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HOW I DO IT

Clipping of MCA aneurysms: how I do it
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Abstract

Introduction Aneurysms located at the middle cerebral
artery bifurcation remain a clear neurosurgical indication.
We detail here the steps necessary to enable safe surgery for
Sylvian fissure aneurysms.

Methods An angiogram with 3D reconstruction is obtained
and reviewed intraoperatively, just prior to the skin incision.
During the exposure, the cistern is kept open by small
cottonoids, thereby avoiding brain retraction. Continuous
monitoring of MEPs along with ICG microscopic angio-
fluorescence allows for detection of vascular compromise.
Intraoperative angiography with 3D reconstruction allows
for immediate correction of less than satisfactory surgical
outcome.

Conclusions Careful planning of surgical strategy fol-
lowed by a minimally invasive technique (with continuous
neuro-monitoring) ensures safe surgery. The availability of
intra-operative radiological guidance allows for optimal
management.
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Abbreviations
CSF Cerebrospinal fluid

MCA Middle cerebral artery

ICG Indocyanine green

MEP Motor evoked potential

DRA Digital subtraction rotational angiography

3D-DRA 3D surface rendering reconstruction from DRA

Introduction

The field of vascular neurosurgery has undergone revolu-
tionary developments that seek to improve patient care and
outcomes. New treatment modalities and new devices
continuously challenge the standard of care. The ISAT
study showed that coiling of ruptured intracranial aneur-
ysms is at least as effective and safe as microneurosurgical
clipping performed within the first 72 h after ictus. As a
result, most basilar tip and vertebral aneurysms are now
coiled. On the other end of the spectrum, most middle
cerebral artery (MCA) bifurcation aneurysms are still
clipped and now secured within the first 24 h of ictus to
reduce rebleeds [1, 4, 5]. As a result of increased
opportunities and better quality cerebral imaging, more
patients are being diagnosed with asymptomatic and
unruptured intracranial aneurysms. The ISUIA study
showed that some patients benefited more from conserva-
tive management, others from open surgery and finally,
there were those who benefited from endovascular inter-
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vention. The authors concluded that for aneurysms less
than 7 mm in size located in the anterior circulation, there
was a role for patient observation alone. However, no
conclusion was drawn on a favored treatment modality
should treatment be sought [8]. Recently, the advent of
flow diverter stents has produced impressive results in the
management of fusiform or side-wall saccular aneurysms,
as well as ophthalmic aneurysms [3, 6]. Criteria to
determine which patients and lesions are more appropri-
ately treated by one method over the other remain ill-
defined. Intuitively, patients with coagulopathy would
clearly be better candidates for endovascular treatments
while patients suffering vessel atherosclerosis with pla-
ques, sub-occlusion or occlusion, are better candidates for
surgery. Similarly, proximal lesions lying close to the circle
of Willis are considered more accessible via the endolu-
minal route while lesions more superficial and distal in the
vascular tree tend to be more amenable to a surgical
approach. Aneurysm morphology is also important. A
saccular shape with a small neck allows for high coil
compaction with little risk of parent vessel occlusion.
Aneurysms with large necks or those involving both parent
arteries and branches are reconstructed using stents or clips
[2]. Current efforts are devoted to better identifying such
factors, establishing their relative importance and quanti-
fying their impact on decision-making, with the end goal
of improving safety and long-term efficacy of treatments
(Table 1).

MCA ancurysms represent 25% of all intracranial
aneurysms and more than 60% are incidental findings.
Due to their position in the vascular tree and frequent
incidence of large neck morphology, MCA aneurysms are
mostly treated by microsurgical clipping [7]. We report
advances introduced in our daily clinical practice to reduce
peri-operative risks and offer an anatomical cure for such
lesions affecting otherwise healthy patients with a median
age between 55 and 60 years [8, 9].

Operative technique (Table 2)

Preoperative imaging and angiography (Fig. 1)

Angiographic pre-operative images are studied by the
treating team (comprising the senior and junior surgeons
as well as the interventional neuroradiologist). The extent
of sphenoid ridge to be removed is considered in relation
to the superior orbital fissure. The anatomy of the circle
of Willis is characterized with regards to the patency of
left-to-right connections. This is to determine the optimal
proximal clipping location in the event of precocious
aneurysm rupture. Vascular and aneurismal anatomy to be
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Table 1 Information for patient and family for non-complex MCA
bifurcation aneurysm clipping

1. The operation is proposed if the risk of surgery is considered
smaller than observation over a period of 5 years

Less than 5% risk of stroke

3. 2% risk of infection that may require antibiotic treatment for
weeks and sometimes removal of the bone flap that will be
replaced by prosthesis

4. 1% risk of a hematoma that would require reoperation for
evacuation

Less than 1% epilepsy

Overall: 5% risk of significant handicap for patients
less than 50 years of age, 10% for patients over 50 years

Overall: Less than 2% risk of death
Minor chewing discomfort for 2 months
9. Slight temporal muscle atrophy may be observed
10.  Pins from head clamp may induce some discomfort for 1 or 2 days
11.  Hematoma may be observed in the groin
12.  Possible black eye for 1 week

anticipated during surgery is studied using 3D recon-
structions. The segmented volumes are rotated to
visualize projections as encountered during surgery. The
aneurysm neck and orientation are measured and the
clipping strategy is defined accordingly (Fig. 1). In case
of a very wide or atherosclerotic aneurysm neck, bifurca-
tion reconstruction may result in the occlusion of one or
all branches. For those cases, a preventive bypass is
discussed. Planning and operative technique of complex
MCA aneurysms is out of the scope here. In order to
prepare the pterional approach (see below), special
attention is paid to the identification of pneumatized
structures to be avoided during surgery. This extends from
frontal sinuses to the anterior clinoid processes. The extent
of Sylvian fissure opening is discussed and anatomical
landmarks on MCA branches identified.

Table 2 Key points

1. Examine and memorize the angio-architecture prior to skin incision

I

Identify key reliable landmarks, such as bifurcations and curves
of vessels

3. Optimize dural opening in relation to the size of the bony exposure

Assure venous epidural hemostasis by oxycellulose and
temporary cottonoid application

5. Avoid brain retraction, use small cottonoids to keep the Sylvian
fissure open

6.  Prepare a clipping site prior to dissection of the aneurysm dome
7.  Puncture the aneurysm dome to assess complete exclusion

Perform high-resolution angiographic imaging as soon as
possible to assess surgical outcome
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Fig. 1 Pre-operative 3D-DRA
should be used to prepare inter-
vention (a). The 3D volume is
oriented to match with the sur-
gical field (b). Landmarks are
identified on vessels to aid sur-
gical exploration. Examples in-
clude identifying the fissure
opening point (B1) in order to
establish the direction to the
inferior trunk of M2 (B2). The
bifurcation of the superior trunk
is used as a proximity marker
for a distal aneurysm (B3). The
proximal control site is identi-
fied (B4) relative to the proxi-
mal aneurysm (B5). Clip shape
and size is chosen for the prox-
imal aneurysm that will be
clipped first to avoid subsequent
conflict when clipping the more
superficial aneurysm (c). Clip-
ping strategy is modeled for the
second aneurysm (d)

Positioning of the patient and general settings (Fig. 2)

The patient lies supine in a "Le Corbusier” lounge chair
position. The shoulder on the operating side is elevated and
the head is rotated 90° toward the opposite side. The head
is fixed in a Mayfield head clamp using 3-pin fixation. Care
is taken to keep the head above the level of the heart and to
ensure both jugular veins remain patent. The groin is
prepared for endovascular access. The anesthetist accesses
the patient from the legs and left side of the body. The
endovascular interventionist is positioned close to the right
groin. The surgeon sits at the vertex.

We never use a lumbar drain. Patients receive antibiotics
in the operating room approximately 20 min prior to the skin
incision. Scalp electrodes are placed. Neurophysiological
monitoring includes monitoring of motor evoked potential of
the contra-lateral limbs.

Before draping, a "time-out” (as per WHO guidelines) is
performed in the presence of the anesthesiologist, interven-
tionist, neurophysiologist, scrub nurse, and surgeons. The
main stages of the procedure are reviewed and the instruments
required for each stage are checked (emergency clips are
chosen and prepared). Communication with all members of
the team remains vital throughout the procedure.

Approach

A curved skin incision is carried-out beginning 1 cm
anterior to the tragus at the level of the zygomatic arch and
running behind the hairline, up to the midline. The
pericranial flap is fashioned according to Yasargil’s descrip-
tion of interfascial dissection and reflected antero-inferiorly.
The temporal muscle is detached from the bone sutures
(starting from the orbito-zygomatic suture) and pterion,
using a periosteal elevator. The upper insertion is sectioned
using cutting monopolar. This technique allows preserva-
tion of the periosteum, thereby allowing for a better
cosmetic outcome due to reduced risk of temporal muscle
atrophy. The muscle is reflected posteroinferiorly [9].

A burr hole is performed over the thin temporal bone
and dura is detached antero-superiorly. An oval-shaped
craniotomy is carried out, with the longer diameter being
aligned with the Sylvian fissure. An average-sized craniot-
omy is approximately 5 cmx4 cm wide. The anterior aspect
of the craniotomy is drilled flush with the lateral wall of the
orbit. Following elevation of the bone flap, the sphenoid
ridge is removed using a Luer rongeur and drilled to
achieve continuity with the lateral wall of the orbit. The
meningo-orbital band is identified as the limit of bone
removal. The bone flap is stored aside in normal saline for
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“Dead zone”

—

Interventional Surgical

Control
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Fig. 2 Hybrid room configuration. The operating theatre is equipped
with an Allura Xper FD20 (Philips Healthcare, Best, Netherlands).
The head of the patient is fixed in a radiolucent Mayfield Infinity XR2
Scull Clamp (Integra Neuroscience Limited, Andover Hampshire,
UK). During the procedure, MEPs are monitored by transcranial
electric stimulation (Axon Eclipse, Axon Systems Inc, Hauppauge,
NY) (X). Microsurgery is performed under a microscope using a
OPMI® Pentero™ equipped with the INFRARED 800 option (M).
The space is virtually divided into three regions. On the lower left of

later reinsertion. Perfect hemostasis is now achieved, prior
to moving on to the intradural stage.

The dura is opened in a ”U”-shape against the orbital wall
and reflected anteriorly. In young patients with no cerebral
atrophy or in cases with a ruptured aneurysm and a swollen
brain, we follow the orbital roof down to the olfactory nerve
and then laterally to the optic nerve. CSF is drained from the
pre-optic cistern. This maneuver allows an early exposure of
the internal carotid artery for proximal control if needed. A
small hole is created in the arachnoid of the Sylvian fissure
approximately 4 cm posterior to the drilled sphenoid ridge.
Normal saline is gently injected under pressure until distal
reflux is observed. The hole is then enlarged and the Sylvian
fissure is opened by sharp dissection (e.g., using a diamond
knife) in the direction of the limen insula. If the patient
suffers an intraparenchymal hematoma most but not all of it
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the patient is the anesthetic (4) corner with equipment (£). On the
lower right is the interventional radiologist (/nf) corner with
instrument table (7). The surgical team (S) and scrub nurse (V) are
located at the head of the patient. The operative field is protected by
horizontal laminar flow (L). Control of equipment, image processing,
and analysis is performed in the “control zone” (C). Images can be
projected on a screen on the left side of the room or viewed on a
Digital Lightbox© (BrainLab, Feldkirchen, Germany) on the right side

is removed to reduce mass effect but avoid rebleeding. The
inferior trunk of M2 is identified and followed anteriorly
towards the bifurcation. Very frequently, for proximal control,
the M1 artery distal to the striate perforators, can be
identified turning rostro-medially to the limen insula. Care
is taken to gradually enlarge the arachnoids’ opening on the
surface of the Sylvian fissure when progressing deeper. It is
easier to open the Sylvian fissure from the depth aiming
superficially. Veins are preserved as much as possible by
cutting arachnoids’ adhesions both sides of the fissure
allowing mobilization. If necessary, we favor sacrificing
veins on the frontal side. The veins bridging to the
sphenoparietal sinus are sometime wrapped with oxidized
cellulose gaze. Once the distal M1 has been identified and
the fissure opened sufficiently to avoid tension from
retraction, cottonoids are used to keep the field open (thus



Acta Neurochir (2011) 153:1361-1366

1365

negating the need for self-retaining retractors). The aneurysm
is usually partially exposed at this stage.

