
Introduction

The success of endovascular coil occlusion is currently limited in
treating very small and giant aneurysms. Most difficulties ob−
served in the treatment of giant aneurysms are related to recur−
rent aneurysm perfusion, due to coil compaction and/or coil mi−
gration into the intra−aneurysmal thrombus. Both issues are well
addressed by meticulous follow−up examinations and eventual
retreatments.

In aneurysms with a fundus diameter of 2 ± 3 mm, the initial en−
dovascular treatment may be more dangerous and less efficient
than in midsize aneurysms. The currently available microcath−
eters and microguidewires allow for precise catheterization of
small aneurysms and are therefore less of a risk factor. Existent
coil technology, however, has not been adapted to the specific
requirements of small aneurysms. With our experience, it is
commonly found that even the smallest and softest available
coils are sometimes too large and/or too stiff for this specific pur−
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Abstract

Introduction: Small intracranial aneurysms with a fundus dia−
meter of 2 ± 3 mm may rupture and are therefore potential tar−
gets for an endovascular approach in treatment. Currently avail−
able coil technology is less than optimal for the treatment of an−
eurysms within this size range. Even the smallest coils are some−
times too large. If such a minute coil can be introduced into a
small aneurysm, the hemodynamic effect and the induced
thrombosis are frequently inadequate to occlude the aneurysm
sufficiently from the parent artery circulation. Methods: Three
technical alternatives for the endovascular treatment of small in−
tracranial aneurysms not suitable for coil occlusion are illustrat−
ed with the following three case descriptions. Results: Stent
grafts are usable for the intracranial internal carotid artery and
for the V4 segment. The stiffness of the stent and the high expan−
sion pressures are the two major drawbacks. Coaxial deployment
of two or more self−expanding porous stents can result in suffi−
cient redirection of the blood flow to induce aneurysmal throm−
bosis. Deployment of multiple stents, however, may require sev−
eral treatment sessions in order to allow for the integration of
the stents into the vessel wall from session to session. A regular
microcatheter can block aneurysmal inflow in aneurysms with a
very narrow neck. This allows the occlusion of the aneurysm
with an appropriate amount of highly concentrated, rapidly
polymerizing glue. Polymer emboli may result from excessive or
rapid glue injection. Conclusion: The available coil technology
has inherent limitations in the treatment of very small intracra−
nial aneurysms. Liquid embolic agents and stent−based extrasac−

cular treatment strategies may provide solutions for these chal−
lenging lesions.
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pose. If the attempt to introduce such a coil into an aneurysm is
successful, the isolation of the aneurysm and subsequent throm−
bosis are frequently incomplete, and rupture or rerupture may
result.

Based on an institutional experience of more than 2,700 intracra−
nial aneurysms treated by coil occlusion, it is the purpose of this
paper to present alternative endovascular treatment strategies.
These alternatives might be contemplated in case of failure or
anticipated difficulty of conventional coil occlusion.

Illustrative Cases

Case 1 (stent graft)
This 47−year−old male presented with severe headache and was
diagnosed as having a subarachnoid hemorrhage on July 7, 2004.
Cerebral angiography revealed an aneurysm of the left internal
carotid artery at the origin of the superior hypophyseal artery
with a diameter of both the fundus and neck of 2 mm. On July
10, 2004 an attempt at surgical clipping of this aneurysm was un−
dertaken with an anterior pterional approach and failed because
the aneurysm was not sufficiently visible and reachable. The pa−
tient was referred to us for endovascular treatment. On July 17,
2004 the procedure was carried out under general anesthesia.
Injection of the left ICA via a 6F guiding catheter confirmed size
and location of the aneurysm as previously known (Fig.1a).
Under controlled heparinization, all possible efforts to catheter−
ize the aneurysm with sufficient stability failed. We therefore
decided to seal the aneurysm with a stent graft. For this purpose,
a Choice PT extra support microguidewire (Boston Scientific) was
introduced into the left middle cerebral artery through an Eche−
lon_14 microcatheter (MTI). In order to prevent vasospasm dur−
ing the insertion of the stent graft, 2 mg glycerol trinitrate were
slowly injected into the ICA via the guiding catheter. A 3.5 mm/
12 mm stent graft (Abbott) was introduced without difficulty
until reaching the level of the aneurysm orifice. At this point of
the procedure, 500 mg Aspisol (intravenously) and 300 mg
Clopidogrel (gastric tube) were given. The stent graft was
deployed by primary balloon inflation with 10 atm in the select−
ed position. The stent graft was also found to be covering the
origin of the ophthalmic artery. In order to both preserve the pa−
tency of the ophthalmic artery and to completely cover the an−
eurysm, the deflated balloon was slightly advanced more distally
and reinflated in the distal half of the stent graft with 16 atm.

Subsequent angiography confirmed the obliteration of the an−
eurysm with normal opacification of the ophthalmic artery pre−
sent (Fig.1b). The procedure was tolerated well and the patient
was discharged home 19 days later without any demonstrated
neurological deficit. Follow−up angiography 6 months later con−
firmed the obliteration of the aneurysm. In the meantime, the
ophthalmic artery had thrombosed. Ophthalmologic examina−
tion confirmed normal visual acuity of the left eye.

Case 2 (stent−in−stent)
This 28−year−old female experienced a subarachnoid hemor−
rhage on September 1, 2001. Angiography showed an aneurysm
of the right ICA at the origin of the posterior communicating ar−
tery (Fig. 2a). She underwent an operation for this aneurysm on
September 5, 2001. Postoperative angiography, however, re−
vealed an aneurysm remnant with a diameter of 2 mm adjacent
to the applied clip (Fig. 2b). Neither coil occlusion nor stent graft
deployment was considered promising. The aneurysm appeared
too small to accept a coil. The vasculature in this young lady was
quite irritable and we feared a risk of severe vasospasm or dis−
section related to the attempt of introducing a stent graft. After
routine premedication with a loading dose of 500 mg ASA and
300 mg Clopidogrel, the first endovascular procedure was carried
out on July 9, 2004. Under controlled heparinization an X−celera−
tor_10 guidewire was introduced into the right MCA. Via this
wire a Neuroform2 Treo stent (3.5 mm/20 mm) was inserted
and deployed over the residual aneurysm. The filling of the an−
eurysm appeared unchanged on immediate DSA (Fig. 2b). Fol−
low−up angiography on September 11, 2004 revealed a slightly
reduced size of the aneurysm remnant. A second Neuroform2
Treo stent (4.5 mm/15mm) was deployed within the first stent
on September 11, 2004. This second procedure was carried out
in essentially the same way as the first treatment. Eight weeks
after the first treatment session, the previously inserted stent ap−
peared completely integrated into the vessel wall. The struts of
this first stent did not interfere with the insertion of the micro−
guidewire or the Neuroform2 stent catheter. Aneurysm filling
was insignificantly reduced immediately after the second stent
deployment (Fig. 2c). Both procedures were tolerated well with−
out neurological sequelae. The patient has been kept on 100 mg
ASA orally since the last procedure, while the intake of Clopido−
grel was discontinued in November 2004. Angiographic follow−
up on December 8, 2004 showed the complete thrombosis of
the aneurysm without any evidence of angiographically visible
intimal hyperplasia within the stent (Fig. 2d).

Fig. 1 Ruptured small aneurysm of the left
ICA/superior hypophyseal artery (a). At−
tempts at surgery and coil occlusion both
failed to occlude the aneurysm. Treatment
was finally accomplished by deploying a
stent graft into the left ICA, sealing the an−
eurysm neck and leaving the origin of the
ophthalmic artery patent (b). A comparison
of a and b reveals a significant straightening
of the ICA and a displacement of the ACA
and MCA, related to the stiffness of the im−
planted stent graft.
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Case 3 (intrasaccular polymer glue injection)
This 39−year−old female experienced a subarachnoid hemor−
rhage on April 22, 2003. Angiography revealed a large, ruptured
aneurysm of the left ICA at the origin of the posterior communi−
cating artery, a small left paraophthalmic aneurysm and an even
smaller aneurysm of the left ICA at the origin of the superior hy−
pophyseal artery. The large aneurysm was occluded with coils at
another institution on April 23, 2003 and required retreatment
due to coil packing on November 13, 2003. Further angiographic
follow−up on June 8, 2004 showed a significant reperfusion. On
July 21, 2004 a Neuroform2 stent (4.5 mm/20 mm) was deployed
into the distal segment of the left ICA, followed by coil occlusion

of the PcomA aneurysm on October 20, 2004. During this treat−
ment session an attempt at catheterizing the paraophthalmic an−
eurysm had failed. After a completely frank discussion of all pos−
sible options for the untreated paraophthalmic aneurysm, the
patient opted for another endovascular attempt. At this time, a
heat−shaped Echelon_14 microcatheter was inserted without
difficulty into the aneurysm using a SilverSpeed_14 guidewire.
Stabilization of the microcatheter was substantially facilitated
by the Neuroform2 stent, which bridged both aneurysms. Injec−
tion of the ICA with the microcatheter in the paraophthalmic an−
eurysm showed no opacification of the aneurysmal sac (Fig. 3b).
The attempt to introduce a small coil (2 mm/15 mm mini com−

Fig. 2 Ruptured aneurysm of the right ICA
at the origin of the posterior communicat−
ing artery, preoperative angiogram (a).
Postoperative angiography showed an an−
eurysm remnant after partial clipping. De−
ployment of a first (b) and a second Neuro−
form stent (c) did not immediately change
the filling of the aneurysm. Angiography 3
months after deployment of the second
stent revealed complete thrombosis of the
aneurysm (d).

Fig. 3 Small unruptured paraophthalmic
aneurysm of the right internal carotid ar−
tery, with a small aneurysm of the superior
hypophyseal artery and a previously rup−
tured, large aneurysm at the origin of the
posterior communicating artery, which had
been coil treated (a). Flow in and out the
paraophthalmic aneurysm was interrupted
after a microcatheter had been introduced
into the aneurysm orifice (b). Injection of a
small amount of polymer glue obliterated
the aneurysm fundus, leaving an aneurysm
neck remnant behind (c). Angiography 7
months later showed complete occlusion of
the paraophthalmic aneurysm (d).
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plex, Cordis; NXT 2 mm/10 mm soft, MTI) failed. It became evi−
dent that the space provided by the aneurysm sac was too small
to allow a circular configuration of the coil loops. After gentle
flushing of the microcatheter with a 40% glucose solution,
< 0.1 ml of a homogeneous Histoacryl (Braun Aesculap)/Lipiodol
(Guerbet) solution of equal parts was injected into the hub of the
microcatheter. The liquid embolic agent was very gently ad−
vanced within the microcatheter by slow injection of 40 % glu−
cose solution. Under non−pulsed fluoroscopy the distal end of
the microcatheter was observed. The injection was terminated
as soon as the radiopaque Histoacryl/Lipiodol column appeared
in the field of view. Then the continued propagation of the glue
column was decelerated by applying negative pressure to the
syringe. A small volume of Histoacryl/Lipiodol detached slowly
from the distal tip of the microcatheter and stayed within the an−
eurysm. After two seconds the microcatheter was abruptly with−
drawn. The Histoacryl/Lipiodol remained unchanged within the
aneurysm. Immediate angiography showed a minor neck rem−
nant (Fig. 3c). Follow−up angiography 7 months after the final
treatment confirmed the complete obliteration of the paraoph−
thalmic aneurysm and showed the small aneurysm of the super−
ior hypophyseal artery essentially unchanged (Fig. 3d). With re−
spect to the size and the unfortunate angle between ICA and an−
eurysm, no further attempt at endovascular treatment was un−
dertaken until now. Treatment with a new hemodynamically ac−
tive device, which will soon be available, was discussed with the
patient as a future option.

Discussion

The treatment of a very small aneurysm is clearly indicated if an
intracranial hemorrhage can be attributed to it. A previous he−
morrhage from another aneurysm also justifies treatment. In
the case of a small unruptured aneurysm, we explain the indica−
tion criteria to the patient [1]. Our final recommendation, how−
ever, also takes individual aspects such as patient age, medical
condition, and extent of atherosclerotic changes of extra− and in−
tracranial vessels and aneurysm geometry into account. The di−
lemma of recommending conservative or proactive treatment to
a patient with an unruptured intracranial aneurysm can hardly
be solved on the basis of statistic numbers [2]. The microsurgical
and endovascular treatment risks vary in relation to many indivi−
dual factors. The risk of future rupture is even more difficult to
anticipate. The wall of unruptured aneurysms with identical an−
giographic appearance may at surgery be found to be very thin
and fragile or thick and robust. One might assume that this is a
more predictive feature for rupture than any other.

The three methods of endovascular aneurysm treatment des−
cribed above clearly constitute “off−label−use” for all involved
products. All patients were informed and had agreed in advance
to the potential use of medical products which are not certified
for this specific purpose. Apart from that, German law provides
the option of using medical products “off−label” for the sake of
the patient, if the physician in charge is convinced that there is
no feasible alternative at hand (“Heilversuch”).

Covered stents or stent grafts are intuitively an exquisite concept
for the treatment of intracranial side wall aneurysms [3]. Vessels

originating adjacent to the target aneurysm, however, are a con−
cern. Currently the only available device suitable for intracranial
vessels is the Jomed StentGraft (Abbott), which is premounted on
a balloon. This stent is very stiff and rigid and the recommended
expansion pressure of 16 atm requires precise sizing. In general,
this stent is certainly a last resort and not a first choice of neuro−
vascular aneurysm treatment.

The self−expanding nitinol stent Neuroform (Boston Scientific)
was originally developed as an adjunctive device to allow coil oc−
clusion of wide−necked aneurysms. This stent is very flexible and
deployment is atraumatic [4]. Experimental data have revealed
that a single porous stent will significantly reduce flow into an
underlying aneurysm [5,6]. The hemodynamic effect of the co−
axial deployment of two Neuroform stents will vary depending
on the resultant overlapping effect of the stent struts. This can
hardly be influenced by the operator. Intimal hyperplasia has
been reported after the deployment of Neuroform stents [7, 8].
In our patient a certain degree of intimal hyperplasia, not appar−
ent angiographically, may have contributed to the complete oc−
clusion of the aneurysm. The major drawback of the treatment
strategy described in this patient is the unpredictable efficacy. It
may last several weeks if not months from the first treatment
until the occlusion of the target aneurysm.

Several liquid embolic agents have been proposed for the endo−
vascular treatment of intracranial aneurysms, including n−BCA
[9], cellulose acetate polymer (CAP) [10± 12], and ethylene vinyl
alcohol copolymer dissolved in dimethyl sulfoxide (Onyx�, MTI)
[13]. Only Onyx� had been developed as a commercial product.
The use of liquid embolic agents has been justified by the search
for a more complete and lasting aneurysm occlusion. Despite
good initial results, aneurysms filled with Onyx may show reper−
fusion [14,15]. These procedures turned out to be substantially
more demanding than conventional coil occlusion. Escape of the
embolic agent out of the aneurysm sac into the parent artery is
one of the major risks. The currently available n−BCA polymer
glues Histoacryl� (Braun/Aesculap) and Glubran2� (GEM) are
far from ideal for the use in aneurysm treatment. Apparent ad−
vantages are their low viscosity, high radiopacity and short poly−
merization time on contact with blood. Radiopacity and modifi−
cation of polymerization is, for both substances, achieved by
adding Lipiodol� (Guerbet). The resulting delay in polymeriza−
tion is, however, variable and to a certain degree unpredictable.
There would certainly be a space in the neuroendovascular pro−
duct assortment for optimized polymer glue. Adding an inert
radiopaque compound to the liquid embolic agent and modify−
ing the polymerization time by an independently added agent
might be one of several possible solutions [16]. Prevention of
the escape of the embolic agent from the aneurysm sac can be
achieved in different ways. Balloon sealing was established for
the use of Onyx. In our case the microcatheter isolated the aneu−
rysm from the parent artery. Alternative methods might be con−
sidered under certain circumstances. Transient circulatory “ar−
rest” for 10±15 sec can be achieved by the intravenous injection
of adenosine [17]. A significant reduction of blood circulation
within the aneurysmal sac is caused by the insertion of even a
small number of coils [18]. Coil occlusion, stent deployment and
polymer injection are therefore potentially synergistic methods.
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In summary, very small intracranial aneurysms remain a chal−
lenge for endovascular treatment and the three methods of treat−
ment described in this paper are rather preliminary efforts than
final solutions.
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Introduction

The minimally invasive fronto−orbital keyhole approach has
been used to clip both ruptured and unruptured aneurysms
[1, 2]. However, it has not yet been applied to the treatment of a
previously coiled recurrent aneurysm. We report the first two
cases of previously coiled, recurrent aneurysms treated with the
minimally invasive fronto−orbital craniotomy.

Case Report

Presentation
Evaluation of a 47−year−old man with a long history of headaches
revealed an anterior communicating artery aneurysm. This an−
eurysm was coil embolized at an outside institution. Three−year
follow−up angiography showed a complex recurrent aneurysm
(Fig.1). During this 3−year interval, the patient reported that
headaches had recurred, but he exhibited no neurological defi−
cits at presentation. Because of the complexity of the recurrent
aneurysm, it was not considered amenable to endovascular
treatment. The patient elected craniotomy and clipping of the le−
sion.

A 50−year−old woman with a history of subarachnoid hemor−
rhage and acute visual loss in the left eye had a large ophthalmic
artery aneurysm that had been coil embolized (Fig. 2) 3 months
earlier. With a significant aneurysmal recurrence at its base, the
arterial anatomy made stent−supported coil embolization in−
feasible.

Treatment of Recurrent Previously Coiled Anterior
Circulation Aneurysm with Minimally Invasive Keyhole
Craniotomy: Report of Two Cases

V. R. Deshmukh1

J. S. Hott1

T. Dumont2

P. Nakaji1

R. F. Spetzler1

Affiliation
1 Division of Neurological Surgery, Barrow Neurological Institute, St. Joseph’s Hospital

and Medical Center, Phoenix, Arizona, USA
2 Tufts University College of Medicine, Boston, Massachusetts, USA

Correspondence
Robert F. Spetzler, M. D. ´ c/o Neuroscience Publications ´ Barrow Neurological Institute ´ 350 W. Thomas Road ´
Phoenix ´ AZ 85013 ´ USA ´ Tel.: +1/602/406/3593 ´ Fax: +1/602/406/4104 ´ E−mail: neuropub@chw.edu

Bibliography
Minim Invas Neurosurg 2006; 49: 70±73 � Georg Thieme Verlag KG Stuttgart ´ New York
DOI 10.1055/s−2006−932187
ISSN 0946−7211

Abstract

The use of minimally invasive techniques has not yet been
reported for the treatment of recurrent aneurysms after coil em−
bolization. A 47−year−old man with a long history of headaches
had an anterior communicating aneurysm that had previously
been coil embolized. Three−year follow−up angiography showed
a significant recurrence. A 50−year−old woman with subarach−
noid hemorrhage and acute visual loss underwent coil emboliza−
tion of a large ophthalmic artery aneurysm, which recurred
3 months later. In both cases, a keyhole fronto−orbital one−piece
craniotomy was performed. In the first patient, the aneurysm
was clip ligated. The coil mass, which had eroded through the
dome, was excised. In the second patient, the anterior clinoid
was removed and the aneurysm was clip ligated. Postoperative
angiography showed no residual aneurysm and no evidence of
branch or parent vessel compromise in either patient. Both
patients had an uncomplicated postoperative course. Recurrent
previously coiled aneurysms are technically challenging to treat.
A minimal fronto−orbital craniotomy provides a sufficiently
capacious working space for successful treatment of some re−
current aneurysms of the anterior circulation.

Key words
Aneurysm ´ coil embolization ´ keyhole craniotomy ´ subarach−
noid hemorrhage
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Operative details
The patients were placed supine on the operating table. The head
was fixated so that the malar eminence was at the apex of the
surgical field and turned 30 degrees to expose the frontotempo−
ral region. The incision extended from 1 cm anterior to the tragus
of the ear to just beyond midline and immediately behind the
hairline. At the first glimpse of the fat pad, the temporalis fascia
was incised. A subfascial dissection was performed to expose the
supraorbital ridge. A burr hole was drilled at the lateral aspect of
the frontal bone 1 cm above and lateral to the keyhole. A 3 � 3 cm

frontal craniotomy was elevated (Fig. 3). The orbital bar was re−
moved as a one−piece flap by using an osteotome. The dura was
opened in a curvilinear fashion (Fig. 4).

In the first patient, with the use of the operative microscope, the
ipsilateral and contralateral A1 were identified. The aneurysm
was immediately obvious, and there was evidence of coil extru−
sion outside its dome (Fig. 5). The A2 segments of both anterior
cerebral arteries, the orbitofrontal artery, and the artery of Heub−
ner were identified. An 11−mm, straight titanium clip was used
to ligate the aneurysm (Fig. 6). The coil mass was excised with
curved microscissors and sent for histological analysis. In the
second patient, the medial Sylvian fissure was opened, and the
anterior clinoid was removed. The aneurysm was clip ligated
with an 11−mm titanium straight clip and a 3−mm miniclip. The
coils were not removed because the patient had already lost vi−
sion in her left eye. At no point was a brain retractor necessary.

Fig. 2 Working−angle angiographic projection shows a significant
recurrence at the base of a previously coiled aneurysm.

Fig. 1 Submentovertex view shows a bilobed recurrent aneurysm in−
volving the anterior communicating artery.

Fig. 3 The craniotomy flap is approximately 3 � 3 cm.

Fig. 4 The fronto−orbital window is demonstrated. The temporalis
muscle is minimally manipulated.

Deshmukh VR et al. Treatment of Recurrent Previously Coiled Anterior ¼ Minim Invas Neurosurg 2006; 49: 70 ± 73

O
rig

in
alA

rticle

71



Postoperative course
Postoperative angiography (Figs. 7a and 7b) showed no residual
aneurysm and a widely patent parent vessel in both patients.
Their postoperative course was uncomplicated.

Discussion

Surgical management of recurrent aneurysms after endovascular
coil embolization is well described [3± 12]. The presence of coils
in the aneurysm lumen makes surgical clipping of complex an−
eurysms technically difficult. After several weeks or longer, coils
become incorporated into a fibrotic mass, making resection diffi−
cult [5]. During surgery, the presence of a large coil mass within
an aneurysm can prevent adequate visualization of the aneu−
rysm neck for clipping [5]. The bulk of a coil mass in a small
aneurysm and thrombus in the region of the neck also can pre−
clude adequate clip placement [5]. This situation is further com−
plicated by the potential risks associated with coil removal,
which include parent vessel occlusion [3] and traction injury to
perforating vessels.

