disappeared completely, or shrunk significantly [27].

Hasegawa et al. utilized gamma knife irradiation on 16 PPTs.

They proceeded as follows. pineocytomas of less than 3 cm in

diameter were treated with stereotactic irradiation; pineocyto-

mas of more than 3 cm in diameter were resected, and in the case

of other types of PPTs the treatment procedure was craniospinal

radiotherapy, chemotherapy and stereotactic boost irradiation.

The marginal dose was 12–20 Gy, the average follow-up period

was 52 months (7–108 months), and the highest mortality was

recorded in the case of pineoblastomas (4/4) with 7–47 months

survival [11].

The first brachytherapy of a histologically verified pineal par-

enchymal tumor was associated with the name of Borit. He used

the 198Au isotope for the implantation and the follow-up period

was 7 years [28]. Kreth performed brachytherapy of PPT on the

largest number of cases, the average follow-up period for the 8

PPTs irradiated with 125-iodine isotopes was 41 months. He

reported a mortality rate only for 1 patient 8 months following

the brachytherapy [26].

Barlas recorded relapses at 3 months after pineoblastomas exci-

sion, and at 13–27 months following interstitial irradiation with

125 iodine isotopes [2].

In the case of our two patients with pineoblastomas, confirmed

with biopsy and histological diagnosis, we opted for the inter-

stitial irradiation to be performed during a single session, thus

saving our patients an additional stereotactic procedure. The 125I

brachytherapy revealed 73 % tumor shrinkage at 56 months after

the irradiation in case 1, and 77 % tumor shrinkage at 53 months

after the irradiation in case 2. In both cases, PET examinations

using 11C-methionine were showing no active tumor mass 56

and 53 months following brachytherapy, respectively. The pa-

tients are now essentially symptom-free and without com-

plaints. The CT and image fusion guided 125I stereotactic

brachytherapy can be planned well dosimetrically and is surgi-

cally precise.
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Abstract

We report two cases of lumbar disc herniation with contralateral

nerve root involvement, surgically treated with a microendo-

scopic disectomy system (METRxt-MED system). The nerve root

of the symptomatic side (contralateral to the side of the disc

herniation) had been compressed to the superior facet by her-

niated disc from the opposite side. Endoscopic observation re-

vealed inflammatory findings of the nerve root on the

symptomatic side, such as fibrosis, adhesion, redness and swel-

ling. In contrast, on the non-symptomatic side (ipsilateral side of

the disc herniation), the nerve root had been merely compressed

by the herniated disc but did not demonstrate any inflammatory

findings. Excision of the herniated disc and decompression of the

non-symptomatic nerve root should be done first, approaching

from the disc herniation side. After that, through the same

approach, the nerve root of the opposite (symptomatic) side

should be decompressed.

Key words

Minimally invasive surgery �posterior endoscopic surgery �

lumbar disc herniation � contralateral symptoms

Introduction

Lumbar disc herniation with symptoms to the contralateral side

of the disc herniation is uncommon [1, 2]. Wide exploration and

exposure of the pathologies and anatomical findings have been

required to operatively treat such a case. Technical progress in

minimally invasive surgery has reduced the problem of morbid-

ity following surgery. Endoscopic surgery can provide a wide

visualization through the oblique lens and reduce tissue damage.

In this article, we report intraoperative endoscopic findings of

lumbar disc herniations with contralateral symptoms, and dis-

cuss the surgical strategy with a minimally invasive technique.

Case Reports

Patient 1

The patient was a 45-year-old male with a history of right lower

extremity radiculopathy and weakness of dorsiflexion in his big

toe. He had received physical therapy, which did not help him

with his pain and motor weakness. His past history was not

significant. Physical examination revealed a sensory deficit of the

right L5 segment. He had right extensor hallucis longus weak-

ness (2/5) and right tibialis anterior weakness (3/5), but the rest

of his motor and sensory examination was normal. The straight

leg raising (SLR) test was positive at 45 degrees in his right leg.

Magnetic resonance imaging (MRI) revealed a left side dominant

herniation at L4-L5 disc (Figs. 1A and B). The patient underwent

microendoscopic discectomy (MED) using the METRx-MED sys-

tem (Medtronic Sofamor Danek, Memphis, TN). First, the patient

had decompression of the right L5 nerve root (symptomatic side)

by a right-sided approach. Next, discectomy was performed by a

left-sided approach. Both approaches required different muscle

splitting through the same incision of skin. The right L5 nerve

root (symptomatic side) had been compressed to the superior

facet by herniated disc from the opposite side. Endoscopic
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observation revealed inflammatory findings including fibrosis,

adhesion, redness and swelling of the right L5 nerve root (Figs. 2

and 3), while the left nerve root was without inflammatory signs.

On the first post-operative day, the right L5 radiculopathy was

relieved, and he started to walk. Muscle weakness of right

extensor hallucis longus and tibialis anterior recovered gradu-

ally. He did not have any symptoms or muscle weakness at

2-year follow-up.

Patient 2

The patient was an 18-year-old female with a history of left leg

pain and low back pain. She had had conservative therapies such

as physical therapy, pain medication and epidural injection of

steroids, which did not help her with her pain. Physical exam-

ination revealed a left L5 sensory deficit and muscle weakness of

the left extensor hallucis longus (3/5), but the rest of her motor

and sensory examination was normal. The SLR test was positive

Fig. 1 Case 1: Preoperative magnetic reso-
nance images (MRI). Sagittal (A) and axial (B)
T2-weighted images demonstrate left-sided
lumbar disc herniation (arrow) at L4-L5.
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Fig. 2 Case 1: Endoscopic view of the right
(approach side; symptomatic) L5 nerve root
(�) following medial facetectomy. The nerve
root was swollen and covered with fibrous
tissue, with adhesions around the tissue. It
also had been compressed from the con-
tralateral side (herniation side).
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Fig. 3 Case 1: Endoscopic view of the right
(approach side) L5 nerve root (�), following
further decompression. The nerve root be-
came slack, and red spots (arrows) were
found on the surface of the nerve root,
which indicated compression at the superior
facet.
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at 60 degrees in both legs, but produced only left leg pain. MRI

showed a disc herniation at the L4-L5 level, which was right side

dominant (Figs. 4A and B). The patient underwent MED via a

right side (asymptomatic with herniated side) approach. With

regard to this patient, discectomy was performed first. After

excision of the herniated disc, the tubular retractor was angled

medially to visualize the contralateral side, and decompression

of left L5 nerve root was carried out. This maneuver is a so-

called unilateral approach and bilateral decompression techni-

que. The left L5 nerve root (symptomatic side) had been com-

pressed by the superior facet due to the herniated disc from the

opposite side. Endoscopic observation showed inflammatory

findings of the left L5 nerve root, such as fibrosis, adhesion,

redness and swelling (Fig. 5). On the contrary, the right L5 nerve

root simply had compression without inflammation (Fig. 6). On

the first post-operative day, the left L5 radiculopathy was re-

lieved, and she started to walk. At the final follow-up, 2 years

after surgery, she had no symptoms.

Fig. 4 Case 2: Preoperative magnetic reso-
nance images (MRI). Sagittal (A) and axial (B)
T2-weighted images demonstrate the right-
sided lumbar disc herniation (arrow) at
L4-L5.
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Fig. 5 Case 2: Endoscopic view of the right
(approach side; asymptomatic) L5 nerve root
(�), which had been compressed by disc
herniation on the same side. The nerve root
did not demonstrate inflammatory findings.
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Fig. 6 Case 2: Endoscopic view of the left
(contralateral side) L5 nerve root (arrow)
from a right-sided approach. The nerve root
had been compressed under the superior
facet, and showed adhesion, redness and
fibrous tissue developments.
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Discussion

There are a few reports about contralateral symptoms from

lumbar disc herniation [1, 2]. Nerve root anomaly and contra-

lateral compression of the nerve root at the site of a hypertro-

phied facet or the pedicle were supposed to be the cause of the

contralateral symptoms. In the case of surgery for lumbar disc

herniation with a discrepancy between the clinical symptoms

and the preoperative MRI findings, confirmation of anatomy and

pathology and complete decompression of bilateral nerve roots

should be required. Hence, a wide laminectomy and extensive

exploration had been used. Recent progress in posterior endo-

scopic surgery allows surgeons to obtain a wide and clear view of

the pathology, and to perform minimally invasive decompres-

sion of bilateral nerve roots.

MED was originally introduced as a minimally invasive surgery

for lumbar disc herniation by Foley and Smith in 1997 [3]. Since

then, this endoscopic decompressive technique has been further

developed and applied to various spine pathologies including

lumbar spinal stenosis and cervical radiculopathy and myelo-

pathy [4–13]. This procedure also may allow surgeons to perform

bilateral decompression via a unilateral approach, the so-called

‘‘unilateral approach and bilateral decompression’’ [14]. This is

also one of the most widely used techniques of minimally

invasive decompressive spine surgery.

In our cases, endoscopy revealed the compression of the nerve

root at the superior facet on the opposite side to the herniation. It

also revealed inflammatory findings such as fibrosis, adhesion,

redness and swelling of the nerve root on the symptomatic side

(contralateral side to the disc herniation). On the contrary, the

nerve root on the asymptomatic side (disc herniation side) had

simply been compressed by disc herniation and was not inflamed.

With regard to operation in cases that demonstrate symptoms to

the contralateral side of the herniation, the surgeon must de-

compress the nerve roots bilaterally and confirm their anatomy

and pathology. Deciding which side should be done first might

be a problem. In our cases, we took different approaches to each

of them. Patient 1 had decompression of the symptomatic nerve

root first, followed by discectomy on the asymptomatic side by

another MED approach. In patient 2, discectomy was achieved

first, and decompression of the contralateral symptopmatic

nerve root was carried out using the unilateral approach and

bilateral decompression technique. In our experience, ipsilateral

discectomy and subsequent contralateral nerve root decompres-

sion using the unilateral approach and bilateral decompression

technique is a reasonable approach of posterior endoscopic

surgery.

Completing this procedure under endoscopy requires some ex-

perience, however, and there is a steep learning curve to obtain

the necessary endoscopic surgical skill. If the unilateral approach

and bilateral decompression technique proves difficult, bilateral

approaches should be used.

In conclusion, posterior endoscopic decompressive surgery can

be applied to such a complicated case with a discrepancy be-

tween the clinical symptoms and the findings of imaging tech-

niques, and has been successfully performed.
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Abstract

Digital subtraction angiography (DSA) has been used as the

standard method for detecting cerebral vasospasm after subar-

achnoid hemorrhage (SAH). Multislice computed tomographic

angiography (CTA) is a relatively recent method used for evalu-

ating the vasculature of the intracranial arteries. The purpose of

this study was to compare multislice CTA and DSA for the

detection and quantification of cerebral vasospasm after SAH,

and to analyze the usefulness of multislice CTA. Eight patients

with SAH underwent initial CTA with DSA within 72 hours after

the onset of symptoms and follow-up multislice CTA and DSA 8

to 48 days after SAH. Five arterial locations were established in

the A1 and A2 segments of the anterior cerebral artery, the M1

and M2 segments of the middle cerebral artery and the posterior

cerebral artery (PCA) on both multislice CTA and DSA images.

Vasospasm was classified as none, mild (up to 30 % reduction in

luminal diameter), moderate (31–60 % reduction), and marked

(at least 60 % reduction) using the scale of Schneck and Kricheff.

The multislice CT system used the following parameters:

1.25 mm collimation and 3.75 pitch with a 4-channel system.

The degree of vasospasm revealed by the multislice CTA was

significantly correlated with the degree of vasospasm revealed

by DSA. In general, most discrepancies between CTA and DSA

were in the detection of mild and moderate vasospasm. We

found that the consistency between multislice CTA and DSA

was greater for mild (100 %, n = 3) or moderate (100 %, n = 3)

vasospasm than none (n = 1) or marked vasospasm (n = 1). How-

ever, it was unclear whether multislice CTA was more specific for

a proximal location (A1, M1, PCA) or distal location (A2, M2) for

evaluation of cerebral arteries. Multislice CTA can detect angio-

graphic vasospasm after SAH with an accuracy similar to that of

DSA. Multislice CTA is highly sensitive, specific and accurate in

detecting mild and moderate cerebral vasospasm. It is less

accurate for detecting no vasospasm and marked vasospasm.

Therefore, the authors propose that multislice CTA be considered

as a useful tool for the detection and management of intracranial

vasospasm after SAH.
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SAH subarachnoid hemorrhage

TCD transcranial Doppler sonography.

Introduction

Cerebral vasospasm is one of the major causes of mortality and

morbidity in patients with subarachnoid hemorrhage [1]. Vaso-

spasm typically occurs 7 to 10 days after hemorrhage, and its

prompt diagnosis is required to initiate appropriate therapy to

avoid ischemic insults. Digital subtraction angiography (DSA) is

accepted as the standard method used to confirm the diagnosis

of vasospasm [1]; however, it carries a total complication rate of

approximately 5 % and a permanent stroke rate of approximately

0.5 to 1 % [2–6]. In addition, it cannot be performed repeatedly in

critically ill patients because of its invasive nature. Transcranial

Doppler ultrasonography is widely used to evaluate cerebral

vasospasm [7, 8]; however, its operator dependence, and diffi-

culty in accurately detecting vasospasm at sites other than the

proximal middle cerebral artery (MCA) limit its use to a screening

method only with the definitive diagnosis being made by DSA.

CT angiography (CTA) does not carry the neurological risks

associated with DSA. Moreover, it is less expensive and requires

less time than DSA. CTA has been shown to depict the intracra-

nial vasculature well in the setting of SAH [9–13]. The purpose of

this study was to compare CTA with DSA in its ability to detect

cerebral vasospasm in patients with SAH.