Aneurysm neck dissection and clipping

The next step is to identify the superior trunk of M2 and
expose the neck of the aneurysm. Care is taken to ensure
that the instruments used are wet. Arachnoid is cleared from
the vessel and aneurysm wall using microsurgical dissectors
and micro-scissors. Movements are tangential to vascular
structures. Following exposure of all the M2 branches, M1
trunk, and the aneurysm neck, the clip strategy is assessed
and an appropriate clip is chosen. When high-resolution
angiographic intra-operative imaging is not available, flow
or blood velocity measurements of the M1 trunk (proximal
to the aneurysm) and all M2 branches (immediately distal
to the aneurysm) are performed in order to assess for
potential vascular compromise post-clipping. Depending on
the size of the aneurysm or per-operative rupture, a
temporary clip may be applied proximally to deflate the
dome or reduce the bleeding. When proximal clipping is
intended, the anesthesiologist is informed, who then

Fig. 3 The aneurysm clipping
is checked visually (a). The
aneurysm dome is punctured
and flow in the different
branches is assessed using
indocyanine green angiofluores-
cence (b). The inferior M2 trunk
(green), the anterior branch of
the superior M2 artery (light
blue), the posterior branch of the
superior M2 artery (vellow) and
the M1 trunk (dark blue) are
recognized and the rate of fluo-
rescence increase is checked for
all branches. A rotational angi-
ography is carried out and
reconstructed to allow 3D
surface rendering. Clipping is
carefully inspected (c). In the
example small remnants (red)
are corrected with two mini
clips before final control is
achieved (d)

increases the mean arterial blood pressure by 20%. MEPs
are monitored.

Intra-operative quality control (Fig. 3)

When the aneurysm clip is placed on the neck, the
proximal clip is removed and the aneurysm dome is
completely exposed. The clipping is checked by puncturing
the aneurysm dome with a 25-G needle. The aneurysm
should deflate and the neck is then explored on both sides
to exclude remnants or occlusion of neighboring small
perforators. ICG angio-fluorescence imaging is performed
to assess the patency of all vessels. If ICG is not available,
patency is confirmed using micro Doppler. Papaverine
40 mg diluted in 10 ml of normal saline is applied to the
Sylvian fissure. The operating field is protected by a wet
compress and the head of the patient is positioned within a
transparent draped. The interventional neuroradiologist
performs a conventional angiogram as well as a 3D
rotational angiogram. Images are compared to preoperative
data to verify that all branches and perforators are patent.
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3D vessel morphology is reconstructed from the acquired
DRA and checked from all angles to exclude micro residuals,
dog ears, or stenosis. Clips are repositioned if considered
necessary and reassessed by 3D-DRA as required.

Closure

At the end of surgery, watertight closure of the dura is
undertaken. A Gelfoam® sterile compressed sponge is
applied between the dura and the bone flap in the event
of CSF leak. The bone flap is replaced and maintained with
titanium plates and low profile screws. Replacement and
suture of the temporal muscle is done using absorbable
sutures. Subgaleal drainage is usually avoided. Skin closure
is carried out in two layers.

Postoperative course and instructions from the surgeon

The patient is observed overnight in an intensive care unit.
Low-molecular-weight heparin is started 6 h post-craniotomy
to prevent thromboembolic complications. The patient is
usually discharged after 5 days (at which stage sutures are
removed). A post-operative check is performed after 6 weeks.
Patients are followed-up with CT angiography at 1 year,
5 years, and every 5 years thereafter.

Potential future evolutions

Integration of virtual images updated by ultrasound and
endoscopic tools may provide a visual environment that
would allow performing the operation through a few burr
holes reducing tissue retraction damage even further.

Conclusions

The morbidity of MCA aneurysm clipping can be reduced by
careful planning, adoption of minimally invasive microsurgi-
cal techniques, and systematic continuous monitoring of
MEPs. Intra-operative angiographic imaging allows timely
correction of imperfections and allows for an optimal surgical
result. Nevertheless, we still advocate long-term follow-up of
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these patients with CT angiography to reduce the risk of
hemorrhage from newly formed lesions.
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Abstract

Background During trans-sphenoidal microsurgical resec-
tion of pituitary adenomas, the extent of resection may be
difficult to assess, especially when extensive suprasellar
and parasellar growth has occurred. In this prospective
study, we investigated whether intra-operative magnetic
resonance imaging (iMRI) can facilitate tumour resection.
Methods Twenty patients with macroadenomas, (16 non-
functioning, three growth-hormone secreting and one
pharmaco-resistant prolactinoma) were selected for surgery
in the iMRI. The mean tumour diameter was 27 mm (range
11-41). The mean parasellar grade, according to the Knosp
classification, was 2.3. Pre-operative coronal and sagittal
T1-weighted and T2-weighted images were obtained. The
trans-sphenoidal tumour resection was performed at the
edge of the tunnel of a Signa SP 0.5-Tesla MRI. The
surgeon aimed at a radical tumour resection that was
followed by a peri-operative MRI scan. When a residual
tumour was visualised and deemed resectable, an extended

This article is discussed in the editorial available at doi:10.1007/
s00701-011-1005-6.
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resection was performed, followed by another MRI scan.
This procedure was repeated until the imaging results were
satisfactory. In all patients, we were able to obtain images
to assess the extent of resection and to classify the resection
as either total or subtotal.

Results After primary resection, eight out of 20 cases were
classified as total resections. A second resection was
performed in 11 of 12 cases classified as subtotal
resections, and in four of these, total resection was
achieved. A third resection was performed in three of the
remaining seven cases with subtotal resections, but we did
not achieve total resection in any of these cases. Therefore,
the use of iMRI increased the number of patients with total
resection from 8/20 (40%) to 12/20 (60%). The only
observed complication was a transient spinal fluid leakage.
Conclusion Intra-operative MRI during trans-sphenoidal
microsurgery is useful in selected patients for a safe and
more complete resection.

Keywords Pituitary - Intra-operative MRI -
Trans-sphenoidal - Surgery

Introduction

Approximately 95% of pituitary adenomas that require
surgery can be approached through the trans-sphenoidal
approach, whereas other tumours need a transcranial
approach. The trans-sphenoidal approach is a minimally
invasive, microsurgical approach that provides good access
to the sella and the clivus; however, it has the limitation of
no direct visualisation of the suprasellar and parasellar
regions. After surgery for hormone-producing tumours, the
hormonal activity levels act as a marker of the amount of
remnant tumour. The remission rate for hormone-producing
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macroadenomas ranges from 40% to 56% in large series
[20], indicating that a large portion of patients harbour
tumour remnants. In non-functioning tumours, the extent of
removal of the tumour is more difficult to assess. Early
post-operative magnetic resonance imaging (MRI) are
difficult to interpret due to post-operative changes in the
limited operative field [11]. Published series on non-
functioning pituitary adenomas show that radical tumour
removal is achieved in 28—70% of patients [2, 8, 11, 21],
depending on tumour size and invasiveness. Therefore,
there is clearly a need for better visualisation and tools to
improve the removal of tumours during trans-sphenoidal
surgery.

Various visualisation modalities have been implemented
to increase the degree of resection in trans-sphenoidal
surgery, but sagittal fluoroscopy has been the only standard
imaging during surgery in most departments. This type of
imaging shows the position of the speculum and the
instruments in relation to the bony landmarks. The infusion
of air from a cervical puncture gives additional information
during the visualisation of the diaphragm of the sella and
may facilitate the descendens of the suprasellar portion of
the tumour [13]. The use of transcranial ultrasound-guided
trans-sphenoidal surgery has been reported, but it has not
yet gained widespread acceptance [17, 19]. The most
promising new method to facilitate the resection of pituitary
adenomas is the use of an endoscope [9]. One of the first
applications of intra-operative MRI (iMRI) was its use
during trans-sphenoidal surgery [18]. Nevertheless, there
are few publications focusing solely on the results of MRI-
guided trans-sphenoidal surgery in pituitary adenomas [3,
4,6,7, 12, 14, 16, 22].

Although the trans-sphenoidal approach is a minimally
invasive, microsurgical approach, several complications are
associated with this procedure. For example, injury to the
carotid arteries is the most feared complication, and post-
operative cerebrospinal fluid (CSF) leakage is the most
frequent. The mortality rate of these patients is thought to
be approximately 1%, severe morbidity is thought to occur
in 3—4%, and lesser morbidity is observed in 4-5% of the
patients [20].

The aim of the present study was to evaluate whether the
use of iMRI improves tumour resection in trans-sphenoidal
surgery for pituitary adenomas.

Methods and materials

Twenty patients with macroadenomas were selected for
surgery with iMRI on the assumption that peri-operative
imaging would be helpful during the procedure. Table 1
shows the patient characteristics. Of the 20 patients
included in this study, five had been operated on previously
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using the trans-sphenoidal approach. Sixteen of the tumours
were non-functioning adenomas, three secreted growth
hormone, and one was a pharmaco-resistant prolactinoma.
The maximum tumour diameter varied between 11 and 41
mm (mean 27 mm). The Knosp classification of parasellar
extension was used [10]. Three tumours were classified as
Knosp grade 0, one grade 1, seven grade 2, five grade 3 and
four grade 4.

After anaesthesia was introduced (propofol and remi-
phentanyl) and proper monitoring established, the operating
table was docked to the Signa SP 0.5-Tesla MRI. Coronal
and sagittal T1-weighted and T2-weighted images without
gadolinium were obtained before the start of surgery.
Surgery was performed with the patient in the supine
position with the head slightly elevated at the edge of the
MRI tunnel (Fig. 1). All instruments were MRI-compatible,
and the nasal speculum was designed to produce minimal
artefacts during imaging (&sculap, Tuttlingen, Germany).
An MRI-compatible microscope with a video camera was
used, and the operative images were transferred to monitors
located in the operating theatre and in the MRI control
room (Mgller-Wedel, Hamburg, Germany). The endonasal
trans-septal approach was used for the primary surgery, and
the direct endonasal approach was used for the re-operations.
The surgery was performed in a similar manner as that
performed in the ordinary operating theatre. When the surgeon
decided that the surgery was complete, an MRI scan was
performed with the speculum in place, and the resection cavity
was filled with saline. Careful haemostasis was performed
prior to imaging, and T1-weighted and T2-weighted images in
the coronal and sagittal planes without contrast were obtained.
Figure 2 shows examples of the pre-operative, peri-operative
and post-operative images.

The iMRI scanning time was 3 min and 30 s per series
performed. The pre-operative and intra-operative scans
consisting of T1-coronal, T1-sagittal, T2-coronal and T2-
sagittal, lasted approximately 14 min. After the completion
of the surgery, we added T1-coronal and T1-sagittal series
with contrast, so that the post-operative scan-time was 21
min. In addition to the time consumption of the scans, we
needed approximately 3 min for transportation in and out of
the scanner. Thus, in a typical case with one re-exploration,
the use of iMRI added approximately 60 min of operating
time.