Exposure is the key to successful treatment of recurrent aneu−
rysms after endovascular coil embolization [4,10]. Proximal and
distal control of vessels [4,9], careful dissection around a pre−
viously coiled dome [6,10], and intraoperative angiography [5]
are recommended to prevent complications. To date, standard
pterional craniotomies or orbitozygomatic approaches [3] have
been used to treat previously coiled aneurysms of the anterior
circulation [4, 7,10]. We were able to clip previously coiled aneu−
rysms through a small craniotomy (3 � 3 cm). Therefore, we
propose that a minimal fronto−orbital craniotomy is sufficient
for safe surgical clipping of some recurrent, previously coiled
anterior circulation aneurysms.

Fig. 7 Postoperative (a) anteroposterior and (b) transorbital angio−
grams show no residual aneurysm and no lumenal compression of the
parent or branch vessels.

a

b

Fig. 5 Intraoperative image shows coil herniation through the aneu−
rysm fundus.

Fig. 6 The aneurysm is clipped without compromise of the parent or
branch vessels.
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Recently, the virtues of minimally invasive microsurgical ap−
proaches to aneurysms of the anterior circulation have been de−
scribed [1, 2,13 ± 15]. A minimally invasive approach is defined as
one that poses minimal trauma during exposure and dissection
of a given lesion. The size of the craniotomy does not dictate
minimal invasiveness. Rather, a small craniotomy that does not
adequately address a lesion should be considered maximally in−
vasive. A craniotomy tailored to the specific location and size of a
lesion and to a patient’s anatomical characteristics is ideal [16].

The supraorbital minicraniotomy and fronto−orbital keyhole cra−
niotomy allow adequate exposure of the anterior skull base.
Opening the Sylvian fissure also allows structures of the middle
cranial fossa to be approached. The location of a craniotomy is
determined by the location of a lesion. Anterior communicating
artery aneurysms require removal of the temporal bone with the
head turned 45 to 60 degrees. In contrast, middle cerebral artery
aneurysms require removal of the frontal bone with minimal
head turning. Such careful preoperative planning helps to
achieve the desired results and improves cosmesis. Avoiding dis−
section of the temporalis muscle prevents its atrophy and necro−
sis of the flap, which is occasionally associated with pterional
craniotomies [1]. Others report that a smaller craniotomy de−
creases the psychological impact on a patient [14].

We prefer the fronto−orbital approach to the supraorbital ap−
proach because the former offers a more capacious working
space. From our experience, this approach adds no operative
time compared to a pterional orbitozygomatic exposure. Dare et
al. [2] applied this approach to several aneurysms of the anterior
circulation. They found that minimal frontal lobe retraction was
required to obtain an adequate view of the anterior cranial fossa.

As the merits of this fronto−orbital minicraniotomy are appreci−
ated, more surgical applications beyond aneurysms of the ante−
rior circulation become obvious. One such application is the re−
section of tumors of the anterior cranial fossa and sellar region
[17,18]. A minimally invasive and cosmetically superior craniot−
omy should be considered if its application does not compromise
radiographic and clinical outcomes.

Conclusion

These cases demonstrate that the fronto−orbital keyhole craniot−
omy allows a sufficiently capacious operative window to the
anterior cranial fossa to clip recurrent, previously coiled aneu−
rysms of the anterior circulation with minimal manipulation of
the temporalis muscle and minimal brain retraction.
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Introduction

Although endoscopic techniques have been widely used in differ−
ent parts of human body such as the gastrointestinal tract or in
arthroscopic surgery, it took a long time for these techniques to
be applied to spinal procedures. This was because of the difficul−
ty to access the spinal region and the narrow working spaces.

Technical difficulties have also been a specific problem for endo−
scopic spinal surgery.

Open surgical techniques for lumbar disc surgery began with
Dandy [1] and Mixter and Barr [2] 70 years ago. Simply there
has been no great change in surgical approach since application
of the microdiscectomy technique by Caspar and Iwa [3], Wil−
liams [4] and YasË argil [5]. In 1975 Hijikata [6] described a new
method for the removal of disc material through a posterolateral
approach: percutaneous nucleotomy. Consequently in 1983
Kambin [7] improved the arthroscopic technique. In the early
1990s Mayer and Brock [8], Kambin [9] and Dittsworth [10] per−
formed different percutaneous endoscopic lumbar discectomy
techniques.

In this prospective study we describe the results, limitations of
surgical techniques and indication criteria for percutaneous en−
doscopic transforaminal lumbar discectomy (PETD).

Patients and Methods

Between 2000 and 2002 percutaneous discectomy was per−
formed in a total of 42 patients (40 males, 2 females) ranging in
age from 18 to 74 years. These 42 patients ranged in age groups
as follows: 35 patients, 18 ± 30 years; 5 patients, 30 ±50 years;
and 2 patients, over 50 years. Preoperative symptoms had lasted
1 month to more than one year averaging 5.4 months. Most of
the patients had been unable to perform their daily social activ−
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Abstract

Percutaneous endoscopic transforaminal lumbar discectomy
(PETD) is one of the surgical techniques for the treatment of the
lumbar disc herniations. Fenestration of the annulus and partial
resection of the nuclear substance are achieved percutaneously
by a posterolateral approach under local anaesthesia. The results
of the first 42 patients are evaluated regarding the learning curve
and indications for this procedure. The mean follow−up time was
15 months. Excellent and good results were evaluated as suc−
cessful and the overall success rate is 77 %. All six patients with
foraminal disc herniations in whom a free fragment could be re−
moved had excellent results. Military personnel can return to
work quickly without deficits with the use of this technique.
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Percutaneous discectomy ´ minimal invasive spine surgery ´ her−
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ities for 1 or 2 months. All patients had had conservative therapy
including bed rest and medical therapy.

A modified Suezawa and Schreiber [11] clinical scoring system
was used to evaluate pre− and postoperative results. The total
score is calculated by adding the score from each symptom for a
maximum of 10 and a minimum of 0. A total score of 9 to 10 in−
dicates an excellent condition, 7 to 8 good, 6 to 5 moderate, 4 or
less poor (Table 1). For data analysis we used a commercially
available statistical software package (SPSS version 6.0; Inc., Chi−
cago, IL) for all statistical analysis. McNemar and Wilcoxon tests
are used for statistical analysis.

MRI and CT were performed in all patients. An additional abdom−
inal CT for the corresponding level was also performed in order
to calculate the distance of the entrance from the midline and
its angle. This study also provided information about abdominal
structures and variations.

Indications for percutaneous discectomy include persistent radi−
cular pain with radiologically proven disc herniations compro−
mising the nerve root, a positive straight leg raising test, not re−
sponding to conservative treatment, and when the patient is
obese or in a poor general condition so that anaesthesia carries
a certain risk. This technique was already considered as optimal
for foraminal disc herniations.

We considered severe spinal stenosis, previous open surgery, sig−
nificant spinal instability, calcified disc herniations, inaccessible
free median disc herniations, root compressions caused by bony
spurs, and facet or ligamentous hypertrophy as contraindications
for surgery.

Operations are performed in the operating theatre under sterile
conditions. The anaesthetist provides monitoring and sedation
with midazolam. All patients received a single dose antibiotic
prophylaxis (second generation cephalosporin). The patient is

placed on the operating table in a lateral decubitus position, so
that the symptomatic side is facing upwards. Under sterile
fluoroscopic control the level, entrance point and angle are con−
firmed (Fig.1). Entrance point is also calculated from the abdom−
inal CT, which provides precise planning, and safety. It is general−
ly between 8 ± 12 cm from the midline. Depending on the obesity
of the patient the entrance point may exceed 12 cm (Fig. 2). Using
a local anaesthetic, a skin opening 5 mm in length is made at the
predetermined entrance point. Under fluoroscopic control the
guide wire and trocar are placed. Following introduction of the
working cannula the trocar is removed and with a 0−degree rigid
endoscope the disc level and foramen are inspected. An opening
is made in the annulus by cutting a circular window with the aid
of a trephine. The annulotomy site is believed to provide a de−
compression site away from the herniation, decreasing the like−
lihood of recurrent herniation. Therefore wide opening of the an−
nulus fibrosus is desired. Rigid forceps are introduced through
the working cannula to remove disc material and create a cavity

Fig. 1 The fluoroscopic C−arm is placed in
the surgical field, so that real−time lateral
fluoroscopic images could be obtained. The
surgeon stands on the side of the approach
with the monitors of the C−arm and endo−
scope placed opposite to her/him.

Table 1 Modified Suezawa and Schreiber clinical scoring system
for lumbar disc disease

Symptoms Score

2 1 0

Low−back pain none activity−related at rest

Sciatica none with SLRT at rest

Sensory deficit none dysaesthesia hypaesthesia

paraesthesia anaesthesia

Motor weakness none full function full function

with slight resistance against gravity

Reflex changes none one reflex impaired two reflexes impaired

SLRT = straight leg raising test.
Results: excellent: 10 ± 9 points; good: 8 ± 7 points; moderate: 6 ± 5 points;
poor: 4 ± 0 points. Modified from the system of Suezawa and Schreiber by
Mayer [11, 14].
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in the nucleus pulposus before inserting with the endoscope.
This step of the operation is done in a blind fashion without the
endoscope. Endoscopy of the disc is performed using a rigid en−
doscope with a working channel (Fig. 3). The disc material and
side of the herniation are inspected and it is possible to remove
certain parts of the nucleus pulposus using reverse−opening for−
ceps. With the aid of fluoroscopy a safe control of the tip location
for all instruments within the intervertebral space is achieved. At
the end of the operation, the working cannula is withdrawn and
the skin opening is closed with a single suture.

Results

Percutaneous discectomy was performed at the L4/5 level in all
patients. Radiological examinations revealed that 8 patients had
foraminal disc herniations and 34 patients had contained central
disc herniations. All patients complained of low back pain and
radicular pain. The straight leg raising sign was positive in all pa−

tients. A total of 28 patients (66 %) had preoperative sensory dis−
turbances: hypaesthesia was present in 16 and paraesthesia in
12. Only 4 patients had weakness of the extensor hallucis longus
muscle and 3 patients had reflex changes.

In 8 patients discectomy could not be performed because of the
anatomic relationship between the foramen and root. The pa−
tients perceived pain and the procedure had to be stopped. Three
of these 8 patients have been operated with open surgery and the
others had further conservative treatment.

Of the 34 patients operated with PETD, in 6 patients it was possi−
ble to remove a free single fragment through the foramen. In 28
patients only discectomy and removal of the contained disc have
been achieved. Four patients operated with the percutaneous en−
doscopic discectomy technique have been reoperated and a mi−
crodiscectomy was performed.

We had venous bleeding in 8 patients and only irrigation was
sufficient to control the bleeding. Two patients had transient ip−
silateral monoparesis, which was due to epidural application of
local anaesthesia at the beginning of our surgical experience. In
one patient we had dural tear without persistent CSF fistula. The
mean operation time ranged from 35 to 75 minutes. X−ray expo−
sure for the entire procedure was calculated as 3 mRad. All pa−
tients have been hospitalised on the night after the surgery for
early detection of possible complications and they have been
mobilised one hour after the surgery.

We initially evaluated all patients at 6 weeks after the procedure.
The patients were followed up for 6 ± 24 months and mean fol−
low−up time was 15 � 4 months. Patients were evaluated accord−
ing to modified Suezawa and Schreiber [11] scoring system as de−
scribed above. Of the 34 patients operated with PETD, 10 had ex−
cellent results, 15 had good results, 6 had moderate results and 3
had no change. Comparison and statistical analysis of pre− and
postoperative symptoms and signs are shown in Fig. 4. The clini−
cal score calculated from the scoring system averaged 5.17 � 0.82
in the preoperative period. Mean score after 12 months was

Fig. 3 Endoscopic and surgical equipment.
A straight forward telescope 0 8 (4 mm dia−
meter) and a wide−angle telescope 6 8 with
angled eyepiece and instrument channel
(3 mm diameter) were used (Karl Storz,
GmbH & Co, Germany).

Fig. 2 Entry point and angle are calculated from the abdominal CT, it
is generally 8 ± 12 cm from the midline. Note the angle of the dilation
sleeve, dilation rod and operating cannula directing to the surgical
level.
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7.58 � 1.77. The change of pre− and postoperative clinical scores
was statistically significant (p < 0.05, Wilcoxon test). Excellent
and good results were evaluated as successful and the overall
success rate is 77%. All six patients in whom a free fragment
could be removed had excellent results.

Of the three poor results, all underwent open surgery with mi−
crodiscectomy. The failures were due to free fragments located
too centrally which we were unable to remove through this tech−
nique and instrumentation. All of these three patients then had
excellent results. One patient with a moderate result had persis−
tent sciatica and numbness. He had been operated two months
after PETD and the operative finding was a protrusion and com−
pression on the nerve root. The posterior ligament was found to
be intact and after opening the ligament only a small amount of
disc material could be removed, actually the disc space was emp−
ty. This patient had also an excellent result.

Three out of eight patients who could not be operated through
the PETD technique have been reoperated with open surgery. In
two patients bony osteophytes have been removed. The surgical
finding was consistent with a moderate spinal stenosis. The third
patient had a massive protrusion and microdiscectomy was per−
formed. The other five patients have also been followed−up and
had conservative treatment. In the long−term they were classi−
fied as good results.

Discussion

Percutaneous endoscopic spine surgery is a newly emerging field.
Since the first application of percutaneous nucleotomy by Hijika−
ta in 1975 [6], different techniques and instruments have been
designed and certain improvements have been achieved with
the application of the endoscope in regard of surgical safety and
capability [7, 9,12 ± 15]. Various endoscopic techniques have been
described including biportal, automated percutaneous disc−
ectomy, a transforaminal approach and microendoscopic disc−
ectomy [16,17]. The PETD technique is a relatively new method
for the treatment of lumbar disc herniations. Since a decade this
method has been widely used and developed. Mayer and Brock
showed that the clinical results are comparable and in some re−

spects superior to those of microdiscectomy [8]. The surgical aim
of PETD is the selective removal of the nucleus pulposus under
intermittent or constant visual control through a posterolateral
approach. Different studies are reported comparing percuta−
neous discectomy and other techniques [18 ± 20]. Selection cri−
teria of the patients play a significant role for surgical success in
a disease like lumbar disc herniations, namely protrusions where
the natural history is known to be beneficial [21 ±27].

We treated a relatively young male population; 35 of 42 patients
being under 30 years of age. The preoperative clinical scores ac−
cording to Suezawa and Schreiber were higher than other series
[8,11]. Only four patients had motor weakness and three had re−
flex changes. These facts show that we were confronted with a
patient population in a fairly good clinical status excluding scia−
tica. This might have led to good clinical results if we consider
that this study was done in a relatively low volume hospital
(150± 200 operations/year) and that this operative technique
was only introduced recently in our hospital. As mentioned be−
fore, like every new emerging technique PETD has its own learn−
ing curve. In order to set certain limitations for indications we
evaluated our results every fourth month. It was interesting to
see how the results changed in consecutive periods. In the first
eight months 19 patients were operated and 6 reoperations
were performed. Only one of the 13 operated patients was reop−
erated during the second eight months. In the last eight months
there were no reoperations in 10 operated patients (Table 2). All
of the complications were in the first 16 months. This observation
showed that the PETD technique is safe and effective after a cer−
tain learning curve if patient selection criteria are followed strict−
ly. During the initial period of our study the indications also in−
cluded protrusions in order to decrease the intradiscal pressure.
But during the short follow−up time it could be shown that these
patients have not benefited from this surgical procedure as much
as patients with foraminal disc herniations. Evacuating a certain
space in the centre of the disc and allowing collapse of the hernia−
tion into the disc space does not always adequately decompress
the nerve root in a large majority of cases [19]. Yasuma et al.
have shown that disc herniations are often fractured annular
fragments trapped within the outer layers of the annulus [28].
This dorsal part of the annulus is difficult and dangerous to access
with posterolateral percutaneous techniques. So the clear−cut in−
dication of this technique is foraminal disc herniation. Perform−
ing PETD to decrease the intradiscal pressure in patients with
protrusions may not be helpful or can be considered as a failure,
because most of these patients recover with conservative treat−
ment. This finding is consistent with the known natural history
of low back pain and lumbar disc disease [29].

Low Back
 Pain

Sciatica Sensory
Deficit

Motor
Deficit

Reflex
Changes

Fig. 4 Clinical details and comparison of preoperative and postopera−
tive symptoms and signs in 34 patients undergoing PETD. Black bars
represent preoperative and white bars represent postoperative symp−
toms and signs. *p < 0.05 (McNemar test).

Table 2 Number of operations and reoperations during the entire
period

First Period* Second Period Third Period

PETD operations 19 patients 13 patients 10 patients

Re−operation
(open surgery)

6 patients 1 patient 0 patients

*Each period is 8 months.
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Discography or post−discography CT has been shown to be the
most reliable method for preoperative evaluation of disc mor−
phology [30 ± 32]. With the help of careful evaluation of MRI
scans a sequestered disc material can be excluded. Sequestered
midline discs are a contraindication for PETD too, because of the
limitations of the technique and working space.

We divided reoperations into two groups as early (first week
postoperatively) and late (two months postoperatively). Three
patients were operated in the first week because of incapacitat−
ing sciatica and a free fragment was found. In late re−explora−
tions bony osteophytes and protrusions were the operative find−
ings. We also found out that the disc space was empty in our late
reoperations (Table 3). This finding is also consistent with those
of Mayer [8,14]. The possible explanation for persistent sciatica
in these patients might be continuing compression of the nerve
root by the expanded posterior longitudinal ligament, which was
intact and harder than normal.

Mathews in 1996 and Dittsworth in 1998 attempted to expand
the indications for the endoscopic technique by using a uniportal
approach with a small fiberoptic endoscope [10, 33]. However,
this technique has also certain limitations like the small size of
the endoscope, foramen and has a very steep learning curve.
These factors limited the use and popularity of this technique.
Our results also showed that PETD has a steep learning curve
and it could be hazardous to the patients at the early periods of
the learning curve. Recently Nowitzke has also determined the
learning curve of microendoscopic discectomy [34].

In order to decrease the risk of percutaneous techniques, correct
placement of the probe and detailed evaluation of the preopera−
tive abdominal CT images for possible variations will provide
more safety [35± 37].

If we consider that 6 out of 10 excellent results are foraminal disc
herniations it can be advised to limit the indication only for fo−
raminal disc herniations right from the beginning of the learning
curve. This indication limiting is not widely used. In most of the
series protrusions are operated too.

With a better understanding of the particular pathology and
anatomy in the selected patient and by using the best suited sur−
gical technique and instruments, much better results can be
achieved. Training and experience of the surgeon is essential.
We must follow the predetermined surgical indications and not
to try to create new ones with the formerly established and
widely used endoscopic techniques. Concerning the PETD tech−
nique, a limitation of the indication to foraminal disc herniation
can be advised for better outcomes. According to our results we
have to except that PETD technique has a steep learning curve,
which can be overcome with training and suitable patient selec−
tion for this technique.

It is not unusual to be fascinated by the technological develop−
ments and application to the spinal surgery, but this fascination
might lead to a misuse of this techniques. In order to have better
results we have to evaluate and criticise our results fairly and as
early as possible when we begin to use a new endoscopic tech−
nique. As a minimally invasive surgery, this technique provides
safe and quickly return to work for military personnel.
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Introduction

Conventional procedures in the surgical therapy of lumbar disc
herniation show good results [1± 8]. Nonetheless, there is scar−
ring of the epidural space [9± 14], which may be unremarkable
in the MRI [9,15] but become clinically symptomatic in 10% or
more of cases [10,11,14]. Study results reveal operation−induced
destabilisation due to necessary resection of spinal canal struc−
tures [5,16 ± 22]. The access influences the stabilisation and coor−
dination system in the innervation area of the dorsal spinal nerve
system [12,23,24]. The combination of these parameters may
explain poor revision results in the post−discotomy syndrome
[11, 25,26]. Microsurgical techniques have reduced tissue dam−
age and its consequences [27 ± 29]. Although conditions of post−
operative pain are treatable [13,30,31], continuous optimisation
should be attempted. The goal must be to achieve at least the
current results [32] while minimising traumatisation and its
negative long−term consequences.

Interlaminar access has been described since the early 20th cen−
tury [33± 38]. 30 years after its introduction, alternative meth−
ods for operating disc pathologies were developed [39]. Percuta−
neous intradiscal decompression via chemonucleolysis [40] has
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Abstract

Even with good results, conventional disc operations may result
in consecutive damage due to traumatisation. Endoscopic tech−
niques have become the standard in many areas because of the
advantages they offer in surgical technique and in rehabilitation.
The transforaminal operation is the most common full−endo−
scopic procedure in surgery of the lumbar spine. It is frequently
necessary to reach the spinal canal directly in order to achieve
sufficient resection of lumbar disc herniations. Even in using a
lateral approach, the authors recognise the clear limitations of
the transforaminal procedure. The objective of this prospective
study was to examine the technical possibility of a full−endo−
scopic interlaminar access. The focus was on questions of suffi−
cient decompression, as well as advantages and disadvantages
of the minimally invasive procedure. 331 patients were followed
for 2 years. The results show that 82 % reported no longer having
leg pain, and 13 % had only occasional pain. The decompression
results are equivalent to those of conventional procedures. Trau−
matisation of both the access pathway and the spinal canal struc−
tures was reduced. Epidural scarring was minimised. The recur−
rence rate was 2.4%. No serious surgical complications were ob−
served. The authors view the technique described, which offers
the advantage of a truly minimally invasive procedure, as a suffi−
cient and safe alternative to conventional procedures, when the
appropriate indication criteria are heeded. There are technical
problems because of the small instruments. In conjunction with
the transforaminal procedure, this is an expansion of the spec−
trum for full−endoscopic surgery of lumbar disc herniations.

Key words
Endoscopic nucleotomy ´ interlaminar nucleotomy ´ minimally
invasive spine surgery ´ lumbar disc herniation
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been applied since the early 1970s [41 ± 45]. The posterolateral
access for vertebral body biopsies was described in the late
1940s [46]. Optical systems have been used since the early
1980s for inspection of the intervertebral space [47]. Most endo−
scopic operations now are performed in the uniportal technique
under fluid flow with transforaminal access. Laser and bipolar
current may be applied [48,49]. Numerous articles describe clin−
ical results and technical advances [50 ±62]. In the late 1970s, a
microsurgical procedure using a microscope was developed for
interlaminar access [63 ±66]. Endoscope−assisted procedures
were published in the late 1990s [28, 67 ± 70].

Endoscopic operations have become the standard in many areas.
The most widely−used full−endoscopic procedure for the lumbar
spine is the transforaminal or extraforaminal operation with
posterolateral access and predominantly intradiscal and foram−
inal working area [50± 52,54, 56,58 ± 62]. The bony perimeter of
the foramen limits the mobility and resection of dislocated se−
questers [51, 60]. Moreover, the pelvis may block access to the
lower levels. Thus, contrary to several publications [51, 52,60±
62], the authors recognise clear limitations to the transforaminal
procedure.