Patients and Methods

Between January 2003 and December 2003, 216 patients under-

went surgery at our institution for SAH. Of these patients, eight

patients had an initial CTA with DSA within 72 hours after the

onset of symptoms, and a follow-up multislice CTA and DSA 8 to

48 days after the SAH. In this prospective study, there were 3

men and 5 women whose ages ranged from 48–74 years (mean:

57.8 years). The multislice CT system (General Electric, Co, Mil-

waukee, USA) used had the following parameters: 1.25 mm

collimation and 3.75 pitch (mm per rotation table increment)

with a 4-channel system. The formal CTA examination consisted

of 140 mL of non-ionic iodinated contrast agent (ultravist 300,

Schering AG, Berlin, Germany) infused at a rate of 3.45–5 mL/s

via an antecubital intravenous catheter. Helical scanning was

performed from the craniocervical junction to 30 mm above the

floor of the sella turcica. The pitch was 3.1, with 220 mA. The CT

value was measured in the circular regions of interest (ROIs) in

bilateral carotid arteries. Axial slices were reconstructed with a

1.25 mm slice thickness at 0.5 mm intervals, and the recon-

structed images were transferred to a computer workstation for

3D reconstruction. The DSA studies were performed using the

transfemoral Seldinger technique and anteroposterior and lat-

eral views were obtained. The CTA and DSA examinations were

compared retrospectively by two neurosurgeons. The initial and

delayed CTA examinations were reviewed for the presence of

spasm by comparing the corresponding vessel diameters on the

initial and follow-up studies. These results were then compared

with findings on the corresponding DSA images. A total of five

arterial locations were established in the A1 and A2 segments of

the anterior cerebral artery, the M1 and M2 segments of the

middle cerebral artery and the posterior cerebral artery (PCA) on

both multislice CTA and DSA images. Vasospasm was classified as

none, mild (up to 30 % reduction in luminal diameter), moderate

(31–60 % reduction), and marked (at least 60 % reduction) using

the scale of Schneck and Kricheff (Table 1) [14].

Results

The patients’ CTA and DSA findings are summarized in Table 2.

The ruptured aneurysms were located at the anterior cerebral

artery in three patients, the posterior communicating artery in

two patients, the internal carotid artery in one patient, the

middle cerebral artery in one patient and the vertebrobasilar

artery in one patient. The degree of vasospasm revealed by

multislice CTA was significantly correlated with the degree of

vasospasm by DSA. Discrepancies between CTA and DSA have

been, in general, a result of detecting mild and moderate degrees

of vasospasm. Our findings showed that the consistency between

multislice CTA and DSA was greater for mild (100 %, n = 3) or

moderate (100 %, n = 3) vasospasm than none (n = 1) or marked

or severe vasospasm (n = 1). At all locations, agreement between

CTA and DSA was greater for mild and moderate degrees of

vasospasm (Figs. 1 and 2). However, CTA was not highly sensitive

and accurate for detecting no or marked spasm (Fig. 3 and 4).

However, it was unclear whether multislice CTA was more

specific for proximal locations (A1, M1, PCA) or distal locations

(A2, M2) of the cerebral arteries.

Discussion

Transcranial Doppler sonography (TCD) is the most commonly

used method for the detection of cerebral vasospasm. This tool

has been shown to be 84 % to 85 % sensitive and 89 % to 98 %

specific for detection of spasms at proximal middle cerebral

artery locations [7, 8,15,16]. TCD can be used on a daily basis

with minimal cost and risk to the patient; however, its operator

dependence and limited application to the whole intracerebral

vasculature limits its effectiveness in making a definitive diag-

nosis. Thus TCD alone is inadequate for the detection of vaso-

spasm, and other methods are required [16].

Magnetic resonance angiography (MRA) has been used for the

diagnosis of intracranial aneurysms [17,18]. The advantages of

MRA include reduced invasiveness, lack of exposure to ionizing

radiation and no requirement for intravenous contrast adminis-

tration. However, its sensitivity and specificity for the detection

Table 1 Scale for grading intracranial vasospasm

Grade Definition

None Normal

Mild < 30 % reduction

Moderate 30 < 60 % reduction

Severe 60 % reduction
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Fig. 1 Angiograms obtained in a 61-year-
old man with SAH due to rupture of an
anterior communicating artery aneurysm
(Case 8). A Preoperative computed
tomographic angiogram, anteroposterior
view. B Preoperative digital subtraction
angiogram, anteroposterior view.
C Postoperative computed tomographic
angiogram, anteroposterior view,
demonstrating mild narrowing of the distal
segment of the anterior cerebral artery
(arrow). D Postoperative digital subtraction
angiogram, anteroposterior view,
demonstrating mild narrowing of the distal
segment of the anterior cerebral artery
(arrow).

Table 2 Demographic and clinical data, 3D-CTA and DSA findings

Case Age/Sex Site of aneurysm Arterial narrowing on 3D-CTA Arterial narrowing on DSA

Site Grade Site Grade

1 52/M ICAB, Lt A1, A2, M1, M2 Moderate A1, A2, M1, M2 Moderate

2 63/F Pcom, Rt A1, M1 Mild None

3 50/F MCAB, Rt A1, A2, M1, M2 Mild M1, M2 Mild

4 48/F A1, Rt A1, A2, M1, M2 Moderate A1, A2, M1, M2 Marked

5 74/F Pcom, Rt A1, M1, M2 Mild A1, A2 Mild

6 66/M Basilar top PCA, A1 Moderate A1, A2, M1, M2, PCA Moderate

7 48/F Acom A1, A2, M1, M2 Moderate A1, A2, M1, M2 Moderate

8 61/M Acom A1 Mild A1, A2, M2 Mild

CTA = computed tomographic angiography; DSA = digital subtraction angiography; ICAB = internal cerebral artery bifurcation; Pcom = posterior communicating
artery; MCAB = middle cerebral artery bifurcation; M1 and M2 = proximal and distal segment of the middle cerebral artery; Acomm = anterior communicating
artery; A1 and A2 = proximal and distal segment of the anterior cerebral artery; PCA = posterior cerebral artery; Lt = left; Rt = right.

Fig. 2 Angiograms obtained in a 66-year-
old man with SAH due to rupture of a basilar
top aneurysm (Case 6). A Preoperative
computed tomographic angiogram,
anteroposterior view. B Preoperative digital
subtraction angiogram, anteroposterior
view. C Postoperative computed
tomographic angiogram, anteroposterior
view, showing moderate narrowing of the
proximal segment of the anterior and
posterior cerebral artery (arrow).
D Postoperative digital subtraction
angiogram, anteroposterior view, showing
moderate narrowing of the proximal
segment of the anterior cerebral artery
(arrow).
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of vasospasm after SAH remain relatively low [19, 20]. MRA has

limitations for detecting the severity of vasospasm and visuali-

zation of the distal arteries [20]. In addition, for obtunded, often

mechanically ventilated, critically ill patients, MRA may not be

ideal owing to the relatively prolonged acquisition times and

limited patient access. Electric and metallic devices, such as

aneurysmal clips, also preclude its routine use in the postopera-

tive patient [21]. Furthermore, MRA tends to lead to an over-

estimation of stenotic changes because of dephasing [22].

Therefore, MRA has not been shown to be a useful examination

for patients with vasospasm after SAH.

DSA is the reference standard for demonstrating intracranial

vasospasm and is commonly performed for suspected delayed

cerebral ischemia. The risks for performing this procedure, in a

critically ill patient, however, can limit its application; central

nervous system complications from this procedure are reported

to be as least as high as 0.9 % in healthy persons [6]. Less serious,

but more common complications associated with DSA include:

nausea, vomiting, puncture site hematoma and hypotension

which may have a greater clinical significance in the critically

ill. DSA cannot therefore be performed repeatedly.

Three-dimensional CTA has proved useful in screening for in-

tracranial aneurysms [9, 23–25] and in assessing acute SAH for

planning surgery [26, 27]. Its usefulness in the diagnosis of

intracranial vasospasm was reported by Ochi et al. in 1997 [11].

Multislice CTA has several advantages. The examination time is

short, the ability to rotate the 3D images through 360 degrees

may provide a better view of the anatomy of the aneurysm and

the surrounding vessels, and a selective arterial cannulation with

the risk of stroke can be avoided. Furthermore, multislice CTA

seems to be relatively inexpensive compared with MRA and DSA

[28]; in addition, CTA can visualize the distal cerebral arteries,

which resulted in a high possibility of agreement between DSA

and CTA for detection of cerebral vasospasm. The disadvantages

include the relatively large amount of contrast medium needed

to obtain optimal axial source images and the slightly increased

risk of immediately performing subsequent DSA in a patient with

an abnormal finding (remnant of the neck, vasospasm), the time-

consuming effort of excluding bone structures at the cranial

base, the time required to perform the 3D reconstructions and

clip artifacts. For multislice CTA, the artifacts were small and

limited to the extension of the axis of the clip, so they only rarely

interfered with the interpretation of the images and more

Fig. 3 Angiograms obtained in a 48-year-
old woman with SAH due to rupture of the
right proximal segment (A1) of the anterior
cerebral artery (Case 4). A Preoperative
computed tomographic angiogram,
anteroposterior view. B Preoperative digital
subtraction angiogram, oblique view.
C Postoperative computed tomographic
angiogram, anteroposterior view, showing
moderate narrowing of the proximal
segment of the anterior cerebral artery
(arrow). D Postoperative digital subtraction
angiogram, oblique view, showing severe
narrowing of the proximal and distal
segment of the anterior cerebral artery
(arrow).

Fig. 4 Angiograms obtained in a 63-year-
old woman with SAH due to rupture of the
right posterior communicating artery (Case
2). A Preoperative computed tomographic
angiogram, anteroposterior view.
B Preoperative digital subtraction
angiogram, oblique view. C Postoperative
computed tomographic angiogram,
anteroposterior view, showing mild narrow-
ing of the proximal segment of the anterior
cerebral artery (arrow). D Postoperative
digital subtraction angiogram, oblique view,
showing no vasospasm of the proximal
segment of the anterior cerebral artery
(arrow).

Joo SP et al. Clinical Utility of Multislice Computed Tomographic Angiography ... Minim Invas Neurosurg 2006; 49: 286–290

O
rig

in
a

l
A

rticle

289



information could be obtained. Anderson et al. [29] found CTA to

be perfect in detecting severe spasm ( > 50 % luminal reduction)

and to be highly sensitive and accurate in detecting normal

vessels in the absence of spasm. Vasospasm was best detected

in proximal arterial locations (ICA, M A1, M1, and basilar arteries)

and when categorized as either absent or severe. Mild or mod-

erate spasm (1 % to 50 % luminal reduction) was less well de-

tected, especially at distal locations (A2 and M2). In our study,

the discrepancies between CTA and DSA were in detecting mild

and moderate degrees of vasospasm. However, the consistency

between multislice CTA and DSA was greater for mild or moder-

ate vasospasm than none or marked vasospasm. Our findings

support that multislice CTA, such as 16- or 64-channel acquisi-

tion, will allow for improved quality of the vascular images with

time; however, its role in the management of patients with

aneurysmal SAH requires further study.

Conclusion

Although a valuable statistical analysis is not possible because of

the relatively small number of patients, multislice CTA can detect

angiographic vasospasm after SAH with accuracy similar to that

of DSA. Multislice CTA is highly sensitive, specific and accurate in

detecting mild and moderate cerebral vasospasm. It is less

accurate for detecting no vasospasm and marked vasospasm.

Therefore, multislice CTA is a suitable alternative to conventional

angiography for the diagnosis and treatment of patients with

intracranial vasospasm.
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Abstract

Objective: Surgical options to remove lesions located deep in the

sulcus at the paracentral area are limited. To minimize thera-

peutic morbidities, such as cortical injuries before the removal, a

transsulcal approach was applied by taking the results of neuro-

imaging and functional mapping into consideration. Methods:

Four patients with paracentral inner lesions including anaplastic

astrocytoma, cortical dysplasia, and cavernous angioma were

operated on. All lesions were located deep in the paracentral

sulci. According to the outcome of MRI and functional mapping

of the cortex over the lesion, the central or the postcentral sulcus

was opened toward the lesion. Immediately after complete

dissection of the sulcus to remove the lesion, neurological find-

ings were evaluated in the awake state. Results: All lesions were

situated beneath the hand or foot area. The transsulcal approach

was successfully conducted without any neurological deficits

in all cases. Conclusion: Microsurgical techniques based on

anatomic and functional information allow surgeons to reach

the lesions deep in the paracentral area safely.

Key words

Functional mapping �paracentral area �motor evoked poten-

tial � awake surgery � transsulcal approach

Introduction

With the recent developments of neuroimaging, functional

mapping, and anesthesia, lesions in eloquent areas are often

resectable without neurological deficits [1–3]. Even so, para-

central lesions, especially located deep in the brain, are still one

of the most challenging therapeutic obstacles in neurosurgery

due to risks associated with the surgical procedures. Brain

injuries during the approach to a deeply situated lesion cause

immediate clinical deficits in motor and/or sensory function, as

well as decreases in evoked potentials (i.e., motor evoked poten-

tial [MEP] and/or somatosensory evoked potential [SEP]). Since

transsylvian or transsulcal approaches are usually selected for

deeply located lesions in our institute [4], this paper reports

a transsulcal approach to lesions deep in the sulcus at the para-

central area. Technical considerations of this approach as a

minimally invasive way are discussed by taking the results of

preoperative MRI and functional mapping into account.

Patients and Methods

Patients

Four right-handed patients (Table 1) including one with an

anaplastic astrocytoma, one with medically intractable epilepsy

due to cortical dysplasia, and two with cavernous angiomas

accompanied by hematomas, aged 31 to 53 years, were operated

on by this approach. Patient 1 had mild central facial palsy and
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clumsiness on his right hand. Patient 2 had no clinical deficits

interictally. In patients 3 and 4, motor and sensory deficits in the

upper extremities due to hemorrhage had recovered completely

before surgery.