If a surgically resectable tumour was observed in the
peri-operative images, an extended resection was per-
formed, followed by a new imaging sequence. If no further
tumour was recognised, or if the remnant was deemed not
to be surgically accessible, a final MRI scan with coronal
and sagittal T1 images with gadolinium was performed as a
post-operative control. When these images were evaluated
as having no remnant tumour, the speculum was removed,
the floor of the sella was closed with a dura substitute and



1369

Acta Neurochir (2011) 153:1367—-1373

[e0], aN  [eowqng [elo1qng z 07  ewouspe-Q SOK - + N 19 0T
[e101, aN aN [eloL, € yC  ewouspe-Q ON + + d 19 61
[elo], aN aN [el0L, 0 71 ewouope-( ON - - d e8I
[elo, aN aN [eloL, z vg  ewouspe-( ON - + 4 6v LI
[e101qng aN  [eowqng [eloqns z € ®woudpe-( SOK - + N 87 91
[po)qng - [eloIqng - [eloIqng [eloqns z 7¢  ewouope-Q ON + + W [AY
[e10], aN aN [e10L I 8¢ Ewouope-) ON - + N € vl
[e101qns aN  [eiowqng [eloqns 14 I ewounde[oid ON + + d 99 €I
[e10, aN aN [e01qng z L1 BUIOUOPE-() ON - - N 8 ¢l
[el0], aN [el0], [er01qng z 8¢ Ewouope-( ON - + N LS 11
[er0], aN aN [e10L, € [ ©woudpe-( ON + + N €L 01
[er0], aN aN [e0L, € 61  ewouspe-Q ON - - N 9 6
[ero], aN [eroL, [er01qng € 0¢  ewouspe-Q ON + + N 9 8
[eroiqns aN aN [er01qng 14 €€  ewoudpE-( EETN - + N LS L
[eroiqng  elolqng  erolqng [er01qng 4 0¢  AeSowony SOA + - d 8 9
[e10L, anN an [e30L 0 11 AeSswony ON + -4 S
[elo)qng aN  [eowqng [eloiqng € 0¢  ewoudpe-Q ON - + N € v
[elo], aN [elo], [eoiqng 0 1 AeSowony ON + - 4 65 ¢
[e101qng aN  [eowqng [eloqns z 8¢ ewouope-Q ON + + W € T
[po)qng - [eloIqng - [eloIqng [eloqns 14 0y  ewouspe-( SOX + + N L 1
TN joo[ joo[ UO01)03sal (dsouy]) () rBuIOUOpE K1031ms —/+ —/+ (s1eak)
Iaye sypuowt ¢ pay L, puodag Arewg UOISUAIXd Je[[as-vIed  IOJOWRIP Inowingy, Jo adAL, SNOIAQIJ  SUJIS QULIDOPUY  [BNSIA [BOIUI[D X3S a3y ON

UOI}O3SAI IO)E JNSAI PUE SONSLISJORIEYD INOWN} ‘SONSLIOBIRYD Judned | I[qEL

pringer

As



Acta Neurochir (2011) 153:1367—-1373

Fig. 1 The surgical set-up with the patient in the supine position. The
patient’s head was slightly elevated and rotated and was positioned
just outside the MRI scanner. All the instruments were MRI-
compatible, including the microscope. During imaging, the speculum
was left in place, the resection cavity was filled with saline, and the
patient was moved approximately 50 cm into the scanning position

bone from the midline or LactoSorb plates, and the
sphenoid sinus was packed with gel foam.

All patients were seen for a 3-month follow-up at the
Endocrinology Department. The evaluation included an

Fig. 2 MRI pictures from the
surgery of patient 4, who had
bilateral visual field deficits and
was normopit pre-operative. At
3 months follow-up, the visual
fields were normalised, and the
patient was still normopit. a
Pre-operative T1 without
contrast in the Signa SP 0.5-
Tesla scanner. b Intra-operative
T2 after primary resection. ¢
Intra-operative T1 with contrast
enhancement after extended
resection showing a suspect
remnant in the right side of the
sella. d Three months
post-operative follow-up
showing subtotal resection with
a remnant in the right side

of the sella

@ Springer

assessment of post-operative pituitary function, an ophthal-
mologic examination, and a MRI scan. The pituitary
function was assessed by tests for basal hormone values,
24-h urinary free cortisol and insulin tolerance. All MRI
scans were evaluated by the two participating neuroradiol-
ogists. The coronal and sagittal T1, T2 and T1 with
gadolinium scans that were performed after the completion
of surgery were evaluated and graded as either showing
tumour remnant or showing radical removal.

Results

In all patients, images were obtained that could be used to
assess the extent of resection. No re-exploration was
performed in nine of the 20 patients. One re-exploration
was performed in eight patients, and two re-explorations
were performed in three patients (Table 1). In all 11 patients
where re-exploration was performed, the procedure resulted
in the removal of additional tumour.

Extent of tumour resection
Using the MRI results from the 3-month follow-up as the

outcome measurement regarding the extent of resection, 12
out of the 20 patients were free of tumour remnants (60%). In
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18 of the 20 patients, the extent of resection was similar when
evaluated immediately post-operatively and at 3 months post-
operatively. In two patients, a suspected remnant was
observed in the post-operative scans, whereas at the 3-month
follow-up, no tumour remnant was visible. Radical surgery
was achieved in 12 patients: without re-exploration in eight,
and with one re-exploration in the remaining four. We did not
achieve radical surgery in any of the patients who underwent
two re-explorations (Table 1). The mean tumour diameter in
the group with total resection was 22 mm, compared with 33
mm in patients with tumour remnants. The mean Knosp
grade in the patients with radical surgery was 1.75, and the
mean grade was 3.13 in the group with tumour remnants. In
all patients without parasellar extension (grade 0 or 1), we
were able to extirpate the tumour. We achieved extirpation in
57% of the grade 2 patients, in 80% of the grade 3 patients,
and in none of the grade 4 patients (Table 2).

In eight patients (40%), the tumour was removed
completely without re-exploration. With radical surgery at
3 months follow-up as the goal of the treatment, we found
that the risk of a false-positive result was 10% (two out of
20) and that there was no risk of a false-negative result.

Endocrinology

Pre-operatively, ten patients had normal pituitary hormonal
activity, seven patients had deficits in one or more of the
pituitary hormonal axes (including the patient with prolac-
tinoma), and three patients had growth-hormone hyperse-
cretion (pituitary acromegaly). Eight of the ten patients with
normal pituitary function pre-operatively retained normal
pituitary function after surgery. One patient developed a
growth-hormone deficiency, and one patient developed
growth hormone and ACTH deficiencies. Of the seven
patients with pre-operative hormonal dysfunction, three had
normalised pituitary hormonal secretion at 3 months
follow-up, whereas four had persistent pituitary hormonal
dysfunction. Two of the three patients with growth-
hormone hypersecretion caused by a macroadenoma were
cured after trans-sphenoidal surgery, and both of these
patients had total resection on MRI evaluation. One patient

Table 2 Number of patients with no visible tumour on MRI at 3
months follow-up

Knosp No. No. with total Percent total
grade initial resection resection

0 3 3 100%

1 1 1 100%

2 7 4 57%

3 5 4 80%

4 4 0 0%

with acromegaly and subtotal resection exhibited growth-
hormone hypersecretion after surgery.

Ophthalmology

Fourteen of the patients in this study had visual field
deficits prior to surgery. The visual field deficits improved
in 12 of these patients after surgery (86%), and two of the
patients had unchanged visual fields at 3 months follow-up.
Five patients had reduced visual acuity before surgery, and
all of the patients had improved visual acuity at 3 months
follow-up.

Complications

No haematomas and no infections were encountered in these
patients. One patient had a post-operative CSF leak that
resolved after 4 days of treatment with lumbar drainage.

Discussion

Since iMRI was introduced more than 15 years ago, many
scanners and surgical techniques have been developed [1].
Most of the scanner configurations that have been described
require transportation of either the patient or the scanner,
which is time-consuming, labour-intensive, and makes it
difficult to maintain sterility and anaesthesia. The Signa SP/
i 0.5-Tesla scanner that was used in this study was installed
at our institution in 1996 and has been used mainly for
biopsies and glioma surgeries. The ‘double-doughnut’
configuration of this scanner is designed to make it possible
to operate inside the imaging field. The disadvantages of
this scanner are its relatively low field strength of 0.5 Tesla
and the requirement for non-magnetic instruments and
microscopes. We have developed a system in which we
operate just outside the MRI tunnel and slide the patient
approximately 50 cm into the scanning position. We wanted
to investigate the feasibility, safety and usefulness of this
system during trans-sphenoidal surgery.

High-quality images were obtained in all patients, at the
expected quality of the 0.5-Tesla field strength for the T1
and T2 sequences. Fahlbusch et al. [6] reported that the
evaluation of the intra-operative images was obscured by an
artefact in 13 of 44 patients (30%) due to metal debris from
drilling or from blood in the cavity. We used a scissile to
open the sella instead of a high-speed drill during surgery in
the open MRI. The intra-operative imaging was performed
without any closing of the sella and without any marker,
like wax or cotton pledges, in the resection cavity. After
thorough haemostasis, we filled the resection cavity and the
speculum with isotonic saline. Remnant tumours and
capsule membranes were visualised on T2 images as areas
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of low signal intensity between the high signal intensity in
the basal cisterns and the fluid-filled resection cavity.

We achieved primary radical surgery in 40% of the
patients (eight out of 20), which correlates well with other
published data reporting primary radical surgery in 27% [6]
and 34% of patients [3]. Nevertheless, these figures cannot
be compared directly because of the heterogeneity of the
groups. In addition, we have shown that complete resection
is more easily achieved in smaller tumours that have little to
no parasellar extension.

The use of iMRI increased the percentage of patients that
received radical surgery from 40% to 60%. The patients
that were included in this study were selected on the
assumption that intra-operative imaging would aid in
complete resection during surgery, especially for the
instances in which the tumours had a parasellar or supra-
sellar extension, which predicted that parts of the tumour
would not be directly visualised by the microscope in the
operating field. If we had selected tumours that were
located more in the centre of the sella, we would probably
have achieved a higher percentage of patients with total
resection; however, intra-operative imaging would have
likely been less useful in these circumstances. When
comparing the results from studies of trans-sphenoidal
surgery, it is necessary to note the size of the tumours and
the degree of parasellar extension.

Eight of ten patients exhibited normal pituitary hormonal
activity after surgery (80%).

In the small subgroup of patients with growth-hormone—
producing tumours (three patients), there was a 100%
correlation between the intra-operative imaging results and
the post-operative hormonal status. Two patients had no
residual tumour, and they both exhibited a biochemical
cure. The third patient, who had been operated on earlier
and had a parasellar extension of the tumour (Knosp grade
4), had a tumour remnant on intra-operative imaging and
showed growth-hormone hypersecretion at 3 months
follow-up. Other publications have failed to show a similar
correlation in acromegalic patients [7].

The design of this study was based on the presumption that
the surgeon has performed as complete a resection of the
tumour as possible before the iMRI scans are performed.
Nevertheless, it is possible that the surgeon was more
conservative during resection because an iMRI was available.
The assumption that an iMRI leads to a more complete
resection can thus be a self-fulfilling prophecy. The only way
to avoid this bias is to design a study in which the tumours are
randomised to either standard microsurgical trans-sphenoidal
surgery or to trans-sphenoidal surgery with iMRI and to
ensure that the groups are comparable in regard to tumour size
and the degree of parasellar extension.

During treatment of hormone-producing tumours, it is
important to strive for radicality in resection and to thereby
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cure the patient of a devastating disease. When treating
non-producing tumours, however, a complete resection may
not be as important. Striving for radicality in the resection
increases the risk of complications during surgery, includ-
ing post-operative CSF leakage, new endocrinologic defi-
cits and haemorrhage. We reviewed the outcomes of
pituitary surgeries in patients older than 70 years in our
department and found that they had excellent outcomes on
both mortality and performance scales, even though many
of these patients had remnant tumours [15].

Traditionally, the usefulness of early MRI validation of
trans-sphenoidal surgery has been questioned due to difficulty
in interpreting the images. Precluding factors in this procedure
can include the material used to close the sella, the haemostatic
agents left in the cavity, and the difficulties in discerning blood
from the tumour remnants and discerning the re-expanded
pituitary gland from the tumour tissue [5]. Our experience
with iMRI has taught us to use T1 with contrast enhancement
and T2 as a post-operative control. At our institution, an early
MRI control is performed within 48 h after all trans-
sphenoidal procedures that are not performed in the iMRL
Learning from this objective evaluation of the extent of
tumour resection immediately after surgery is extremely
important, especially for less experienced surgeons.

Conclusion

Intra-operative MRI is a useful tool during trans-sphenoidal
surgery for pituitary adenomas. Using this procedure, good
results were achieved in regard to the extent of tumour
resection and endocrinologic and visual outcomes, with a
low complication rate. Learning from an objective evalua-
tion of the extent of resection immediately after surgery is
important, especially for less experienced surgeons, and
may improve the results after trans-sphenoidal surgery.

Conflicts of interest None.
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Intra-operative MRI (iMRI) promises neurosurgeons a great
deal, and far from being a research tool, as it was in the late
1990s, there are now a number of neurosurgical units
throughout the world with this facility; more than 12 in
Europe alone and many more in North America. It is
finding many uses, perhaps most valuably in the resection
of intrinsic brain tumours. At the time of commissioning of
the iMRI in this author’s unit in 2010, approximately 40%
of the use of the machine was expected—Iike elsewhere in
Europe—to be for the resection of pituitary adenomas.