The goal of the prospective study was to investigate the technical
possibilities of an interlaminar access for the full−endoscopic
uniportal operation of lumbar disc herniations which present as
technically inoperable in the transforaminal approach. The focus
was on questions of sufficient decompression compared to the
results of conventional procedures, possible effects of less trau−
matisation, possible specific complications and the technical
creation of access depending on pathological and anatomic cor−
relates.

Patients/Materials and Methods

In 2001/2002, 423 patients underwent operations in the full−en−
doscopic uniportal technique with interlaminar access. 51 pa−
tients did not speak German. Since the scores applied are in part
validated for use in German, these patients were excluded. The
preoperative parameters of these 51 patients did not differ from
those of the remaining patients. The study population consisted
thus of 372 patients.

203 patients were women, 169 men. The age range was 17 to 76
years (mean: 41 years). The stress profile of occupation and
sports was evenly distributed. None of the patients was retired
because of the reported complaints. 16 patients were unem−
ployed, 233 on sick leave. Height and weight were evenly distri−
buted.

All patients presented with clinically symptomatic disc hernia−
tion. 351 underwent MRI and 21 CT examinations because of in−
dwelling implants or claustrophobia. The duration of pain rang−
ed from 1 day to 16 months (mean: 87 days). 202 patients pre−
sented with neurological deficits. 26 patients had bilateral symp−
toms, 5 contralateral, 6 a cauda equina syndrome caused by disc
prolapse. 22 patients had undergone previous microscope−assist−
ed surgery at the same level, 20 at a different level. 293 patients
had received a mean of 10 weeks conservative treatment, 79

with uncontrollable pain symptoms, pronounced acute paralysis
or cauda equina syndrome were operated immediately. The indi−
cation was defined according to today’s standards based on radi−
cular pain symptoms and existing neurological deficits [71, 72].
249 interventions were performed at level L5/S1, 107 at L4/5, 14
at L3/4 and 2 at L2/3, whereby the designation L4/5 is taken as
the definition of the penultimate free level. Surgery was per−
formed 358 times on one side, 14 times on both sides (13 times
in bilateral symptoms, once with contralateral disc prolapse).
General anaesthesia was administered 366 times and local an−
aesthesia 6 times.

The inclusion criteria for interlaminar access were disc hernia−
tions which, in the authors’ experience, were technically inoper−
able in transforaminal approach due to the following parame−
ters: sequestering toward cranial beyond the lower edge of the
cranial pedicle or toward caudal over the middle of the caudal
pedicle, lateral radiological overlay of the foramen by the pelvis
beyond the middle of the cranial pedicle. Furthermore, due to the
limited possibilities of osseous resection, the following condi−
tions had to be present: the interlaminar window between the
cranial and caudal lamina and between middle line and medio−
dorsal border of the processus articularis inferior had to measure
at least 6 mm, maximal cranicaudal sequestering to half the ad−
jacent vertebral body. There were no limitations set for extent of
dorsal or lateral prolapse. Isolated back pain or spinal canal ste−
nosis without disc herniation were not considered as inclusion
criteria. Beyond general surgical contraindications, there were
no exclusion criteria with reference to general illness.

The intervention was made with the patient prone under radi−
ological control. The skin incision was made as nearly medial in
the craniocaudal middle of the interlaminar window as possible.
A dilator, 6 mm in outer diameter, was inserted bluntly to the lat−
eral edge of the interlaminar window, then an operation sheath
with 7−mm outer diameter and bevelled opening was directed
toward the ligamentum flavum (Fig.1). The further procedure
was performed under visual control and constant irrigation
(Fig. 2). A lateral incision was made in the ligamentum flavum,
which was extended to about 5 mm. The neural structures were
exposed, preserving the epidural lubricating fat tissue (Figs. 3 ± 5).
The operating sheath with bevelled opening can be turned and
used as a second instrument and nerve hook. Medial and lateral
as well as cranial and caudal mobility within the spinal canal was
controlled using optics on the joystick principle.

All of the operating instruments and optics were products sup−
plied by Wolf (Knittlingen, Germany). The rod lens optics have a
diameter of 6 mm with a 2.7−mm intraendoscopic working chan−
nel. In addition, high−voltage bipolar probes manufactured by
Ellman (Ellman Innovations, New York, USA) and Select (Select
Medizin Technik Herman Sutter GmbH, Freiburg, Germany)
were used.

Follow−up examinations were made 1 day then 3, 6, 12 and 24
months postoperative. In addition to general parameters, the fol−
lowing measurement instruments were used: visual analogue
scale (VAS) for back and leg pain, German version of the North
American Spine Society instrument (NASS) [73,74], Oswestry
low−back−pain disability questionnaire [75].
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The descriptive assessments and analytical statistics were per−
formed depending on the group characteristics with the pro−
gramme package SPSS Version 10.0.7. A positive significance
level was assumed at p < 0.05.

Results

331 (89 %) patients were included in follow−up. Exclusion of the
remaining patients was for the following reasons: 2 operation−
unrelated deaths, 9 patients moved away and left no forwarding
address, 30 patients did not respond to letters or telephone calls.

None of the results obtained showed any dependence on sex, age,
height, weight, employment status or concomitant diseases. The
operating time ranged from 19 to 47 minutes (mean: 29 min).
There was no measurable blood loss or serious complications,
such as postoperative bleeding, injury to dura or nerves. 3 pa−
tients developed a transient postoperative dysaesthesia. Post−
operative pain medication was not required. Mobilisation was
immediate, depending on narcosis. No rehabilitative measures

Fig. 5 Cauda equina with traversing spinal nerve and axilla after de−
compression.

Fig. 1 Blunt insertion of the dilator and the bevelled operation sheath
to the ligamentum flavum.

Fig. 3 Incision of the ligamentum flavum.

Fig. 2 Full−endoscopic interlaminar operation. Fig. 4 Opened ligamentum flavum, traversing spinal nerve displaced
toward dorsal by sequestered disk material.
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were performed except for patients with pareses. Measurement
of the lavage fluid inflow and outflow showed maximal 100 mL
remaining intracorporal.

122 (37 %) of 330 patients without prior operation presented epi−
dural adhesions, which could not be diagnosed preoperative. In
26 (8%), contrary to the MRI findings, there was only compres−
sion by hard tissue. Histologically, this was annulus, disc or carti−
lage. Back pain and complaint duration more than 7 months
showed a significant relationship to this finding (p = 0.027). Of
these patients, 8 underwent revision with conventional spinal
canal decompression and 6 with fusion.

There were 8 (2.4 %) recurrences within 6 months postoperative
which were re−operated in the same technique. 1 patient suf−
fered another recurrence. Histologically, the recurrences consist−
ed to at least 75 % of endplate material.

Figs. 6 and 7 show the data of the scales for 309 (93 %) non−re−
vised patients. There is a constant improvement in leg pain and
daily activates. There was no influence on back pain. 254 (82 %)
patients no longer had leg pain, 40 (13%) had pain occasionally
or the pain was greatly reduced and 15 (5 %) experienced no es−
sential improvement. Five of the latter had undergone previous
operation at the same level, 10 had compression by hard tissue.
There was no significant operation−related deterioration in leg
or back pain. Neurological deficits were significantly (p = 0.013)
better reduced with a history of less than 6 days. All 6 patients
with cauda equina syndrome undergoing acute operation
achieved complete regression of their bladder−rectal deficits, in
2 cases a unilateral weakness of the foot with hypaesthesia re−
mained. The 8 patients who suffered recurrence reported in extra
follow−up examinations having no leg pain after the primary op−
eration in 6 cases and only occasional or considerably reduced
leg pain in 2 cases, and after the revision operation no pain in 7
cases and occasional or greatly reduced pain in 1 case. Among all
331 patients, 301 (91%) reported subjective satisfaction and
would undergo the procedure again. Overall, of all 331 patients,
29 patients (9 %) had a poor result in the sense of no reduction in
leg pain (15 patients) or had to undergo open surgery later. 247
patients who were not unemployed or retired returned to their

occupation or sports activities, 4 were unable do to so because
of persistent pareses. Sick leave following hospitalisation ranged
from 5 to 33 days, mean: 16 days.

An MRI with administration of dye was prepared 48 times post−
operatively after a period of at least 3 months. In 19 cases,
changes in the lateral epidural space were observed, which
were considered operation−related. The craniocaudal and dorso−
ventral expansion was maximally 5 mm and corresponded to the
size of the flavum defect. The intraepidural expansion was less
than 3 mm in all cases. There were no scars in the access area.
This was confirmed macroscopically in the revision procedures.
The adjacent vertebral bodies showed no increase in Modic reac−
tions. The revision procedure was neither made more difficult
nor lengthened due to the primary operation. The closure in the
ligamentum flavum defect was performed macroscopically
without involvement of the epidural space, the fatty tissue was
preserved. There were no clinical symptoms in the sense of a
post−discotomy syndrome.

In the 6 operations under local anaesthesia, intrathecal anaes−
thesia was required in addition to the systemic sedation. In two
cases, intraoperative complications with hypotension and brady−
cardia occurred which required intervention.

Discussion

The procedure discussed attains the results of the microscopic−
assisted procedures in between 75 and 100 % of the cases [1 ± 8].
The avoidance or reduction of resection of spinal canal structures
which it enables and the minimally−traumatic disc resection ap−
pear capable of reducing operation−induced segment instability
[5, 76 ± 85]. Operation time, tissue traumatisation and complica−
tions are low compared to conventional procedures [29, 87 ±94].
The preoperative activity level is attained to a comparably high
extent [95]. Operation−related rehabilitative measures are not
necessary. There is no operation−related aggravation of existing
symptoms, which is consistent with the minimally−invasive epi−
dural and intervertebral procedure [77,82,85,96]. Concomitant
diseases do not lead to increased morbidity [89, 91, 92]. The re−

Fig. 6 Mean values of VAS leg and back, and Oswestry results. Fig. 7 Mean values of NASS pain and neurology.
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duction of neurological deficits could not be predicted on the ba−
sis of known results [11, 97].

The 29 patients (9 %) with poor results all had additional back
pain and duration of complaints of more than 7 months. 5 of the
patients had previously undergone conventional surgery at the
same level, the other 24 were found intraoperatively to have
only hard tissue and epidural adhesions instead of soft disc pro−
lapse. Epidural fibroses cannot always be clearly diagnosed in
imaging [15, 98] and may occur as a consequence of degenera−
tive−inflammatory processes, even without prior surgery or the
presence of a disc prolapse [89, 99,100]. Still, such findings can−
not be considered clearly as a contraindication, since 17 of 22 pa−
tients with prior conventional operation at the same level and 96
of 122 patients with epidural fibrosis or hard tissue did attain a
sufficient result. Despite the relationship between longer history
of complaints and more insufficient results, the authors are of
the opinion that there is presently no adequate indication for
earlier operative intervention.

Resection of the intradiscal nucleus material is frequently lim−
ited due to the divergent level between the interlaminar window
and the intervertebral space (Fig. 8). This may be partly responsi−
ble for the recurrence rate of 2.4 %, which is slightly above that of
conventional techniques but below selective sequestrotomies
[101 ± 104]. The authors attempt as complete a resection as pos−
sible of the dorsal third of the nucleus space. Due to the histolo−
gically−proven high percentage of endplate material in the recur−
rences, recurrence will not be entirely avoidable. The possible
negative effects of excision of a degenerated nucleus of question−
able biomechanical function have not yet been completely eluci−
dated [11,12,82,105]. Minimisation of the operation−related an−
nulus defect, which is attained in the technique presented here,
is discussed as a protective biomechanical factor [105].

Postoperative MRI examinations show no scarring in the access
area or extending to the epidural space, the epidural lubricating
fat tissues are preserved. This finding was confirmed in repeated
procedures which, unlike following conventional techniques,

were neither made more difficult nor required longer operation
time [106]. By contrast, epidural scarring, which may become
clinically symptomatic in up to 10% of cases, must be expected
in conventional techniques [9± 12,14,15]. Reduced traumatisa−
tion of the ligamentum flavum appears to bring advantages
[97,107]. Opening of the ligament to insert the endoscope into
the spinal canal can be limited to ca. 5 mm. It must be remem−
bered, however, that epidural scarring may be unremarkable in
the MRI [9,15]. Overall, the combination of a lack of clinical
symptoms, the MRI findings and the intraoperative revision find−
ings demonstrate reduced scarring due to the procedure des−
cribed.

Prone positioning of the patient may give rise to hard−to−treat
anaesthesiological problems when the operation is performed
under local anaesthesia. For this reason, procedures under local
anaesthesia are limited to rare cases, taking all risks into consid−
eration.

The optics used have an intraendoscopic working channel of
2.7 mm in diameter. Only correspondingly small, not actively−
flexible instruments can be used. Thus, technical problems may
arise in the resection of hard tissue and in mobility. The results
may not be sufficient in patients with existing scars, epidural fi−
broses or compression by hard tissue. It may also be that the
bony perimeter of the interlaminar window limits access and
mobility. Bony resection of the mediodorsal edge of the proces−
sus articularis inferior by a few mm is possible, but determining
the exact diameter of the interlaminar window in imaging may
be difficult. Another problem in mobility may arise because of
the divergent level between the interlaminar window and intra−
vertebral space in limited resection of the intradiscal nucleus
material.

In order to guarantee complete decompression, disc prolapses
usually have to be resected under visual control, even in the
full−endoscopic technique. Contrary to various publications
[51, 52,60, 61], the authors see the following limitations in per−
forming a transforaminal procedure, even with lateral access:
cranial sequestering beyond the lower edge of the cranial pedi−
cle, caudal sequestering beyond the middle line of the caudal
pedicle, and radiological lateral overlay of the foramen interver−
tebrale by the pelvis to beyond the middle line of the cranial
pedicle. Therefore, the authors use the interlaminar approach in
herniations which are technically inoperable in the transformin−
al technique. The following criteria apply as guidelines: radicular
compression symptoms due to lumbar disc herniation within the
spinal canal, craniocaudal sequestering to maximum half of the
adjacent vertebral body, size of the interlaminar window be−
tween cranial and caudal lamina and between the middle line
and mediodorsal border of the processus articularis inferior at
least 6 mm. Concomitant osteochondrosis and spinal canal ste−
nosis are not contraindications. Bilateral and bisegmental proce−
dures, such as may be required also in conventional techniques,
are technically possible, taking the indication criteria under con−
sideration. Isolated spinal canal stenoses and back pain are not
indications.

In conclusion, the study results presented here show that the op−
eration of lumbar disc herniations is technically possible using

Fig. 8 Limited evacuation of the intervertebral disk because of diver−
gence between interlaminar window and level of the intervertebral
space.
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the full−endoscopic interlaminar access. Sufficient decompres−
sion under visual control and short operation times are given.
The results of conventional operations, which must serve as the
standard to be met by new techniques, are attained. There are
advantages of the minimally invasive procedure in the form of
reduced traumatisation, affecting not only the access pathway,
but also the spinal canal structures. In general, patient accep−
tance is high. Technical problems due to the small instruments
may arise in the resection of hard tissue, in achieving sufficient
evacuation of the intravertebral space and in creating the access
in a bony, too−narrow interlaminar window. The authors consid−
er the technique described to be a sufficient and safe alternative
to conventional procedures when the indication criteria are
heeded. Coupled with the transforaminal procedure, this pro−
vides a considerable expansion of the spectrum for full−endo−
scopic operation of lumbar disc herniations. New optics with
larger working channels and corresponding instruments are cur−
rently being developed to reduce the technical problems cited. In
the long run, comparative studies with less invasive procedures
should be undertaken. However, it appears that open procedures
are still necessary and will remain so in the future.
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Introduction

Cerebrospinal fluid (CSF) rhinorrhea involves a breakdown of the
barriers that separate the subarachnoid space from the upper
aerodigestive tract, namely, the nasal cavity mucosa or paranasal
sinus, skull base (i.e., bone), dura mater, and arachnoid mem−
brane. The etiology of CSF leaks is diverse. Although the inci−
dence of CSF fistula after endoscopy sinus surgery is less than
1 %, it is still a common cause of iatrogenic CSF fistula. Blunt trau−
ma to the head is another frequent cause which is diagnosed in
3 % of all patients who have a closed head injury and in over
30% of patients who have skull base fractures. Although less
common, conditions that increase the ventricular pressure, such
as intracranial tumors and post−traumatic and post−infectious
hydrocephalus are also frequent causes of CSF leaks [1]. Many of
the CSF leaks that occur after blunt trauma or skull base surgery
are solved by conservative measures, such as bed rest, elevation
of the head, avoidance of straining activities, and/or decreasing
the CSF pressure with spinal taps or drains.

The history of surgical repair of CSF leaks began with Walter
Dandy who performed the first successful intracranial repair in
1926 [2]. In 1948, Dohlman described the first extracranial ap−
proach to repair CSF rhinorrhea using a nasoorbital incision [3].
In 1952, the Austrian Oskar Hirsch was the first to use the trans−
septal approach to repair a sphenoidal leak [4]. In 1981, Wigand
was the first to introduce the usage of nasal endoscopes to repair
CSF fistulas at the University of Erlangen, Germany. That tech−
nique was developed and diffused worldwide by Stammberger
from the University of Graz, Austria [5].
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Abstract

Different techniques have been proposed to repair cerebrospinal
fluid rhinorrhea. Advances in nasal surgery led to a high success
rate and low morbidity for the endonasal approach. It has be−
come the favorite route for treating cerebrospinal fluid leaks of
the anterior skull base. Better results have been obtained with
the improvement of rigid endoscopes and intrathecal sodium
fluorescein. In a prospective study, twenty−four patients with
cerebrospinal fluid rhinorrhea were evaluated and treated by en−
doscopic endonasal surgery. In all cases intrathecal sodium fluo−
rescein enabled a precise localization of the bone defect. The
most common causes of CSF rhinorrhea were traumatic (8 cases,
33%), spontaneous (6 cases, 25 %), and iatrogenic (5 cases,
20.8%). Preoperative radiological evaluations (plane CT, CT cis−
ternogram and MRI) showed the exact site and size of the defect
in all patients. The most common site of leakage was the ethmoi−
dal roof−cribriform plate. Primary closure was achieved in all pa−
tients. There were no major operative or postoperative complica−
tions. The endoscopic endonasal approach can be considered the
first choice in the treatment of cerebrospinal fluid rhinorrhea.

Key words
Cerebrospinal fluid ´ fistulae ´ endoscopic endonasal approach ´
paranasal sinus

O
rig

in
alA

rticle

88



The surgical management of a CSF fistula remains controversial
as it depends on the etiology of the leak, the location of the fistu−
la and the temporal relationship of the leak with the inciting fac−
tor [6]. The open frontal craniotomy procedure has consistently
been chosen as the neurosurgical procedure applied. Some au−
thors reported excellent results in 90% [7] while other groups
have seen lower success rates of approximately 60 % [8]. The sur−
gical repair of CSF leaks has improved as the result of technologi−
cal advances and increased experience with transnasal endo−
scopic techniques. The purpose of this study is to ascertain the
outcome of endoscopic repair of CSF leaks and whether the usage
of specific techniques and materials offers significant advantages
regarding outcome.

Patients and Methods

Between April 2001 and December 2004, twenty−four patients
with CSF rhinorrhea were managed at Federal University of S�o
Paulo. Patient’s age ranged from 10 to 79 years (average: 39
years). There were 13 males and 11 females.

The etiologies of the leaks were traumatic in 8 cases, iatrogenic
in 5 cases, spontaneous (normal pressure leak) in 5 cases, menin−
geo−encephalocele in 3 cases, treatment of prolactinoma (dopa−
mine agonist bromocriptine) in 2 cases, and neoplasm invading
the skull base in 1 case. Data regarding location and clinical fea−
tures are summarized in Table 1.

All patients presented unilateral CSF rhinorrhea (intermittent in
17 and continuous in 7 cases), 12 noticed headache, and 10 pre−
sented meningitis.

Preoperative high−resolution plane computed tomography (CT),
CT with intrathecal non−ionic contrast (cisternogram) in axial
and coronal cuts and magnetic resonance imaging (MRI) of the
brain and paranasal sinuses using 2 mm slice thickness were
done for patients who showed any causative intracranial lesions,
to identify bony abnormalities within the sinuses or skull base,
or to determine the site and size of the defect. A preoperative na−
sal endoscopic examination was performed in uncertain cases.

All patients had postoperative antibiotic cover, second−genera−
tion cephalosporins (Cefuroxime) for 24 hours. Postoperative
lumbar CSF drainage was not necessary in any case.

All patients have undergone surgery under general anesthesia.
Operations were performed with Karl Storz rigid endoscopes of
0 8 , 308 and 458 with a diameter of 4 mm.

Fluorescein was injected in all patients under general anesthesia
after lumbar tap. With aspiration of 10 mL of water, adding 5%
sodium fluorescein in a 0.1 mL/10 kg rate, with a limit rate of
1 mL. The head of the patient was placed slightly above the heart
level [9].

The endoscopic approach was fairly standardized. The nasal cav−
ity was prepared with topic pledgets dripped 1 : 1000 adrenaline.
Intranasal endoscopy was performed. An anterior or posterior
ethmoidectomy was performed when a fistula was located in

the cribriform plate or in the superior border of the sphenoid si−
nus (Figs.1 and 2). In these cases, removal of the middle turbi−
nate was performed in order to improve exposure of the region.
In all cases, active leakage of a bright yellow−green fluid was de−
monstrated. All bleeding was carefully controlled with suction
cautery. The leak site was identified by direct visualization. The
sphenoid sinus ostium was carefully identified (medial to middle
turbinate) and enlarged when a fistula was located in the sphe−
noid sinus (Figs. 3 and 4).

Table 1 Age, sex, etiology, site and follow−up in patients treated
surgically for CSF rhinorrhea

No. Age Sex Etiology Site Follow−up
(months)

1 25 m trauma ethmoid
(right anterior)

44

2 16 m trauma ethmoid
(cribriform plate)

42

3 79 m during FESS for
sinonasal polyposis

ethmoid
(left posterior)

42

4 54 m spontaneous sphenoid (right roof) 42

5 48 f meningeo−
encephalocele

sphenoid (left roof) 40

6 53 f after treatment for
prolactinoma

sphenoid (right roof) 37

7 47 f spontaneous ethmoid
(right anterior)

37

8 22 m trauma ethmoid
(right anterior)

34

9 68 m during FESS for
sinonasal polyposis

ethmoid
(left anterior)

34

10 35 f spontaneous sphenoid (left roof) 33

11 51 f spontaneous ethmoid
(cribriform plate)

32

12 66 m during FESS for
chronic ethmoidal
sinusitis

ethmoid
(left anterior)

31

13 38 f after sublabial−trans−
septal−transsphenoid
hypophysectomy

sphenoid
(right roof)

29

14 38 m during FESS for
chronic ethmoidal
sinusitis

ethmoid (left anterior
and posterior)

29

15 47 f after treatment
for prolactinoma

sphenoid (right roof) 27

16 40 m trauma ethmoid (posterior) 22

17 16 f trauma frontal (posterior) 18

18 22 m meningeo−
encephalocele

ethmoid
(cribriform plate)

16

19 20 m trauma ethmoid
(right anterior)

15

20 27 m trauma ethmoid (anterior)
and frontal

15

21 44 f spontaneous ethmoid (anterior
and posterior)

14

22 31 f trauma ethmoid
(left anterior)

11

23 42 m meningeo−
encephalocele

ethmoid
(cribriform plate)
and sphenoid (roof)

7

24 10 f spontaneous rhinopharynx 6

* FESS = functional endoscopic sinus surgery.
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Fig. 4 Endoscopic image of the left nasal
fossa. Green fluorescent dye. B Meningeal
protrusion is highlighted with fluorescein.
C Cauterization of the meningoencephalo−
cele. D Graft positioning. E and F Placing
Surgicel� and fibrin glue.