MRI

Preoperative imaging was performed on a 3 Tesla MR scanner

(Trio, Siemens, Erlangen, Germany) equipped with a receiver

only 8 channels of phased-array head coil.

In all patients, the lesions were located deep in the paracentral

sulcus (the central sulcus in patients 1, 2, and 4 and the

postcentral sulcus in patient 3) and did not extend to the brain

surface. We obtained T1-weighted volume data using 3-D

magnetization prepared rapid gradient echo (MPRAGE) sequence

with 1 mm thickness. Near isotropic voxels were acquired with

an image matrix of 256 � 240 and 240 mm � 225 mm field

of view, providing 0.9 mm � 0.9 mm � 1 mm resolution. After

stripping the skull and scalp from the T1-weighted volume data

with brain extraction tools (Oxford Centre for Functional

Magnetic Resonance of the Brain, Oxford University, Oxford,

UK), a volume-rendered image of extracted brain was created.

Functional mapping

Functional mapping was performed with magnetoencephalo-

graphy (MEG), functional MRI, and electric stimulation. Addi-

tionally, the MPRAGE images and DICOM-format tractography

images of the pyramidal tracts together with the results of func-

tional MRI were transferred to the navigation system (Vector

Vision Compact Navigation System, Brain LAB AG, Heimstetten,

Germany). In patients 1 and 2, subdural electrode grids were

placed on the paracentral cortex to define the epileptogenic

areas as well as to examine cortical functions. Electric stimula-

tion for functional mapping was done with approval by the Eth-

ical Committee of Kyoto University Graduate School of Medicine

(No. 79) and written informed consent was obtained from the

patients. All contacts used for cortical stimulation were made

of platinum of 3 mm in diameter, and the center-to-center

interelectrode distance was 1 cm. Details about the methods of

electric stimulation have been described elsewhere [5]. Electric

currents in square waves of alternating polarity each with dura-

tion of 0.3 ms were delivered to a pair of subdural electrodes at

a frequency of 50 Hz for 1 s, and the currents were increased

in 1 mA increments to a maximum of 15 IDA. The duration of

electric stimulation was then increased in 1-s increments until a

maximum of 5 s. Whenever after-discharges were induced, the

test was repeated with the same or lower currents.

Opening of the sulcus

In all patients, transsulcal approaches (transcentral sulcus in

three and transpostcentral sulcus in one patient) were applied

to reach the lesions. In accordance with the shape of the sulcus

and the function of surrounding cortex, the initial part for

dissection on the sulcus was determined. If the sulcus above

the lesion was tight due to brain edema or adhesion of the arach-

noid membranes, a relatively normal part in the sulcus was

dissected at first along the cortical artery, followed by extending

the space to the lesion. At the brain surface, the subarachnoid

membrane was cut with a minimal tension in the left applying

gentle retraction onto a cottonoid sponge placed on the adjacent

tissue. To open the sulcus, microscissors were used as much as

possible to avoid cortical injures due to retraction and coagula-

tion by bipolar forceps [4]. A self-retaining retractor placed over

a cottonoid strip was used in the deep area but the use was

limited to as short a time as possible.

Table 1 Summary of preoperative data in four patients with lesions deeply located at the paracentral area
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Intraoperative neurological examination

General anesthesia was induced and maintained with intra-

venous propofol for the craniotomy. The patients lightened in 5

to 8 minutes on discontinuing the infusion of propofol. Awake

microsurgery under continuous monitoring of motor and

sensory function, was performed with approval by the Ethical

Committee of Kyoto University Graduate School of Medicine (No.

542) and written informed consent was obtained from the pa-

tients. The bilateral abductor pollicis brevis, biceps, brachialis,

deltoid, gastrocnemius, quadriceps femoris, and tibialis anterior

muscles were chosen for electromyogram (EMG) recording by

using neurological monitoring (Epoch XP, Axon Systems, NY, USA).

Results

The results of MRI and functional mapping showed that the

lesions were located deep in the central sulcus at the hand/face

area in patient 1, the hand area in patient 4, and the foot area in

patient 2, and in the postcentral sulcus at the hand area in pa-

tient 3. Sulci over the astrocytoma and cavernoma accompanied

by hemorrhage (patients 1, 2, and 4) were edematous and arach-

noid membranes were adhering with each other. In these three

patients, the relatively normal sulcus corresponding to the

face area was opened at first, followed by dissection to the

lesion located under the hand area. The transsulcal approach to

the lesions was successfully conducted without any neurological

deficits in all cases. All the lesions were removed completely

with intraoperative functional monitoring, and there were no

further postoperative neurological deficits.

Illustrative case (patient 1) (Fig. 1)

A 53-year-old right-handed man had a history of simple partial

seizures on his right hand and face progressing to complex

partial seizures. Interictally, he had mild dysarthria due to

central facial nerve palsy and clumsiness on his right hand. An

MRI demonstrated low intensity on the T1-weighted image, and

high intensity on the T2-weighted image in the precentral gyrus

extending to the pyramidal tracts, while the surface cortex were

preserved intact. Gadolinium enhancement showed an enhanc-

ing lesion at the bottom of the central sulcus (area 3a according

to Brodmann’s cortical classification). The 3D MR image showed

that the tumor was adjacent to the precentral hand knob.

Functional mapping by using subdural electrode grids demon-

Fig. 1 Preoperative 3D MRI, craniogram with subdural grid elec-
trodes, postoperative MRI, and operative views in patient 1 with ana-
plastic astrocytoma. A Cortical surface image on 3D MRI clearly shows
location and shape of the central sulcus (arrows). B Implantation of 30
contact subdural grid electrodes for evaluation of cortical function
over the tumor. C Postoperative MRI with gadolinium enhancement
shows total removal of the enhancing lesion as compared with the
preoperative MRI in Table 1. D Intraoperative preresection view photo-
graph shows that the central sulcus (arrow heads) over the tumor looks
edematous. Note that a cortical artery (arrow) enters into the central

sulcus with a little subarachnoid space. E According to the results of
cortical function defined by electric stimulation and the anatomic con-
siderations, the central sulcus (dot lines) is opened from the facial
motor/sensory area. Dissection into the central sulcus is continued
using microscissors towards the enhancing lesion located deeply in the
hand motor/sensory area. Note that minimal brain retraction during
the manipulation at the deep part of the sulcus is applied on the post-
central gyrus. F An operative view photograph after removal of the
tumor. A = anterior, P = posterior.
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strated that the tumor was located under the cortex of hand/face

area. According to the results of MRI and functional mapping, we

scheduled to remove the enhanced lesion through the central

sulcus followed by additional removal of the tumor to the largest

possible extent without further neurological deficits.

At the surface part of the central sulcus just above the enhanced

lesion, the brain was edematous and arachnoid membranes

were adhering with each other. To begin with, the lower part in

the central sulcus corresponding to the face area was dissected

along the cortical artery. Then, dissection was performed toward

the enhanced lesion extending the space into the central sulcus

at the hand area. Finally, the central sulcus was opened to its

bottom to 2 cm in width and 2 cm in depth. Neurological

examinations soon after the patient lightened demonstrated no

further deficits. During continuous evaluation of motor/sensory

function and MEP monitoring combined with fiber tracking

of the pyramidal tracts on neuronavigation (functional neuro-

navigation), the tumor was removed piece by piece. Subsequent

histology of the resected tissue led to the diagnosis of anaplastic

astrocytoma as the enhancing lesion.

Discussion

It is well known that Penfield and his colleagues stimulated the

cortex for functional mapping and removed the epileptogenic

area in the eloquent area with local anesthesia [6–8]. Subsequent

development of anesthesia and intraoperative functional

mapping has lead to more precise and safe identification of

cortical functions than before [1, 8–13].

Intraoperative motor functions associated with the pyramidal

tracts have been generally evaluated under general anesthesia

quantitatively by the D-waves detected on cervical epidural

electrodes or qualitatively by the electromyogram, although

difficulty will be encountered in judging sensory functions

[2, 3,14,15]. Both motor and sensory functions can be evaluated

with local anesthesia [1,13,16]. By these anesthesia and intra-

operative methods, some lesions at the cortical surface in the

hand or foot primary motor/sensory area have been reported

to be removable [1, 3]. Even so, small lesions located deep in the

paracentral cortex are still challenging due to the risks accom-

panying surgical procedures. Theoretically, transcortical and

remote approaches always involve cortical and subcortical in-

jury, thus, the transsulcus approach is the best way to be con-

sidered. In our patients, lesions deep in the central or postcentral

sulcus were removed completely without further neurological

deficits by using MEP and continuous functional monitoring

under local anesthesia, based on detailed preoperative functional

mapping by cortical stimulation as well as functional MRI and

fiber tracking.

Among several surgical procedures to remove brain tumors and

arteriovenous malformations (AVMs), opening the sulcus/fissure

preserving the surround cortices is a principle in our institute.

Certainly, the transcortical approach should be considered

according to the location of lesions and the spatial relationship

between lesions and eloquent areas. In the present report, we

have introduced our surgical procedures to deeply located para-

central lesions for which the transsulcus approach is expected to

be the most required and useful way. There are three important

points to be considered in the transsulcal approach. The first one

is to examine preoperative MRI for determining the entrance and

direction of dissection, the shape and depth of the sulcus should

be evaluated by 3D and axial images. The second point is to

consider the results of functional mapping. Since paracentral

topography in motor and sensory functions is variable, cortical

electrical stimulation as well as functional MRI, MEG, and fiber

tracking of the pyramidal tracts would be necessary for removal

of the paracentral lesion [2,11–13,17,18]. According to the

cortical function over the deeply located lesions, the central or

postcentral sulcus should be opened. If the facial area is close to

the lesion, dissection should be started from the facial area to the

hand area to avoid retraction to cortex in the hand area. The third

point, which is necessary and most important, is to perform basic

microsurgical techniques [4,19]. It is of critical importance to

take advantage of the natural sulci of the brain and to continue

the furthest possible dissection in the natural pathways. After

opening the arachnoid, dissection is continued using microscis-

sors with the least coagulation so that even small veins running

along and then down into the deep sulcus can be preserved. A

microsiphon over the cotton on the superficial cortex is suitable

for transient and minimal brain retraction. A feasible part of the

sulcus, with relatively less edema and adhesion between arach-

noid membranes, should be located and opened in the first place.

Then, the working space in the sulcus can be extended deeply

and widely to the lesions. Self-retractors, if necessary, could be

applied on the postcentral gyrus, not on the precentral gyrus

only during the manipulation at the deep part of the sulcus and

should be loosened frequently.

We believe that microsurgical techniques based on anatomic and

functional information allow surgeons to reach lesions deep in

the sulcus at the paracentral hand or foot region.

References

1 Cohen-Gadol AA, Britton JW, Collignon FP, Bates LM, Cascino GD,
Meyer FB. Nonlesional central lobule seizures: use of awake cortical
mapping and subdural grid monitoring for resection of seizure focus.
J Neurosurg 2003; 99: 1255–1262

2 Duffau H. Recovery from complete hemiplegia following resection
of a retrocentral metastasis: the prognostic value of intraoperative
cortical stimulation. J Neurosurg 2001; 95: 1050–1052

3 Duffau H, Capelle L, Denvil D, Sichez N, Gatignol P, Lopes M, Mitchell
MC, Sichez JP, Van Effenterre R. Functional recovery after surgical
resection of low grade gliomas in eloquent brain: hypothesis of brain
compensation. J Neurol Neurosurg Psychiatry 2003; 74: 901–917

4 Hashimoto N. Microsurgery for cerebral arteriovenous malforma-
tions: a dissection technique and its theoretical implications.
Neurosurgery 2001; 48: 1278–1281

5 Mikuni N, Shinji Ohara S, Ikeda A, Hayashi H, Nishida N, Taki J, Enatsu
R, Matsumoto R, Shibasaki H, Hashimoto N. Evidence for a wide
distribution of negative motor areas in the perirolandic cortex. Clin
Neurophysiol 2006; 117: 33–40

6 Penfield W, Rasmussen T. The cerebral cortex of man: a clinical study
of localization of function. New York, Macmillan, 1950

7 Penfield W, Welch K. The supplementary motor area of the cerebral
cortex. A clinical and experimental study. Arch Neurol Psychiatry
1951; 66: 289–317

8 Penfield W, Jasper H. Epilepsy and the functional anatomy of the
human brain. Little Brown, Boston, 1954

Mikuni N, Hashimoto N. A Minimally Invasive Transsulcal Approach ... Minim Invas Neurosurg 2006; 49: 291–295

O
rig

in
a

l
A

rticle

294



9 Danks RA, Rogers M, Aglio LS, Gugino LD, Black PM. Patient tolerance
of craniotomy performed with the patient under local anesthesia and
monitored conscious sedation. Neurosurgery 1998; 42: 28–36

10 Luders H, Lesser RP, Dinner DS, Morris HH, Wyllie E, Godoy J. Local-
ization of cortical function: new information from extraoperative
monitoring of patients with epilepsy. Epilepsia 1988; 29: 56–65

11 Luders H, Lesser RP, Hahn J, Dinner DS, Morris HH, Wyllie E, Godoy J.
Basal temporal language area. Brain 1991; 114: 743–754

12 Maegaki Y, Yamamoto T, Takeshita K. Plasticity of central motor and
sensory pathways in a case of unilateral extensive cortical dysplasia:
investigation of magnetic resonance imaging, transcranial magnetic
stimulation, and short-latency somatosensory evoked potentials.
Neurology 1995; 45: 2255–2261

13 Taylor MD, Bernstein M. Awake craniotomy with brain mapping as
the routine surgical approach to treating patients with supratentorial
intraaxial tumors: a prospective trial of 200 cases. J Neurosurg 1999;
90: 35–41

14 Katayama Y, Fukaya C, Yamamoto T. Poststroke pain control by chronic
motor cortex stimulation: neurological characteristics predicting a
favorable response. J Neurosurg 1998; 89: 585–591