It had always been a particularly attractive option for
pituitary surgeons, as it offers us the possibility of finding out
where, at the end of a trans-sphenoidal resection, residual
tumour lies, long before the review MRI at some point after the
end of the operative procedure. All those who manage these
tumours on a regular basis, know that the early post-operative
scan done in the following days can be disappointing and
frustrating [2], and this reviewer had personally followed the
advice given some 25 years ago by a world leader in the field
to avoid doing this whenever possible—as it usually is,
except when unforeseen post-operative events occur.

Many of us were strongly influenced by the papers from
the University of Erlangen [4], where the fortunate
conjunction of Siemens MRI scanning development occurred
as well as being the then home of the unit of one of the most
prolific pituitary neurosurgical units in Europe. As a conse-
quence, we have seen a number of papers which set out the
benefits in pituitary surgery. However, in practice when we
had our own machines, not all of us were so convinced that the
extra time (in my own unit more than doubling the operative
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time for a single scan) taken in obtaining an iMRI was,
perhaps, as beneficial as the neurosurgeons in Erlangen had
suggested. Most papers show that the completeness of
resection rises by about 20%.

The disappointment stems from the knowledge that in
awkwardly shaped tumours, most know where the residual
tumour will lie, and have expected intra-operative difficul-
ties in achieving complete resection. All the iMRI shows is
just that, and that total tumour removal can remain
frustratingly unachievable.

We have, of course, other options. A Seattle group [1]
have reported the benefits of the quicker intra-operative CT
scanner, and others have questioned whether endoscopy
could do away with the need for iMRI at all [5].

There can be no doubt that ‘complete’ or very near
complete resection of pituitary adenomas significantly
reduces the chance of recurrence (unpublished data), so
any method has at least theoretical major advantages. We
have all to accept that the trans-sphenoidal route will not
get tumour out of the cavernous sinus, except in exceptional
circumstances, and the value of pursuing such a benign
tumour into this surgically tricky area has long been
debated. It is usually better to leave this area to radiation.

For the comparative novice, the secondary use of iMRI
is as image guidance. As many have pointed out,
experience reduces complications, and losing one’s way in
the approach to the pituitary fossa is the single most potent
cause of these complications. However, the iMRI suites
were not really a solution to these technical approach
difficulties, because of the time penalty.

In this issue, Ramm-Pettersen et al. [3] propose the use
of the low-field, mobile iMRI scanner. This is of interest as
the number of units employing these devices is unknown,
but far exceeds the vastly more expensive iMRI suite. It has
always been thought that the image quality would be of lesser
use, but perhaps this is not the case as the image quality is fine.
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These authors conclude that it does not add significantly to the
operation time—clearly a major advantage—and that it has
significant advantages in low number units, with relative
inexperience in the technique. Any such advantage may be
worth a look for those in this position. No doubt we shall see.

Conflicts of interest None.
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Abstract

Background As low-field magnetic resonance imaging
(MRI) has very limited significance for intraoperative
control of total tumor removal (TTR), we examined the
influence of 1.5-T MRI, incorporating higher resolution
into the intraoperative strategy of craniopharyngioma
surgery.

Methods Surgery with intraoperative imaging was per-
formed in 25 selected patients in whom tumor resection
was anticipated to be difficult according to pre-operative
findings.

Results Intraoperative MRI confirmed the intended extent
of tumor removal in 15 patients (14 TTRs, one intended
incomplete removal, while a second procedure was sched-
uled due to complex shape). Misinterpretation was false
positive or negative in one patient each. The extent of
removal was not achieved as expected in eight patients
(expectation: seven TTRs, one incomplete removal). In
three patients, the expected TTR was achieved by resuming
surgery. In another case, that goal was accomplished by
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performing an unscheduled second procedure. In total, by
using intraoperative imaging, the rate of TTR was increased
by 16% (four patients), leading to 80% in the entire series.
Compared with the literature, the rate of new ophthalmo-
logic and endocrine deficits is acceptable; the rate of other
surgical complication is slightly higher but not directly
caused by intraoperative imaging.

Conclusion Intraoperative 1.5-T MRI provides benefits
because of good early prediction of TTR (sensitivity,
positive predictive value: 93.8%; specificity, negative
predictive value: 88.9%) and a low rate of false-positive
results. Moreover, extended resection of remnants visual-
ized is enabled and helps to increase the rate of TTR but
does not exclude recurrence.

Keywords Craniopharyngioma - Reliability of
intraoperative MRI - Outcome - Surgery - Total removal

Introduction

Due to the benign behavior of craniopharyngiomas, two
different treatment options are available, a more conserva-
tive, symptomatic treatment [4, 16] and a more radical one
with the objective of total tumor removal. The latter comes
along with an increased risk that important structures could
be injured during surgery, resulting in increased complica-
tion and mortality rates [11, 30, 41, 49]. However,
postoperative endocrine deficits, which occur most com-
monly [11, 23, 28, 30, 34, 49, 50, 52, 54, 58, 60, 63], can
be treated adequately by modern substitution therapy, while
total removal of tumor or capsule remnants [18] as
suspected sources of regrowth can provide a higher rate of
favorable results and long-term control [24, 57], as well as
lower recurrence rates [25]. Contrarily, in case of a
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conservative treatment, ongoing tumor regrowth from
remnants is more difficult to treat than the initial tumor
and may also cause severe neurological and endocrine
deficits, resulting in a decreased rate of survival if untreated
[7, 16, 34, 49, 56].

If more radical surgery with the intent of total tumor
removal is preferred like in the study hospital [29], it is a
prerequisite that every effort is made to localize tumor
remnants as origins of possible regrowth intraoperatively.
Otherwise, a higher risk of regrowth may be accompanied
by higher morbidity caused by radical resection. Further-
more, in large intra- and suprasellar tumors requiring a two-
step surgical procedure, intraoperative verification of the
extent of removal is important in order not to leave tumor
remnants behind which are not accessible during the second
surgical procedure.

A review of the literature shows that, despite technical
advances like endoscopy and neuronavigation, the overall
surgical results [28, 31, 35, 40, 41, 49, 52, 55, 59, 60]
remain unsatisfactory and no solutions for the above-
mentioned problem have been found so far. In our opinion,
even the use of an intraoperative low-field magnetic
resonance imaging (MRI) was of limited benefit [43]. This
was due to a high rate of recurrences and evidence for
residual tumor found on imaging 3 months following
surgery even if intraoperative 0.2-T MRI had indicated
complete tumor removal. As we found cystic tumor
configuration in follow-up imaging, it seems likely that
regrowth originates from capsule remnants which may be
easily missed in low-field MRI, while larger solid tumor
remnants were easily demonstrated. Coming from that
experience, it is obvious that visualizing and total removal
of capsule remnants is the key in order to avoid further
growth or radiation therapy. As those remnants may be
hidden by scary tissue in repeated surgery, important
neuronal structures (i.e., optic chiasm) or even the
diaphragm, which is down-folded into the sellar floor in
case of transsphenoidal surgery, we considered endoscopic
surgery to be of limited benefit as well. With the
availability of newly developed operating tables and faster
MR sequences, however, the introduction of 1.5-T scanners
into the operation room became possible and it was
expected that the higher resolution provided by such
scanners would lead to better image quality [42] and, as a
consequence, to better surgical results by solving the above-
mentioned issues. By now, this has already been proven in
the surgery of pituitary adenomas [19, 44, 45].

The aim of this study is to evaluate the benefit of
intraoperative resection control using high field MRI in
craniopharyngioma surgery applied to patients suffering
from a complex tumor extension. Special interest is paid to
the correct interpretation and predictive value of intra-
operative imaging compared with a “gold standard.” The
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benefit and kind of modification, or resuming the surgical
procedure (further resection of indicated tumorous tissue),
or the strategy depending on findings of intraoperative
imaging are demonstrated. Moreover, the rate of additional
complete tumor removal and related complications is
evaluated. To our knowledge, regarding craniopharyngioma
surgery, this has not been reported in the literature until
now.

Patients and methods
Patient population

After introduction of a 1.5-T MR scanner into the operating
theatre in April 2002, a total of 32 patients suffering from a
craniopharyngioma were treated at the study hospital until
September 2005. A pilot study was initiated and the extent
of resection was controlled in the selected 25 patients.
Eighteen of these (ten males and eight females; male-to-
female ratio: 1.25/1) underwent primary surgery, their mean
age at the time of surgery was 30.9 years (3—57 years).
Seven patients (five males, two females; male-to-female
ratio: 2.5/1) underwent repeated surgery for recurrence or
persistence, their mean age at the time of surgery was
25.8 years (10—49 years). All patients selected for inclusion
into this study had tumors exhibiting a more complex shape
and a proximity to important structures of the brain
(pituitary stalk, hypothalamus, optic chiasm). These com-
plex tumors were defined as tumors larger than 1 cm with
an extension into more than one cranial fossa or into the
ventricular system. Additional criteria included large cystic
or calcified components. Furthermore, all patients who
underwent repeated surgery were included in this study.
Seven patients were excluded from the study as they were
suffering from small, well circumscribed tumors (<2 cm)
located within one cranial fossa. Three of them underwent
transsphenoidal and four transcranial approaches. Previous
radiation therapy was also an exclusion criterion.

All patients were referred to the study hospital due to
the experience of the team in craniopharyngioma
surgery and their results in treatment while intending
total tumor removal. The treatment strategy was dis-
cussed with every patient and ethics committee approval
as well as informed consent of patients or adequate
family members were obtained preoperatively in all
cases. The trial was conducted according to the
Helsingbor Declaration of 1975.

Pre-, post-operative and follow up diagnostic workup,
including neuroradiological, ophthalmologic and endocrine
examinations, were performed prior to surgery, 1 week
(except imaging) as well as 3 months following surgery and
then every year.
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Neuroradiological workup

In all patients, preoperative MRI was routinely used to
determine the size and localization of the tumor. Further-
more, a computed tomography (CT) scan in thin layers was
performed in most patients in order to detect calcification.
Postoperative imaging was performed in order to document
recurrence-free status or further tumor growth in case of a
persisting tumor.

Ophthalmologic workup

During ophthalmologic workup (Department of Ophthal-
mology, University of Erlangen), a perimetry of the visual
field was performed and the visual acuity as well as the
eyeground were examined.

Endocrinological workup

All patients underwent sophisticated endocrinological
workup. Routinely, a stimulation of the pituitary adrenal
axis was performed by administering ACTH and determin-
ing the serum cortisol levels as well as the basal pituitary
hormone levels. Furthermore, an insulin-induced hypogly-
caemia was applied in patients without apparent clinical
deficiencies and cortisol and growth hormone serum levels
were measured. For assessment of the neurohypophyseal
function, fluid intake and output prior to and following
surgery, as well as the specific gravity of the urine, were
determined. In case of normal findings, an additional water
deprivation test was performed. The criteria for pituitary
insufficiency are described elsewhere [17]. In case of a
deficiency, replacement therapy was started immediately.

Surgical procedures

On the basis of our experience, patients suffering from
hypothalamic deficits (hyperphagia, loss of diurnal rhythm
or memory disturbances) were not subjected to open
surgery until their condition improved [29]. The latter was
achieved by draining cystic tumor components by way of
stereotactic cyst aspiration or by placement of a cysto-
ventricular shunt. A ventriculo-peritoneal shunt was
inserted in case of a pre-existing hydrocephalus. Anti-
oedematous treatment was initiated in case of an edema
within the hypothalamic region. If no improvement could
be achieved, radiotherapy was applied and the patients were
not considered for this study.

Depending on the tumor size and localization, a trans-
sphenoidal, a frontolateral, a transventricular, a subfrontal
approach or a combination were performed. Prior to
surgery, a decision was made as to whether total tumor
removal could be achieved (23 cases) or if a two-step

procedure is required (two cases). In the latter cases, the
extent of removal targeted during the first surgical approach
was defined preoperatively and compared with the extent of
resection documented during intraoperative imaging.

Transsphenoidal surgery was performed in patients
harboring an intra- and suprasellar subdiaphragmatic tumor
arising from the pituitary fossa while suprasellar calcifica-
tion was considered as a contraindication necessitating a
transcranial approach [31]. The frontolateral approach was
used in smaller and medium sized suprasellar craniophar-
yngiomas, as the short distance to the suprasellar region
was considered to be an advantage. The subfrontal
interhemispheric midline approach, providing a good
overview over the tumor and the surrounding structures,
was used in larger tumors developed into the third ventricle
or the retrosellar area. The lamina terminalis was opened in
case the tumor was developed retro- or subchiasmatically.
A transventricular approach was used in large tumors
which had developed into the third and the lateral
ventricles. Details about the surgical strategy are presented
elsewhere [18, 29]. All surgical procedures were performed
by the senior author (R.F.).