Fig. 2 Endoscopic image of the right nasal
fossa (08 endoscope). A and B Meningeal
protrusion, anatomically sited below the
cribriform plate. C After cauterization of the
meningoencephalocele. D Graft position−
ing. E Placing fibrin glue. F Postoperative
image at 6 weeks.

Fig. 1 A Axial T2−weighted MRI. Bright
signal from trapped CSF. B Coronal CT. CSF
fistula (red arrow) at the cribriform plate.

Fig. 3 Coronal CT cisternogram. A and B
Meningeal protrusion occupying the left
sphenoid sinus (red arrow).
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Once the defect was identified, the surrounding bony edges and
mucosa around it were freed from soft tissues with small−cup−
ped forceps in order to allow the graft to firmly adhere to the
skull base. The underlay technique was used in all cases. The fis−
tula was repaired by placing the grafting material as follows: Sur−
gicel�, fibrin glue (rapidly polymerizing fibrin glue, Beriplast�),
strips of mucoperiosteum from the middle turbinate and a piece
of septal cartilage (obtained by septoplasty) and/or abdominal
fat and finally another layer of fibrin glue.

The patient was subjected to the Valsalva maneuver by the anes−
thesiologist and its effect at the leakage site was observed. If fur−
ther leakage was seen, the abdominal fat or mucoperiosteum
plug was modified and replaced until no further leakage was vi−
sualized. Then, fibrin glue was dribbled over the mucoperios−
teum creating a seal. After the operation patients were kept in
bed rest from 3 to 5 days.

Patients were reviewed weekly as outpatients for the first two
months. Follow−up ranged from 6 to 44 months (average: 27.4
months).

Results

The most common causes of CSF rhinorrhea in this work were
traumatic (8 cases, 33 %), spontaneous (6 cases, 25 %), and iatro−
genic (5 cases, 20.8%) (Table 1).

Preoperative radiological evaluations (plane CT, CT cisternogram
and MRI) showed the exact site and size of the defect in all pa−
tients. MRI showed a bright signal from trapped CSF or herniated
arachnoid in the dural bone defect, T2−weighted images showed
the same finding as the CT cisternogram regarding the site of the
CSF fistula.

The most common site of leakage was the ethmoidal roof−cribri−
form plate (Table 1). Defects in the cribriform plate were mainly
in the fovea ethmoidalis adjacent to the anterior ethmoidal ar−
tery. There were no major operative or postoperative complica−
tions.

Complete closure of the leaks was achieved in all patients. In one
patient (case no. 23), the leak recurred postoperatively and was
treated with a second endoscopic endonasal approach. In an−
other patient (case no. 20), a craniotomy was performed to close
the bone defect.

Discussion

The operative management of CSF rhinorrhea can be divided into
intracranial and extracranial approaches. There are advantages
and disadvantages for each of them [5 ±8,10 ±20]. Extracranial
repairs are associated with decreased morbidity, decreased inci−
dence of anosmia, and superior exposure of the ethmoid and
sphenoid regions with success rates from 80 to 90% [18].

Considering less invasive procedures does not eliminate the op−
tion for craniotomy, if these are unsuccessful. The success of

these approaches depends on the surgeon’s experience. Accepta−
ble closure rates can be obtained from any of these approaches
[21].

With the advent of the surgical microscope and the rigid endo−
scope, the endonasal approach has become the most commonly
used one for the initial closure of CSF leaks in this area. It allows
excellent visualization of the leakage site, easy lifting of the sur−
rounding mucosa and easy placement of the graft over the defect
[14,19].

Initially, extracranial endonasal repairs of CSF leaks involved the
use of a mucosal flap from the sinonasal tract, such as septal [22]
and osteomucoperiosteal flaps from the middle turbinate [23].
In general, the advantage of a flap over a graft is its immediate
viability which, in theory, increases the ability to heal. However,
free tissue grafts are not much technically demanded and do not
yield similar results. Furthermore, free grafts and flaps can be
combined to reinforce the repair [1].

Throughout the literature, the choice of materials used during
microscopic or endoscopic repair of CSF fistulas seems to depend
on the experience and familiarity of the operating surgeons with
the various techniques. Wigand [12] and Stankiewicz [13]
described repairing CSF fistulas using a turbinate mucosa free
graft with fibrin glue and post−auricular fat and temporalis facia,
respectively. Papay et al. [24] described the endoscopic repair of
spontaneous or traumatic CSF rhinorrhea using facia lata, muscle,
and fat. Lanza et al. [14] repaired 42 skull base defects in 36 pa−
tients using mucoperichondrial and mucoperiosteal graft and
septal cartilage.

It is also controversial whether the underlay or the overlay tech−
nique is superior. During the underlay technique, intact dura is
detached from the edge of the bony defect to expose an adequate
buttress for stable graft insertion. The graft is designed in such a
way that it can be pushed a few millimeters between the bone
and the raised intact dura on all sides of the defect as was indi−
cated in our cases. The overlay (onlay) technique would be used
if there was any risk that nerves or vessels could be damaged
when raising dura from the surrounding bone or when the inlay
technique was not technically possible. The graft was placed over
the dural lesion and over exposed bony margins that had been
denuded. Afterwards, the graft was supported in the place with
layers of some types of fixators, such as Gelfoam�, Surgicel�, or
fibrin glue [15 ± 19,24]. Some studies reported that the form of
graft positioning is not a critical factor in predicting the success
of the procedure [12,16, 24].

Fibrin glues have been widely used in neurosurgery. These glues
are mainly used for preventing CSF leakage but they are also used
for achieving homeostasis on the dura mater, for cranioplasty
using resected autologous bone fragments, for anastomoses of
nerves and vessels, and for the inclusion of antibiotics [25]. In
the current study, fibrin glue was used as a sealant rather than
an adhesive and also to form a tough fibrin clot plate that suffi−
ciently sealed dural tears to prevent (CSF) leakage. It was used as
an adjunct and not as a substitute for water−tight closure provid−
ing the most assured means of avoiding CSF leaks.
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Failure to repair the defect by the endoscopic approach may be
related to the inability to localize the defect successfully, to graft
displacement, to insufficient graft size, to incomplete apposition
of the graft to the skull base defect, and/or to patient non−com−
pliance with postoperative instructions [19].

Contraindications to the endoscopic treatment of CSF fistulas in−
clude the presence of an intracranial lesion, a fracture of the pos−
terior wall of the frontal sinus, lateral extensions of the frontal si−
nus and CSF rhinorrhea from a temporal bone defect [20].

Complications in repairing CSF fistulas include meningitis,
chronic headache, pneumocephalus, intracranial hematomas,
frontal lobe abscess, and anosmia which can all be consequences
of transcranial or transendoscopic repair. Failure to repair the fis−
tula or a recurrence of the CSF leak with associated neurological
signs of meningeal irritation or both were also reported. On a
meta−analysis, Hegazy [1] revealed a very low incidence of surgi−
cal complications such as meningitis (0.3 %), smell disorders
(0.6%), and headache (0.3 %). Whether endoscopic approaches
improve this tendency remains to be analyzed. Our patients
have not had the common complications to nasal surgery such
as nasal obstruction, headaches, and chronic or recurrent sinusi−
tis.

Conclusion

The transnasal endoscopic technique provides superior visuali−
zation, facilitates precise graft placement and repairs cranionasal
fistulae with excellent results effectively.
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Introduction

Since the introduction of transnasal transsphenoidal pituitary
surgery and the development of technical skills for assisting this
kind of surgery, the morbidity associated with the treatment of
sella region lesions has significantly decreased [1]. Image−guided
surgical procedures date back to the time of the discovery of X−
ray technology. Furthermore, the introduction of the fluoroscopy
in the 1960s revolutionized the transsphenoidal approach [2, 3].
The use of frameless stereotaxy with computed tomography (CT)
or magnetic resonance imaging (MRI) for general neurosurgery
has prospered in the last decade. The extension to transsphenoi−
dal surgery and its utilization had been well assessed by Laws et
al. [4 ±7]. Three−dimensional navigation systems were used to
obtain a more suitable approach to the sella region, and to im−
prove localization of the anatomical landmarks and the margins
of the pathologies [8± 10]. Transnasal transsphenoidal micro−
scopic surgery can be performed easily and without great com−
plications in patients who have not previously undergone sur−
gery, but it can be disastrous if the anatomical landmarks and

Image−Guided Endonasal Transsphenoidal
Microsurgical Treatment of

Recurrent Microadenomas of the Pituitary Gland

P. Charalampaki1

R. Reisch1

A. Ayad1

S. Welschehold1

J. Conrad1

C. Wüster2

Affiliation
1 Department of Neurosurgery, Johannes−Gutenberg University Mainz, Mainz, Germany

2 Praxis für Endokrinologie, Mainz, Germany

Correspondence
Patra Charalampaki, M. D. ´ Department of Neurosurgery ´ Johannes−Gutenberg University Mainz ´

Langenbeckstr. 1 ´ 55101 Mainz ´ Germany ´ Tel.: +49/6131/177/331 ´ Fax: +49/6131/172/274 ´
E−mail: charalampaki@yahoo.de

Bibliography
Minim Invas Neurosurg 2006; 49: 93±97 � Georg Thieme Verlag KG Stuttgart ´ New York

DOI 10.1055/s−2006−932170
ISSN 0946−7211

Abstract

Background: Neuronavigation is a commonly used technology
that provides continuous, three−dimensional information for
the precise localization of and surgical trajectory to brain lesions.
This study was performed to evaluate the role that navigation
can play in assisting microsurgical transsphenoidal surgery for
precise localization and removal of recurrent pituitary tumours
while simultaneously preserving pituitary gland function.
Method: During a 6−month period ± July 2004 until December
2004 ± 9 patients with recurrent pituitary tumours (5 female
and 4−male) were treated with navigation−guided transsphenoi−
dal microsurgical resection. Surgery was performed via a para−
septal or endonasal transsphenoidal approach. The navigation
system Vector Vision (Brain Lab, Heimstetten, Germany) allowed
precise localization of the tumours (7 hormonal active and 2 in−
active microadenomas) in respect to the pituitary gland, the
carotid arteries and the cavernous sinus. Results: Postoperative
MRI investigations of the 9 patients treated with image−guided
transsphenoidal microsurgery, showed total tumour removal in
7 (77 %) patients and subtotal removal in 2 patients (23 %). One
patient (11 %) developed a cerebral spinal fluid (CSF) leak and
was treated conservatively. One patient (11 %) had preoperative
insufficiency of the corticotrope axis which remained unchanged
postoperatively. Of the remaining 8 patients who did not have
preoperative endocrinological disturbance, only one (12 %) de−
veloped postoperative insufficiency of the corticotrope axis. Out
of the 7 patients with hormone active tumours, 5 (72 %) patients
showed no more postoperative hormonal activity. Conclusion:
Microneurosurgical transsphenoidal techniques combined with
image−guided systems can precisely define the localization and

removal of lesions in the sella region with respect to the margins
of important anatomical structures in the neighbourhood and
the endocrinological functionality of the pituitary gland.

Key words
Pituitary surgery ´ neuroendoscopy ´ neuronavigation ´ recur−
rence ´ transsphenoidal surgery
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the midline structures are absent as seen in repeat surgeries.
Since July 2004 we have used the Brain Lab neuronavigation sys−
tem, which is compatible with the NC4 microscope (Zeiss, Ober−
kochen, Germany) for matching the MRI data in patients with re−
current pituitary tumours.

This study was performed to describe the usefulness of neurona−
vigation in repeat pituitary surgery to obtain a precise approach
to the sella region, the exact localization of the lesion intrasellar
and to allow at least total removal of the tumour while simulta−
neously preserving the endocrinological function of the pituitary
gland.

Material and Methods

Patient population
Between July 2004 and December 2004, at the Department of
Neurosurgery, University of Mainz, Mainz, Germany, 9 patients
(5 females and 4 males) underwent transnasal transsphenoidal
microsurgical resection of recurrent microadenomas under neu−
ronavigation conditions. The patients age ranged from 20 years
to 54 years (mean age, 37 years). All patients had recurrent mi−
croadenomas, 2 hormonal inactive and 7 hormonal active. The
active tumours were 3 growth hormone (GH), 2 prolactin and 2
adrenocorticotropine hormone (ACTH) producing adenomas. In−
dication for surgical treatment was based on the clinical, endo−
crinological and radiological findings. The goal of the surgical
therapy was total removal of the tumour and normalization of
hormonal levels without induced insufficiency of the pituitary
gland. Preoperative study included: a) neuroradiological exami−
nation performed with magnetic resonance imaging (MRI) in the
sagittal, coronary and axial planes showing the exact anatomy of
the endonasal, sphenoidal, sella, suprasella regions and the con−
figuration of the pituitary lesion, b) complete endocrine evalua−
tion in basal conditions and after hormonal stimulation of the
pituitary gland and c) clinical examination of the symptoms of
the patient. Postoperative evaluation was performed with clini−
cal, endocrinological and MRI examination after 3 and 6 months.

Surgical technique
One day preoperatively high quality MRI of the entire head was
performed with 1 ± 2 mm thin slices (MP RAGE 3D dataset). Sur−
gery was performed under general anaesthesia. The patient was
positioned supine with the head held firmly in the Mayfield
clamp to prevent patient movement after intraoperative naviga−
tional registration (Fig.1). We approached the sphenoid sinus
after enlargement of the hiatus sinus sphenoidalis at which point
the navigation system was used (Fig. 2) to confirm the visualized
structures in comparison to the preoperative MRI images. The
sella floor was identified and the navigation pointer was used
before (Fig. 3) opening the dura to optimize the small opening
of the dura, where the adenoma was expected to be located.
This step prevented injury to important structures in the neigh−
bourhood and also to the normal pituitary gland. After precise
planning of the dura opening, the tumour was always identified
and removed with conventional microinstruments for pituitary
surgery. Finally, reconstruction of the sella cavity was performed
using gel foam. Due to the small opening postoperative nasal
packing was not necessary.

Navigation system
The navigation platform (Vector vision, Brainlab, Heimstetten,
Germany) allows the patient to be registered via an intuitive la−
ser interface (z−touch) without using fiducial markers (marker−
less patient registration), by directly projecting hundreds of “vir−
tual” markers onto the patient. The “z−touch” approach avoids
unnecessary errors added through transforming points from a la−
ser co−ordinate into the tracking co−ordinate system. Due to the
compatibility of the used navigation system with our micro−
scopes (NC4, Zeiss, Oberkochen, Germany) we were able to ren−
der the data of the navigation system into the microscope. This
technical skill offered a tracking of spatial orientation, viewing
direction, and associated focal point of the microscope optical
head. Furthermore, the system offered multiplanar reconstruc−
tion of diagnostic scan data that mirrors the orientation and scal−
ing of the microscope image, superpositions of 3D projections
and reformatted contours of pre−planned anatomic structures,
targets and trajectories.

Results

Eight patients had been operated on previously (in our institu−
tion or abroad) with standard microsurgical approaches and one
with endoscopic endonasal transsphenoidal technique. Two pa−
tients had non−functioning tumours and 7 had hormone−secret−
ing tumours, 3 GH−, 2 ACTH−secreting tumours and 2 prolactino−
mas (Table 1).

Fig. 1 Scheme of the set−up in the operation theatre.
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Surgery was performed via a transnasal transsphenoidal route as
described above in all 9 patients treated with the neuronaviga−
tion technique. All patients had normal free airways through
both nostrils immediately after extubation and did not need na−
sal packing. Postoperative discomfort such as headache, vomit−
ing or dizziness was minimal. The postoperative hospital stay
was on average of 5 days. One patient developed a CSF leak dur−
ing the postoperative course and was conservatively treated for 4
days with a lumbar drain. One patient had preoperative insuffi−

ciency of the corticotrope axis and remained unchanged post−
operatively. Of the remaining 8 patients who did not present
with preoperative endocrinological disturbances, 7 (88 %) re−
mained without pituitary gland insufficiency and 1 (12%) patient
developed postoperatively a partial insufficiency (only cortico−
trope axis insufficiency) (Table 2). Of the 7 patients with hor−
mone active tumours, 5 (72 %) patients showed no postoperative
hormonal activity (Table 3).

Fig. 3 The sella floor is identified and the
navigation pointer is used before opening
the dura to optimize the small opening of
the dura, where the adenoma is expected.

Fig. 2 View approaching the sphenoid
sinus with enlargement of the hiatus sinus
sphenoidalis and at this point the navigation
system is used to confirm the visualized
structures with the preoperative MRI
images.

Charalampaki P et al. Image−Guided Endonasal Transsphenoidal ¼ Minim Invas Neurosurg 2006; 49: 93 ± 97

O
rig

in
alA

rticle

95



The first postoperative MRI examination of the 9 patients
showed total tumour removal in 7 (77 %) patients and subtotal
removal in 2 (23 %) patients (Table 4). Endocrinological evalua−
tion in 5 of 7 patients (72%) with hormone−secreting tumours,
revealed postoperative normalization of the hormonal levels. In
one acromegalic patient the hormonal levels remained post−
operatively high but the MRI showed no morphological correla−
tion. This patient received postoperative sandostatin medication.

Non−functioning pituitary tumours
Among the 2 patients with non−functioning pituitary adenomas,
tumour removal was achieved in 1 patient, but only a subtotal re−
section was possible in the second patient due to the infiltration
of the cavernous sinus. This patient received postoperative ste−
reotactic radiation. Concerning the function of the pituitary
gland, 1 patient had pre− and postoperative normal pituitary
function, whereas the second patient had preoperative insuffi−
ciency of the corticotrope axis and remained postoperatively un−
changed. Diabetes insipidus has not occurred. No patient devel−
oped a synechia in the nasal mucosa or infection in the nasal−
sphenoidal−sellar complex.

Hormone secreting pituitary adenomas
Two patients with ACTH−producing microadenomas (Cushing’s
disease) were treated. In both patients, complete removal of the
tumour was successful, resulting in normal cortisol levels. In−
traoperative complications were absent in both patients. Both
patients had normal pre− and postoperative pituitary function.
No diabetes insipidus has developed.

Two patients suffered from microprolactinomas, neither of
whom received medical treatment before surgery. Total tumour
removal with normal function of the pituitary gland postopera−
tively was achieved in 1 patient. The other patient continued to
suffer from high prolactin levels postoperatively and was there−
fore treated with a prolactin antagonist. No intraoperative com−
plications occurred.

Three patients suffered from GH−producing adenomas. In all 3
patients medical pre−treatment was not performed. Total tu−
mour removal, as shown in the MRI postoperatively, was
achieved in all 3 patients. In 2 patients the postoperative endo−
crinological evaluation showed complete healing of the acrome−
galy. The third patient continued to have high levels of GH after
glucose stimulation and was therefore treated with a GH antago−
nist. His MRI scan showed no residual tumour. In all 3 patients
pre− and postoperative function of the pituitary gland was intact.

In general, image−guided transsphenoidal pituitary microsur−
gery for resection of microadenomas allowed high success rates
for hormonal normalization (5 ± 72 % ± of 7 patients with hormo−
nal active tumours had normal postoperative hormonal levels).

Discussion

Neuronavigation is an increasingly commonly used technology
that provides continuous, three−dimensional information for
anatomic orientation and target point trajectory. The use of
frameless stereotactic devices in the transnasal transsphenoidal
pituitary surgery for guidance has been reported by others to be
particularly useful in re−operations [5, 9]. Repeated surgery is
known to be technically more challenging and risky due to
the destruction of the anatomy and because of postoperative
scarring [11,12]. The anatomic landmarks are distorted in these
patients and identification of the midline deep in the sphenoid
sinus can often be difficult [13]. Unfortunately, misdirected ap−
proaches in repeated surgery still result in major complications,
sometimes fatal [1]. The rate of severe complications resulting

Table 4 Surgical results shown in the 3−month postoperative MRI
investigation

Tumour diagnosis Surgical removal

Total Subtotal

Non−functioning 1 1

Prolactin 1 1

ACTH ± 2

GH ± 3

Table 3 Endocrinological results of 7 patients with hormonal
secreting tumours

Tumour diagnosis 3−months post−op. hormonal secretion
of tumour

Normal values High values

Prolactinomas (2 patients) 1 1

ACTH (2 patients) 2 0

GH (3 patients) 2 1

Table 1 Histopathological findings in 9 patients with tumours in
the sella region

Histopathology No. of cases

Non−functional pituitary adenomas 2

Prolactinomas 2

GH producing 3

ACTH producing 2

Table 2 Endocrine function of the pituitary gland pre− and post−
operatively

Function of pituitary gland Preoperative Postoperative

Intact 8 7

Partial insufficiency 1 2

Total insufficiency 0 0
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from misdirected approaches was underestimated in the litera−
ture, due to a preponderance of reports from highly skilled teams
or the reluctance to report failures. Neuronavigation allows the
surgeon to remain on track and avoid entering the cavernous
sinus and carotid arteries or being too anterior and approaching
the floor of the anterior fossa [13].

In repeated transsphenoidal pituitary surgery for the removal of
microadenomas the most important steps were: 1) to find the
correct approach to the sella without destruction of the impor−
tant surrounding structures; 2) the identification of the micro−
adenomas and their complete removal; and 3) safety of the func−
tional pituitary gland.

The evolution of our transsphenoidal approach used in re−opera−
tion included neuronavigation to precisely determine the sella
exposure and identify the microadenoma without destruction
of the pituitary gland. This system was also useful in adding va−
lue to microscopic navigated surgery in either small lateral or
deep seated microadenomas. The sella could be approached
with more confidence because the midline trajectory was con−
stantly available to the surgeon. As demonstrated in our results
in the case of microadenomas a more precise localization was
possible allowing a more limited sella opening and preservation
of normal pituitary gland tissue during tumour dissection. We
currently use the Brain Lab navigation system because of its
ease of laser registration without fiducial markers, its precision
and its adaptability to our microscopes. The use of image−guided
systems warrants a correctly directed midline approach with ex−
cellent results in identification and removal of the microadeno−
mas while preserving the pituitary gland. In difficult cases it is
especially advantageous and also allows higher safety in trans−
sphenoidal re−operations. The ease in checking the trajectory of
microscopic exploration, that the system provides, is a very wel−
come technical addition for the operating team.