15 Taniguchi M, Cedzich C, Schramm J. Modification of cortical stimula-
tion for motor evoked potentials under general anesthesia: technical
description. Neurosurgery 1993; 32: 219–226

16 Whittle JR, Borthwick S, Haq N. Brain dysfunction following ‘awake’
craniotomy, brain mapping and resection of glioma. Br J Neurosurg
2003; 17: 130–137

17 Duffau H, Capelle L, Denvil D, Sichez N, Gatignol P, Taillandier L, Lopes
M, Mitchell MC, Roche S, Muller JC, Bitar A, Sichez JP, van Effenterre R.
Usefulness of intraoperative electrical subcortical mapping during
surgery for low-grade gliomas located within eloquent brain regions:
functional results in a consecutive series of 103 patients. J Neurosurg
2003; 98: 764–778

18 Skirboll SS, Ojemann GA, Berger MS, Lettich E, Winn HR. Functional
cortex and subcortical white matter located within gliomas. Neuro-
surgery 1996; 38: 678–685

19 Yasargil MG. Microneurosurgery: AVM of the Brain – Clinical
Considerations, General and Special Operative Techniques, Surgical
Results, Nonoperative Cases, Cavernous and Venous Angiomas,
Neuroanesthesia. Stuttgart, Georg Thieme Verlag, Vol. III B, 1987,
pp 42–53

Mikuni N, Hashimoto N. A Minimally Invasive Transsulcal Approach ... Minim Invas Neurosurg 2006; 49: 291–295

O
rig

in
a

l
A

rticle

295



Abstract

Objective: The surgical treatments for unilateral cervical radicu-

lopathy have been performed by either the anterior or posterior

approach. The anterior approach has usually been used more

than the posterior approach. The authors compared the results of

newly advanced upper vertebral transcorporeal (UVTC) ap-

proach with those of the original transuncal (TU) approach in

the anterior approach. Methods: The anterior cervical microfor-

aminotomy was performed for 60 patients (male:

female = 40:20) from June, 2000 to October, 2003. 40 patients

were treated by the TU approach while 20 patients were oper-

ated on by the new UVTC approach. The authors analyzed post-

operative changes of disc height, the spinal instability, the

average length of hospital stay, the degree of patients’ satisfac-

tion and complications from each approach. The mean follow-up

period was 9.5 months. Results: In the TU approach, postopera-

tive intervertebral disc height was decreased from 7.1 ± 0.65 mm

to 6.2 ± 0.61 mm. In the UVTC approach, postoperative interver-

tebral disc height was decreased from 6.6 ± 0.43 mm to

6.3 ± 0.41 mm. The average length of hospital stay was 5.2 days

for the TU approach and 3.4 days for the UVTC approach. In the

TU approach, 28 patients experienced excellent results, 11 pa-

tients experienced good results, one patient who experienced a

fair result was operated by anterior cervical fusion because of a

recurrent herniated disc. In the UVTC approach, 16 patients had

excellent results and four patients experienced good results.

Conclusions: This comparative study demonstrates that the

UVTC approach is a better surgical technique than the TU

approach considering the preservation of disc height, spinal

stability, length of hospital stay, degree of satisfaction and

complications.

Key words

Anterior microforaminotomy � cervical vertebra �

radiculopathy � intervertebral disc

Introduction

In spite of the many operative methods for unilateral cervical

radiculopathy, the cervical microforaminotomy through the

anterior approach has been used widely due to the high possibi-

lity of directly removing bony spurs and herniated disc material

causing nerve compression. However, there are some problems

related to the original anterior cervical microforaminotomy

through the anterior approach. With the anterior approach, there

could be some side effects, cervical instability, fast degenerative

changes [1], and nuchal pain due to kyphotic changes in the

cervical spine [2, 3]. In the original anterior cervical microfora-

minotomy, the orifice of the microforaminotomy is situated

slightly lower than the site of the lesion. So, as the size of

microforaminotomy orifice is increased to expose the nerve roots

exactly, the disc in the unco-vertebral juncture is removed more

than is needed.
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In order to overcome these problems, Jho developed the UVTC

approach. We performed a microforaminotomy with this UVTC

approach by moving the orifice of microforaminotomy cephalad

rather than to the unco-vertebral juncture so the neural foramen

where the nerve root is located could be exposed effectively.

With this process, we could remove only one third of the poster-

ior part of the uncinate process without resecting its anterior

portion and could achieve decompression of the nerve root by

removing bony spurs and herniated disc material compressing

the nerve roots [4].

Although there have been studies on the surgical outcome of the

transuncal approach [5, 6], no study has been reported on those

of the upper vertebral transcorporeal approach. Thus, we com-

pared surgical outcomes of the new upper vertebral transcorpor-

eal approach with those of original transuncal approach and

analyzed the outcome.

Materials and Methods

Of the 60 patients who underwent anterior cervical microfor-

aminotomy with the diagnosis of a unilateral herniated disc of

the cervical spine from June 2000 to October 2003, 40 patients

underwent the microforaminotomy with the transuncal ap-

proach, and 20 patients underwent the microforaminotomy with

through the upper vertebral transcorporeal approach.

Inclusion criteria for the anterior cervical microforaminotomy

are as follows:

– unilateral cervical radiculopathy that had not responded to

conservative treatment in more than three months

– imaging studies including magnetic resonance images and

computed tomographs confirming pathoanatomic features

such as protrusion of disc and bony spur corresponding to the

clinical symptoms, and

– no previous cervical spine surgery.

Each surgical technique for the anterior cervical microforami-

notomy has been discussed in many studies [4–7] so we do not

mention it in this report.

Three-dimensional computed tomographs were taken from all

patients immediately after surgery to confirm the location of the

foraminotomy hole and the degree of decompression. Dynamic

radiography of the cervical spine was taken to confirm cervical

instability after surgery. The cervical instability was evaluated by

the method of White and Panjabi [8]. The methods are as

follows:

– The translatory distance between the upper and lower ver-

tebra was measured on a lateral radiograph of the cervical

spine. If it is more than 3.5 mm, it is considered suggestive of

instability (Fig. 1).

– The sagittal plane rotation in a dynamic radiograph was

measured. If it is more than 20 1, it is considered suggestive

of instability (Fig. 2).

The patients were followed up for one to three months after

surgery. They were followed up every three months to examine

the presence of cervical instability, the decrease in intervertebral

disc space and the degree of nuchal pain or symptoms for

compression of the nerve root. The average follow-up period

Fig. 1 The method for measuring translatory displacement. A: Postero-
inferior angle of upper vertebral body. B: Posterosuperior angle of
lower vertebral body. C: Anterosuperior angle of lower vertebral body.
Linear distance k is the translatory displacement; if this is more than
3.5 mm, it is considered suggestive of instability.

Fig. 2 The method for measuring sagittal plane rotation in dynamic
radiographs (left: flexion view, right: extension view). a: Anterosuper-
ior angle of upper vertebral body. b: Posterosuperior angle of upper
vertebral body. c: Anterosuperior angle of lower vertebral body.
d: Posterosuperior angle of lower vertebral body. S: Extension line
between a and b. T: Extension line between c and d. ‘x’ and ‘y’ are
angle of S and T. Sagittal plane rotation = x + y. More than 20 degrees
of sagittal plane rotation on the dynamic radiograph is considered
suggestive of instability.

Table 1 Preoperative clinical features

Clinical finding Number of patients ( %)

Pain Nuchal 27 (46.5 %)

Radicular 40 (68.9 %)

Headache 1 (1.3 %)

Interscapular 5 (8.6 %)

Shoulder 11 (19 %)

Paresthesia 16 (27.6 %)

Neurological sign Sensory loss 25 (43.1 %)

Motor weakness 27 (46.6 %)
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was 9.5 months. The patient’s satisfaction was evaluated through

a phone survey conducted by people not related to the surgery.

Results

A total of 60 patients were enrolled in this study. 40 underwent

surgery through the transuncal approach, and 20 underwent

through the upper vertebral transcorporeal approach. The aver-

age age of the patients was 46.6 years. The periods of symptoms

experienced by the patients were: less than six months in 45

cases, six months to one year in seven cases, one to three years in

six cases, and more than three years in two cases. Preoperative

symptoms were radiating pain in all cases, nuchal pain

in 27, paresthesia in 25 cases, and muscle weakness in 27 cases

(Table 1).

With the transuncal approach, the findings of preoperative mag-

netic resonance imaging demonstrated herniation of soft disc

material in 23 cases, bony spurs in 10 cases and both in seven

cases. With the upper vertebral transcorporeal approach (Fig. 3),

herniation of soft disc material was observed in 12 cases, bone

spurs were observed in five cases, and both results were viewed

in three cases.

The site of surgery was C5-C6 in most cases, followed by C6-C7.

In 40 patients who underwent surgery with the transuncal

approach, the average hospitalization stay was 5.2 days. In 20

patients who underwent surgery with the upper vertebral trans-

corporeal approach, it was 3.4 days.

With the transuncal approach, the average height of disc space

was decreased from 7.1 ± 0.65 mm (before operation) to

6.3 ± 0.63 mm (at three months after operation). It was decreased

to 6.2 ± 0.61 mm at 6 months after operation but there was little

change afterwards. With the upper vertebral transcorporeal

approach, it was decreased from 6.6 ± 0.43 mm (before opera-

tion) to 6.3 ± 0.41 mm (at three months after operation) and

Fig. 3 Upper vertebral transcorporeal approach. Preoperative magnetic resonance images, sagittal (A) and axial (B) views showing the disc
encroaching on the left C7 nerve root at the C6-C7 neural foramen. Postoperative three-dimensional computerized tomography of upper
vertebral transcorporeal approach (C, D). C The anterior view demonstrating a left-sided anterior foraminotomy hole which was made more
cephalad than that for the transuncal approach. D The inferior view demonstrating preserved uncinate process and the tunnel of bone removal
through the anterior foraminotomy hole.
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there was little change afterwards. Thus, we conclude that the

upper vertebral transcorporeal approach is better than the trans-

uncal approach in maintaining the height of the disc space after

surgery. However, the superiority of the upper vertebral trans-

corporeal approach in change of disc height was not statistically

significant (Repeated measures ANOVA test, p > 0.05) (Table 2).

Three-dimensional computed tomography of the cervical spine

taken after surgery showed the degree of decompression of the

neural foramen. Dynamic radiographs of the cervical spine taken

during follow-up demonstrated kyphotic changes in the cervical

spine in one case treated with the transuncal approach in two

sites; C4-C5 and C5-C6. But we think that the kyphotic changes

might be due to surgery. We had removed too much of the

intervertebral disc. However, a second surgery was not per-

formed in this case since the patient had no pain and showed

no evidence of spinal instability (Fig. 4). All cases who under-

went with the upper vertebral transcorporeal approach demon-

strated stability of the cervical motion segment.

Odom’s criteria were used to evaluate the patient’s satisfaction

[5]. With the transuncal approach, the satisfaction rate was

excellent in 28 cases, good in 10 cases and fair in two cases, With

the upper vertebral transcorporeal approach, the satisfaction rate

was excellent in 16 cases and good in four cases (Table 3).

With the transuncal approach, kyphotic changes in the cervical

spine were seen in one case, and a herniated nucleus pulposus

recurred in the same site at 12 months after operation in 1 case.

There were no complications such as Horner’s syndrome or

hoarseness, vertebral artery injury, and damage to the nerve root.

Discussion

The surgery for herniated nucleus pulposus in the cervical spine

is generally divided into two approaches: the posterior approach

and the anterior approach [9]. At first, the posterior approach

was used widely [10–12]. However, due to many problems

related to the posterior approach, the anterior approach has been

used since the 1950 s and the approach has been used more

extensively in recent times.

With the posterior approach, the damage to the spinal structures

could be minimized with the development of various surgical

instruments such as the endoscope [12]. However, this approach

has the following drawbacks:

– persistent nuchal pain due to muscle injury

– the possibility of nerve root damage with the traction on the

nerve root to remove lesion in the anterior portion of the

spine

– frequent epidural hemorrhages during surgery

– discomfort to the patient during surgery due to the operative

position, and

– especially, the difficulty in removing the bony spur in the

unco-vertebral joint.

With the anterior approach, the patient feels comfortable during

surgery. The surgical site is easy to access without injuring

muscles because of the anatomy of the neck and direct removal

of lesions to minimize the possibility of nerve root injury. Most

lesions are located in the anterior portion of the spine. However,

there are the risks of hoarseness, injury of recurrent laryngeal

nerve, Horner’s syndrome due to injury to the sympathetic

nerve, injury of the longus coli and vertebral artery injury due

to excessive traction [13]. Because there are not so many studies

reporting the drawbacks that are related to the anterior ap-

proach, it has been used more frequently for herniated nucleus

pulposus in the cervical spine as compared to the posterior

approach. There is controversy about performing bone fusion

after diskectomy with the anterior approach. Various studies

comparing outcomes after performing bone fusion or anterior

cervical fusion after diskectomy with those after performing only

diskectomy have been published [2, 3,14]. Some reports showed

that results for each method were similar [15,16], and other

reports stated that performing only diskectomy would increase

the cervical instability [15,17,18].

To preserve the stability and motion of the cervical spine, the

anterior cervical microforaminotomy was developed. Various

modifications have also been made with the anterior microfor-

aminotomy [4, 5,19, 20]. After Verbiest had reported on the

lateral approach to the cervical spine during the 1960s, many

neurosurgeons such as Hakuba et al. introduced modifications of

it [21, 22].

Snyder and Bernhardt reported the method of nerve root decom-

pression by making a round hole in the lateral 1/3 portion of disc

in 1989 [18]. However, neurosurgeons were not impressed with

this method since a poor outcome was seen in more than 1/3 of

Table 2 Intervertebral disc height

TU approach UVTC approach

Pre op 7.1 ± 0.65 mm 6.6 ± 0.43 mm

Post op 3 months 6.3 ± 0.63 mm 6.3 ± 0.41 mm

Post op 6 months 6.2 ± 0.61 mm 6.3 ± 0.45 mm

Post op 1 year 6.2 ± 0.71 mm 6.3 ± 0.35 mm

Repeated measures ANOVA test (P > 0.05).