Neuronavigation was used on a regular basis. Prior to
intraoperative imaging, endoscopic exploration of the
surgical field was performed.

Intra-operative imaging and impact on surgical procedure

A 1.5-T MRI scanner (Magnetom Sonata, Siemens,
Erlangen, Germany) was used for intraoperative imaging.
After the surgeon had the impression that tumor removal
was complete or that the intended tumor volume had been
resected, imaging was carried out by using the following
sequences [45]. First, rapid MRI scans in 5-mm slices were
performed in T, HASTE sequences (TR=1,000 ms, TE=
89 ms, field of view=23x23 cm) without contrast
enhancement. This sequence was chosen due to the short
acquisition time in order to get a rapid overview over the
surgical field and extent of tumor resection. The quality was
sufficient to detect large remnants not necessitating metic-
ulous image reading. Moreover, this was supported by the
fact that large tumor remnants were causing a negative
contrast after filling the surgical field with saline. If any
remnant was found, imaging was stopped immediately and
surgical procedure was continued. However, this technique
was not suitable for detection of small capsule remnants,
especially within the ventricular system. For that reason, the
sequences described in the following were applied. Thin-
layer MRI scans were performed in T,-sequences (TR=
4,000 ms, TE=97 ms, field of view=23%23 cm). These
thin layer sequences of 0.6x0.4 mm provide the best in-
plane spatial resolution. Additional T,-sequences (TR=
450 ms, TE=12 ms, field of view=27x27 cm) with and
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without contrast enhancement were applied if complete
resection was confirmed on the T, images. The latter is
important since repeated application of contrast medium
would lead to a nonspecific contrast enhancement at the
resection margin. All sequences were performed in coronal
and sagittal planes. Scanning time, which included both
planes, was 25 s for T, HASTE, 6 min for T, and 5 min for
T; sequences. If the full protocol was applied, scanning
took no longer than 30 min, including preparation.

If the impression of a total tumor removal was confirmed
or the intended extent of tumor removal had been achieved,
the wound was closed. Otherwise, a repeated inspection of
the surgical field and, if possible, further tumor removal
took place.

Endpoints and reliability

Surgery was considered to be successful if either intra-
operative imaging was indicating no tumor remnants or if
the intended extent of removal was documented like
defined prior to surgery. In that case, intraoperative imaging
was indicating a positive result in the sense of this trial.
Furthermore, intraoperative imaging was considered to be
beneficial if any relevant changes in surgical strategy were

drawn from its findings, like resuming surgical procedure in
case of indicated tumor remnants (contingency table:
negative result).

Determining the diagnostic reliability was considered as
the primary endpoint. For that reason, sensitivity, specific-
ity, positive predictive value (PPV) and negative predictive
value (NPV) were calculated by comparing the results of
intraoperative imaging with a “gold standard,” i.e., images
obtained 3 months following surgery. Accordingly, a
positive surgical result was achieved in case intraoperative
MRI indicated total tumor removal or the intended extent of
removal and this finding was confirmed in the first follow-
up images. An indicated tumor remnant (negative result)
had to be confirmed by resection of tumorous tissue during
ongoing surgery. In the case of a false-negative result,
neither a tumor remnant was found during repeated
inspection of the surgical field nor during follow-up
imaging.

Furthermore, as another primary endpoint, the rate of
additional complete tumor removal was calculated. In that
case, a tumor remnant had to be indicated during intra-
operative imaging and to be confirmed and removed during
ongoing surgical procedure. Total removal had to be
confirmed in first follow-up imaging, moreover.

Table 1 Detailed results of and consequences drawn from intraoperative imaging (according to surgical procedure)

Patient Approach Result intraoperative MRI Surgical consequence Classification
1 Subfrontal Capsule remnant mis- No consequence =¥ regrowth Misinterpretation of imaging
interpreted as blood clot
2 Subfrontal Intrasellar remnant Transsphenoidal surgery Modification of approach =¥
complete resection during 2nd
procedure
3 Tsphen Suspicious remnant Further inspection: no remnant Misinterpretation of imaging
found = remission
4 Tsphen Small remnant Further resection = complete (2nd  Resume surgery
MRI)
5 Tsphen Small remnant Further resection =* judged as Resume surgery
complete (no MRI) = regrowth  iginterpretation during surgical
re-inspection
6 Subfrontal Tumor remnant; intended extent of Decompression of brainstem =¥ Resume surgery
removal not achieved intended removal confirmed by
2nd MRI
7 Tventr Tumor remnant like expected CSF passage free = subfrontal Confirmation of intend. resection =
surgery goal achieved
8 Recurrent tsphen Capsule at optic chiasm No consequence: out of range Resume surgery <> not possible
9 Recurrent tsphen Capsule in cavernous sinus Further inspection: misinterpreted Resume surgery
as scar = regrowth Misinterpretation during surgical
reinspection
10 Recurrent tsphen, see case report Large tumor remnant Further resection =* total removal ~ Resume surgery
(2nd MRI)
11 Recurrent subfrontal Capsule remnant Further resection = total removal Resume surgery
(2nd MRI)
12-25 5 tsphen, 1 frontolat, 5 subfrontal, Total removal Wound closure = Complete removal

2 recur. transphen., 1 recurrent
subfrontal

Total removal confirmed during FU

imaging

frontolat frontolateral, tsphen transsphenoidal, tventr transventricular, CSF cerebrospinal fluid
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Table 2 Classification of the interpretation of imaging according to
the consequences drawn from it and its contribution to success of

surgery

Interpretation of imaging & Number of Classification of
consequence patients interpretation
Confirmation of total removal & wound 14 (56%) Correct positive
closure (pat. 12 — 25)
Confirmation of intended resection & total 1 (4%)
removal during 2nd step procedure
(pat. 7)
Misinterpretation of imaging: (Total: n=2)
tumor remnant not identified in imaging 1 (4%) False positive
(pat 1)
suspicion of remnant in imaging; not 1 (4%) False negative
confirmed during surgery (pat. 3)
Resume surgery: (Total: n=7)
not possible due to surgical condition 1 (4%) Correct negative
(pat. 8)
leading to incomplete removal due to 2 (8%)
intra-operative misinterpretation,
(pat. 5, 9)
leading to complete removal 3 (12%)
(pat. 4, 10, 11)*
to achieve intended resection (pat. 6)* 1 (4%)
Modification of approach (subsequent 1 (4%)

procedure) & total removal (pat. 2)*

pat. patient

 Intraoperative imaging had an impact on the outcome of surgery by
indicating incomplete extent of intended tumor removal, resulting in
repeated inspection of the surgical field and further tumor resection, or
performance of an additional surgical procedure

In order to facilitate both analysis, consequences drawn
from intraoperative imaging were classified as follows:
confirmation of the intended total tumor removal or extent
of resection, misinterpretation of imaging, modification of
the surgical approach necessitating a second surgical
procedure, resume surgery with further tumor resection
(Tables 1 and 2). Furthermore, misinterpretations during
further tumor resection are pointed out.

The secondary endpoint of this study was the rate of
surgical complications.

Fig. 1 Intraoperative imaging
(T,) indicating total tumor
removal following transsphe-
noidal surgery in a 10-year-old
female. a Preoperative imaging.
b Intraoperative imaging
indicating complete removal

Histological workup

Neurohistological workup was performed by the Department
of Neuropathology, University Erlangen-Nuremberg to con-
firm the diagnosis of a craniopharyngioma in all patients.

Results

Primary endpoint: diagnostic reliability of intraoperative
MRI in indicating the targeted extent of tumor removal

Image quality allowed an adequate assessment of tumor or
capsule remnants in all cases. Examples of characteristic
findings during intraoperative imaging are shown in Figs. 1,
2, and 3. A detailed overview about findings in all patients,
consequences drawn from it and results of surgery are given
in Table 1. A classification of the interpretation of
intraoperative imaging, the consequences drawn from it
and its contribution to the success of surgery is given in
Table 2 and Fig. 4.

Achievement of surgical objectives indicated correctly
by intraoperative MRI

In 15 out of 25 patients (60%), the expected extent of tumor
removal was documented by intraoperative MRI (correct
positive result). In 14 of these patients (56.0%), total removal
was achieved as expected. In another case (case 7), the tumor
could not be removed totally via the transventricular route but
the intended extent of tumor removal was achieved.

False-positive or -negative results

Misinterpretation of imaging occurred in two cases. In one
patient (pat. 1), a tumor remnant was considered to be a
blood clot and the surgical procedure was finished (false
positive), while in another patient (pat. 3) the suspicion of a
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Fig. 2 Intraoperative imaging
(T4, contrast enhanced)
indicating total tumor removal
following transcranial surgery in
a 25-year-old female.

a Preoperative imaging.

b Intraoperative imaging
indicating complete removal

tumor remnant was not verified during ongoing surgery
(false negative) without evidence for any tumor growth, so
far. In the latter patient, re-exploration did not result in any
additional morbidity.

Correct negative results and consequences drawn from

Intraoperative imaging was considered to be beneficial in
eight patients (32%).

In one of those patients (pat. 6), the intended extent of
incomplete removal was not achieved when first imaging took
place. By resuming the surgical procedure, that target was

met, however. Due to the comorbidity of the patient, a
scheduled second surgical procedure had to be cancelled later.

In the other seven cases (28%), surgery had to be
resumed due to tumor remnants indicated correctly but not
expected prior to imaging. Unexpected capsule remnants
were found in three of those cases, small tumor remnants in
two, as well as a medium tumor remnant in one and a large
tumor remnant in another. The characteristics of those
seven patients were as follows. In one patient (pat. 8), who
underwent repeated transsphenoidal surgery, a capsule
remnant was found at the optic chiasm which was not
accessible for the surgeon during repeated exploration. As

Fig. 3 Imaging during recurrent transsphenoidal surgery for a cystic

solid tumor remnant was localized right intrasellar leading to further

intra- and suprasellar developed craniopharyngioma in a 17-year-old
female. a, d Prior to operation. b, e First intraoperative imaging: a

resection. ¢, f Second intraoperative imaging: the tumor was removed
totally and fat was packed to seal the sella
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Fig. 4 Reliability of interpreta-
tion of intraoperative MRI and
3 interpretation of
consequences drawp from it rirts N
with regard to surgical results (n=25)
intended extent of
intended extent of [asacleon not achievec
i H resulting in further
msacuoul f:;mveu inspection of surgical
(n= field
(n=9)
! } —
false posili false negative
correct misinterpretation: correct :
indication of remnant interpretation : m
total removal indicated during leading to further inspection and
(n=15) follow-up resection Mg
patients 7, 12 - 25 (n=1) (n=8) puahy
patient 1
patient 3
, : I | |
requiring misinterpretation
unscheduled leading to complete during repeated leading to
second surgical i " resection insp ion of the
procedure (n=3) not possible ph intended extent
total removal 1 (n=1) resection (n=1)
(n=1) LRh L] patient 8 (n=2) patient 6
patient 2 P 5.9

this patient had a higher risk for anesthesia, transcranial
surgery was abandoned. In two of the patients (pat. 5,
9) with ongoing surgery, total tumor removal was not
achieved because of intraoperative misinterpretation by
the surgeon and omission of repeated intraoperative
imaging. This was because the surgeon had the wrong
impression of total tumor removal in one case, while in
the other case the tumor remnant was covered by scar
tissue and not found during repeated inspection of the
surgical field. An additional total tumor removal was
possible in three patients (pat. 4, 10, 11) following
repeated inspection. In the last of those seven patients
(pat. 2), the surgical strategy had to be changed due to
the results of intraoperative imaging. An indicated
intrasellar tumor part could not be reached during
transcranial surgery but was removed during a subse-
quent transsphenoidal procedure.

Determination of diagnostic reliability

The diagnostic reliability (Table 3) of intraoperative MRI
was evaluated by comparing with the “gold standard” and,
if indicated, the intraoperative findings together with the
findings from intraoperative imaging (Tables 1 and 2).

Correct interpretation was done in 92% of the cases,
misinterpretation occurred in two patients—one false-
positive and one false-negative result. Specificity and
NPV were 88.9%, sensitivity and PPV were 93.8%.