As our results show, neuronavigation can help make re−opera−
tions 1) easier for approaching the nasal, sphenoidal and sellar
complex and identifying the absent midline structures, 2) safer
either for protection of the surrounding important structures in
the sphenoid sinus (carotid arteries, cavernous sinus and optic
system) or to protect the functionality of the healthy pituitary
gland and 3) faster by reducing the surgical time.

Conclusion

Microscope−neuronavigated transnasal transsphenoidal pitui−
tary surgery for repeat microadenomas is a minimally invasive
method which allows a simple image−guided transsphenoidal

approach in conjunction with the operating microscope. It can
make re−operations for removal microadenomas faster in surgi−
cal time, easier in approaching the sella in the direction where
the microadenoma is expect. Furthermore, the surgeon can iden−
tify and remove the tumour while preserving normal function of
the pituitary gland tissue.
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Introduction

Osseous tumours of the skull are rare entities characterized by a
large variety of histological findings, as described by Arana et al.
[1, 2], Ciray et al. [3], and Hunt et al. [4]. The majority of such tu−
mours encountered in the field of neurosurgery are either me−
ningiomas or metastases [5, 6]. Symptoms include changes in
the patient’s appearance and neurological deficits due to intra−
cranial expansion of the tumour. Although resection of the lesion
is always the primary objective of surgical treatment, increased
attention has also been devoted recently to restoration of the
concomitant defect leading to a cosmetically satisfying outcome
[7± 10].

Drilling of the skull by means of a robotic system has proved to
be a valuable surgical technique for precise insertion of cochlea
implants [11,12] or has been evaluated intraoperatively for the
development of a system for craniotomy [13]. The craniectomy
could be a new application for a robotic system in patients with
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Abstract

This study was performed to evaluate the surgical strategy in pa−
tients with calvarial tumours, in order to design and modify a ro−
bot−assisted trepanation system. A total of 75 patients under−
went craniectomy for the treatment of calvarial tumours during
the 10−year period from 1993 to 2002. The patients’ complaints,
the size, location and histology of the tumour, and the various
cranioplasty techniques used were analysed retrospectively. In a
second procedure several craniectomies at typical locations ac−
cording to the study’s results were performed in a laboratory set−
ting using a hexapod robotic tool, constructed at the Helmholtz−
Institute, RWTH Aachen University, and plastic model heads. The
workflow was documented and the reproducibility and the accu−
racy of the procedure were registered. A total of 83 surgical pro−
cedures were performed on 75 patients. The majority (87 %) of le−
sions treated surgically were located in the frontal, temporal and
anterior parts of the parietal region. Histological examination re−
vealed benign lesions in 66 % of the patients and dural involve−
ment in 46 %. According to these results craniectomies were per−
formed using the robotic system. Mean positioning accuracy of
the robotic system while milling was 0.24 mm, with a standard
deviation of 0.04 mm, and maximum error under 1 mm. Craniec−
tomies leaving a 1−mm layer of the tabula interna intact to en−
sure a healthy dura were performed in several regions success−
fully. The majority of calvarial tumours, requiring surgical treat−
ment in our patients, were located in cosmetically relevant areas
in which drilling can be carried out with the robotic trepanation

system. Consequently, the surgical approach had to be planned
carefully in order to achieve a good cosmetic outcome.

Key words
Trepanation ´ robotic assisted surgery ´ calvarial tumours ´ neuro−
surgery
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osseous tumours, especially in cosmetically important areas of
the skull.

The aim of this study, which is supported by the German Re−
search Foundation (DFG) within the SPP 1124, was to evaluate
osseous lesions with regard to location, histological findings
and surgical management. Furthermore, first drilling tests with
a plastic model head were carried out in a laboratory setting, ac−
cording to the evaluated workspace area.

Patients, Materials and Methods

A total of 75 patients (54 females and 21−males) with a mean age
of 57 years (range: 4 ± 95 years) who had been treated surgically
for calvarial tumours during the 10−year period from 1993 to
2002 were included in the study. The demographic data, clinical
and pathological findings, and information on the preoperative
diagnostic procedures used for surgical planning were obtained
from the files. Lesions were classified according to their location,
size and histology; cosmetic impairments were documented.
The surgical management was analysed, with special emphasis
on dural involvement and repair and the type of cranioplasty
used. Fisher’s exact test [14] was used to test for dependence in
contingency tables; the level of significance was set at 0.05.

The data on location and size were also analysed to identify re−
quirements for a hexapod robot system and to perform the first
craniectomies in a plastic model skull. The robotic system used
was a hexapod parallel robot with platforms of 440 and
200 mm in diameter; the legs could be varied in length from
430 mm to 580 mm. Preliminary tests have been conducted to
evaluate the robotic drilling parameters and the accuracy of cra−
niectomy in a laboratory setting with a plastic model head.

Several craniectomies were performed in typical locations, ac−
cording to the statistical evaluation of calvarial tumours, in order
to acquire data on accuracy and reproducibility. Furthermore,
several robot settings differing in parameters such as speed of
drilling and movement were evaluated and compared.

Results

A total of 83 surgical procedures were performed in 75 patients.
Cosmetic changes of the cranial vault were detected in 46 % of the
patients, whereas neurological deficits were diagnosed in only
13 %. Twenty−two percent of the patients complained of head−
aches at admission (Table 1). Forty−five percent of the lesions
were located in the frontal region of the skull.

The preoperative diagnostic work−up included CT or MRI in all
patients; both were carried out in 39 patients. Starting in 1997,
the technique of neuronavigation was used in 33 % of cases
(n = 14). A total of 13 of the navigated lesions were located in the
frontal and/or parietal region; half of them were small tumours
below 2 cm in size. The mean size of the craniotomy performed
was 4.5 cm overall (range: 1 ± 17 cm). Infiltration of the dura was
present in 46 % of the lesions. Sixty−three percent of the lesions
with dural infiltration were meningiomas; the remainder consist−

ed of metastatic lesions of the skull. Infiltration of venous sinuses
was verified during surgery in 13 %. The correlation between his−
tological classification of the tumour and the presence of dural or
sinus infiltration was statistically significant (p = 0.047). As
shown in Table 2, a broad spectrum of pathology was encoun−
tered. The majority (66 %) of the lesions treated were benign
lesions and tumours of the skull.

In 43 % of the patients with benign lesions, craniotomy and resec−
tion of the infiltrated part of the bone followed by reinsertion of
the non−affected part was possible; acrylic bone cement was

Table 2 Histological findings in resected lesions of the skull
(n = 83)

Number
of lesions

%

Benign
lesions

Fibrous dysplasia 10 18 22

Encephalocele, cyst 3

Hyperostosis 2

Growth fracture 1

Bone cysts 1

Tuberculosis 1

Benign
tumours

Meningioma, benign 30 36 43

Haemangioma 3

Astrocytoma 1

Multiple myeloma 1

Osteoma 1

Malignant
tumours

Adenocarcinoma metastasis 14 28 34

Meningioma, malignant 6

Basal cell carcinoma 3

Breast cancer metastasis 2

Angiosarcoma 1

Metastasis, primary unknown 1

Malignant histiocytoma 1

No differen−
tiation

Malignant 1 1 1

Total 83 83 100

Table 1 Symptoms and clinical findings in patients with osseous
tumours on admission (n = 75)

Patients %

Cosmetic
disfigurement

Localised swelling 38 46

Palpable bone defect 3 4

Skin infiltration 4 5

No visible signs 38 46

Neurological
impairment

Exophthalmos 7 8

Headache 18 22

Neurological deficits 11 13

No neurological impairment 47 57
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used in 46 % of cases. In three patients, individually prefabricated
titanium implants were inserted after resection of the tumour. In
patients with small defects (i.e., less than 2 cm in diameter)
without cosmetic relevance, cranioplasty was not performed.

Analysing the location of tumours, we were able to define a
working space covering 87 % of all lesions including the frontal,
temporal and the anterior part of the parietal skull (Table 3).
Tumour diameter was greater than 6 cm in 16 % of the patients,
partly with several differently oriented bony surfaces to be
drilled. Supine positioning intraoperatively was used in 86 % of
the lesions.

Owing to the cosmetic relevance of these tumours, navigational
control and prefabricated cranioplasty were indicated.

Depending on the tumour location, some of the craniectomies
were simulated using a hexapod parallel robotic system and
plastic head models. A 1−mm layer of the tabula interna was

planned to be left intact to ensure a healthy dura. The positioning
and the progress of drilling were controlled by means of a navi−
gated drilling tool fixed to the top of the robot. The drill used was
a 6−mm cut drill. The mean positioning accuracy of robot was
0.24 mm, 0.04 mm standard deviation, and maximum error un−
der 1 mm. The lines were 0.85 mm apart, and the speed of ad−
vancement was 3 mm per second. Accuracy of fiducial marker−
based registration between the physical space of skull phantom
and reconstructed 3D cranial model from CT was 0.53 � 0.12 mm.
The registration is performed in order to transform data from the
preoperative planning to the robotic system (Fig.1a) [15,16].
After performed resection, with 1 mm safety distance from the
dura planned, a layer of approximately 0.25 mm is noticeable
(Fig.1c). A drill volume of 6500 ± 7000 mm3 was possible. A force
of 20 N was possible; in practice, the mean force used was less
than 2 N. The robotic system was able to create all of the craniec−
tomies that were necessary according to the analysis of location
of the calvarial tumours (Fig.1b).

Discussion

In this study osseous tumours and their surgical treatment were
analysed in order to design a robotic trepanation system. Com−
monly accepted treatment strategies for osseous tumours in−
clude surgical resection of lesions causing neurological impair−
ment, tumours displaying rapid growth and benign lesions ac−
companied by cosmetic disfigurement [17 ± 20]. In this study
46 % of the patients presented with swelling above the lesion.
The diameter of this swelling was greater than 6 cm in 16 %.

The majority of the lesions treated in this study were located in
the frontal or parietal region; this correlated well with the find−
ings of studies by Constans and Donzelli [5] and Wecht and

Fig. 1 a Registration of the head using im−
plemented markers and a navigation sys−
tem, allowing constant tracking of the drill.
b Results after robot milling of several
craniectomies according to the analysed
data of osseous tumours. c Demonstration
of a layer of the tabula interna. Drilling
performed by the hexapod robot.

Table 3 Distribution of the osseous lesions of the cranial vault
(n = 83)

Location Number of procedures %

frontal 37 45

parietal 23 28

temporal 12 14

occipital 6 7

periorbital 5 6

total 83 100
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Sawaya [10]. In contrast, Artico et al. [7] found no preferred re−
gion of the skull for tumours in their study population.

The variety of histological entities found in our study is consis−
tent with the findings of other authors [5, 7,10]. In one case the
pathologist could not classify the lesion definitively. This was
consistent with the findings of Wecht and Sawaya [10], who re−
ported five cases in which histological classification was impos−
sible.

In contrast to Sekhar [9], who used fluoroscopy and preoperative
scintigraphic scanning, in this study CT and MRI were employed,
since the interpretation of the information in navigation is well
established and necessary to control the robot intraoperatively.

Infiltration of the dura and/or the sinus was present in nearly
twice as many patients as in other studies (46 % vs. 20±26%)
[5, 7,10], mainly due to the large number of meningiomas found
in our series. Sixty−three percent of the meningiomas and 31 % of
the metastases had already infiltrated into the dura. Of the pa−
tients with dural involvement, 19 % exhibited infiltration of the
sinus. Involvement of these structures required special surgical
planning to prevent laceration of the dura and brain tissue. Fur−
thermore, dural infiltration has important technical implications
for the design of the robotic trepanation system, especially the
distance from the healthy brain tissue.

Following resection of the infiltrated dura, the resulting defects
were repaired. In our study autologous material was used for
this purpose in the vast majority of cases. A similar management
strategy was used in the studies of Artico et al. [7] and Constans
and Donzelli [5]. In this study Lyodura� or Teflon� implants were

employed in only two cases. We preferred to use autologous ma−
terials such as galea periosteum or muscle fascia, taken either
from the temporalis muscle or the fascia lata, because these
natural materials resemble normal dura more closely.

In patients with small lesions we performed only soft tissue re−
placement without cranioplasty, in common with Wecht and Sa−
waya [10]. Constans and Donzelli [5], however, never performed
cranioplasty; they and others used acrylic bone cement to repair
defects resulting from the excision of larger malignant lesions. A
different method was described by Saringer et al. [20], who used
individual carbon fibre polymer. The relationship between defect
size and cranioplasty was statistically significant (p = 0.043).

In a large number of cases, therefore, cranioplasty is mandatory
for cosmetic reasons, with the insertion of a prefabricated im−
plant usually being the restoration modality of choice. Moreover,
enhanced circulation and improved cognitive ability have been
reported by Agner et al. [21] following the performance of cra−
nioplasty to repair a large osseous defect.

In patients with larger benign lesions involving cosmetically re−
levant structures of the forehead and the face, we have found
prefabricated titanium implants to be suitable, especially in
cases where exact preoperative planning of the resection was
possible as described by Eufinger et al. [22]. Fig. 2 shows a pa−
tient with a large meningioma extending into the frontal area of
the face. Resection was followed by cranioplasty with a titanium
implant; this resulted in a perfect cosmetic outcome. Since tita−
nium implants are expensive, several authors have advocated the
use of bone cement during elective cranioplasty.

Fig. 2 a ± c A 47−year−old male patient
with enlargement of the skull and loca−
lised pain. No neurological deficits were
noted at admission. MRI revealed a large
tumour with enlargement of bone and
dural infiltration. The tumour was resect−
ed in toto including a dural repair with
fascia lata and cranioplasty with a pre−
fabricated titanium implant. The lesion
was classified histologically as a menin−
gioma.
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In patients with skin involvement, a rotational skin flap or split−
skin graft was put in place during the initial operation or during a
second surgical procedure, as also mentioned by Constans and
Donzelli [5] and Wecht and Sawaya [10]. Four patients with skin
involvement were treated with a rotational skin flap.

Other authors [11 ± 13] reported about drilling of the skull,
whereby they used different robotic platforms. The hexapod ro−
botic system we used demonstrated the ability to drill the calvar−
ia accurately. Furthermore, it was possible to reach all necessary
locations, based on the analysis of the lesions in this study. In this
test setting the robotic system, with six degrees of freedom, per−
formed a craniectomy by drilling the skull to a thickness of 1 mm
to ensure a healthy dura in natural circumstances (Figs. 3 and 4).

The potential advantages of robot−assisted resection are: precise
drilling at different bone surface angles and the possibility of
performing a planned resection and inserting a prefabricated al−
ternative. Further drilling tests have to be done to refine parame−
ters of the robotic system such as speed of advancement and
temperature increase, with the danger of bone necrosis and a
disturbed healing process of the bone, possibly influencing the
cosmetic outcome.

Apart from these refinements we would state the following three
preconditions:
a) Preoperative planning including an adequate diagnostic

work−up is mandatory.
b) Navigational support has to be provided for the localisation

and surveillance of the resection area.
c) The working range of the robotic system has to cover the en−

tire region in question.

Acknowledgements

We thank Mr. Roseveare for editing this manuscript and the Ger−
man Research Foundation for the support of this project within
the SPP 1124 (Medizinische Navigation und Robotik).

References

1 Arana E, Marti−Bonmati L, Paredes R, Bautista D. Focal calvarial bone
lesions: comparison of logistic regression and neural network models.
Invest Radiol 1999; 33: 738 ± 745

2 Arana E, Marti−Bonmati L, Bautista D, Paredes R. Qualitative diagnosis
of calvarial metastasis by neural network and logistic regression. Acad
Radiol 2004; 11: 45± 52

3 Ciray I, Astrom G, Sundstrom C, Hagberg H, Ahlstrom H. Assessment of
suspected bone metastases. CT with and without clinical information
compared to CT−guided bone biopsy. Acta Radiol 1997; 38: 890 ± 895

4 Hunt JA, Hobar PC. Common craniofacial anomalies: conditions of cra−
niofacial atrophy/hypoplasia and neoplasia. Plast Reconstr Surg 2003;
111: 1497 ± 1508

5 Constans JP, Donzelli R. Surgical features of cranial metastases. Surg
Neurol 1981; 15: 35± 38

6 Couldwell WT, Fankhauser H, de Tribolet N. Osseous metastases from
a benign intraventricular meningioma. Case report. Acta Neurochir
(Wien) 1992; 117: 195 ±199

7 Artico M, de Garo GMF, Salvati M, Carloja S, Rastelli E, Wierzbicki V,
Manni M. Solitary metastases of the cranial vault ± report of ten cases.
J Neurosurg 2000; 44: 33± 38

Fig. 3 Hexapod robotic system in laboratory surrounding, placed be−
neath the patient’s head with connected high−speed drill and naviga−
tional array (enlarged in Fig. 4).

Fig. 4 High−speed
drill and navigational
array of hexapod
robotic system.

Engelhardt M et al. Analysis of Surgical Management of ¼ Minim Invas Neurosurg 2006; 49: 98 ± 103

O
rig

in
alA

rticle

102



8 Bogaev CA. Cosmetic considerations in cranial base surgery. Neuro−
surg Clin North Am 2002; 13: 421 ±441

9 Sekhar LN. The cosmetic aspects of neurosurgery. Neurosurg Clin
North Am 2002; 13: 401 ±403

10 Wecht D, Sawaya R. Lesions of the calvaria: surgical experience with
42 patients. Ann Surg Oncol 1997; 4: 28 ± 36

11 Federspil PA, Geisthoff UW, Henrich D, Plinkert PK. Development of
the first force−controlled robot for otoneurosurgery. Laryngoscope
2003; 113: 465 ± 471

12 Plinkert PK, Federspil PA, Plinkert B, Henrich D. Force−based local na−
vigation in robot−assisted implantation in the lateral skull base. An ex−
perimental study. HNO 2002; 50: 233± 239

13 Eggers G, Wirtz C, Korb W, Engel D, Schorr O, Kotrikova B, Raczkowsky
J, Wörn H, Mühling J, Hassfeld S, Marmulla R. Robot−assisted craniot−
omy. Minim Invas Neurosurg 2005; 48: 154 ± 158

14 Campbell MJ, Machin D. Medical statistics. A commonsense approach.
New York: Wiley, 1990

15 Popovic A, Engelhardt M, Heger S, Radermacher K. Efficient non−inva−
sive registration with A−mode ultrasound in skull surgery: Method
and first clinical trials. International Congress Series (2005). In: Lemke
HU et al. (eds.). CARS 2005; Elsevier Science: 821 ±826

16 Bast P, Engelhardt M, Popovic A, Schmieder K, Radermacher K. CRANIO
± Entwicklung eines Systems zur computer− und roboterunterstützten
Kraniotomie. Biomedizinische Technik 2002; 47 (Suppl 1): 9 ± 11

17 Clauser L, Vinci R, Curioni C. Dismantling and reassembling of the fa−
cial skeleton in tumor surgery of the craniomaxillofacial area. History,
surgical anatomy, and notes of surgical technique: Part 1. J Craniofac
Surg 2000; 11: 318± 325

18 Hefti F, Jundt G. Langerhans cell histiocytosis. Orthopaede 1995; 24:
73±81

19 Howarth DM, Gilchrist GS, Mullan BP, Wiseman GA, Edmonson JH,
Schomberg PJ. Langerhans cell histiocytosis: diagnosis, natural his−
tory, management and outcome. Cancer 1999; 85: 2278 ±2290

20 Saringer W, Nobauer−Huhmann I, Knosp E. Cranioplasty with indivi−
dual carbon fibre reinforced polymer (CFRP) medical grade implants
based on CAD/CAM technique. Acta Neurochir (Wien) 2002; 144:
1193 ± 1203

21 Agner C, Dujovny M, Gaviria M. Neurocognitive assessment before and
after cranioplasty. Acta Neurochir (Wien) 2000; 144: 1033± 1040

22 Eufinger H, Wehmoeller M, Machtens E, Heuser L, Harders A, Kruse D.
Reconstruction of craniofacial bone defects with individual alloplastic
implants based on CAD/CAM ± manipulated CT−data. J Craniomaxillo−
fac Surg 1995; 23: 175± 181

Engelhardt M et al. Analysis of Surgical Management of ¼ Minim Invas Neurosurg 2006; 49: 98 ± 103

O
rig

in
alA

rticle

103



Introduction

Several surgical routes have been used to expose orbital lesions.
The transcranial approach is used for all tumors with intracranial
extension, for tumors located in the apex and/or optic canal, and

for tumors in the apex medial to the optic nerve [1]. Various
transcranial approaches to the orbit have been developed [2 ± 6].
The lateral microsurgical approach is used for tumors located in
the superior, temporal or inferior compartment of the orbit and
those in the lateral apex [7± 9]. The medial microsurgical ap−
proach is used for tumors located medial to the optic nerve but
not deep in the apex [1].

The medial microsurgical approach is simple, quickly performed,
and is not associated with the potential complications of an in−
tracranial operation. It is less invasive than transcranial ap−
proaches; it can be applied not only for the excision of intraorbi−
tal tumors, but also for other purposes, such as orbital decom−
pression for thyroid−related orbitopathy. Orbital wall fractures
can be successfully repaired [10].

The aim of our work is to study three possible microsurgical
medial approaches to the intraorbital portion of the optic nerve
and medial orbital area. In the first approach the medial rectus
muscle is retracted inferiorly (superior approach), in the second
approach the medial rectus muscle is retracted superiorly (in−
ferior approach), and in the third, an ethmoidectomy is per−
formed and the medial rectus muscle is disinserted and retracted
(central approach).

Materials and Methods

Ten cadaver heads fixed in formalin were dissected for this study.
The arteries and veins were perfused with colored latex and sili−
cone to facilitate dissection. Twenty orbits were examined under
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Abstract

The authors have identified and described three medial ap−
proaches to the intraorbital portion of the optic nerve in cada−
vers. The structures exposed via the superior, inferior or central
approaches were approached through the medial orbital wall.
The superior approach in which the medial rectus muscle is
retracted inferiorly exposes the superomedial aspect of the orbit.
The inferior approach in which the medial rectus muscle is
retracted superiorly, provided the inferomedial aspect of the op−
tic nerve from the globe to the muscle cone. The central approach
in which the ethmoidectomy was performed and the medial rec−
tus muscle was disinserted and retracted, provided excellent ex−
posure of the structures of the medial part of the orbit and the
optic nerve. There were no structures blocking access to the two
third anterior optic nerve and medial surface of the globe. The
structures encountered in these approaches are demonstrated
under magnification in cadavers, and the exposure of the optic
nerve is discussed.
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3 to 25 � magnification (Zeiss opmi 6; Carl Zeiss, Oberkochen,
Germany). All photographs were taken with a Kodak DC4800
digital camera (Eastman Kodak Co., Rochester, NY) through the
binocular of the operating microscope. The orbital structures
were exposed through a medial orbitotomy. The periorbita was
opened, the orbital fat was removed, and the muscles, nerves
and vessels adjoining the medial wall of the orbit were dissected
(Fig.1). The anatomic features of the three approaches to the
intraorbital portion of the optic nerve and medial orbital area
were compared (Figs. 2, 3 and 4).