Table 3 Postoperative surgical results

Surgical results No. of patients

TU approach UVTC approach

Excellent 28 (70 %) 17 (85 %)

Good 10 (25 %) 3 (15 %)

Fair 2 (5 %) 0

Poor 0 0

Total 40 (100 %) 20 (100 %)

Odom’s criteria: Excellent, patient exhibited complete resolution of all symp-
toms; Good, patient experienced relief of radiculopathy but still experienced
occasional minimal/mild residual non-radicular discomfort. Fair, patient exhib-
ited mild residual symptoms of radiculopathy, with or without mild/moderate
residual non-radicular discomfort; Poor, patient continued to exhibit significant
radicular symptoms, with or without non-radicular discomfort.
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the patients due to non-removal of the posterior portion of the

uncinate process, causing compression of nerve root.

Jho reported the method of expanding the intervertebral foramen

by removing the uncinate process compressing the nerve root

and minimizing removal of disc through the anterior approach in

1996, setting the stage for the anterior cervical microforaminot-

omy that is currently in use [6]. However, some authors reported

that degenerative changes could be accelerated by invading the

lateral portion of disc by accessing the uncovertebral juncture,

and delayed the cervical instability [3]. It could be induced by

removing the uncinate process when performing surgery through

the previous transuncal approach [1, 2, 21, 23].

Johnson performed the operation as reported by Jho in 21

patients and presented the satisfactory results in 2000. Johnson

observed improvements in 91 % of the patients after following up

the patients for three years [6, 24]. In 2002, Jho et al. reported

excellent results and excellent recovery in 99 % of 104 patients

after a three-year follow-up period. Excellent outcomes have

been reported with similar methods in many studies [5].

However, according to Hacker et al. in 2003, the second surgery

was done in about 30 % of 23 patients who underwent the

anterior cervical microforaminotomy [25]. The satisfaction of

patients was excellent and good in only 54 %, thus they stated

that this method was not good. But, when their data are exam-

ined in detail, the poor outcome may be due to removal of too

much disc to decompress of the nerve root.

Concerning the biomechanical effect on anterior cervical decom-

pression, Chen et al. reported that preserving much of the ante-

rior structures including the uncinate process is better for the

cervical stability if cervical fusion is not performed [16, 26].

Moreover; Kotani and Clausen emphasized the importance of

maintaining the uncinate process [27, 28]. However, these bio-

mechanical tests are not an accurate representation of the actual

methods currently being used. Unlike the actual anterior cervical

microforaminotomy, these results were obtained after removing

the uncinate process or much of the surrounding structures.

Thus, accurate biomechanical tests should be performed.

In order to overcome these problems, the upper vertebral trans-

corporeal approach was used for removing the 1/3 posterior

portion of the uncinate process and herniated disc material to

achieve decompression of the nerve root by minimizing disc

invasion by directly exposing the neural foramen with the nerve

roots through making the hole of microforaminotomy in the

rostral portion to the uncinate tip on the anterior aspect of the

spine. Compared with the previous transuncal approach, the

upper vertebral transcorporeal approach could minimize injuries

in the uncovertebral joint and decompress the nerve root by

minimizing disc invasion.

We performed the anterior cervical microforaminotomy as a

minimally invasive surgery through the upper vertebral trans-

corporeal approach for the unilateral cervical radiculopathy to

overcome problems related to the transuncal approach. When

the two methods were compared, the upper vertebral transcor-

poreal approach has the following merits; a better access to the

site of the lesion; better preservation in the height of the inter-

vertebral disc space; and increased patient satisfaction by de-

creasing the average hospitalization stay and returning to

normal daily life sooner. However, we need to perform actual

biomechanical tests for this surgery, to examine more clinical

cases, and to follow-up for longer periods.
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Abstract

Introduction: Cerebrovascular disease is a common occurrence

in adults with immediate as well as long-term neurological

effects. Sequelae are disabling for patients and lead to a greater

demand for healthcare infrastructure and search for treatment

options. The acute phase in a cerebellar infarction may become

complicated with transient obstructive hydrocephalus, subse-

quent intracranial hypertension, and the need for surgical man-

agement. Although many patients respond well to medical

treatment, clinical findings and neuroimaging methods must be

considered to determine whether the hydrocephalus can be

surgically treated in a timely fashion. A series of cases is pre-

sented and a proposal is made for adding endoscopic third

ventriculostomy to the available treatment armamentarium.

Clinical Cases: Fourteen patients with cerebellar strokes and

their clinical course are reported. Six required surgery for hydro-

cephalus management. Three of the cases had an endoscopic

third ventriculostomy without complications, the rest were

managed conservatively. As an average, patency was re-estab-

lished in the aqueduct three months post ictus. Conclusions:

Management of obstructive hydrocephalus in the acute phase of

a cerebellar stroke must be individualized. In cases with transi-

ent obstructive hydrocephalus, endoscopic third ventriculo-

stomy is a good surgical treatment option that avoids the risks

of a long-term ventricular shunt.
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Cerebellar infarction � endoscopic third ventriculostomy �

intracranial hypertension �obstructive hydrocephalus �

posterior fossa mass � stroke

Abbreviations

HSS hypertensive skull syndrome

SCA superior cerebellar artery

AICA anterior inferior cerebellar artery

PICA posterior inferior cerebellar artery

VPS ventriculoperitoneal shunt

Introduction

Stroke is one of the most common conditions in adult age [1]

and, because of immediate and long-term effects, an ever grow-

ing healthcare infrastructure is required that would provide

patients with neurological sequelae and resulting disability with

the necessary means to have a good quality of life.

The ischemic compromise of the vertebrobasilar system, with

cerebellar manifestations, accounts for 1.5 � 5 % of all cases [2, 3].

Mixed infarcts usually occur in this segment, where bleeding is

added to the previous ischemic event after reperfusion. In about

10 � 25 % of cases, besides the increased intracranial pressure in

the posterior fossa from the mass effect of the lesion, a global

intracranial hypertension results because of obstructive hydro-

cephalus and brainstem compression. During the acute stage,

this specific territory is significantly affected from the occlusion

of the sylvian aqueduct and the fourth ventricle, blocking CSF [2]

and leading to a progressive subacute deterioration of the state

of awareness once the infarct is installed [4, 5]. Under these

conditions, the patient may progress to a coma or death. Thus,

it is necessary to alleviate the transient obstructive hydrocepha-

lus that may be reverted with surgical management. [6].
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In view of all this, neurosurgical decisions should be considered

as urgent, to compensate for the risk of the associated complica-

tions.

Most of the cerebellar infarcts that compromise a selective

territory tend to compensate in the course of their own natural

history without the need of corrective surgery. Generally, neu-

rosurgical options are ventriculoperitoneal shunt (VPS), decom-

pressive craniectomy in extreme cases, and recently, endoscopic

third ventriculostomy.

We are presenting a series of representative cases with a differ-

ent clinical course and therapeutic management, as well as the

proposal of including endoscopic third ventriculostomy in se-

lected situations. It is particularly stressed that the obstructive

hydrocephalus condition in these cases is usually transient; as a

relevant feature in the clinical course so that decisions should be

made at short-term.

Patients and Methods

In a review of 14 patients with cerebellar infarct who were seen

between 1998 and 2003 (Table 1), eight were males, with a

median age of 60 years. The predominant symptoms at diagnosis

were: vertigo, headache, vomiting, coordination disturbances

and dysarthria.

The vascular territory of the superior cerebellar artery (SCA) and

the posteroinferior cerebellar artery (PICA) was the most af-

fected. Those patients who had no CSF flow impairment had a

stable course, with a compensated ventricular dilatation, and no

evidence of additional neurological damage besides the func-

tional symptoms of the cerebellar infarct itself or the manifesta-

tions of a intracranial hypertensive syndrome. However, 5 of the

10 cases that were accompanied by obstructive hydrocephalus

during the acute stage of the event developed an intracranial

hypertensive syndrome that also required surgical treatment. A

ventriculoperitoneal shunt was placed (VPS) in two of the pa-

tients with improvement of the clinical picture, and in the last 3

Table 1 Cases with transient hydrocephalus secondary to a cerebellar vascular lesion

Pathology Territory Age/Sex Transient
hydrocephalus

Hypertensive
skull syndrome

Clinical sourse Surgical procedure

Ischemic infarct SCA 65 y/M Yes Yes Improvement after VPS VPS

Ischemic infarct PICA 70 y/M Yes No Stable No

Ischemic infarct SCA 67 y/M Yes No Stable No

Mixed infarct PICA 62 y/M Yes Yes Stable after DVP VPS

Mixed infarct AICA/SCA 65 y/F Yes No Vertigo No

Ischemic infarct AICA/SCA 62 y/F Yes Yes Vertigo Third ventriculostomy

Ischemic infarct SCA 57 y/M Yes Yes Stable after surgical procedure Third ventriculostomy

Ischemic infarct PICA 64 y/M No No Stable No

Hemorrhagic infarct Cerebellar
cavernoma

15 y/F yes No Stable Suboccipital craniectomy/
cavernoma resection

Ischemic infarct SCA 57 y/F No No Stable No

Massive hemorrhagic
infarct

SCA/AICA/PICA 55 y/M Yes Yes Fast and progressive neurological
deterioration/death

No

Ischemic infarct PICA 66 y/F No No Stable No

Ischemic infarct SCA/PICA 60 y/F Yes Yes Stable after surgical procedure Third ventriculostomy

Ischemic infarct PICA 75 y/M No No Stable No

Fig. 1 a MRI during the acute stage of a
mixed cerebellar infarct, with perilesional
edema and obstruction of the sylvian
aqueduct and the fourth ventricle. Note
the supratentorial ventricular dilatation.
b MRI after three months shows
aqueduct patency.
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cases an endoscopic third ventriculostomy was performed with

no complications and similar results. Only one patient died after

a massive cerebellar hemorrhagic infarct in the acute stage. In

every case, the aqueductal system regained its patency in an

average of 3 months (Fig. 1).

Discussion

In the last two decades mortality from cerebellar infarct has

substantially changed [2, 7, 8]. As a result of multidisciplinary

management, survival after this event is now 85 % [5, 9], with an

acceptable recovery at long-term [2].

Currently, surgical management is recommended for patients

with secondary neurological deterioration [10–13]. Suboccipital

craniectomy is still considered in extreme cases as a necessary

procedure; however, considering the risk-benefit ratio, early

management of hydrocephalus might be enough, and therefore

avoid the need of posterior fossa decompression in some cases

[5]. There are some reports that suggest early intervention with

the procedure. [4, 6].

Conventional management of CSF flow obstruction, as a conse-

quence of a cerebellar vascular event, has been the placement of

an external ventricular shunt, which is not free of complications.

Risk of infection is 10�20 % due to manipulation and the time

period that the catheter is in place [6,14], aside from considering

the inherent risks of a permanent ventriculoperitoneal shunt in

cases where the obstructive phenomenon is not necessarily

permanent.

Thus, this proposal of an endoscopic third ventriculostomy is an

option that, in selected cases, may maintain proper control of the

patient’s course, without the complications or risks of deteriora-

tion due to a intracranial hypertension [15] (Fig. 2), This is

particularly valid if the transient nature of the obstruction during

the acute and subacute stage is considered, as patency of the

aqueduct is re-established at a later stage according to the

natural history of the disease. Likewise, the cost-benefit ratio

makes an external shunt system questionable, as well as the

subsequent placement of a VPS [16].

To conclude, management of obstructive hydrocephalus during

the acute stage of a cerebellar infarct must be individualized.

Considering the transient nature of the phenomenon in many

cases, the clinical neurological signs due to increased intracranial

pressure must be distinguished from the primary signs of the

ischemic event in the vertebrobasilar territory. Treatment may

range from conservative medical management to suboccipital

decompressive craniotomy. In those cases with transient ob-

structive hydrocephalus, third ventriculostomy is a good alter-

native to surgical treatment, without the risks involved in a long-

term ventricular shunt.
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Fig. 2 Endoscopic
view of the pre-
mamilary region in
one case of hydroce-
phalus secondary to
the cerebellar infarct.
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Abstract

Purpose: This report presents our experience in using a mini-

mally invasive keyhole approach to remove a migratory balloon

in the cerebral artery in one patient. Case Report: A 19-year-old

male suffered from carotid-cavernous fistula after craniofacial

trauma two months previously. The patient received endovas-

cular embolization of a carotid-cavernous fistula with detach-

able balloons. Unfortunately, migration of one balloon to the

right middle cerebral artery (MCA) at the M1-M2 junction was

noted after detaching the balloon during this procedure. Volume

expansion, anticoagulation therapy and an emergency pterional

keyhole approach with removal of the displaced balloon were

performed successfully. Transient left hemiparesis due to tem-

porary occlusion of the right middle cerebral artery by the

balloon was promptly alleviated. There was no definite neurolo-

gical sequel after the operation. Conclusions: Although detach-

able balloon embolization is the best initial treatment of direct

carotid-cavernous fistulas, it is likely to migrate to downstream

cerebral arteries. We recommend a minimally invasive pterional

keyhole approach as a good alternative for treating such endo-

vascular complications to improve outcome.