Primary endpoint: additional tumor removal
as a consequence from intraoperative MRI

Benefit of intraoperative MRI

Intraoperative imaging had an impact on the surgical results
in five cases (20%) (as indicated in Table 2). In three of
them, the goal of total tumor removal was achieved during
the same surgical procedure increasing the rate of total
tumor removal by 12%. In another patient, this was
achieved during a subsequent surgical procedure. In
summary, the rate of total removal was increased by 16%.
In the remaining case, intraoperative imaging indicated that
the intended extent of removal was not achieved and further
resection was required to achieve that goal.

As described before, in another two patients a tumor
remnant was correctly indicated during intraoperative
imaging. During surgical reinspection, however, those
findings were misinterpreted and residual parts left behind.
Unfortunately, another intraoperative imaging procedure
increasing the probability for discovery of these remnants
and supporting total tumor removal was not performed.

Additional total tumor removal depended on the approach
applied

The rates of additional total tumor removal between primary
transsphenoidal (1/8, 12.5%) and transcranial (1/10, 10.0%)
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Table 3 Reliability of intraoperative 1.5-T imaging regarding estimated extent of tumor removal and continuation of surgical procedure

Intraoperative imaging “Gold standard™

Intended extent achieved

Intended extent not achieved

Intended extent achieved (% of patients)

15 (60%) procedure finished correctly 1 (4%) procedure finished incorrectly PPV: 15/16=93.8%

Intended extent not achieved (% of patients) 1 (4%) procedure resumed incorrectly 8 (32%) procedure resumed correctly NPV: 8/9=88.9%

Sensitivity: 15/16=93.8%

Specificity: 8/9=88.9%

% As defined in “Patients and methods”

approaches as well as transsphenoidal (2/13, 15.4%) and
transcranial (2/12, 16.7%) approaches in general are compa-
rable (Table 4). While intraoperative imaging contributed to
additional total tumor removal in 11.1% (2/18) of the
patients following primary surgery, it was helpful in 28.6%
(2/7) of the cases during repeated surgery, indicating a
greater benefit of intraoperative MRI during repeated

surgery.
Overall surgical results achieved in this series

In this series, total tumor removal was possible in 80.0%
(20/25) of the patients.

Open surgery, following the initial diagnosis of a
craniopharyngioma, was performed in 18 patients and total
tumor removal was achieved in 83.3% of them (Table 5).
Following a transsphenoidal approach, total tumor removal
was achieved in seven out of eight patients (85.7%) without
a subsequent recurrence, while the same was true for eight
out of ten patients who underwent primary transcranial
surgery.

Seven patients with a recurrent craniopharyngioma or a
tumor regrowth were included in this study and total tumor
removal was achieved in 71.4% of them while a recurrence
was observed in 20.0% (Table 6). In this group, total tumor
removal was achieved in three out of five patients (60.0%)
who underwent transsphenoidal surgery and in the two
patients who underwent a subfrontal interhemispheric
approach. Unfortunately, one true recurrence was observed
in former cases.

Table 4 Additional gross total tumor resection depending from
approach

Transcranial Total
surgery (12/25) (n=25)

Transsphenoidal
surgery (13/25)

Primary surgery
(18/25)

Repeated surgery
(7/25)

Total (n=25)

12.5% (1/8) 10% (1/10) 11.1% (2/18)

20% (1/5) 50% (1/2) 28.6% (2/7)

154% (2/13)  16.7% (2/12)
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Secondary endpoint: surgical complications
Ophthalmologic results

The rate of new ophthalmologic deficits was two out of 25
(8.0%). In both patients, pre-existing ophthalmologic
deficits deteriorated following transcranial surgery (2/12,
16.7%). In one of them, operated on via an interhemispher-
ic subfrontal approach, visual acuity deteriorated from 0.2
and 0.3 to 0.1 for both eyes. In this patient, a supra- and
retrosellar, partly solid tumor, measuring 37 mm in
diameter, was removed completely. The other patient, who
was first operated on by way of a subfrontal interhemi-
spheric and then by a transsphenoidal approach, experi-
enced a deterioration of vision and visual fields for both
eyes. During surgery, an intra- and suprasellar, partly solid
tumor measuring 35 mm in diameter was removed
completely. No new deficits were found following repeated

surgery.
Endocrine results

In the whole series, the rate of new endocrine deficits was
44% (11/25).

The degree of new postoperative endocrine deficits
depends on their pre-existence. Prior to repeated surgery, all
patients suffered from a panhypopituitarism, while in all
patients who underwent primary surgery, at least partial
pituitary function was preserved prior to surgery. Among the
patients operated on by way of a transsphenoidal route, four
out of eight (50%)—and following transcranial surgery, seven
out of ten (70%)—experienced a deterioration. In total, 61.1%
of the patients (11/18) who underwent primary surgery had
one or more new postoperative endocrine deficits.

Surgical complications

In this series, three complications (12.0%) were observed.
One patient developed sinusitis following a two-step trans-
cranial/transsphenoidal approach. In one patient, operated
on by way of a transsphenoidal approach, meningitis
developed, and in another one, a CSF fistula was found.
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Table 5 Surgical results following primary craniopharyngioma surgery with intraoperative MRI
Total patients Complete removal Capsule remnants (Intended) incomplete Recurrence
n % n % n % n % n %

Tsphen 7 38.9 6 85.7 1 14.3

& aspiration 5.6 100

Total tsphen 8 44.5 7 87.5 1 12.5% 0

frontolat

& aspiration 1 5.6 1 100

Total frontolat 1 5.6 1 100

Subfrontal 4 22.2 3 75.5 1 25.0

& aspiration 3 16.7 2 66.7 1 333

- & tsphen 1 5.6 1 100

- & tventr 1 5.6 1 100

Total subfrontal 9 50.0 7 77.8

Tcran total 10 55.6 8 80.0 10.0% 1 10.0% 0

Total series 18 15 83.3 2 11.1 1 5.6 0

aspiration stereotactic cyst aspiration, frontolat frontolateral, tsphen transsphenoidal, tventr transventricular, fcran transcranial

One patient operated on by way of a subfrontal
interhemispheric approach was in a confused mental state
following surgery and left the hospital dressed inappropri-
ately. A subsequent pneumonia led to a lethal sepsis
(mortality rate: 1/25, 4.0%). No complication occurred in
the patients with a false-negative interpretation of intra-
operative MRIL.

Discussion

In an earlier study [43] we found that intraoperative
imaging using a 0.2-T MR scanner is of limited benefit
during surgery of craniopharyngiomas. One reason was that
the low spatial resolution did not allow an adequate
visualization of smaller capsule remnants, especially those
located within or in the vicinity of the cavernous sinus.
Coming from that experience, the goal of this study was to
examine whether the use of a 1.5-T MR scanner is of
greater value. For that reason, analysis of sensitivity,
specificity, PPV and NPV was performed as well as an

analysis of the rate of additional total tumor removal and
complications.

Value of intraoperative imaging and resulting consequences

The reliability of a 1.5-T scanner used for intraoper-
ative imaging was found to be adequate as the rate of
correct interpretation (92%), sensitivity and PPV were
high (93.8%), while the specificity and NPV were
satisfactory (88.9%) (Table 3). The main objectives of
the intraoperative MRI were fulfilled, as the high
sensitivity and PPV as well as the low rate of false
positive results are indicators that this tool is useful for
the confirmation of total tumor removal without leaving
remnants behind unintentionally. High specificity and
NPV assure that the rate of unnecessary re-exploration,
affected with a higher risk for complications, remains
low. As no complications were clearly attributed to longer
duration of surgery attributed to intraoperative imaging,
the latter figures indicating the number of re-explorations
were also acceptable.

Table 6 Surgical results following repeated craniopharyngioma surgery with intraoperative MR-imaging

Total patients Complete removal Capsule remnants (Intended) incomplete Recurrence

n % n % n % n % n %
Tsphen. 5 71.4 3 60.0 2 40.0 1 333
Subfrontal 2 28.6 2 100
Total series 7 5 71.4 2 28.6 1 20.0

Tsphen transsphenoidal
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The discovery rate of unexpected tumor remnants (28%)
in intraoperative imaging is lower than in cases of
adenomectomy [45]. If surgical procedures are continued
in that case, the additional rate of total tumor removal
(16%) is comparable with the one achieved in cases of
acromegaly (11%) [19] but lower than in nonfunctioning
macroadenomas (24%) [45]. In this series, the results are
expected to be better if a second intraoperative MRI would
have been carried out in two patients following repeated
inspection of the surgical field. In general, a randomized
prospective trial including less complex cases and a higher
number of patients may lead to even higher sensitivity and
PPV as well as more evidence based results.

Relevance of intraoperative imaging for surgeons

Discovering large remnants by using intraoperative imag-
ing, leading to further resection, is rare if surgery is
performed by experienced surgeons with the intent of total
tumor removal. However, intraoperative MRI provides
advantages for the experienced group of surgeons as well
as it is helpful in detecting small capsule remnants which
may remain in place especially during recurrent surgery.
Several reasons for leaving tumor remnants in place were
identified. First of all, in transsphenoidal surgery the
anatomy provides a limited overview and down-folding of
the diaphragm following tumor resection may cover supra-
sellar remnants. Capsule remnants are difficult to differen-
tiate from thickened arachnoid belonging to the basal
cisterns. In recurrence surgery, scars may cover some tiny
tumor remnants as well. The same is true for significant
anatomical structures in transcranial surgery or if the tumor
is spreading into the ventricular system or along the skull
base. In all cases, the images have to be reviewed carefully
and care has to be taken that tumor remnants detected
during intraoperative imaging are found in situ and
removed. During resumed surgery, repeated imaging has
to take place in every case, even if the surgeon has the
impression of total tumor removal. Using an endoscope is
not helpful as remnants covered by the above-mentioned
structures may not be visible. However, endoscopy pro-
vides an immediate and rough overview over the degree of
resection. Therefore, imaging should only be started if no
remnant is found during endoscopy.

In large, complex tumors requiring a two-stage strategy,
intraoperative imaging provides information for optimizing
the extent of tumor removal in respect to sparing eloquent
areas and it documents a free CSF passage. In addition to
the facts discussed above, it is important in those cases to
remove all parts of the tumor which are accessible only by
this operative approach.

Finally, one has to admit that some remnants may still
not be as accessible during surgery even if identified on
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MRI. In those cases, the patient should not be harmed by
hazardous manoeuvres.

For inexperienced neurosurgeons, the answer to all the
above-mentioned questions becomes most important for
surgical success. Moreover, one gains an immediate
impression about a good surgical result without a period
of uncertainty until imaging is performed during first
follow-up examination.

Beneficial effects on the rate of total tumor removal

By indicating tumor remnants, the rate of total removal in
this series of complex cases following primary surgery was
increased above the ones reported in most of the literature
[8, 14, 15, 53, 57]. It is comparable with two series [48,
58], while only two series reported better results (91% [4]
and 92% [49]). Following transsphenoidal surgery, the
resection rate found in this series (87.5%) is better than
reported in most papers [1, 18, 31, 38—41, 63], while only
one author [11] has reported better results (90%). Following
transcranial surgery, only two authors have reported better
results (83% [41], 90% [27]), while in most of the series [6,
18, 23, 34, 52, 55] the results were worse than in this series
(80%). The only resection rate (45%) cited in the literature
[14] regarding recurrent surgery is lower than the one
reported here (71.4%), indicating that intraoperative imag-
ing is especially helpful in those cases.

Noninferiority of surgery with the use of intraoperative
imaging

Besides proving the benefit of intraoperative imaging
regarding the rate of total tumor removal, one has to
demonstrate that it is not associated with a higher rate of
complications.

As we accept panhypopituitarism as a consequence of
aggressive tumor resection in order to achieve complete
removal, deterioration of endocrine function is common.
Our results are comparable with those reported in the
literature [11, 12, 23, 37, 48, 52, 58, 59] and there is no
difference to a larger series of patients operated by the
same strategy published by the authors [29]. For that
reason, deterioration is not associated with intraoperative
imaging but, if at all, with the more radical surgical
strategy.

The same is true for ophthalmologic complications. Even
if the rate of ophthalmologic deterioration (16.7%) follow-
ing transcranial surgery is in the centre of the span reported
in the literature [11, 12, 14, 41, 58, 59] (0% [48, 49, 52, 60]
to 32% [27]) the results could be attributed to the more
radical strategy of surgery and the complexity of the cases
and not to the prolongation of the surgical procedure caused
by intraoperative imaging.
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It remains open whether the deterioration of the mental
state of one patient was due to the longer duration of the
surgical procedure because of intraoperative imaging. As
the tumor was compromising the fornices, this event might
have occurred during surgery even without resection
control as well. The mortality rate in this series is
comparable with the majority of the literature [13, 15, 34,
40, 49, 58, 59, 62], while even higher rates [6, 55] but also
no mortality at all [1, 11, 52], are reported.