Results

Surgical approaches
During the dissection of 20 orbits of cadavers with the medial
approach, the head was fixed with a 3−point fixation head holder
in a supine position, and then it was turned 15 degrees to the
other side. A standard 30−mm long medial curvilinear skin inci−
sion (Lynch incision) was made along the inner wall of the orbit
from the medial part of the eyebrow. The medial orbital incision
extends between the medial orbit and nose along the frontal pro−
cess of the maxillary bone. The exposure is extended using sub−
periosteal and subperiorbital dissection except at the medial
canthal ligament, which is attached to the anterior and posterior
margins of the lacrimal groove, and which should be divided and

elevated in such a way that it can be preserved and reapproxi−
mated when divided. The lacrimal sac which sits in the lacrimal
groove, can usually be elevated. Behind this, the infratrochlear
artery and the anterior ethmoidal branch of the ethmoidal artery
is encountered as it penetrates the orbita to enter the anterior
ethmoidal canal. The artery is divided if a more posterior expo−
sure is needed. As the exposure proceeds, posteriorly along the
orbital plate of the ethmoid, the posterior ethmoidal artery is en−
countered entering the posterior ethmoidal canal. It passes
medially along the planum sphenoidale and can be divided.

The medial orbital tissues are relatively loose and easily spread
so that a blunt dissection using the curved Stevens scissors can
avoid unnecessary bleeding and trauma. Therefore, the incision
was easily extended inferiorly or superiorly when the exposure
of the inferior or superior portion of the medial orbital wall was
necessary.

After the fronto−maxillo−lacrimal suture was revealed with sub−
periosteal dissection, the lacrimal sac and medial canthal tendon
were dissected laterally. Then a 15−mm diameter oval bone win−
dow was opened with a high−speed drill, with the suture at the
centre. The mucosa and septa of ethmoidal sinus were removed
with dissection. Some measurements of anatomic structures en−
countered through the medial orbital approach are provided in
Table 1.

The medial superior approach
For the medial superior approach, the medial rectus muscle must
be retracted inferiorly. Adipose tissue surrounding the bulbous
portion of the nerve just behind the globe is gently retracted.
The fat is divided into lobules by fine connective tissue septae;
these lobules often billow over the edges of the retractomy ob−
scuring the plane of dissection. Care should be taken not to trau−

Fig. 1 Cadaver dissection exposing anatomic structures through the
medial approach (left orbit). After the removal of periorbita and orbital
fat tissue, globe is retracted laterally. The medial orbital wall consisting
of frontal bone (Front. Bone), ethmoid bone (Eth. Bone), lacrimal bone
(Lac. Bone) and maxilla is seen. Infratrochlear artery (Infratrochlear A.),
medial rectus muscle (Med. Rec. M.) and nasolacrimal duct (Nasolac.
Duct) are also seen in this exposure.

Fig. 2 The medial rectus muscle (Med. Rec. M.) is retracted inferiorly.
After the retraction of the medial rectus muscle apsidal vein (Aps. V.),
the superior oblique muscle (Sup. Obl. M.), posterior long medial
ciliary arteries (L. Med. Cil. A.), posterior short medial ciliary arteries
(S. Med. Cil. A.) and optic nerve (CN II) are exposed.
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matize the neural and vascular structures that pass through the
orbital fat. After the removal of the orbital fat, the nerves and
vessels can be seen. The retrobulbous portion and the superior
and medial of the optic nerve is exposed (Fig. 2). Structures seen
in the exposure include the superior oblique muscle, anastomo−
tic apsidal vein (between superior and inferior ophthalmic vein),
medial rectus muscle, posterior long and short medial ciliary ar−
teries and optic nerve. The medial superior approach, in which
the medial rectus muscle is retracted inferiorly, exposes the su−
peromedial aspect of the orbit. However, exposure of the deep in−
ferior area is limited because the medial rectus muscle blocks the
line of view.

The medial inferior approach
In the medial inferior approach the medial rectus muscle is re−
tracted superiorly. This approach exposes the inferior and medial
aspect of the optic nerve from the globe to the muscle cone
(Fig. 3). Structures seen in the exposure include the posterior
long and short medial ciliary arteries, inferior rectus muscle and
the inferior division of the oculomotor nerve to the inferior rec−
tus muscle. The central retinal artery arises from the ophthalmic
artery and passes forwards inferomedial to the optic nerve. It pe−
netrates the optic nerve from an average distance of 11.2 ±
11.3 mm posterior to the sclera. Moreover, in only two cases of
the total 20, has the central retinal artery been found to be locat−
ed on the inferolateral side of the optic nerve. The deep apical
infraoptic region is well visualized. However, exposure of the
superolateral portion of the optic nerve is limited because the
lateral rectus muscle blocks the line of view.

The medial central approach
If it is necessary to obtain proximal exposure of the optic nerve or
to gain access to the deep medial portion of the muscle cone, ad−
ditional bone must be removed from the ethmoid bone with a
high−speed drill and small angled rongeurs. After total removal
of the fragile cell septa of the ethmoid labyrinth including the en−

tire mucosa, the posterior plate of the ethmoid sinus is removed.
When the bone is removed, the periorbita, fascia and retrobulbar
content become visible. The medial rectus muscle is disinserted
and retracted (Fig. 4). It provides excellent exposure of the struc−
tures of the medial part of the orbit and the optic nerve. There are
no structures blocking the access to the two−third anterior optic
nerve and medial surface of the globe. It is easy to expose the op−
tic nerve medial to the fibrous hammock. The superior division of
the oculomotor nerve to superior rectus muscle, medial and in−
ferior rectus muscle, apsidal vein, optic nerve and posterior long
and short medial ciliary arteries, central retinal artery, and the
inferior division of the oculomotor nerve to inferior rectus mus−
cle are well visualized.

Fig. 4 The medial rectus muscle is disinserted from the globe and re−
tracted medially following removal of the ethmoid bone. This ap−
proach provides excellent exposure of the structures of the medial
part of the orbit and the optic nerve. Superior division of oculomotor
nerve (CN III to Sup. Rec. M.), apsidal vein, posterior long medial ciliary
arteries (L. Med. Cil. A.), posterior short medial ciliary arteries (S. Med.
Cil. A.), central retinal artery (Cent. Ret. A.), optic nerve (CNII), medial
rectus muscle (Med. Rec. M.), division of oculomotor nerve (CN III to
Inf. Rec. M.) and inferior rectus muscle (Inf. Rec. M.) are well visualized.

Fig. 3 The medial rectus muscle is retracted superiorly. After the re−
traction of the medial rectus muscle (Med. Rec. M.) the optic nerve
(CNII), central retinal artery (Cent. Ret. A.), inferior division of oculo−
motor nerve (CN III to Inf. Rec. M.), inferior rectus muscle (Inf. Rec.
M.) and posterior short medial ciliary arteries (S.Med.Cil. A.) are seen
in this exposure.

Table 1 Measurement of anatomic structures encountered through
the medial orbital approach

Measurements sites Right (mm) Left (mm)

Mean Range Mean Range

Distance between the entrance
of central retinal artery to the
optic nerve and ocular bulb

11.3 8.9 ± 14.6 11.2 6.9 ± 14.9

Diameter of central retinal
artery

0.46 0.35 ± 0.55 0.46 0.44 ± 0.55

Entrance point of central retinal
artery to the optic nerve

Inferomedial in 18 eyes,
inferolateral in two eyes

Medial rectus muscle
measurement

Mean (mm) Mean (mm)

Medial rectus muscle thickness 2.90 � 0.50 2.60 � 0.80

Medial rectus muscle width 9.00 � 1.50 8.70 � 1.45

Medial rectus muscle length
(except tendon)

37.10 � 3.40 38.00 � 3.90
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For reconstructing a bony defect, non−absorbable alloplastic im−
plants such as the Medpor porous polyethylene Flexblock im−
plant (Medpor surgical implant; Porex Surgical, Inc., Newnan,
GA) or Silastic sheet are suitable. This implant is readily avail−
able, easy to handle through a small incision and stable in the
long term.

Discussion

The orbital walls have seven bones. The orbital opening is some−
what quadrangular; its supraorbital margin formed entirely by
the frontal bone. The lateral margin is largely the frontal process
of the zygomatic bone; the infraorbital margin is the zygomatic
bone laterally and the maxilla medially. The medial margin is
formed above by the frontal bone, below by the lacrimal crest of
the maxillary frontal process [11].

The medial wall of the orbit is almost rectangular and very thin,
forming the lateral walls to the ethmoidal sinuses. The medial
wall has anterior and posterior ethmoidal foramina transmitting
their vessels and nerves.

A medial microorbitotomy provides excellent exposure of the su−
perior, medial and inferior intraconal compartments. This ap−
proach is not suitable for resection of optic nerve gliomas or for
lesions which extend into the optic canal, superior orbital fissure,
cavernous sinus or intracranial structures. The transcranial ap−
proach to the orbit is ideal for lesions that involve both the supe−
rior orbital fissure and the cavernous sinus [12].

The medial superior approach exposes the superomedial aspect
of the optic nerve. The medial and supraoptic regions are well vi−
sualized. However, access to the inferomedial portion of the optic
nerve is limited because the medial rectus muscle blocks the line
of view. This approach has a risk of damaging the posterior me−
dial ciliary arteries.

The medial inferior approach exposes the inferomedial aspect of
the optic nerve. The deep apical and infraoptic regions are well
visualized. However, access to the superomedial portion of the
optic nerve is limited because the medial rectus muscle blocks
the line of view. In 18 of the 20 orbits the central retinal artery
passed inferomedially to the optic nerve. In these cases, it is risky
to approach the deep inferior area because the central retinal ar−
tery is likely to be damaged. The medial inferior approach is well
suited for lesions located inferior and medial to the optic nerve.

It was thought that either the ciliary nerves or the ciliary arteries
were damaged during surgery. The posterior short ciliary arteries
separate into 10 ±20 parts and insert the sclera around the optic
nerve. The posterior long ciliary arteries insert the sclera as two
branches, and then go along forward between the choroid. The
cause of anterior and posterior ischemic optic neuropathy has
been poorly understood until now. This entity has been thought
to result from ciliary occlusion, and similar pathological changes
could be shown experimentally to occur after ligation of these ar−
teries in monkeys; other investigations could not reliably repro−
duce these experiments [13].

The medial central approach provides a wider working space
than the superior or inferior approach. There are no structures
blocking access to the medial orbital area. This approach has a
low risk of damaging vascular and neural structures in the med−
ial orbital area. The central approach should be preferred for
lesions located in the mid−portion and anterior of the intraorbital
segment of the optic nerve or in cases where there is a need to
expose the optic nerve from the muscle cone to the globe.

Posterior medial lesions are suitable for the central approach. Al−
though the medial central approach provides a wide exposure,
decompression of the medial wall may cause ocular motility dys−
function and consequently diplopia. Several studies revealed
that a medial wall fracture plays a major role in a traumatic
enophthalmos [14 ± 17]. Therefore, this approach is not recom−
mended unless it is obligatory. Bony defects must be repaired
and reconstructed with non−absorbable alloplastic implants.

Various surgical approaches have been used to explore the orbi−
tal medial wall. A medial canthal incision [18± 20], open sky in−
cision [21], medial brow incision [22], ethmoidal approach
through the antrum [23], incisions above and below the medial
canthal ligament [24,25], subciliary incision [26], inferior trans−
conjunctival incision [26,27] and coronal incision [28] are sug−
gested.

The evolution of surgical approaches to the medial and inferior
orbit has been driven by the need to achieve a safe, versatile,
and direct access, while minimizing unwanted structural chan−
ges and scarring. Although early surgical approaches achieved
direct access, most incorporated cutaneous incisions [29, 30].
Lynch [31] popularized the medial transcutaneous approach to
the medial orbit in 1921, and the infracilliary approach to the
inferior orbit has been used for decades. Although surgical ap−
proaches to the lateral and inferior orbit have advanced signifi−
cantly during the past 70 years, the Lynch approach remains the
major approach to the medial orbit. Although the Lynch
approach offers excellent exposure, it has inherent cosmetic
limitations. The Lynch approach also carries a risk of lacrimal
system injury. Leone et al. [32] recommended lacrimal system
irrigation before closing the medial transcutaneous incision and
immediate silicone intubation in cases of lacrimal system injury.

The Lynch incision courses midway between the medial canthus
and the bridge of the nose in an area prone to scarring and web
formation. Several modifications have been proposed, including
Z−plasty [33]. Although these modifications decrease the occur−
rence of web formation, postoperative scarring remains a prob−
lem [34± 37]. Similarly, transcutaneous approaches to the infe−
rior orbit carry the associated risks of scarring and lid retraction
[38].

The transconjunctival approach to the orbital floor decreases the
occurrence of postoperative scarring; however, it does not pro−
vide adequate exposure of the entire medial orbit [39 ±42].

The transcaruncular approach has completely replaced the Lynch
approach. This versatile approach offers excellent and safe expo−
sure of the medial orbital wall, ethmoid sinus, and orbital apex,
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while avoiding cutaneous scarring caused by the Lynch approach
[43].

The bicoronal approach can avoid facial scarring and provide an
excellent surgical field while obtaining calvarian bone, as a re−
constructive material, through the same incision [44]. However,
the disadvantages of this approach are that it is time−consuming,
there is much blood loss, and complications such as damage to
the supraorbital nerve, facial nerve branches, and alopesia can
result [44]. Orbital wall approaches are not always satisfactory
because they may leave noticeable scars or provide a limited
overview of the medial wall.

Various surgical approaches have been developed to the orbit.
However, the approach to the posterior and medial intraconal
lesions is still difficult. However, Missori et al. [45] have high−
lighted the significant morbidity associated with the removal of
these tumors when they are close to the apex. In such cases, a
pterional approach to the contralateral orbit has been advocated
[46], which seems an extreme procedure for an orbital lesion.

Any lateral approach seems inappropriate, since the operative
route would be obstructed not only by the optic nerve, but also
intraorbital vessels and cranial nerves. Subfrontal or pterional
approaches also make it difficult to maintain the functional in−
tegrity.

In view of this excellent functional result, the authors advocate
the transnasal endoscopic approach in rare cases of inferomedial
and posterior intraconal lesions as an alternative and addition to
the standard techniques of orbital surgery [47].

The transconjunctival endoscopic−assisted technique provides
an excellent full view on the most posterior and superior aspects
of the fracture boundary with minimal effort, and visualizes
clearly the anatomic relevance between the defect and the loca−
tions of the anterior and the posterior ethmoidal vessels.

The endoscopically−assisted medial transconjunctival approach
is an excellent adjunct for the full exposure of the fracture area,
and provides accurate reduction of the herniated orbital contents
and placement of the bone grafts with minimal morbidity [48].

A standard transciliary or inferior transconjunctival incision has
been used with success in gaining access to the inferior and in−
feromedial orbit. However, this approach makes it difficult to ac−
cess the superomedial orbit and the medial subperiosteal space.
Moreover, for maximal exposure, it may cause damage to the
inferior oblique muscle [49]. Therefore, in cases of combined
medial and inferior wall fracture, the combined transcaruncular
approach provides a proper surgical field and working space.

Conclusion

A comprehensive knowledge of microanatomy will contribute to
the effective use of the medial orbital approach. The assessment
of relations between the significant vascular and neural struc−
tures will facilitate the surgical process. During an operation,
the identification of orbital arteries, veins and nerves can be dif−

ficult because deep−lying structures must be dissected as little as
possible to avoid unnecessary injury. Therefore, a detailed
knowledge of the microanatomy of the orbit is of great impor−
tance and facilitates the procedure.
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Introduction

While the use of radiosurgical treatment for extra−axial localized
brain tumors that grow non−invasively, such as neurinoma and
meningioma, has reached consensus, radiosurgical treatment of
malignant glioma, which grows intra−axially, invasively and in ir−
regular shapes, remains controversial. However, some reports
have indicated that radiosurgical treatment of malignant glioma
can succeed in preventing tumor growth locally and can prolong
the survival time of malignant glioma patients [1± 5].

The CyberKnife (Accuray, Calfornia, USA) is a powerful device
mounted on a highly maneuverable robotic manipulator, which
eliminates the need for skeletal fixation or rigid immobilization
of the target through its use of real−time image guidance (image−
based stereotaxis) [6± 8]. This frameless radiosurgical instru−
ment has several distinct advantages over frame−based stereo−
taxis, including improved patient comfort, and the increased
freedom and flexibility needed for fractionated irradiation of
large and non−spherical lesions. These characteristics are advan−
tageous in the treatment of malignant glioma.

To our knowledge, no previous report has quantified the use of
the CyberKnife in the treatment of malignant glioma. Here, we
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Abstract

Objective: The CyberKnife is a new frameless image−guided
radiosurgical modality. The authors report on their experience
using the CyberKnife in 25 patients with malignant gliomas.
Methods: Twenty−five patients with histologically proven ma−
lignant gliomas (18 glioblastoma: GB, 7 anaplastic astrocytoma:
AA) were treated with the CyberKnife at Konan St. Hill Hospital
between June 1998 and November 2002. CyberKnife therapy
was performed on 44 lesions (31 GB lesions, 13 AA lesions) in
the 25 patients. The median target volume was 19.1 mL (range:
0.3± 90.2). The median prescribed dose was 20.3 Gy (range:
13.9 ±26.4). Patient−, tumor−, and treatment−related variables
were analyzed by univariate analysis, and survival curves were
generated by the Kaplan−Meier product limit. Results: In the
18 GB patients, the median survival after diagnosis was 20.7
months (82.6 weeks) with a mean follow−up of 85.7 weeks. Of
the 7 AA patients, 6 were alive at the time of analysis with fol−
low−up periods ranging from 11.4 to 52.8 months. Patients
younger than 70 years had a median survival after diagnosis of
37.1 months, compared to 12.4 months for older patients
(p = 0.003). Similarly, patients with well−controlled lesions had
a median survival after diagnosis of 39.8 months compared to
16.0 months for those with uncontrolled lesions (p = 0.031). Late
delayed radiation necrosis was seen in 1 GB patient. No other pa−
tient suffered acute or delayed neurological morbidity after Cy−
berKnife therapy. Conclusion: This is the first report of Cyber−
Knife stereotactic radiotherapy applied to the treatment of ma−
lignant gliomas. The frameless and painless CyberKnife stereo−
tactic radiotherapy has the potential to be as useful for treatment
of malignant glioma as other radiosurgical modalities.

Key words
CyberKnife ´ malignant glioma ´ stereotactic radiotherapy ´ frac−
tionated radiosurgery
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describe our initial results using the CyberKnife in patients of
malignant glioma.

Patients and Methods

Patient population
The twenty−five adult subjects with malignant glioma included
in the study were treated with CyberKnife stereotactic radiother−
apy at Konan St. Hill Hospital between June 1998 and November
2002. All patients harbored supratentorial tumors and had a pro−
ven histological diagnosis of glioblastoma (GB) or anaplastic as−
trocytoma (AA) by previous surgery. Of the 25 patients, 18 (med−
ian age: 61.6 years; range: 48 ±78) were diagnosed with GB,
while 7 (median age: 46.1 years; range: 28 ± 71) had AA. Patients
were enrolled on the basis of the most recent pre−enrollment pa−
thological specimens. A summary of patient characteristics is
shown in Table 1.

CyberKnife stereotactic radiotherapy
CyberKnife stereotactic radiotherapy was used to address 44 le−
sions in the 25 patients (31 lesions in 18 GB patients, 13 lesions in
7 AA patients). Of the 25 patients:
± Fifteen patients had a single lesion (15 lesions), while 10 had

multiple ones comprised of multifocal glioma (2 lesions in
1 patient) or several residual lesions around a resection cavity
(27 lesion in 8 patients).

± Twenty patients (13 GB patients, 11 AA patients) received Cy−
berKnife therapy just once in their follow−up periods (single
CyberKnife therapy). The remaining 5 patients (3 GB patients,

2 AA patients) received CyberKnife therapy for each incident
of recurrence (repeated CyberKnife therapy).

The target area of CyberKnife therapy was defined by the gadoli−
nium (Gd)−enhanced area in the pre−treatment magnetic reso−
nance imaging (MRI). Fractionation was used positively in the
case of large lesions. The prescribed marginal dose was defined
as that delivered at an isodose surface surrounding 90% of the
entire volume of each target. In planning the CyberKnife therapy,
we used various planning types, including single−isocenter plan−
ning, multi−isocenter planning, and conformal planning, de−
pending on the shape of the lesion.

Analysis of local response
Post−radiotherapeutic states were assessed by serial MRI scans
every 3 months or more often if indicated for the analysis of local
control. The therapeutic response was classified as follows: com−
plete response (CR: Gd−enhanced area disappears and no re−
growth is recognized for at least four weeks after treatment),
partial response (PR: Gd−enhanced area is reduced by more
than 50% and maintains this state for at least four weeks after
treatment), no change (NC: less than 50% reduction or less than
25 % growth of Gd−enhanced area, maintained for at least four
weeks after treatment), and progressive disease (PD: more than
25 % growth of Gd−enhanced area). The effectiveness and control
rates were calculated by CR + PR/CR + PR + NC + PD and CR + PR +
NC/CR + PR + NC + PD, respectively. To assess the therapeutic re−
sponse of CyberKnife therapy fairly, classification and calculation
of effectiveness and control rates were performed using only
cases receiving no other adjuvant therapy such as chemotherapy
after CyberKnife therapy.

Analysis of recurrence
We investigated the recurrence in regard to rate, location and in−
terval from CyberKnife therapy to recurrence. All lesions receiv−
ing CyberKnife therapy were included for this analysis, whether
or not the patients received adjuvant therapy such as chemother−
apy.

Analysis of complication
We investigated complications on serial MRI scans every 3
months or more often if indicated. We also performed thallium−
201 single photon emission computed tomography to estimate
whether there was recurrence or radiation necrosis, if necessary.

Survival analysis
The actuarial median survival and survival rates at 1, 2 and 3
years after each diagnosis and initial CyberKnife therapy were
calculated using the Kaplan−Meier method. Since 6 of the 7 AA
patients are alive at present and calculations of median survival
and survival rate of AA patients are inaccurate, this analysis was
performed only in GB patients.

Univariate comparisons of survival between patient’s factors
were performed using Kaplan−Meier actuarial analysis and a
log−rank technique. The factors included age, gender, Karnofsky
performance scale score, previous conventional radiotherapy,
frequency of CyberKnife therapy (single vs. repeated CyberKnife
therapy), and local response (CR or PR vs. NC or PD). Multivariate

Table 1 Patient characteristics

Characteristic Glioblastoma
(n = 18)

Anaplastic astrocytoma
(n = 7)

Age [years]

± median 61.6 46.1

± range 48 ± 78 28 ± 71

Gender

± male 10 3

± female 8 4

Karnofsky performance status

± median 68.9 85.7

± range 30 ± 90 70 ± 90

Treatment before CyberKnife therapy

Craniotomy

± total resection 2 1

± subtotal resection 8 4

± partial resection 7 2

± biopsy 1 0

Conventional radiotherapy

± Yes 9 5

± median [Gy] 44.5 56.3

± range [Gy] 20 ± 66 50 ± 60

± No 9 2

Chemotherapy

± Yes 10 4

± No 8 3
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analysis was not performed since the number of patients in−
cluded in this study was too small for accurate analysis.