Key words

Carotid-cavernous fistula � keyhole �migratory balloon �pterion

Introduction

A carotid-cavernous fistula (CCF) is an aberrant vascular com-

munication between the carotid artery system and the venous

channels within the cavernous sinuses of the sphenoid. In 1985,

Barrow and his colleagues formulated a classification system of

CCF (type A, B, C, D) based on angiographic studies [1]. Direct

type CCF (type A) is usually associated with trauma and the

current standard therapy is endovascular detachable balloon

occlusion [2]. Migration of balloon is one of the complications

of detachable balloon embolization. Management of the migra-

tory balloon includes volume expansion, anticoagulation ther-

apy and embolectomy. For embolectomy, the traditional pterion

craniotomy is frequently used. As an alternative we report here

the case of a migratory balloon during the endovascular proce-

dure that was successfully treated by the pterional keyhole

approach. The advantages of the pterional keyhole approach for

removal of the migratory balloon during anticoagulation therapy

and possible complications of the detachable balloon technique

are discussed.

Case Report

A 19-year-old man had presented with redness and proptosis of

the right eye, double vision, and progressive deterioration in

visual acuity after craniofacial trauma two months previously.

Four-vessel cerebral angiography revealed a Barrow type A CCF.
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Initial treatment of the fistula was performed by detachable latex

balloon (Acta Vascular System Inc., Paris, France) embolization.

Unfortunately, just after detaching the last balloon (gauge 7), it

deflated immediately (Fig. 1). The shrunken balloon flowed to

and lodged in the right middle cerebral artery (MCA). The valve

of the balloon did not function as usual and leakage of contrast

media happened immediately after detachment. Shortly after-

ward, a follow-up angiogram showed a total obstruction of the

right MCA at the MI-M2 junction. Progressive weakness of the

left limbs was noted after the accident. A pterional keyhole

approach with removal of the displaced balloon was then per-

formed as an emergency operation and a sufficient volume

supply to maintain cerebral perfusion as well as intravenous

heparin were given during operation.

A curved incision of the scalp about 5 cm in length over the right

frontotemporal region was made and a small craniotomy of

about 2 cm in diameter in the right pterional region was per-

formed (Fig. 2) as we previously reported [3]. Frequent oozing of

the operative field was noted. Under the microscope, microsur-

gical dissection was done to open the sylvian fissure and to

identify the MCA at the MI-M2 junction. The displaced balloon

Fig. 1 Angiograms showing the locations of the detachable balloon
embolization. a Gauge-7 (arrow) and gauge-9 (arrowhead) detachable
balloons mounted with a 3F/2Fr microcatheter were placed into the
right cavernous sinus through the carotid-cavernous fistula but com-
plete occlusion of the fistula could not be achieved, suggestive of
balloon trapping in the right internal carotid artery (proximal and distal
locations of the fistula). b After detachment of the gauge-7 balloon, it
deflated immediately. The shrunken balloon (arrow) flowed to and
lodged in the right middle cerebral artery.

Fig. 2 Illustration of the pterional keyhole approach. An oblique skin
incision (curved black line) about 5 cm in length was first made in the
right frontotemporal region. A burr hole (inset, black dot) was made at
the temporal base and a small craniotomy (inset, shadowed area)
about 2 cm in diameter at the right pterional region just below the
temporal line was performed.

Fig. 3 A picture showing the displaced balloon trapped at the MI-M2
junction of the right middle cerebral artery.
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was found (Fig. 3) and the main trunk and branches of the MCA

were temporarily clipped. The vessel was opened and the balloon

was removed smoothly. A thrombus was also found at M2 and

embolectomy was performed. Then the vessel from Ml to M2 was

sutured with 10–0 nylon thread. After that, the blood flow of the

MCA was measured with Doppler flowmetry to ensure its

patency. The time spent from occlusion of the MCA to re-estab-

lishment of blood flow was about 2.5 hours. After operation,

enoxaparin was given to the patient for two days. Postoperative

computed tomography (CT) of the brain showed no definite

infarction in the right MCA territory (Fig. 4). Transient left

hemiparesis due to the temporary occlusion of the right MCA

by the migratory balloon was promptly alleviated.

Two weeks after the operation, another detachable balloon

embolization was performed smoothly. One week after this

embolization, the patient’s orbital symptoms except for diplopia

were resolved. Angiography confirmed the complete obliteration

of the fistula (Fig. 5). The follow-up magnetic resonance (MR)

angiography revealed no evidence for recurrence of the fistula 3

months later.

Discussion

Occlusion of direct carotid-cavernous fistulas (CCFs) with the

detachable balloons was first described by Serbinenko in 1974

[4]. Since then Debrun et al. have popularized their use for the

treatment of direct CCFs [5]. Currently, several studies have

shown that transarterial embolization of direct CCFs by detach-

able balloons is the best option for initial treatment [6–8].

Although this technique can be performed with minimal risks,

there are potential complications.

The most common complication is oculomotor nerve palsy.

Debrun et al. reported that oculomotor nerve palsy occurred in

20 % of 54 patients with traumatic carotid-cavernous fistulas

treated with detachable balloons and the occurrence rate was

16 % in the series reported by Tsai et al. [9]. Lewis et al. reported

complications associated with this procedure, including cerebral

infarction, intracerebral hemorrhage, loss of vision, transient

cerebral ischemia and pseudoaneurysm formation [10]. Lee

et al. reported that a ruptured balloon lodged in the cavernous

sinus [11] and Peeters et al. also reported rupture of the balloon

during the embolization procedure [12]. The balloon may deflate

prematurely and become lodged in the carotid artery or its

branch [9]. In our case, the balloon deflated immediately just

after it was detached. The shrunken balloon then flowed to and

lodged in the right MCA. Thus, migration of balloon may be also a

complication of detachable balloon embolization. Most of the

patients with migratory balloons were complicated with cere-

bral infarction and/or mortality after the endovascular procedure

[10]. Only a few cases of migratory balloon during endovascular

embolization were successfully treated by a traditional pterion

craniotomy and embolectomy [13–15]. In the present case, the

migratory balloon was also successfully removed by a minimally

invasive pterion keyhole approach.

The keyhole concept is defined by two principles including

widening of the intracranial optical field with increased distance

from the keyhole and visualization of the contralateral struc-

tures. Perneczky proposed the concept of keyhole surgery and

the supraorbital keyhole approach for aneurysm clipping or

tumor removal. We modified the method as a pterional keyhole

approach in which a small craniotomy of about 2 cm in diameter

was made in the pterional region [3]. The advantages of our

method are minimal brain retraction, minimal surgical trauma,

better cosmetic results, easy approach, less approach-related

surgical morbidity and shortened hospitalization. From March

1999 to December 2004, we have gained experienced in this

minimally invasive approach to treat anterior cranial base

lesions such as pituitary adenomas, arachnoid cysts, parasellar

meningiomas, craniopharyngiomas, cavernous neurilemmomas,

Fig. 5 Postopera-
tive angiogram of
the detachable bal-
loon embolization.
The right internal
carotid artery was
totally occluded with
preservation of the
right middle cerebral
artery and anterior
cerebral artery.
Complete oblitera-
tion of the carotid-
cavernous fistula was
also confirmed.

Fig. 4 Postoperative computed tomographic scan of the brain
showed no definite infarction in the territory of the right middle
cerebral artery.
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cavernous hemangiomas, metastatic adenocarcinomas, gliomas,

interpeduncular lipomas and intracranial aneurysms (data un-

published). In the present case, we also used this minimally

invasive approach to remove the migratory balloon in the MCA.

This keyhole approach can avoid large craniotomy-related intra-

cranial hemorrhage, especially in patients under heparinization

during endovascular procedures or other operations. Swann et al.

reported a case of MCA embolism by a detachable balloon

treated with embolectomy [13]. They spent about 3 hours from

occurrence of embolism to re-establishment of blood flow by

reopening a recent craniotomy. They thought that patient out-

come was related to the degree of cerebral ischemia and time

interval to re-establish the blood flow, and that it appeared

difficult to re-establish the blood flow by embolectomy within

3 hours of vessel occlusion [13]. In our case, we only required 2.5

hours by the keyhole approach. We think that it is more time-

saving than a traditional craniotomy with similar or even better

improvement of clinical outcome. The authors consider that in

selected groups of patients the pterional keyhole approach is a

valuable alternative to the traditional pterion approach.

Conclusion

Although detachable balloon embolization is the best initial

treatment of direct carotid-cavernous fistulas, there are potential

complications. We report a case of a migratory balloon as a

complication of detachable balloon embolization for the treat-

ment of a direct carotid-cavernous fistula. The displaced migra-

tory balloon was removed smoothly by the pterional keyhole

approach. We recommend this minimally invasive approach as a

good choice for treating such endovascular complications to

improve outcome.
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Abstract

The presence of a skull base defect can lead to major complica-

tions such as cerebrospinal fluid leak, meningocele, encephalo-

cele and meningitis. It is exceptional to find the existence of two

concomitant defects in the skull base. We present the case of a

patient with concomitant spontaneous defects of the anterior

and middle skull base that were surgically repaired. After 18

years of right rhinorrhea the patient was referred after being

diagnosed with a large right nasal fossa meningoencephalocele,

which was surgically removed by functional endoscopic sinus

surgery. Following the surgery the patient complained about

unilateral ear fullness. A paracentesis revealed a highly suspi-

cious cerebrospinal fluid collection. High resolution scans re-

vealed a defect in the mastoid tegmen; subsequently a

transmastoid approach was carried out. Greater defects or those

lying around the internal auditory canal, are best treated via the

middle fossa approach. In the anterior cranial fossa the treat-

ment of choice is provided by endoscopic procedures, but frontal

bone craniotomy should be considered if the defect is in the

frontal sinus or greater than 5 cm in size.
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Introduction

Congenital malformations of the skull base are rare. The pre-

sence of a skull base defect can lead to major complications such

as cerebrospinal fluid leak, meningocele, encephalocele and in

approximately 25 % of patients it can present itself as meningitis.

It is not unusual to experience a major complication or even

recurrent episodes of meningitis as the only symptom. The origin

of skull base defects lies in the embryological development of the

neurocranial region. At the sixth week of gestation, the fusion in

the midline of the paired craniofacial structures begins. The

maxillary and the frontonasal processes start to move towards

the midline to fuse on each side. Failure of these mesenchymal

clefts to close leads to skull base bone defects [1]. The temporal

bone is formed from a triad of parts. The petrous part of the

temporal bone was seen to come via endochondral ossification,

while the rest of the temporal bone, and the parietal and frontal

bones ossify via the intramembranous route [2, 3]. A failure in

the ossification process, beginning during the seventh to eighth

week of gestation and following after birth especially in the

temporo-occipital or the petrosquamous sutures, gives rise to

defects in the middle or posterior fossa [4]. We present the case

of a patient with concomitant anterior and middle skull base

defects that were surgically repaired.
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Case Report

A 62-year-old woman was referred with the spontaneous onset

of a right-side cerebrospinal fluid rhinorrhea, which had been

recurring for 18 years. She also complained about anosmia. There

was no history of head or facial trauma, possible iatrogenic

damage, inflammatory or neoplastic process, elevated intracra-

nial pressure, sella turcica pathology or other intraoperative

findings, so, as other authors, we assumed the lesions found

were congenital [3]. Clinical examination revealed a pulsatile

mass dropping from the right superior meatus and in contact

with the inferior turbinate accompanied by a possible cerebro-

spinal fluid leak confirmed by biochemical procedures (immu-

nofixation of beta-2-transferrin). High-resolution CT scan and

MRl of the sinuses and anterior cranial fossa defined a bony

defect in the cribiform plate through which a hypointense mass

invaded the right nasal cavity (Fig. 1). Functional endonasal sinus

surgery was performed and the meningoencephalocele was

removed. The defect was covered, overlaid with bone from the

vomer and underlaid with a right middle turbinate mucous,

osteal and periosteal flap (Fig. 2).

Pathology revealed normal brain tissue. The patient left the

hospital after three weeks. Following the surgery she com-

plained about right ear fullness, an otoscopic examination

showed a light liquid collection in the middle ear. An audiogram

revealed conductive hearing loss and low compliance tympano-

metry confirmed the occupation. Suspecting a secretory otitis

media as a result of the surgery, a paracentesis was done reveal-

ing a highly suspicious cerebrospinal fluid collection. DTPA-111In

cisternography revealed an isotopic deposit in the right middle

ear. A defect in the mastoid tegmen was found in high resolution

computed tomography (Fig. 3) and a transmastoid approach was

carried out to repair the 6-mm defect in the middle cranial fossa

with a temporal muscle graft. Two years and five months after

the first surgery there is no evidence of a recurrence of the

cerebrospinal fluid leak in the anterior cranial fossa or in the

middle ear. Both nasal patency and audition were restored.

Discussion

The coexistence of more than one spontaneous defect in the skull

base is very uncommon. Published case reports have shown a

relationship between anterior cranial fossa defects and a mal-

formation in the inner ear or the middle cranial fossa skull base

[5]. Congenital forms of cerebrospinal fluid fistulas account for

approximately 10 % of the cases. Possible complications justify

the surgical treatment of this pathology. Precise localisation of

the dural lesion is a prerequisite for surgical repair, without

which the patient will continue to be at risk for potentially fatal

meningitis. The treatment of the second defect shown by our

patient could be deferred, approaching first the greater defect,

the one with associated meningocele or cephalocele or the one

that has probably caused a concurrent complication [6, 7].

Cerebrospinal fluid can be identified by various methods. The

determination of the albumin-prealbumin ratio in the suspicious

liquorrhea compared to peripheral blood levels has usually been

used to identify the cerebrospinal fluid. Beta-2-transferrin is a

specific cerebrospinal fluid protein and its identification by

immunofixation or qualitative methods is now used. In the

referred patient there was no problem with the identification of

Fig. 1 Coronal MRI showing basal meningoencephalocele occluding
the right nasal cavity.

Fig. 2 Two years postoperative appearance in coronal CT. The middle
turbinate bone covers the defect.