The morbidity rate (12%) reported in the series is high in
the scale of the rates reported in the literature [8, 59],
ranging from 5.7% in transsphenoidal [18] surgery to 12.8
or 14.3% in transcranial [18, 41] surgery. Only two authors
[23, 39] have reported worse rates. However, we see no
contraindication for using intraoperative imaging in cranio-
pharyngioma surgery as the complications were of minor
severity and as it is highly probable that they would have
also occurred without using intraoperative imaging. If at all,
they occurred due to a more aggressive surgical strategy
and the complexity of the cases.

Generally speaking, indication of tumor remnants in
intraoperative MRI may cause the surgeon, even uninten-
tionally, to undertake more risky maneuvers in order to
remove the tumor and therefore induce an increased
number of complications, such as reported in glioma
surgery using low field MRI [46]. This should be kept in
mind while using this innovative technology.

Compared with the results in performing endoscopic
removal of craniopharyngiomas, the rate of total removal
reported in this series is superior. Following endoscopic
approaches, the rate of total removal varies between 18.2%
and 75% [9, 10, 22, 32, 33]. While the authors’ results in
transsphenoidal surgery are comparable with one series
[20], their results in transcranial surgery are even better.
The same is true for the rates of new endocrine deficits or
other surgical complications. Endoscopic surgery is affected
with a high rate of hypopituitarism (57.1-67% new cases)
and complication rates vary between 12% and 35.7% [9,
32, 33].

Use of neuronavigation and cost-effectiveness
of intraoperative MRI

Applying solely neuronavigation in craniopharyngioma
surgery is not sufficient from the authors’ point of view
but it appears to be helpful for exact localization and rapid
accession of the tumor. Furthermore, by enabling intra-
operative orientation, faster preparation as well as resection
becomes possible. Resolution of preoperative imaging and
precision of registration may limit the benefit, especially in
critical decisions. During an ongoing surgical procedure,
brainshift may become an issue and neuronavigation may
no longer be helpful in indicating tiny capsule remnants or

differentiation between tumor remnants and important
neuronal structures. Furthermore, tumor remnants which
are hidden by a down-folded diaphragm may not be
visualized and therefore missed.

Intraoperative MRI is balancing the negative effects of
brainshift, especially in indicating the extent of removal,
and may, as a result, help to avoid additional radiation
therapy as well as repeated surgical procedures in case of
larger tumor remnants. However, it is an expensive tool
requiring additional dedicated surgical equipment. Advan-
tages and disadvantages of both entities are given in
Table 7. In summary, intraoperative MRI and neuronaviga-
tion will complement one another and should not be
considered as mutually independent devices in craniophar-
yngioma surgery.

Determining the cost-effectiveness of intraoperative
imaging is difficult due to different reimbursement systems
and costs for construction and equipment all over the world.
Furthermore, no detailed scientific data are available
regarding the latter. From one author’s (B.M.H.) experi-
ence, and according to the literature, typical facility break-
down costs for rebuilding a surgical theatre are about US
$1.13 million for HVAC, plumbing, cabinet and storage,
costs for space (800 square feed), medical gasses, demoli-
tion and miscellaneous construction. For general equipment
and integration, another US $375,000 have to be estimated
[21]. Summarizing those figures, the total cost will be US
$1.51 million for construction and general equipment.
However, costs for reconstruction depend on the size of
the operating room (OR) and whether this is built from the
scratch or integrated into an existing environment. In
Germany, an equivalent of 1.4 million euros has to be
estimated. In order to provide an insight, the German DRG
system was used for further calculations.

Regarding costs for an MR scanner and dedicated
surgical table, about 1.4 million euros have to be estimated
depending on the software configuration as well as another
100,000 euros for RF shielding, depending on the size of
the OR.

Additional costs for each surgical procedure have to be
calculated, as well. One minute for anesthesia is about 2.85
euros [36], i.e., one scanning procedure lasting 30 min
causes costs of an additional 85.50 euros. Assuming that in
seven out of 25 surgical procedures a second scanning
procedure is necessary, an average of 110 euros has to be
calculated for additional anesthesia. Furthermore, 500 euros
have to be added for disposable surgical material [61],
resulting in additional costs of about 600 euros per surgical
procedure performed using intraoperative MRI.

The subsequent profitability analysis is based on the
assumption that an average of 200 surgical procedures
including all types of surgical procedures (i.e., pituitary,
glioma, epilepsy and others) will be carried out per year and
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Table 7 Advantages and disadvantages of neuronavigation and intraoperative MRI

Intraoperative MRI

Neuronavigation

Pro Con

Pro Con

Indication: tumor, epilepsy surgery,
stereotaxy
Elimination of brainshift

Indication of small capsule remnants

Indication of hidden tumor remnants

Further surgical resection in case of
incomplete removal is enabled

Repeated scanning possible Prolonging surgical procedure

Expensive

Dedicated non magnetic surgical
instruments required

Contraindicated in patients with
pacemaker, implants, etc.

Indication: tumor, epilepsy

surgery, stereotaxy
Efficacy limited by brainshift

Accuracy depending on resolution of
imaging & precision during registration

Limited benefit in indicating small
capsule remnants

Hidden tumor remnants not indicated

Incomplete resection indicated in
epilepsy surgery, only

Easy and rapid access to tumor &

easy intraoperative orientation
enabled due to predefined
endpoint & trajectory

the scanner will be used for 10 years. This number of
procedures was almost achieved in the study hospital within
the first year after implementation of the scanner [44].
Based on those figures, the pro rata cost for construction
would be 700 euros and pro rata costs for the scanner
would be 750 euros per case. If costs for surgical equipment
and anesthesia are added, a total of 2,050 euros would be
due for each surgical procedure. Unfortunately, no reim-
bursement is available for using intraoperative MRI today,
but is requested meanwhile.

Administering the German DRG system, 9,045 euros
would be reimbursed for surgical treatment in a noncom-
plicated case. In case of delayed radiation therapy, another
4,550 euros would be reimbursed. Assuming an average
annual incidence of 1.5 cases per million inhabitants [2, 5],
122 patients suffer from a newly diagnosed craniophar-
yngioma in Germany each year. As a result from this trial,
in four out of 25 cases, radiation therapy could be avoided
by performing intraoperative imaging. Based on those
figures, radiation therapy could be avoided in a total of 20
patients per year, resulting in savings for insurance
companies of 91,000 euros. If those savings would be used
for additional reimbursement (750 euros per surgical case),
from a hospital’s point of view, at least costs for disposable
material and 10% of the pro rata costs regarding OR
facilities would be covered. By using an actively shielded
scanner, performing higher numbers of surgical procedures
using the intraoperative setting described here and by
applying sophisticated models for using the scanner for
routine imaging as well, e.g., by using a sliding gantry [47],
or using the scanner for longer than 10 years, this ratio
could be improved further. In the end, however, the welfare
of the patient should prevail over economic considerations.
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Anyway, it will become one task for neurosurgical societies
in the near future to take care for appropriate agreements
regarding reimbursement. This is supported by the fact that
individual contracts between payers and several German
hospitals regarding reimbursement of intraoperative imag-
ing have been made meanwhile, especially in glioma
surgery, which are covering the above-mentioned expenses.
This is due to the fact that intraoperative imaging in glioma
surgery was proven to be beneficial, as it was helpful in
order to increase the extent of resection and the rate of
gross total removal, resulting in an improvement of patient
survival [3, 26, 51].

Conclusions

Not only inexperienced surgeons benefit from intraoper-
ative MRI, because tumor remnants hidden by relevant
anatomical structures or scars can be visualized in a
considerable percentage of cases, especially in recurrent
surgery. This is not the case when using endoscopy only. In
this series of anatomically complex craniopharyngiomas,
intraoperative MRI revealed relevant findings in two-fifths
of the cases and led to additional total tumor removal in a
significant number, while only a low number of false-
positive and -negative findings was experienced. The
methodology is useful especially for smaller tumor and
capsule remnants, as only in one recurrent case a large
tumor remnant was left behind unintentionally. For that
reason, however, meticulous interpretation of intraoperative
imaging and an exact evaluation of suspicious findings
during surgery are essential. The same is true for repeated
intraoperative imaging in case of resumed tumor resection.
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Another advantage of using intraoperative imaging is the
fact that one can gain immediate information as to whether
total tumor removal will be possible or not.
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Comment

This manuscript confirms the utility of intraoperative MRI to improve
the accuracy of tumor resection in craniopharyngioma surgery. Based
upon our experience of endoscopic endonasal management of these
lesions, it could be argued that the endoscopic exploration could be
sufficient to detect any remnant. However, if it is true in most of the
cases, it has to be considered that craniopharyngiomas with bigger and
bigger sizes and asymmetric pattern of growth are operated on via this
latter route. In these conditions, where an increased risk of leaving
remnants could be feared, the intraoperative MRI could be really
useful. Though, if on the one hand the use of neuronavigation systems
helps in defining a tailored approach to the lesion, on the other the use
of intraoperative MRI provides relevant, more detailed information
concerning the lesion removal while the surgical procedure is still
going on. Each surgical procedure represents a different challenge that
is not worth performing twice in the same way. Therefore, in such a
delicate field, we think that the authors’ experience contributes and
favours the adoption of such a tool to improve the efficacy and the
safety of the surgical approaches to craniopharyngiomas.

Paolo Cappabianca
Napoli, Italy
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Abstract

ObjectiveTranssphenoidal pituitary surgery (TS) is the
primary treatment of choice for patients with acromegaly.
Macroadenomas (>1 cm) are more difficult to resect than
microadenomas (remission rate = 50% compared to + 90%).
Besides the conventional microscopic TS, the more recently
introduced endoscopic technique is nowadays frequently
used. However, no large series reporting on its results have
yet been published. We evaluated the outcome of endo-
scopic TS in 40 patients with a growth hormone (GH)-
secreting macroadenoma treated in our hospital between
1998 and 2007.

Methods Medical records were retrospectively reviewed.
Remission was defined as disappearance of clinical symp-
toms of acromegaly, normal serum insulin-like growth
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factor-1 levels (<2 SD) and serum GH levels suppressed
to <2 mU/I after an oral glucose tolerance test within the
first 4 months after TS.

Results In four patients TS aimed at debulking of the
tumour. In the remaining 36 patients, remission was
achieved in 20 patients. In the first 5 years remission was
achieved in 6 out of 18 patients (33%) compared to 14 out
of 22 patients (63%) in the following 5 years (p=0.06).
Thirteen patients had a mild perioperative complication.
Before TS 15 patients received hormonal substitution
therapy compared to 12 patients (33%) after TS.
Conclusion Endoscopic TS is a good primary therapeutic
option for patients with a GH-secreting macroadenoma,
resulting in a remission rate of up to 63% in experienced
hands. This technique can potentially improve the outcome
of TS in these patients.

Keywords Pituitary - Acromegaly - Endoscopy -
Macroadenoma - Transsphenoidal surgery

Introduction

Untreated acromegaly causes significant morbidity, and is
associated with a two- to threefold increase in mortality.
When acromegaly is treated successfully and “safe” growth
hormone (GH) and insulin growth factor-1 (IGF-1) values
are achieved, the mortality rate normalises [32]. Therefore,
appropriate treatment of acromegaly is crucial. However,
symptoms and signs of acromegaly develop insidiously,
and there is often a delay in diagnosis for up to 10 years.
Therefore, approximately 70% of GH-secreting adenomas
are >1 cm (macroadenomas) at the time acromegaly is
diagnosed [32].
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According to experts, transsphenoidal pituitary surgery
(TS) is the treatment of choice for acromegaly [28, 31],
potentially rapidly restoring normal physiology by a single
intervention. Macroadenomas, however, are difficult to
remove by TS, especially when invasive. This may explain
the relatively low remission rate of about 50% reported
after TS in macroadenomas, whereas remission rates up to
90% are achieved by TS in microadenomas (<1 cm) [34].
Since more recently developed medical therapies achieve
good results in controlling acromegaly, some authors have
recommended medical therapy as a primary treatment
option instead of TS for patients with a GH-secreting
macroadenoma that does not cause mass effects [13, 25].