Results

Treatment parameters
The median target volume was 19.1 mL (range: 0.3 ± 90.2). The
numbers of fractionations were 1/2/3/4/5 in 9/12/12/4/7 lesions.
Lesion planning resulted in 6 single−isocenter, 7 multi−isocenter,
and 31 conformal planning types. The median prescribed dose,
calculated by a linear−quadratic formula using the LQ model (al−
pha/beta = 2) [9] in cases of fractionated irradiation, was 20.3 Gy
(range: 13.9 ± 26.4).

Analysis of local response
Our results are summarized in Table 2. Twenty−two lesions of
11 GB patients and 11 lesions of 5 AA patients received no adju−
vant therapy after CyberKnife treatment. Of the 22 GB lesions,
those resulting in CR were 1 lesion (4.5 %); PR, 5 (22.7 %); NC, 8
(36.4 %); and PD, 8 (36.4 %). The effectiveness and control rates
in GB patients were 27.2 % and 63.6 %, respectively. Of the 11 AA
lesions, those resulting in CR were 0 lesions (0%); PR, 2 (18.2 %);
NC, 3 (27.3 %); and PD, 6 (54.5 %). The effectiveness and control
rates in AA patients were 18.2 % and 45.5 %, respectively.

Analysis of recurrence
These results are summarized in Table 3. Of 31 GB lesions, 19
were recognized to be controlled (i. e., CR, PR, NC) after treat−
ment. Of the 19 controlled lesions, new lesions were seen in 18
cases (94.7 %) within a mean follow−up of 20.7 weeks. Of the 18
new lesions, 12 (63.2 %) were located beside or inside the pres−
cribed marginal isodose line of the previous CyberKnife therapy.
The remaining 6 lesions were recognized in areas remote from

the radiation field of previous CyberKnife therapy or as dissemi−
nation. The interval from CyberKnife therapy to recurrence was
130 days on average.

Of the 13 AA lesions, 7 were recognized as controlled after treat−
ment. Of the 7 controlled lesions, new lesions were seen in 5
cases (71.4 %) within a mean follow−up of 27.3 weeks. Of the 5
new lesions, 3 (42.9 %) were located beside or inside of the pre−
scribed marginal isodose line of the previous CyberKnife therapy.
The remaining 2 lesions were recognized in areas remote from
the radiation field of previous CyberKnife therapy. The interval
from CyberKnife therapy to recurrence was 281 days on average.

Analysis of complication
A complication was seen in only one case (1/25 = 4 %). It was late
delayed radiation necrosis in a GB patient, diagnosed pathologi−
cally in a craniotomy 10 months after Cyberknife therapy. No pa−
tient suffered acute neurological morbidity after CyberKnife
therapy while maintaining stable doses of corticosteroid medi−
cation that were slowly tapered as tolerated.

Survival analysis
In 18 GB patients, the actuarial median survival after diagnosis
was 20.7 months (82.6 weeks) with a mean follow−up of 85.7
weeks (Fig.1a). The survival rates at 1, 2 and 3 years after diagno−
sis were 68 %, 42 % and 27 %. Of 7 AA patients, 6 were alive at the
time of analysis with follow−up periods ranging from 11.4 to 52.8
months.

For patients treated with the CyberKnife, age and local response
were significantly predictive of survival outcome both after diag−
nosis and after CyberKnife therapy on univariate analysis. Pa−
tients younger than 70 years had an actual median survival after
diagnosis of 37.1 months (Fig.1b). This was compared with 12.4

Table 3 Recurrence

Initial response No. of
lesions

Appearance
of new lesion

No. of
lesions

Location of
recurrence

No. of
lesions

GB (no. of lesions = 31) controlleda 19 yes 18 besidec 12

uncontrolledb 12 no 1 remoted 6

AA (no. of lesions = 13) controlled 7 yes 5 beside 3

uncontrolled 6 no 2 remote 2

a Controlled: complete response (CR), partial response (PR), or no change (NC) state after CyberKnife therapy.
b Uncontrolled: progressive disease (PD) state after CyberKnife therapy.
c Lesion located beside or inside the prescribed marginal isodose line of previous CyberKnife therapy.
d Lesion located remote from the prescribed marginal isodose line of previous CyberKnife therapy.

ÄÄÄ
½
½ÄÄ

ÄÄÄ
½
½ÄÄ

ÄÄÄ
½
½ÄÄ

ÄÄÄ
½
½ÄÄ

Table 2 Local response

CR PR NC PD Effectiveness rate Control rate

GB (No. of lesions = 22) 1 (4.5 %) 5 (22.7 %) 8 (36.4 %) 8 (36.4 %) 27.2 % 63.6 %

AA (No. of lesions = 11) 0 (0 %) 2 (18.2 %) 3 (27.3 %) 6 (54.5 %) 18.2 % 45.5 %

GB = glioblastoma, AA = anaplastic astrocytoma, CR = complete response, PR = partial response, NC = no change, PD = progressive disease.
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months for older patients (p = 0.003). Similarly, patients with
well−controlled lesions such as CR/PR had an actual median sur−
vival after diagnosis was 39.8 months (Fig.1c), compared with
16.0 months for those with NC/ PD (p = 0.031). Patients receiving
repeated CyberKnife therapy tended to have a longer median sur−
vival after diagnosis compared with those receiving single Cyber−
Knife therapy, but the difference was not significant (p = 0.065).
The other factors were not predictive of survival outcome.

Illustrative case
This 74−year−old woman suffered from dementia beginning in
December 1997. Her symptoms gradually worsened and a malig−
nant glioma in the left frontal base extending to the basal ganglia
was diagnosed. She underwent craniotomy for partial resection
of the tumor, and the histological diagnosis with surgical speci−
mens was glioblastoma. She was referred to Konan St. Hill Hospi−
tal for the purpose of a CyberKnife boost therapy against the re−
sidual tumor in the basal ganglia in May 1998 after conventional
external beam radiotherapy (Fig. 2a). The first CyberKnife ther−
apy was performed on June 14 ± 15, 1998 with a total dose of
20.7 Gy in two fractions. The marginal dose was 15 Gy recalculat−
ed by the linear−quadratic formula using the LQ model (alpha/
beta = 2 Gy). MRI revealed that the lesion was controlled in the
NC state for a year after treatment (Fig. 2b). Her first recurrence
occurred a year after the first CyberKnife therapy (Fig. 2c), and a
second CyberKnife therapy with a total dose of 24.9 Gy in two
fractions was performed on May 14 ± 15, 1999. The marginal
dose was 18 Gy, recalculated by the same method. She was stable
in the NC state again (Fig. 2d) and MRI revealed that the lesion
vanished gradually as if it had been gouged out by a knife
(Fig. 2e). Her second recurrence occurred a year and 8 months
after the second CyberKnife (Fig. 2f), and a third CyberKnife ther−
apy with a total dose of 23.3 G y in two fractions was performed
on January 23 ± 24, 2001. The marginal dose was 16.8 Gy recalcu−
lated by same method. Although the lesion shrank initially after
the third treatment (Fig. 2g), it began to grow 6 months later.
The patient died of pneumonia on August 17, 2001. The survival
periods after diagnosis and first CyberKnife treatment were
1234 days (3 years and 4 months) and 1144 days (3 years and
1 month).

Discussion

The standard treatment for malignant glioma is established as a
combination of radical surgery, conventional external beam
radiotherapy and intravenous chemotherapy using agents such
as nitrosourea and interferon [10± 12]. However, the prognosis
of malignant glioma, particularly glioblastoma, remains dismal.
A summary of survival analyses in the treatment of malignant
glioma by conventional radiotherapy and radiosurgery is shown
in Table 4. The median survival for glioblastoma with postopera−
tive treatment using conventional external beam radiotherapy
ranges from 10 to 13 months, even in recent reports [8,13,14].
Dose escalation for treatment of malignant glioma using stereo−
tactic radiotherapy or radiosurgery with the linear accelerator
and gamma knife has been tried in recent decades with hopeful
results [1± 5].

The CyberKnife is a new radiosurgical modality that mounts a
linear accelerator on a highly maneuverable robotic manipulator
and eliminates the need for skeletal fixation or rigid immobiliza−
tion of the target through its use of real−time imaging. The accu−
racy of the CyberKnife is comparable to published localization
errors in current frame−based radiosurgical modalities [15]. This
frameless and precise radiosurgical modality improves patient
comfort and increases the degree of freedom and flexibility
needed for fractionated irradiation. However, its therapeutic
effect is insufficiently known. Although some therapeutic
studies using the CyberKnife to treat brain tumors have been re−
ported [8,16], none of these has quantified the use of CyberKnife
in the treatment of malignant glioma. In our series, the median
survival after diagnosis was 20.7 months, which compares favor−
ably to other radiosurgical modalities (Table 4). It is worthy of
special mention that although the target volume in our series
(19.1 mL, equivalent to 33 mm diameter) was fairly large, the
risk of late radiation injury was minimized.

The first advantage of the CyberKnife in treating malignant glio−
ma is its frameless stereotaxis [15,17]. We performed fractionat−
ed irradiation for safer treatment of large lesions. The target
volume, or the Gd−enhanced area, is liable to be large in malig−

Fig. 1 a Kaplan−Meier plots displaying actuarial survival time after diagnosis in 18 patients with glioblastoma treated with CyberKnife. b Kaplan−
Meier plots showing the statistically significant difference in survival time after diagnosis in patients younger or older than 70 years. c Kaplan−
Meier plots showing the statistically significant difference in survival time after diagnosis in patients with lesions resulting in CR/PR or NC/PD.
CR = complete response, PR = partial response, NC = no change, PD = progressive disease.
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nant glioma. In our series, 35 of 44 lesions (79.5 %) were treated
with fractionated irradiation. We could increase the number of
fractions without hesitation since the CyberKnife realizes frame−
less stereotaxis and is therefore able to undertake fractionation
without causing the patient the pain that normally arises from
frame fixation with head−pins. The larger the number of frac−
tions, the broader can the radiation field be. It becomes possible
to cover an adequate area and also to include a safety margin in
case the Gd−enhanced area is small. We think that it might be ne−
cessary to further increase the number of fractions for safer
treatment in the future. In addition, repeated CyberKnife therapy
at each time of recurrence might prolong survival time, as illu−
strated by the case above; the fact that it is painless is an impor−
tant advantage in that regard.

The second advantage of the CyberKnife in treatment of malig−
nant glioma, especially irregular, non−spherical lesions, is its
flexibility of approach [18]. In the CyberKnife planning, the ra−
diation field shape is constructed not only by a combination of
ellipsoids but also by conformal planning that has no isocenter.
In our series, the treatment of 31 of 44 lesions (70.5%) adopted
conformal planning. Adaptability to irregular shapes is advanta−
geous since malignant glioma grows invasively and tends to as−
sume irregular shapes.

The most serious problem in the treatment of malignant glioma
using radiosurgery is its failure to control recurrence outside the
central field of therapy. It is known that the majority of recurren−
ces in malignant glioma are located within 2 cm of the enhancing

edge of the original tumor [19]. Unfortunately, in our series as
well, tumor recurrence occurred in spite of a high local control
rate. We coped with recurrent lesions by repeated CyberKnife
therapy whenever possible. We think that adequate and thor−
ough local control is important for prolonging survival time on
the basis of the result that good local control was significantly
predictive of survival outcome in our study. Although repeated
CyberKnife therapy in the same or nearby locations increases
the risk of radiation necrosis, no patient undergoing repeated Cy−
berKnife therapy suffered from radiation necrosis in our series.
Surgical resection of the recurrent lesion might be safer than re−
peated CyberKnife therapy to avoid the risk of radiation necrosis.
However, “minimally invasive,” repeated CyberKnife therapy is a
valuable option for treating patients with a seriously compro−
mised daily life or patients harboring unresectable lesions such
as deep−seated glioma.

Conclusion

CyberKnife stereotactic radiotherapy was applied in the treat−
ment of malignant glioma. The frameless, painless CyberKnife
stereotactic radiotherapy has as much potential to prolong the
survival time of patients with malignant glioma as other radio−
surgical modalities. The definitive role of CyberKnife therapy for
patients with malignant glioma awaits the results of a larger case
series, case control and randomized trials.

Fig. 2 Axial Gd−enhanced MRI obtained in a 74−year−old woman with glioblastoma who underwent repeated CyberKnife therapy (3 times).
a Before CyberKnife therapy. b Seven months after first CyberKnife therapy. Tumor was controlled in the NC state. c Regrowth at one year
after first CyberKnife therapy, prior to second CyberKnife therapy. d After second CyberKnife therapy. e Ten months after second Cyber−
Knife therapy. f Regrowth at one and half years after second CyberKnife therapy, prior to third CyberKnife therapy. g Partially reduced
tumor following third CyberKnife therapy.
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Table 4 Summary of survival analysis in conventional and radiosurgical treatment of malignant glioma

Group Author, year No. of
patients

Radiosurgical
modality

Study
design

Median
target
volume
(mL)

Late
complica−
tion (%)

Median
survival after
diagnosis
(months)

1−year
SR after
diagnosis
(%)

2−year
SR after
diagnosis
(%)

3−year
SR after
diagnosis
(%)

Radio−
surgery

Masciopinto, 1995 [3] GB 31 LINAC CS 16.4 ± 9.5 45 28 13.5

Gannett, 1995 MG 30 LINAC CS 24.0 0 13.9 57 25 20

Kondziolka, 1997 [1] GB 64 gamma knife CS 6.5 1.6 26 ± 51 30

Shrieve, 1999 [5] GB 78 LINAC CS ± (25.6)a 19.9 88.5 35.9 23

Larson, 2002 [2] GB 39 gamma knife CS 13.6 ± ± ± ± ±

Nwokedi, 2002 [4] GB 31 gamma knife CCS 25.0 7.0 25 92 48 43

Prisco, 2002 MG 15 gamma knife CCS 15.0 (20.0)a 21.4 61 43 43

our series, 2004 GB 18 CyberKnife CS 19.1 4.0 20.7 68 42 27

EBRT Curran, 1993 [13] MG 1578 x x x x 11.3 ± ± ±

Nwokedi, 2002 [4] GB 33 x x x x 13 58 40 22

Prisco, 2002 MG 17 x x x x 11.6 43 16 0

Laws, 2003 [14] GB 413 x x x x 10.2 ± ± ±

GB = glioblastoma; MG = malignant glioma; SR = survival rate; CS = case series; CCS = case−control study; LINAC = linear accelerator; ± = data not shown;
EBRT = external beam radiotherapy; a The rates of cases, not mentioned as complications, but requiring reoperation after radiosurgical treatment and diagnosed
radiation necrosis by surgical specimen.
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Introduction

Although rare, intracranial germ cell tumors (GCTs) have attract−
ed much attention due to their characteristic clinical features:
tumor location, tumor markers and histology, as well as the dis−
tinctive therapeutic strategies that are quite different from those
for other brain tumors. At present, many therapeutic protocols,
e.g., combined chemotherapy and radiation therapy for GCTs
other than mature teratomas, have been proposed. In Japan,
most patients are treated in accordance with a protocol of the Ja−

panese Pediatric Brain Tumor Study Group [1] with satisfactory
results. Although histological information is necessary for the
definitive diagnosis and decision on the therapeutic strategy,
the significance of surgical intervention, including biopsies, re−
mains controversial [2± 11]. In addition, the management of pa−
tients who present with rapidly deteriorating symptoms has
rarely been reported. We report three patients who presented
with a rapid deterioration of consciousness. Diagnostic and ther−
apeutic strategies for these patients are discussed.

Case Reports

Case 1 (Fig.1)
A 10−year−old boy presented with progressive headache and vo−
miting. On the day he was referred to our hospital with a diagno−
sis of pineal region tumor with obstructive hydrocephalus, 5
days after onset, his consciousness had deteriorated to lethargy
and showed general convulsions. He underwent emergency en−
doscopic biopsy and third ventriculostomy that yielded a histo−
logical diagnosis of yolk sac tumor and immediate recovery of
consciousness. However, 4 days after the surgery, bilateral ptosis,
downward ocular deviation, hearing disturbance, and the Pari−
naud’s sign manifested. He developed mildly disturbed con−
sciousness again. His serum AFP titer was 388.0 ng/mL on admis−
sion but his AFP titers in the serum and CSF had increased to
2192.1 and 1253.2 ng/mL, respectively, when these symptoms
developed. Enlargement of the tumor without hydrocephalus
was noted on CT. Thus chemotherapy (CARB−VP: carboplatin
and etoposide) was hastily initiated, beginning from 7 days after
surgery. Since his consciousness continuously deteriorated, ra−
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Abstract

Objectives: The value of surgical intervention in the manage−
ment of intracranial germ cell tumors remains controversial.
Patients: We report three patients who presented with rapid de−
terioration of consciousness but resulted in complete remission
of the tumor after emergency surgery for both diagnostic (biop−
sy) and therapeutic (for hydrocephalus) purposes followed by
prompt initiation of radiochemotherapy. Conclusion: For man−
agement of these rapidly deteriorating patients, immediate his−
tological verification and avoidance of delay in the induction of
radiochemotherapy are essential. Thus, emergency surgery with
a less invasive procedure is the first choice of treatment, i. e., en−
doscopic surgery for pineal region tumor and CT−guided biopsy
for basal ganglia tumor.
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diation therapy was commenced 10 days after the surgery with
doses of 30 Gy for whole−brain, 30 Gy for the local region and
24 Gy for the whole spine. His condition improved rapidly during
these treatments and he became symptom−free with negative
AFP in both serum and CSF. He received the same chemotherapy
a total of 7 times every 3 to 4 months. He is now in good health
without any neurological deficit at 42 months since onset.

Case 2 (Fig. 2)
A 20−year−old man who presented with progressive headache
and vomiting was referred to our hospital 8 days after onset. On
admission, he had mild hemiparesis in addition to symptoms of
intracranial hypertension. CT/MRI demonstrated a hematoma−
tous lesion in the right basal ganglia associated with obstructive
hydrocephalus. Two days later, he suddenly suffered coma with

signs of uncal herniation. Ventricular drainage and CT−guided as−
piration/biopsy were performed on an emergency basis and im−
proved his condition dramatically. Although the histological di−
agnosis was germinoma with hemorrhage and no syncytiotro−
phoblastic elements were found, titers of HCG of the serum, CSF,
and hematoma fluid were 15, 45, and 78,000 mIU/mL, respec−
tively, and HCG−beta titers in the serum, CSF, and hematoma
fluid were 0.1, 0.3, and 810 ng/mL, respectively. After a course of
chemotherapy (CARB−VP) on the basis of a diagnosis of an HCG−
producing germinoma, radiation with doses of 30.6 Gy for the ex−
tended local region and additional 20 Gy for the local region was
delivered, resulting in complete remission of the tumor. He re−
ceived the same chemotherapy a total of 8 times every 3 to 4
months. He is now in good health without any neurological defi−
cit at 74 months since onset.

Fig. 1 Case 1: A pineal region tumor that
was irregular in margins and enhancement
(axial: a; sagittal: b) with obstructive hydro−
cephalus was noted on a T1−weighted
Gd−enhanced study. The T1−weighted
Gd−enhanced image after radiation therapy
and one course of chemotherapy showed
prominent shrinkage of the tumor (c).

Fig. 2 Case 2: A mass lesion was noted in
the right basal ganglia with mild marginal
enhancement on CT (a). The lesion showed
high signals on both T1− and T2−weighted
images (T1 axial: â; T2 axial: c). The T1−
weighted Gd−enhanced image after radio−
chemotherapy demonstrated complete
remission of the tumor (d).
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Case 3 (Fig. 3)
A 40−year−old man, who had a past history of testicular seminoma
10 years previously, presented with headache and frontal signs:
short memory disturbance and moria. Disorientation was detect−
ed when he was referred to our hospital,10 days after onset, with a
diagnosis of a left frontal tumor. His consciousness rapidly deteri−
orated to stupor or semicoma within 4 days. Open biopsy and
ventricular drainage were performed on an emergency basis and
a diagnosis of metastatic seminoma was obtained. HCG−beta
titers in serum and CSF were 0.4 and 13 ng/mL, respectively. On
the day after surgery, a course of chemotherapy (CARP−VP) fol−
lowed by radiotherapy with a dose of 30 Gy for the extended local
region was commenced. The treatment resulted in complete
remission of the tumor. He received the same chemotherapy for a
total of 3 times every 3 to 4 months. He is now in good health with
no neurological deficit and no further metastasis at 80 months
since onset.

Discussion

At present, intracranial GCTs are diagnosed by radiological find−
ings, tumor marker analyses in serum and CSF, histological ex−
amination, and, in a few institutes, by diagnostic radiotherapy
and chemotherapy [8]. Although MRI is useful in defining the
precise location and speculating on the diagnosis [12], a defini−
tive diagnosis cannot be achieved by CT and/or MRI alone [2±
4,6]. Matsutani et al. [2] have reported the risk of misdiagnosis
to be nearly 20% in patients with germinomas. Similar to neuro−
imaging, tumor markers alone do not yield a definitive diagnosis
[2, 3,6], particularly when negative. It may be harmful to sample
CSF from a patient with intracranial hypertension. In addition, a
survey of tumor markers usually takes time: half a day and 3 to 5
days for AFP and HCG−beta, respectively, in our institute. Thus
tumor marker analysis was not beneficial in the present 3 pa−
tients who urgently needed a diagnosis. Furthermore, we consid−

ered that the induction of radiotherapy in these patients with
presumed GCTs could be hazardous.

The significance of histological verification in the management
of GCTs remains controversial [2± 11]. Surgical removal, particu−
larly of lesions in the pineal region, has been a challenging task
for neurosurgeons and is still potentially dangerous [6,11]. Clini−
cal features and the aforementioned radiological and tumor mar−
ker studies can achieve a tentative diagnosis. In addition, all GCTs
other than mature teratomas are, to some degree, radiosensitive
and most are chemosensitive, whereas the value of extensive
surgical resections is unproven [3 ±5, 7,10]. In the present 3 pa−
tients, immediate diagnosis and avoidance of surgical risks as
well as delay in induction of radiochemotherapy were necessary.
Thus we selected the less invasive approach of biopsy according
to the tumor location: endoscopic biopsy for the pineal region,
CT−guided biopsy for the basal ganglia, and open biopsy for the
frontal lobe. On the other hand, biopsy alone may not be helpful
in obtaining the diagnosis of subtypes because GCTs are fre−
quently heterogeneous tumors consisting of a mixture of sub−
type components. Small biopsy specimens may therefore not re−
present the entire lesion and may cause sampling error
[2, 3,7,10]. Diagnosis of subtypes and precise therapeutic strate−
gies could be made later based on the results of the tumor mar−
ker analyses together with the biopsy findings.