Fig. 3 A defect is seen in the most lateral portion of the mastoid
tegmen in the coronal CT. Note the cerebrospinal fluid filling
unremodelled mastoid cells.
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the skull base defect. In other cases there are no anatomic

findings in the imaging. Isotopic cisternography does not provide

anatomic images but is able to grossly identify the possible

localisation of the fistula. Application of intrathecal fluorescein

before surgery can be helpful when managing an occult cere-

brospinal fluid leak. It was not used in this case as we had a good

anatomic location of the defect. Moreover in our country there

are still some legal problems to obtain and dispense intrathecal

fluorescein. Although multiple defects are very rare, both the

frontal and the lateral skull base should be carefully evaluated

when managing spontaneous cerebrospinal fluid rhinorrhea. It is

particularly important to consider a defect in the middle ear as a

potential source in the differential diagnosis of cerebrospinal

fluid rhinorrhea when spontaneous defects are found. In the

middle cranial fossa, an extralabyrinthine transmastoid ap-

proach could be performed when the defect lays on the mastoid

tegmen or the tegmen tympani and it is possible to have a

complete exposure [7]. Greater defects or those surrounding

the internal auditory canal are best treated via the middle fossa

approach. In the anterior cranial fossa, the treatment of choice is

provided by endoscopic procedures, but frontal bone craniotomy

should be considered if the defect is in the posterior wall of the

frontal sinus or greater than 5 cm in diameter.
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Abstract

Objective: The goal of this study was to evaluate the efficacy and

reliability of intraoperative microvascular Doppler sonography

(MDS) for the assessment of cerebral haemodynamics in aneu-

rysm surgery. Methods: For 40 patients (21 men, 19 women,

mean age 54.0 years, range 23�73 years) who underwent surgery

for the treatment of 48 intracranial aneurysms, microvascular

Doppler sonography with a 20-MHz microprobe was used before

and after clip application, to confirm the complete obliteration of

the aneurysm. Postoperative angiography was performed to

assess the complete occlusion of the aneurysm and the patency

of adjacent vessels. The findings of MDS were analysed and

compared with the postoperative angiography. Results: A 1-

mm diameter microprobe was able to insonate all vessels of the

circle of Willis and their major branches and perforating arteries

were reliably insonated. The aneurysm clip was repositioned on

the basis of the MDS findings in 12 out of 48 patients (25 %). For 9

aneurysms (18.7 %) MDS exposed a relevant stenosis of an ad-

jacent vessel induced by clip positioning that had escaped detec-

tion by visual inspection. Clip repositioning resulted in complete

occlusion of the aneurysms in 7 of 9 cases (14.5 %). In two cases,

additional wrapping became necessary as it was not possible to

achieve complete clipping. The mean duration of MDS investiga-

tions was 5.3 minutes. There were no complications of intra-

operative MDS probe use. Conclusion: Intraoperative MDS should

be used routinely in cerebral aneurysm surgery, especially for

large, complicated and giant aneurysms. Intraoperative MDS is a

feasible, safe, and very reliable technique in aneurysm surgery.

This technique is a valuable tool, in many instances, in place

of intraoperative angiography for the surgical treatment of

aneurysms.

Key words
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Introduction

The outcome of surgical treatment of cerebral aneurysms may be

severely impaired by local cerebral ischemia, or by infarction

resulting from the inadvertment occlusion of an adjacent vessel.

On the other hand, incomplete aneurysm occlusion increases the

risk of rebleeding after aneurysmal subarachnoid haemorrhage.

Despite great attempts to preserve patency at the time of the clip

application, intraoperative three-dimensional visual inspection

of the entire vascular complex may not reveal arterial compro-

mise or occlusion. Total obliteration of the punctured sac of the

aneurysm can be tested intraoperatively by angiography [1–5].

In addition, an intraoperative microvascular Doppler sonography

system has been used for this purpose in the past few years

[6–9].

The present study was performed to investigate the reliability

and practicability of intraopertive microvascular Doppler sono-

graphy during cerebral aneurysm surgery.
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Patients and Methods

Forty patients, 21 men, mean age 53. 1 years (range 26�73), 19

women, mean age 54.1 years (range 38�70) with cerebral aneu-

rysms treated by clipping from July 2003 until January 2004 were

included in this prospective study. All of the patients underwent

preoperative four-vessel angiography and computed tomogra-

phy. Computed tomographic scanning was also performed for all

patients within 6 hours after the surgery. Thirty-five patients

(87.5 %) underwent postoperative angiography within 1 week

after the surgery, which served as the gold standard to assess

complete occlusion of the aneurysm and patency of adjacent

vessels. Forty-six aneurysms were succesfully clipped and 2

aneurysms were wrapped because of an inability to directly clip

the aneursym. The patients’ data are shown in Table 1. Intra-

operative MDS recordings were performed with microvascular

Doppler sonography equipment consisting of a 1-mm diameter,

20-MHz microprobe (DWL, Elektronische Systeme GmbH, Sip-

plingen, Germany). The Doppler probe was inserted through a

surgical suction cannula, secured at the base with bone wax, and

directly applied to all segments of the vessels. It was also applied

to all exposed vessels adjacent to the aneurysm as well as to the

aneurysmal sac proper with an insonation angle of 30 to 60

degrees. Intraoperative MDS signals were evaluated not only as

flow velocities but also as visual and acoustic assessments for

comparing findings before and after the placement of the clip.

The MDS signals were distinguished as three categories:

– Signal appeared regular (normal signal) in the parent and

brancing vessels (laminar flow);

– Signal appeared irregular (weak signal) within the sac of the

aneurysm (turbulent flow)

– Signal could not be obtained (absent signal) within sac of the

aneurysm (total obliteration) or in the parent and branching

vessels (occlusion or stenosis).

Detection of complete aneurysm obliteration

An absent signal on MDS with multiple projections on the

aneurysm sac was considered to be indicative of complete

aneurysm obliteration (Fig. 1).

Detection of incomplete aneurysm obliteration

A weak signal on MDS within the sac of the aneurysm was

considered to be indicative of incomplete aneurysm obliteration

(Fig. 2).

Detection of adjacent vessel occlusion

An absent signal in the parent and branching vessels was con-

sidered to be indicative of adjacent vessel occlussion (Fig. 3).

Statistical analysis was performed using the w2 test.

Results

Intraoperative MDS assessment demonstrated the patency of all

arterial branches at the time of final clip placement. The pre-

sence, direction, and velocity of flow were determined for each

patient. Successful insonation was performed on all major ves-

sels or on perforators including the recurrent artery of Heubner,

the lateral lentriculostriate artery, thalamoperforators, and the

superior hypophyseal artery. The mean duration of the evalua-

tion of MDS was 5.3 min (range from 2.5 to 7.2 min). There were

no complications attributable to the use of the intraoperative

MDS probe.

Postoperative angiography was performed in 35 out of 40

(87.5 %) patients. In five (12.5 %) patients, no postoperative an-

giography could be performed due to the critical condition or

refusal by the patients. Findings from MDS were confirmed by

the postoperative angiography in all 35 examined patients.

The clip was repositioned based on the MDS results in 12 of 48

(25 %) all aneurysms. There was a remarkable higher incidence of

clip repositioning in aneurysms of the middle cerebral artery in 5

out of 21 patients (23.8 %) compared with aneurysms in other

locations. These findings were not found to be statistically mean-

ful (p > 0.05). Clip repositioning resulted in complete occlusion of

the aneurysms in 7 of 9 cases (14.5 %). In two cases, additional

wrapping became necessary as it was not possible to achieve

complete clipping (Table 2).

Table 1 Patient details

Male Female Total

N % N % N %

No. of patients 21 53 19 47 40 100

Single aneurysm 17 42 16 40 33 73

Multiple aneurysm 4 10 3 7 7 17

Total number of
aneurysm

26 54 22 46 48 100

SAH grade (Hunt & Hess)

Grade 0 6 15 5 12.5 11 22.9

Grade I � V 20 50 17 42.5 37 77.1

N = number, SAH = subarachnoid haemorrhage.

Fig. 1 Absent signal on MDS within the sac of the aneurysm after
correct clipping.
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The results of MDS flow analysis showed that primary insuffi-

cient aneurysm closure was found in 9 out of 48 (18.7 %) all

aneurysms. An initial stenosis of an adjacent vessel induced by

the clip positioning that had escaped detection by visual inspec-

tion on microscopic magnifigation was verified during the sur-

gery by using MDS in 9 of 48 (18.7 %) aneurysms. The problem

was solved by clip repositioning in 7 cases, and by repositioning

plus wrapping in two.

Discussion

Doppler sonography was first used for the assessment of cerebral

haemodynamics in extracranial vessels. Aaslid et al. [10] mod-

ified this technique for transcranial investigation of cerebral

vessels. Further studies of Nornes et al. [11] and Gilsbach

[12,13] led to the development of microprobes for the direct

investigation of small cerebral vessels. These small Doppler

probes of 0.3 or 1 mm in diameter have a high frequency of

20 MHz which allows them to be used for the direct intraopera-

tive measurement of Doppler signals even from perporating

vessels of the circle of Willis [14]. Intraoperative MDS provides

a functional and non-invasive intraoperative examination of the

haemodynamics of cerebral vessels. It can help to identify the

aneurysmal sac by typical flow patterns even under complicated

anotomic conditions. Intraoperative MDS also allows the deter-

mination of the flow direction and the detection of cerebral

vasospasm with a high degree of sensitivity. Microprobes, as in

the present study, allow the examination of not only the circle of

Willis but also the small vessels such as the perforating arteries

[15]. In the literature, a few studies have demonstrated [14–18]

the usefulness of microvascular Doppler sonography in the

practice of aneurysm surgery.

Bailes et al. [15] investigated 35 patients who underwent surgery

for the treatment of 42 intracranial aneurysms by using intra-

operative Doppler sonography at 20 MHz and a 1-mm diameter

microprobe. They found an incidence of 31 % for unexpected

stenosis of adjacent arteries. However, they did not provide

quantitative data on the incidence of insufficient aneursym

closure and its relation to aneurysm location. The findings of

Doppler sonography correlated with the findings of intra- or

postoperative angiograhy in all cases. The authors concluded

that microvascular Doppler sonography can be replaced intra-

operative angiography and, in many cases, with postoperative

angiography. Stendel et al. [19] reported on 75 patients who

underwent surgery for the treatment of 90 intracranial aneur-

ysms by using intraoperative Doppler sonography at 16 MHz and

a microprobe diameter of 1 mm. They found incidences of 12.2 %,

18.9 %, 28.8 % for insufficient aneurysm closure, stenosis of an

adjacent vessel, and reposition of aneurysm clip, respectively.

The authors concluded that their data demonstrate a statistically

significant higher influence of the MDS results on the surgical

procedure in aneurysms of the middle cerebral artery after

Table 2 MDS findings according to aneurysm location

Aneurysm location No. of aneurysms Insufficient
aneurysm closure

Repositioning of
aneurysm clip

Stenosis of adjacent
vessel

N % N % N % N %

ACA 11 22.9 2 4.1 2 4.1 2 4.1

MCA 21 43.9 5 10.4 5 10.4 4 8.3

ICA, PcoA, ACohA 13 27.1 2 4.1 4 8.3 2 4.1

BA, AIC, PICA 3 6.2 0 0 1 2.1 1 2.1

Total 48 100.0 9 18.7 12 25.0 9 18.7

ACA = anterior cerebral artery, MCA = middle cerebral artery, ICA = internal carotid artery, PcoA = posterior communicating artery, AcohA = anterior choroidal
artery, BA = basilar artery, AICA = anterior inferior cerebellar artery, PICA = posterior inferior cerebellar artery.

Fig. 2 Weak signal on MDS after incomplete aneurysm clipping.
Fig. 3 Absent signal in branching vessel and sac of the aneurysm after
incorrect clipping.
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aneurysmal subarachnoid haemorrhage. Laborde et al. [18]

showed 22 patients who underwent surgery for the treatment

of 24 large and giant intracranial aneurysms at 20 MHz and

microprobe diameters of 0.3 and 1 mm. They found five cases

with severely disturbed flow after aneurysm clipping. They had

to change their strategy; they resected the aneurysms and stured

the neck, performed an end-to-end anastomosis, coated the

aneursym, or repositioned the clips. Firsching et al. [20] used a

1-mm, 16 MHz intraoperative microprobe during aneurysm sur-

gery in 50 patients and compared them retrospectively with 50

patients who were operated on without micro-Doppler sonogra-

phy. The aneurysm clip was repositioned on the basis of MDS

findings in 12 out of 50 patients (24 %). Marchese et al. [9]

reported on 130 patients harboring 136 aneuryms were operated

on using MDS. They found that complete exclusion resulted in

129 aneurysms (94.9 %). In 5 cases (3.7 %) in which MDS revealed

a persistent blood flow in the aneurysm, the clip was reposi-

tioned. In 25 cases (18.3 %) in which MDS data documented a

severe flow reduction in the vessel harboring the aneurysm or in

the vessel originating very close to the aneurysm neck, the clip

was repositioned. In 20 patients (15 %) in whom MDS revealed

arterial spasm by surgical manipulation topical sodium nitro-

prusside was followed by resolution of the spasm. In the present

study, the incidences of insufficient aneurysm closure, reposi-

tioning of the aneurysm clip and stenosis of adjacent vessels

were 18.7 % (9 out of 48 cases), 25 % (12 out of 48 cases), and

18.7 % (9 out of 48 cases), respectively. Intraoperative MDS was

paticulary helpful in MCA aneurysm surgery where the anatomy

is critical because of several main vessels. For our cases of MCA

(8.3 %) aneurysms, MDS was essential to rapidly understand the

real anatomy of the surgical field, favoring a safe and correct clip

placement. However, intraoperative MDS may be unable to

detect the persistence of a minimal blood flow after aneurysm

clipping. In two cases (4.1 %), the routine cut of the sac will reveal

such incomplete exclusion of the aneurysm permitting a com-

fortable addition of another clip.

Intraoperative angiography has gained popularity at most large

centres because of its relatively rapid evaluation of clip place-

ment and its ability to guide appropriate changes in clip applica-

tion. Intraoperative angiography has been advised [21] to

improve outcome, as postoperative angiography has revealed

unexpected major vessel occlusion and incompletely clipped

aneurysms [21–25]. MacDonald et al. [23] reported a series of

78 patients who underwent surgery for intracranial aneurysm.

They found that there was a 12 % incidence of unexpected major

vessel occlusion, as determined by postoperative angiography,

resulting in disabling stroke or death. Furthermore, in the same

study there was a 4 % incidence of residual aneurysm and an

additional 4 % incidence of insufficient aneurysm closure. Intra-

operative angiography is associated with a small but significant

morbidity rate. Aside from a significant morbidity, however, the

major drawback of intraoperative angiography is the time ne-

cessary as angiography requires 30 or 45 minutes of extra time.

In the present study, the results of postoperative angiography

were correlated with the findings of MDS.

Although the theoretical limitations of intraoperative MDS relate

to the inability to detect aneurysmal rests or residual necks, MDS

takes no more than altogether 5 minutes to investigate all related

vessels prior to and after clipping of the aneurysm. Although

intraoperative MDS is able to verify the complete closure of the

aneurysm sac, it cannot detect a residual neck. However, if visual

inspection suggests an unexpected vessel occlusion, MDS can

verify or preclude perfusion within the vessel. The prospective

angiographic study of Sindou et al. [26] involving the clipping of

305 aneurysms 18 out of 305 were considered as incomplete

aneurysm closure (5.9 %).

Our results are smillar with those of other series puplished in the

literature [13–17]. Although, personal skill and experience play

an important role in achieving undisturbed patency after aneu-

rysm surgery, intraoperative MDS is able to increase the safety of

the procedure, especially if less experienced surgeons operate on

aneurysms.

In conclusion, we think that intraoperative MDS seems to offer

an advantage by assisting surgeons in making difficult intra-

operative decisions, especially, when a compromise is necessary

between complete obliteration of the aneurysm neck and main-

tenance of adequate parent and adjacent vessel patency.
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Abstract

Background: Major sources of morbidity and mortality in pa-

tients with tuberous sclerosis who develop subependymal giant

cell astrocytomas (SEGAs) relate to tumor growth and resultant

hydrocephalus. We describe a modification of a specialized

minimal access resection technique in which an operative corri-

dor is formed with balloon dilation over the course of a week

prior to tumor resection. Methods: Three patients with tuberous

sclerosis who had an enlarging SEGA and concomitant hydro-

cephalus underwent surgical resection with this modified tech-

nique. A frontal craniotomy was performed and the optimal

trajectory for tumor resection was confirmed by image guidance.

After initial insertion of the deflated balloon into the ventricle

and removal of the peel-away sheath, inflation of the balloon

with a 1-mL saline injection sealed the tract. Additional 1-mL

saline injections were continued during the next week until the

balloon reached a 15-mm diameter, thus creating the operative

corridor. One week after the first operation, the balloon was

deflated and removed, and the patient underwent tumor resec-

tion via the newly formed operative corridor. Results: Three

patients with tuberous sclerosis underwent gross total resec-

tions of SEGAs and experienced subsequent resolution of ven-

tricular dilation. Postoperative imaging confirmed minimal

cortical disruption. Conclusions: Use of balloon dilation for the

gradual formation of an operative corridor eliminated the need

for additional retraction during SEGA resection, potentially de-

creasing injury to the surrounding neural tissue. In our three

patients, the dilation tract retained its integrity during the

operation and had sealed completely on postoperative imaging.

Key words

Balloon dilation �operative corridor � tuberous sclerosis �

subependymal giant cell astrocytoma

Introduction

Tuberous sclerosis is an autosomal dominant phakomatosis with

low penetrance. Historically, it was characterized by sebaceous

adenomas, mental retardation, and epilepsy, collectively referred

to as Vogt’s triad [1]. Neurological symptoms account for the

primary source of morbidity. Up to 90 % of patients with tuberous

sclerosis develop seizures, 50 to 70 % have mental retardation,

and 20 to 60 % are autistic. Both hamartomatous lesions (e.g.,

cortical tubers, cardiac and renal rhabdomyomas) and locally

invasive tumors (e.g., subependymal giant cell astrocytomas

[SEGAs] and renal angiomyolipomas) may occur. Neuro-axis

lesions include tubers, subependymal nodules, and subependy-

mal giant cell astrocytomas. Five to 14 % of patients with tuber-

ous sclerosis also have SEGAs [1–4].

Major sources of morbidity and mortality associated with tuber-

ous sclerosis are related to the growth of SEGAs and the resultant
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hydrocephalus. Resection was typically undertaken in patients

when radiographic and/or clinical evidence confirmed that hy-

drocephalus was present. Surgical approaches for the resection

of intraventricular lesions include transcortical or transcallosal.

Image guidance, coupled with microneurosurgical techniques

has improved tumor resection. However, microneurosurgical

dissection techniques require a cortical incision and varying

degrees of cortical excision. Blunt dissection, bipolar electrocau-

tery, and suction are used to approach deep brain or intraven-

tricular lesions. Additional techniques to minimize damage to

the cortex, specialized minimal access resection techniques

(SMART), are imperative for the resection of deep brain or

intraventricular lesions. Two such techniques include sequential

cylindrical retractors and balloon dilation [5–9].

Some authors have reported the use of balloon dilation to create

an operative corridor at the time of resection of deep brain or

intraventricular lesions [5–7, 9, 10]. We modified this balloon

dilation technique by forming the operative corridor before

resection during the course of a week. We report our findings

using SMART for the resection of lateral ventricle SEGAs in three

patients with tuberous sclerosis, thus avoiding the development

of symptomatic hydrocephalus.

Materials and Methods

Formation of the operative corridor

The patient undergoes a preoperative magnetic resonance imag-

ing (MRI) scan with fiducial placement. The patient is posi-

tioned supine and rigid fixation of the head is achieved for

frameless image guidance registration using BrainLAB (Vector

Vision, Heimstetten, Germany). On the basis of the tumor loca-

tion within the anterior horn of the lateral ventricle, a right or left

skin incision is marked using the image guidance pointer. After a

3.5-cm skin incision is made, a high-speed drill (Medtronic,

Minneapolis, MN) is used to create a 3-cm craniotomy that is

1 cm anterior to the coronal suture. The dura is opened and a

small cortical incision is made after bipolar electrocautery.

A 12.5-French peel-away sheath introducer is registered with a

navigational star and used to confirm the optimal trajectory. The

introducer is placed through the frontal lobe, no more than 5 cm,

with its tip at the frontal horn of the lateral ventricle. A mark is

placed on the balloon catheter (Z-Med Peripheral Balloon Dilata-

tion Catheter, B. Braun Medical Inc.), 15 cm distal to the tip,

corresponding to the length of the introducer. The balloon cathe-

ter is inserted into the introducer. As the peel-away sheath is

removed, the catheter is left in place and inflated with 1 mL of

saline to seal the tract; the catheter is tunneled beneath the scalp

away from the incision. A postoperative CT scan confirms the

position of the catheter. Antibiotics are administered postopera-

tively during the next 7 days. On postoperative day 1 and each

succeeding day (total 5 days), additional injections of 1-mL

saline injections were continued until the balloon reached a

diameter of 15 millimeters, thus creating the operative corridor

(Fig. 1).

Tumor resection

One week after the first operation, the patient undergoes resec-

tion of the tumor. After the previous incision is opened, deflation

and removal of the balloon leaves a cylindrically shaped opera-

tive corridor (1.5�4.0 cm). Use of a self-retaining halo retractor

system maintains the dilation tract. Tumor removal is performed

with an operative microscope. After gross total resection of the

tumor, the ventricle is inspected and a septostomy is performed.

An external ventricular drainage catheter is placed under direct

visualization. Serial CT scans are obtained to follow ventricular

size. When serial CT scans show neither an increase in ventricu-

lar size nor any indication of hydrocephalus, the catheter can be

removed.

Clinical results

Three patients with tuberous sclerosis and MRI evidence of an

enlarging SEGA and concomitant hydrocephalus underwent for-

mation of an operative corridor with balloon dilation in prepara-

tion of surgical resection (from 2000 to 2003) (Table 1 ). Gross

total resection with subsequent resolution of ventricular dilation

was achieved in each patient. The average number of days of

drainage in the three patients was 6.7 days. The balloon tract

remained patent during the resection and postoperative imaging

showed little to no evidence of the tract (Fig. 2).

Discussion

Gradual formation of an operative corridor via balloon dilation

before resection of a SEGA eliminated the need for additional

retraction during resection and presumably decreased potential

retraction injury to the surrounding neural tissue in our three

patients. In an attempt to reduce the damage to normal cortical

neurons, balloon dilation to create an operative corridor has been

described previously. Shahbabian et al. first described the tech-

nique in an experimental model using dogs [10]. Balloon dilation

was demonstrated, both clinically and histologically, to incur less

damage to the cortex than blunt dissection. Several groups

subsequently used this balloon technique via a ventricular ap-

proach for brain grafting in the treatment of Parkinson’s disease,

a transcortical approach for deep cortical lesions, and a transcor-

tical/transventricular approach for intraventricular lesions [5, 6,

7, 9].

Unlike previous applications in which balloon dilation was per-

formed during resection, we modified this technique to form the

operative corridor during the course of a week before performing

the SEGA resection in children with tuberous sclerosis. The

balloon dilation tract retained its integrity during the operation

and sealed completely as seen on follow-up postoperative scans.

Furthermore, the slow formation of the tract may reduce possi-

ble damage to the surrounding brain parenchyma incurred by

rapid balloon dilation at the time of the operation.

Resection of deep brain and intraventricular lesions, such as

SEGAs, remains a challenge by virtue of the critical structures

that surround these lesions and the brain that must be trans-

gressed to reach them. Damage to the cortex and white matter

inevitably occurs. The transsulcal approach, advocated by Yasar-

gil, decreases the extent of damage by reducing the area of cortex
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and white matter transgressed to resect the lesion [5]. A trans-

sulcal approach is not always possible and when used may not

preclude postoperative sequelae, including seizures. Additional

attempts at minimizing cortical destruction include approaches

through ‘‘non-eloquent cortex.’’ Transcortical approaches require

limited resection of normal brain to reach the ventricle and

necessitate increased retraction on normal surrounding cortex

to maintain an operative corridor. Contusions and infarction

secondary to intraoperative brain retraction have an incidence

of approximately 10 % in cranial base procedures and 5 % in

intracranial aneurysm procedures [11]. Delayed parenchymal

injury can occur after excessive retraction and postoperative

hematomas can be seen several days after an operation. Brain

deformation caused by retractor blades can result in a reduction

or cessation of local perfusion and direct injury to neurons,

neuronal processes, and/or glial cells. The shape and number of

retractors, as well as the pressure and duration of retraction

contribute to focal ischemia and subsequent parenchymal injury.

Transcallosal approaches have been advocated for the resection

of intraventricular tumors, including SEGAs. The transcallosal

approach not only avoids a cortical incision but also provides

natural planes for dissection and anatomic landmarks for orien-

tation. Complications of transcallosal surgery include venous

infarction from disruption of bridging veins, thrombosis of the

superior sagittal sinus from retraction, pericallosal artery injury,

Fig. 1 Gradual formation of an operative corridor by balloon dilation over 7 days. A A small craniotomy performed on day 1 allows placement of
a peel-away introducer into the frontal horn of the lateral ventricle through which a balloon catheter is inserted. The peel-away introducer is
removed leaving the catheter in place. The catheter tube is tunneled to an exit point beyond the craniotomy and secured to the skin. B The
balloon catheter is inflated with 1 mL of saline per day over 5 days to a maximum diameter of 15 mm. C The craniotomy is reopened on Day 7.
After deflation and removal of the balloon, a 15-mm operative corridor to the lesion is formed (with permission from the Mayfield Clinic).

Table 1 Three children with tuberous sclerosis who underwent resection of subependymal giant cell astrocytomas (SEGAs) through an
operative corridor created by gradual balloon dilation

Age (years), sex Hydrocephalus SEGA location and size
(AP/transverse�cranial�caudal, cm)

Symptoms Follow�up

5.5, m yes left foramen of Monro 2.4�1.4�2.2 asymptomatic gross total resection

8, f yes right foramen of Monro 3.3�1.4�2.5 increased seizure activity gross total resection

18, m dilation of left frontal horn left foramen of Monro 1.2�1.2�1.3 asymptomatic gross total resection
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cortical infarction, disconnection syndromes, and damage to the

fornices and subcortical nuclei impairing memory and learning.

With respect to SEGAs, which usually originate from the lateral

ventricular wall at the level of the foramen of Monro, this

approach may preclude a gross total resection by preventing

adequate visualization of the tumor origin. Gross total resection

is desirable to reduce recurrence and the need for reoperation [1,

4, 12].

Previous studies have established criteria for surgical resection

of SEGAs, including hydrocephalus, tumor growth, new focal

neurological deficits secondary to the tumor, and/or symptoms

of increased intracranial pressure [1, 3, 12, 13, 14]. When surveil-

lance imaging shows a growing SEGA, a minimally invasive

resection can be undertaken before the development of tumor

growth sequelae. The technique of using balloon dilation to form

an operative corridor enables the surgeon to achieve gross total

tumor resection in a less traumatic manner. Postoperative MRIs

demonstrate little evidence of cortical damage.

Conclusions

In our three children with tuberous sclerosis who first under-

went the gradual formation of an operative corridor, all then

achieved gross total resection of SEGAs. We speculate that the

slow dilation of the adjacent parenchyma capitalizes on the

viscoelastic properties of the brain, thus resulting in less cortical

damage and reducing surgical trauma during tumor resection via

a generous surgical tract. Image-guided microcraniotomies can

be successfully coupled with specialized minimal access resec-

tion techniques to minimize surgical trauma to surrounding

cortex when approaching deep brain tumors.
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