Endoscopic surgery is now the becoming first−line treatment for
pineal region tumors [6,11,13,14]. Not only yielding several biop−
sy specimens, this procedure can also treat an accompanying
hydrocephalus by third ventriculostomy and sample CSF for the
tumor markers analysis with safety and accuracy [6,11]. Since
this procedure is minimally invasive, it also has great advantages
in shortening the time interval from the diagnosis to further
treatment. This is important for patients with rapid deteriora−
tion, in order to hasten the induction of radiochemotherapy.
Meanwhile, GCTs frequently show CSF dissemination and there
is a possibility that endoscopic biopsy may cause seeding of the

Fig. 3 Case 3: A huge tumor with homo−
geneous enhancement was noted in the left
frontal lobe (a). MRI obtained after one
course of chemotherapy demonstrated
slight shrinkage of the tumor that showed
homogeneous Gd−enhancement (b) and
high−signal intensity in the T2−weighted im−
age (c). The T1−weighted image after radio−
chemotherapy showed complete remission
of the tumor (d).
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tumor cells. At present, this complication has not been reported
[6, 9,11,14] and we have seen no such dissemination after endo−
scopic biopsy, including cases of GCTs and periventricular glio−
mas [13]. To minimize the risk of this complication, however,
coagulation of the residual tumor after the biopsy, extensive irri−
gation of CSF during the procedure [11], and early induction of
radiochemotherapy should be considered.

References

1 Matsutani M, Ushio Y, Abe H, Yamashita J, Shibui S, Fujimaki T, Taka−
kura K, Nomura K, Tanaka R, Fukui M, Yoshimoto T, Hayakawa T, Naga−
shima T, Kurisu K, Kayama T. Combined chemotherapy and radiation
therapy for central nervous system germ cell tumors: preliminary re−
sults of a phase II study of the Japanese Pediatric Brain Tumor Study
Group. Neurosurg Focus 1998; 5: article 7

2 Matsutani M. [Germ cell tumor.] In: Takakura K, Yamaura A (eds). New
Lecture 3. Noushuyo, 2nd edn. Tokyo: Shinohara, 1996: 281 ± 303

3 Matsutani M, Sano K, Takakura K, Fujimaki T, Nakamura O, Funata N,
Seto T. Primary intracranial germ cell tumors: a clinical analysis of 153
histologically verified cases. J Neurosurg 1997; 86: 446 ±455

4 Packer RJ, Cohen BH, Coney K. Intracranial germ cell tumors. Oncolo−
gist 2000; 5: 312 ± 320

5 Balmaceda C, Heller G, Rosenblum M, Diez B, Villabranca JG, Kellie S,
Maher P, Vlamis V, Walker RW, Leibel S, Finlay JL. Chemotherapy
without irradiation ± a novel approach for newly diagnosed CNS
germ cell tumors: results of an international cooperative trial. J Clin
Oncol 1996; 14: 2908 ± 2915

6 Ferrer E, Santamarta D, Garcia−Fructuoso G, Caral L, Rumia J. Neuroen−
doscopic management of pineal region tumours. Acta Neurochir
(Wien) 1997; 139: 12 ± 21

7 Jaing T−H, Wang H−S, Hung I−J, Tseng C−K, Yang C−P, Hung P−C, Lui T−N.
Intracranial germ cell tumors: a retrospective study of 44 children. Pe−
diatr Neurol 2002; 26: 369± 373

8 Janmohamed S, Grossman AB, Metcalfe K, Lowe DG, Wood DF,
Chew SL, Monson JP, Besser GM, Plowman PN. Suprasellar germ cell
tumours: specific problems and the evolution of optimal management
with a combined chemoradiotherapy regimen. Clin Endocrinol 2002;
57: 487± 500

9 Linstadt D, Wara WM, Edwards MSB, Hudgins RJ, Sheline GE. Radio−
therapy of primary intracranial germinomas: the case against routine
craniospinal irradiation. Int J Radiat Oncol Biol Phys 1998; 15: 291 ±
297

10 Nishizaki T, Kajiwara K, Adachi N, Tsuha M, Nakayama H, Ohshita N,
Ikeda N, Iwamoto N, Ito H, Suzuki M. Detection of craniospinal disse−
mination of intracranial germ cell tumours based on serum and cere−
brospinal fluid levels of tumour markers. J Clin Neurosci 2001; 8: 27 ±
39

11 Oi S, Shibata M, Tominaga J, Honda Y, Shinoda M, Takei F, Tsugane R,
Matsuzawa K, Sato O. Efficacy of neuroendoscopic procedures in mini−
mally invasive preferential management of pineal region tumors: a
prospectively study. J Neurosurg 2000; 93: 245± 253

12 Liang L, Korogi Y, Sugahara T, Ikushima I, Shigematsu Y, Okuda T, Taka−
hashi M, Kochi M, Ushio Y. MRI of intracranial germ−cell tumours.
Neuroradiol 2002; 44: 382± 388

13 Miki T, Ito H, Wada J, Hashimoto T. [Neuroendoscopic treatment of
pineal region tumors.] Nerv Sys Child 1998; 23: 323 ± 331

14 Pople IK, Athanasiou TC, Sandeman DR, Coakham HB. The role of en−
doscopic biopsy and third ventriculostomy in the management of
pineal region tumours. Br J Neurosurg 2001; 15: 305 ± 311

Nishioka H et al. Management of Intracranial Germ Cell Tumors Presenting ¼ Minim Invas Neurosurg 2006; 49: 116 ± 119

O
rig

in
alA

rticle

119



Introduction

Spinal cord herniation is a rare disease and only 80 cases have
been reported. An anterior kink of the spinal cord is a character−
istic finding on MRI. A better technique for the surgical treat−
ment of spinal cord herniation is controversial and has not been
established. We report on a patient with Brown−SØquard syn−
drome, who was effectively treated by a modified dural closure
of the hiatus at the ventral side of the spinal cord in order to
minimize the anterior procedure of the spinal cord. Here we re−
port our modified surgical technique for this disease and review
previous reports of its treatment.

Case Report

A 57−year−old man had a history back to 1990, when he devel−
oped hypoesthesia with decreased temperature sensation in the
right lower extremity, apparent to him when he took a bath. He
also had felt weakness in the left lower extremity since June in
2003. The weakness in the left leg had gradually deteriorated
and he also presented with weakness in the right extremity. His
gait has been pointed to change since February 2004 and he con−
tinued to have progressive deterioration with difficulty in walk−
ing, increased spasticity and weakness of the both lower extre−
mities. He was admitted to our hospital on July 2004 because
the vesicorectal disturbance that presented in addition to the
weakness of his legs. He had no history of previous trauma, spi−
nal surgery and other spinal disorders.
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Abstract

Objective and Importance: Spinal cord herniation is not a com−
mon disease and only 80 cases have been reported to the best of
our knowledge. The treatment of this lesion is thought to be dif−
ficult and a better surgical technique has not been established.
Clinical Presentation: A 57−year−old man presented with gradu−
ally worsening spastic gait and hypoesthesia in the bilateral low−
er extremities suspected to be due to Brown−SØquard syndrome.
Magnetic resonance imaging showed a thoracic spinal cord her−
niation into the anterior hiatus at T2 ± 3. Intervention: A modi−
fied technique of closure of the hiatus in front of the herniation
was performed. A surgical artificial dural membrane was intro−
duced between the herniated portion of the thoracic cord and
the dural hiatus and was placed to cover the whole dural defect
in order to minimize the operative procedure at the ventral side
of the spinal cord. On subsequent magnetic resonance imaging,
the herniation was remarkably improved and patient’s symp−
toms were abolished. Conclusion: The direct widening of the
dural defect has been reported to be the only treatment provid−
ing a good outcome. We suggest that our modified technique for
its closure can be as safe and effective as the direct widening
method.
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On examination the patient was found to have a Brown−SØquard
syndrome below L1, with decreased pain and temperature sensa−
tions, 4/5 weakness of the left lower extremity. He demonstrated
a positive Babinski sign and hyperreflexia of deep tendon re−
flexes on the left. He also had 4 ±5/5 weakness of the right lower
extremity in addition to Brown−SØquard syndrome. An MRI re−
vealed an anterior kink of the thoracic spinal cord at T2 ± T3,
with anterior herniation of the partial spinal cord into the space
of the cerebrospinal fluid (CSF) collection, which existed in the
ventral side of the vertebral canal (Fig.1). The CISS images of
MRI revealed no complication of arachnoid cysts on the dorsal
side of the spinal cord herniation (Fig.1). The preoperative diag−
nosis was idiopathic spinal cord herniation at the T2−T3 level.

A partial laminectomy of T1 and T4, and osteoplastic laminotomy
from T2 to T3 were performed on June 20, 2004. The dura mater
was opened at the midline from the T2 to T3 level. The arachnoid
membrane and CSF pulsation on the dorsal side were normal and
neither arachnoid cysts nor thickness of the arachnoid mem−
brane was observed. The thoracic spinal cord was displaced ven−
trally at this level. Retraction of the spinal cord by lifting the den−
tate ligament at T2± 3 showed that the hiatus of approximately
1 cm � 1 cm in diameter covered with dura matter existed on
the ventral side of the vertebral canal. A duplication of dura ma−
ter was observed and the dural hiatus seemed to consist of the
partial defect of the inner membrane of the duplicated dura ma−
ter and the outer dural membrane. The thoracic spinal cord was
herniated into this dural hiatus and there was no adhesion be−
tween the ventral side of the herniated spinal cord and the dural
hiatus and no chronic inflammation (Fig. 2A).

The spinal cord was carefully returned to the dural hiatus. The
herniated portion of the thoracic cord exhibited a yellowish and
edematous round−shaped projection. Dural plasticity of the dural
duplication was performed to prevent herniation of the thoracic
cord into the dural hiatus because both primary suture of the
margin of the dural defect and the enlargement of the margin
were impossible. A surgical artificial dura [Gore−tex] was intro−
duced between the herniated portion of the thoracic cord and
the dural hiatus and was placed to cover the whole defect of the
inner dural membrane. The artificial dura was attached with

stay−sutures to the lateral side of the dural sac and the herniated
thoracic cord was dislocated from the ventral dural hiatus and
was covered with the artificial dura (Fig. 2B). Lastly, a lamino−
plasty was performed. The postoperative diagnosis was idio−
pathic spinal cord herniation with the ventral dural hiatus con−
sisting of the dural duplication. At 3 days after surgery, the pa−
tient experienced a rapid improvement in the spasticity and
weakness of the bilateral lower extremities. An MRI 7 days after
surgery revealed that the spinal cord herniation was improved
and C−shaped fashion of the thoracic cord had disappeared
(Fig. 3). On 11 days after surgery, the positive sign of Babinski on
his left leg turned to negative and his symptoms continued to
improve. He discharged on foot 17 days after surgery.

Discussion

Spinal cord herniation can be classified into idiopathic, traumat−
ic, and iatrogenic [1]. The idiopathic type is reported in 80 cases
including our case, in 60 women and 20 men aged from 22 to 71
years (mean: 50 years) to our knowledge [2]. There is a female
preponderance with a ratio of 5 :3. The most common clinical
presentation was that of a Brown−SØquard syndrome, which
slowly progresses, as seen in our case. Idiopathic or spontaneous
herniation of the spinal cord occurred in the thoracic spine was
reported in all the cases [2± 4]. The herniation was located either
ventral or ventro−lateral through an oval dural defect [2]. MRI
findings are typical showing on the sagittal scan an anterior C−
shaped kink of the spinal cord and secondary enlargement of
the dorsal subarachnoid space [2,5]. In this present case, MRI
images were good enough to diagnose this disease, however, we
could not estimate its pathogenesis because the patient had no
history of the spinal injury or other diseases and no complication
of arachnoid cysts on MRI findings. We thus considered it as an
idiopathic case of the thoracic spinal cord herniation. The clinical
features of this case were based on the epidemiology of the 80
cases in previous reports. He had a slowly progressive Brown−
SØquard syndrome and the MRI findings revealed the ventral
herniation of the thoracic spinal cord into the dural defect at the
level of T2−3.

Fig. 1 A Preoperative sagittal T1−weighted
(left panel) and T2−weighted (right panel)
images of the thoracic spine. The spinal
cord herniates ventrally in a C−shaped
fashion at the T2/T3 level. B Preoperative
sagittal T2−weighted image of the thoracic
spine. The spinal cord herniates into the
ventral dural cavity. C Sagittal T2−weighted
CISS MR image of the thoracic spine.
Arachnoid cysts were not observed at the
dorsal side of the herniation.
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The goals of treatment are to reduce the herniation, return the
spinal cord to the normal position, and prevent the recurrence
of herniation. A variety of surgical managements have been re−
ported in this field and classified with two main treatment stra−
tegies. One is closure of the dural defect such as direct closure of
the hiatus in front of the herniation, patch closure of the hiatus
with artificial dura and sealing with fibrin glue into the hiatus.
The other is simply widening the aperture to prevent strangula−
tion of the cord such as direct widening of the size of the hiatus.
65 surgical cases of idiopathic spinal cord herniation were re−
ported to our knowledge (direct widening: 22; patch closure:
19; direct suture: 11; graft: 9; arachnoid cyst removal: 2; lamin−
ectomy: 2) [2,6]. In all 80 % of the surgical cases were performed
at the ventral side of the spinal cord. However, the ventral opera−
tive space of the thoracic spine seems not to be wide enough for
the safe surgical procedure. These operative techniques have

been associated with the danger of anterior spinal cord injury
because of the limited operative field at the ventral side of the
spinal cord. In the previous reports, postoperative cases whose
symptoms worsened or did not change after the surgery of the
direct widening of the ventral dural defect described twice (9 %)
and improvements were seen in 20 cases (91 %). As for patch clo−
sure, worsened or same status was seen in 8 cases (42 %) and im−
provements were documented in 11 cases (58 %). In direct
closure, worsened or same status was reported postoperatively
in 4 cases (36 %) and 7 cases (64 %) were improved (Table 1). In
previous reports, most operative cases brought about good re−
sults. Widening the dural aperture was the surgical technique
associated with the best outcome in the series reported in the
literature. Less manipulation of the already compromised spinal
cord is one possible explanation [2]. Complicated procedures at
the ventral side of the spinal cord, such as patch closure and di−
rect closure, were not always done safely and effectively. Surely,
widening of the dural defect involves less manipulation com−
pared with the patch closure and direct closure. However, when
widening the dural defect, it is not easy to decide on the width to
incise the inner layer and surgeon cannot select this technique in
cases where the outer layer of the dural hiatus is not intact to

Fig. 2 A Intraoperative photographs (lower side of the figure: cepha−
lic direction, upper side of the figure: caudal direction) demonstrating
the herniated cord with a yellowish edematous projection, the dural
cavity is composed of the duplicated dura mater. B Intraoperative
photographs of the dural plasty with a surgical artificial dura (Gore−tex).
A surgical dura covered the dural hiatus and was sutured by stay−
sutures at the lateral side of the spine.

Fig. 3 A Postoperative sagittal T1−weighted (left panel) and T2−weight−
ed (right panel) images of the kink of the thoracic spinal cord. B Post−
operative axial T2−weighted image of the thoracic spine. The ventral
spinal cord herniation was improved and the spinal cord is located in
the midportion of the spinal canal.

Table 1 Summary of reported operative cases of spinal cord her−
niation

Procedure Cases Worsened Improved Same

direct widening 22 1 20 1

patch closure 19 4 11 4

direct suture 11 2 7 2

graft 9 1 3 5

laminectomy 2 1 1

resection of arachnoid 1 1

Fill in with material 1
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prevent the leakage of cerebrospinal fluid. The technique of
widening the dural defect requires an anterior procedure to ob−
serve these points prior to the incision of the inner dura mater.
Surgical procedures anterior to the spinal cord always have a
risk of spinal cord injuries. More safe and effective methods are
required to be developed in order to minimize the risks of the
anterior procedure. In the present case, we tried to decrease the
risk of spinal damage caused by the anterior surgical procedure.
We only sheeted the artificial dural membrane and covered over
the dural defect with this membrane (Fig. 4). The procedure of
suturing in the narrow operative field has a higher risk of spinal
cord damages. We sutured the artificial dural membrane with
dura mater at the lateral side of the spinal cord to cover the ante−
rior half of the spinal cord. We could easily observe the suturing
line in the open field and safely completed its suturing. The her−
niated portion of the spinal cord was completely dissociated
with the dural hiatus and the symptoms improved during the
early period after the surgery. This newly introduced procedure
of the covering the anterior side of the spinal cord is recommend−
ed in the cases of spinal cord herniation without severe adhesion
to the dural defect. In such cases, it is difficult to select any of the
surgical methods that have been reported. This will be the next
target for surgeon and require further experience and study to
solve this problem.

Conclusion

A modified new technique for the treatment of spinal cord her−
niation, which requires less manipulation anterior to the spinal
cord, is described. This procedure is easier and safer than the
conventional repair of the dural defect with patch closure and di−
rect closure, providing satisfactory clinical results.
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Fig. 4 Scheme of preoperative (A) and
postoperative (B) images of the spinal cord
herniation. The spinal cord herniates into
the hiatus composed by dural duplication in
the preoperative scheme (A). The dural
defect was covered with an artificial dura
which was sutured at the lateral side of the
dual sac (B). The herniated spinal cord was
repaired with less manipulation of the
ventral side of the spinal cord.
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Sir,

I read with interest the article on endoscopic aqueductoplasty
(EAP) by Miki et al. [1]. They performed EAP in 6 patients with
aqueduct stenosis (AS) by using a flexible neuroendoscope.
They have achieved good results in all patients and have not en−
countered restenosis. However they did not mention the follow−
up period. In 1999, Schroeder and Gaab [2] reported that EAP is
an effective alternative to third ventriculostomy for the treat−
ment of hydrocephalus caused by a short AS. In 2004, Schroeder
et al. [3] reported the long−term results of their patients in whom
EAP had been performed. Their patients’ mean follow−up period
was 40 months. EAP was performed in 39 patients and endo−
scopic third ventriculostomy (ETV) was also performed simulta−
neously in 13 patients. They observed restenosis of the aqueduct
in 7 patients, after an average of 25 months, ranging from 14 days
to 97 months.

Fritsch et al. [4] retrospectively analyzed the outcome of 27 pa−
tients who underwent EAP or interventriculostomy with or with−
out stent placement. They concluded that in patients with mem−
branous distal AS, EAP alone is sufficient enough at 2 years fol−
low−up to provide clinical and radiographic sufficiency and in pa−
tients with tumor−associated AS, EAP alone will not suffice. If
there is an indication for EAP, a stent needs to be placed. In pa−
tients with isolated fourth ventricle and a history positive for in−
traventricular haemorrhage or meningitis, it is very unlikely that
an EAP alone will stay open. The high revision rate in this group
has led to a change in treatment strategy toward initial stent
placement [4].

We have performed aqueductoplasty only in 8, aqueductoplasty
with ETV in 11, aqueductoplasty with stent in 5 and aqueducto−
plasty with stent and ETV in 7 patients. It is not possible to figure
out which procedure would be effective when aqueductoplasty
and ETV are done simultaneously. Therefore aqueductoplasties
with or without stent should be analyzed to find out the need of
stenting the aqueduct. Of the 6 adult patients with primary AS,
only one needed a second endoscopic procedure following EAP.
Restenosis developed 5 months after the first EAP. The patient’s
symptoms and signs completely improved after ETV. Aqueducto−
plasty failed in 2 children. A 7−month−old boy with AS and shunt
infection underwent EAP at the time of shunt malfunction. He
was shunted one week after aqueductoplasty. The other patient
was a 5−year−old boy with isolated fourth ventricle. Unfortunate−
ly isolated fourth ventricle on MRI and ataxia and dysphagia per−
sisted in the follow−up. MRI in the constructive, steady−state se−
quences disclosed a web in the aqueduct (Table 1). Of the 6 pa−
tients in whom aqueductoplasty with stent had been performed,
4 patients had primary AS, one patient had a tectal glioma and
one had a pineal tumor. In two patients with secondary AS, the
brain stem was pushed toward the clivus and there was no space
between the brain stem and clivus for a safe ETV. This is why EAP
and stenting of the aqueduct were done in both patients. Endo−
scopic subtotal tumor removal was done prior to EAP with stent
in the patient with a pineal tumor. The stent migrated into the
third ventricle 3 months later. Aqueductoplasty with stent was
performed again and he has been symptom−free for one year.
Bilateral subdural fluid collection developed following aque−
ductoplasty with stent in two infants with marked hydrocepha−
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lus. A subdural−peritoneal shunt was implanted in both patients
(Table 2).

EAP should be performed in short−segment primary and second−
ary AS when ETV is not feasible. In isolated fourth ventricle,
aqueductoplasty should always be preferred to fourth ventricu−
lar shunting. Stenting of the aqueduct will prevent restenosis
particularly in secondary AS and isolated fourth ventricle. As
stated by Schroeder et al. [3] more experience and longer fol−
low−up periods are necessary to determine the place of EAP in
the treatment of aqueductal stenosis.
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Table 1 Summary of the patients who underwent endoscopic aqueductoplasty

Patients Gender Age Diagnosis Endoscopic
procedure

Complications Outcome and final
procedure

Follow−up
(months)

1 male 7 months primary AS and shunt
infection

EAP failure ± VP shunt 57

2 male 10 years primary AS EAP good 52

3 male 5 years isolated fourth ventricle EAP permanent dysconjugate gaze failure 47

4 female 7 years primary AS EAP good 47

5 male 19 years primary AS EAP good 42

6 female 53 years primary AS EAP transient diplopia good 40

7 female 33 years primary AS EAP vertigo and vomiting transient
dysconjugate gaze

failure ± ETV 24

8 male 14 years primary AS and shunt
malfunction

EAP good 24

AS = aqueduct stenosis, EAP = endoscopic aqueductoplasty, ETV = endoscopic third ventriculostomy.

Table 2 Summary of the patients who underwent endoscopic aqueductoplasty with stent

Patients Gender Age Diagnosis Endoscopic
procedure

Complications Outcome and final
procedure

Follow−up
(months)

1 female 10 years tectal glioma EAP with stent good 34

2 female 3 months primary AS EAP with stent bilateral subdural fluid collection good 29

3 male 3 months primary AS EAP with stent bilateral subdural fluid collection good 27

4 male 33 years pineal tumor EAP with stent and
tumor resection

transient diplopia and stent
migration

failure ± EAP with
stent

12

5 female 22 years primary AS EAP with stent transient vertigo good 12

6 male 23 years primary AS EAP with stent good 6

EAP = endoscopic aqueductoplasty, AS = aqueduct stenosis.
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