Nowadays, the endoscopic technique of TS is increas-
ingly used by many neurosurgeons instead of the conven-
tional microscopic technique. This technique, offering a
panoramic wide angle view with increased illumination,
was first developed in the 1990s. Different angles can be
used, making it possible to effectively reach supra- and
parasellar portions of the lesion and work around the corner
[10, 14]. Due to these advantages, it has been suggested
that the endoscopic technique may be preferable to the
conventional technique, especially in patients with invasive
macroadenomas [14, 28, 39]. However, due to the recent
introduction of this technique, no large series reporting on
the results of endoscopic TS in acromegaly have yet been
published.

To gain insight in the role of endoscopic TS as a primary
treatment option for patients with GH-secreting macro-
adenomas, we evaluated the results of endoscopic TS in 40
consecutive patients with a GH-secreting macroadenoma
treated in our hospital between 1998 and 2007.

Patients and methods
Patients

Between 1998 and 2007, 40 patients with acromegaly and a
macroadenoma on a preoperative magnetic resonance
imaging (MRI) scan underwent endoscopic TS in our
centre. The medical records of these patients (19 males
and 21 females, Table 1) were retrospectively reviewed.
Age at time of TS was 47.4+11.4 (mean+SD) years and
BMI was 29.0+4.9 kg/m®. We collected data on preoper-
ative as well as early postoperative evaluation, complica-
tions that occurred during TS or in the early postoperative
period, and data on the follow-up of these patients.

Preoperative evaluation and perioperative treatment

The initial diagnosis of acromegaly was based on clinical
grounds and biochemical tests, including assessment of
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serum GH levels (basal and after oral administration of
glucose) and serum IGF-1 levels. Furthermore, the thyro-
tropic, gonadotropic and pituitary-adrenal axes were
assessed, as well as the prolactin blood level. Preoperative
pituitary imaging by MRI was performed in all patients.

Long-acting somatostatin analogues (SA) were given
preoperatively in 34 patients for a median period of
7 months (range 1-28), 1 patient received 10 mg/4 weeks,
20 patients received 20 mg/4 weeks and 13 patients
received 30 mg/4 weeks.

One hour before surgery, administration of glucocorti-
coids (prednisolone, 25 mg i.v. every 8 h) was started. Two
days after surgery glucocorticoid administration was
changed from i.v. to oral, and the dose was tapered rapidly.

Surgical technique

The endoscopic technique of TS was introduced in our
hospital in 1994 and first used for acromegaly in 1998.
From 1998 onward practically all TSs (n=365) were
performed endoscopically. The surgeries were exclusively
performed by two neurosurgeons. The technique is very
similar to the technique that Jho et al. and Cappabianca et
al. have described previously [7, 8, 21, 22]. However, a
binostril transsphenoidal approach to the sella turcica was
used, during which the endoscope was handheld.

For the endoscopic transnasal TS, 0° and 30° rigid
endoscopes with a lens diameter of 4 mm with a separate
shaft were used, which allow easy and comfortable holding,
while offering a suction-irrigation-system for cleaning the
lens (Karl Storz GmbH, Tuttlingen, Germany). The instru-
ments used are principally the same as used with the
microsurgical technique. Because an adenoma was visible
on preoperative MRI, a selective adenomectomy was
performed in all patients.

Postoperative evaluation

A complication of TS was defined as any event occurring
during or after TS that required treatment. As intraoperative
cerebrospinal fluid (CSF) leakage is inherent to the surgical
procedure and is closed during TS with a fat graft, it was
not regarded as a complication, whereas postoperative CSF
leakage was considered a complication.

On the 7th day postoperatively, at least 48 h after the
last dose of glucocorticoids, early biochemical evaluation
was carried out by measuring the serum concentrations of
IGF-1, fasting cortisol, adrenocorticotropic hormone
(ACTH), thyrotropin (TSH), free thyroxine (FT4), gona-
dotropines (LH and FSH), testosterone, estradiol and
prolactin.

Patients were re-evaluated every 2 to 4 weeks during
the first 3 months after surgery. Serum GH and IGF-1
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levels were measured at each visit. Four months after
surgery a new MRI of the pituitary was performed to
check for tumour remnants. An oral glucose tolerance
test (OGTT; 100 g of glucose [36]) was performed if the
IGF-1 level had normalised or was marginally elevated.
Thereafter patients who were in remission were evaluated at
least once a year or earlier in case of clinical suspicion of a
relapse.

Criteria for remission and relapse

Remission was defined as disappearance of clinical
symptoms of active GH hypersecretion with in addition
normal serum IGF-1 levels (<mean+2 standard devia-
tions for age) and suppression of serum GH levels to
<2 mU/l during OGTT within the first 4 months after
surgery [19, 20].

Relapse was defined as development of clinical signs of
active GH hypersecretion with elevated serum IGF-1 levels
(>mean+2 standard deviations for age) and serum GH
levels >2 mU/1 during OGTT [19, 20].

Imaging

All preoperative and postoperative MRI scans were evalu-
ated by the same neurosurgeon to prevent bias. Maximal
diameter of the adenoma was defined as the largest distance
that could be measured in any direction of the adenoma.
Invasion was defined as suspected growth of the adenoma
beyond the sella into the cavernous sinus or the sphenoid
sinus.

Analysis of factors influencing outcome and statistics

Data were analysed using SPSS 16.0. Characteristics of
patients operated on in the first and second 5 years were
compared using unpaired T-test and Pearson’s chi-square
test. The influence of various factors on the chance to
achieve remission by TS was analysed by binary logistic
regression. The factors analysed were: date of operation (as
a surrogate measure for experience of the neurosurgeons),
age, gender, the level of preoperative IGF-1 and GH, the
diameter of the adenoma on preoperative MRI, evidence of
invasion on the preoperative MRI, occurrence of perioper-
ative complications and the need for hormonal substitution
therapy after TS. The influence of dichotomous variables
(gender, substitution therapy before TS, evidence of
invasion on the preoperative MRI, TS in the first or second
5 years, occurrence of perioperative complications and the
need for hormonal substitution therapy after TS) on the
chance of remission were also analysed using Pearson’s
chi-square test. Statistical significance was defined as
p=<0.05 (two-sided).

Results
Remission rates after TS

The results of endoscopic TS in the 40 patients with a GH-
secreting macroadenoma are shown in Fig. 1. The individ-
ual data per patient are presented in Table 1. Histological
investigation of the removed tissue showed evidence of a
GH-producing adenoma in all cases. The overall remission
rate in our series is 50%. However, four patients (patients
21, 30, 33 and 34, Table 1) had an invasive adenoma of
more than 30 mm in diameter and suffered from local mass
effects. The intention of the TS in these patients was to
debulk the adenoma, as it was appreciated that cure could
not be achieved by TS. In the remaining 36 patients, in
whom the intent was cure, remission was achieved in 20
patients. In this group the remission percentage thus was
56%. Median follow-up was 56 months (range 6—126).
Recently, two patients (patients 12 and 35) developed a
mild relapse. Patient 12 is now being treated with
octreotide, while the relapse of patient 35 was very mild
and no treatment had yet been initiated.

The date of TS significantly influenced the chance of
remission after TS. If a patient was operated on at a later
date, the chance of achieving remission after TS was higher
(p=0.04). If the results of TS during the first 5-year interval
after the introduction of the endoscopic technique are
compared with the second 5-year interval, remission was
achieved in 6 out of 18 patients (33%) during the first
5 years, whereas in the next 5 years, 14 of 22 patients
(63%) were in remission after TS (p=0.06). However, the
four patients who only underwent debulking were all
operated on in the last 5 years. If these patients are
excluded, the remission rate achieved in the last 5 years is
77%, which is significantly better than the remission rate
over the first 5 years (p=0.01). Table 2 shows that baseline
characteristics of patients operated on during the first
5 years do not significantly differ with baseline character-
istics of patients operated on during the last 5 years, except
for preoperative IGF-1 levels, which were significantly
higher in the second group. This does not change if the four
patients who underwent debulking are excluded.

There were no statistically significant differences between
the patients who underwent successful or unsuccessful TS
with respect to age, gender, occurrence of perioperative
complications, preoperative IGF-1 levels or need for
hormonal substitution therapy after TS. There was a trend
that if the diameter of the adenoma was larger, the chance to
achieve remission was smaller (p=0.06 in all patients);
however if the four patients who underwent only debulking
were excluded, this trend was no longer present (p=0.56).
Eight of 19 patients (42%) with evidence of invasion on
preoperative MRI, and 12 of 21 patients (57%) without
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Table 1 Results of endoscopic transsphenoidal pituitary surgery in patients with acromegaly (1998-2007)

Patient number, Preoperative  MRI  Invasion on Year of Postoperative Postoperative TS Additional Last IGF-1  Follow-up
gender, age (years) octreo-tide  (mm) preoperative MRI TS IGF-1 oGTT result therapy (months)
nmol/l SD nmol/l SD
1. f, 52 Y 20 Scr 1998 50.3 >2 - F RT+cab 19.0 1 127
2.m, 43 N 25 - 1999 24.0 1 38 F Octr 328  >2 38
3.127 N 18 Scr 2000 92.7 >2 9 F GK 106 -2 109
4. m, 40 Y 10 - 2000 23.1 1 <2 R - 129 -1 106
5.1, 24 Y 17 - 2000 77.0 >2 - F Octr+cab 410 >2 78
6. f, 59 Y 20 Ssphen,sc 1 2001 64.5 >2 - F TS, RT+peg 15.6 0 76
7.1, 54 N 11 Sc 1 2001 62.8 >2 - F RT+octr 23.5 173
8. m, 39 N 14 - 2001 73.6 >2 - F RT+octr, cab  28.1 2 68
9. m, 49 Y 43 Ssphen, sc 1+r 2001 60.5 >2 - F TS+octr, cab  21.6 1 91
10. £, 50 Y 12 - 2001 10.2 2 <2 R - 154 0 74
11. f, 49 Y 13 - 2001 38.4 >2 - F Octr 140 0 91
12. m, 37 Y 20 - 2001 28.3 1 <2 R Octr 156 0 87°
13. m, 44 Y 10 Scr 2001 83.6 >2 - F GK+octr, peg 279 2 86
14. 1, 34 Y 16 - 2002 10.5 2 <2 R - 114 -2 70
15. 1, 55 Y 18 - 2002 30.9 >2 3 F Octr 9.8 -2 86
16. f, 56 Y 11 Scr 2002 12.7 -1 <2 R - 136 0 79
17. m, 56 Y 14 - 2002 16.8 0 <2 R - 152 0 77
18. m, 64 Y 12 - 2002 18.0 1 2 F Octr 18.3 1 57
19. f, 66 Y 16 Ssphen, sc r 2003 27.1 2 <2 R - 250 2 65
20. f, 45 Y 30 Sc 1 2003 24.7 1 <2 R - 290 2 48
21. m, 35 Y 39 Ssphen 2003 66.3 >2 - F Octr 14.1 -1 69
22. 1, 56 Y 15 Scr 2003 15.3 0 <2 R - 165 0 47
23. 1, 41 Y 15 - 2003 28.0 1 <2 R - 22.7 1 66
24. m, 54 Y 13 - 2004 19.8 1 <2 R - 166 0 44
25. 1, 43 Y 11 - 2004 29.5 2 <2 R - 22.8 1 43
26. m, 48 N 12 - 2005 35.8 >2 - F Octr 23.6 1 31
27. 1,29 Y 10 Sc 1 2005 25.6 1 <2 R - 23.5 1 37
28. f, 51 Y 13 - 2005 11.7 -1 <2 R - 156 0 49
29. m, 64 Y 14 Scr 2005 30.0 >2 - F Cab 214 1 36
30. m, 68 Y 30 Sc I+, ssphen 2005 315 >2 - F Octr 16.8 1 30
31. m, 46 Y 21 - 2005 43.1 >2 <2 F - 362 >2 32
32.m, 45 N 15 - 2005 46.0 >2 <2 F - 313 >2 38
33.m, 35 Y 42 Sc I+r 2005 163.8 >2 595 F RT+octr, cab 569  >2 33
34. 1,28 Y 45 Sc I+r 2006 98.7 >2 - F RT+octr 333 >2 15
35.1, 67 Y 11 - 2006 21.5 1 <2 R - 274  >2 317
36. m, 40 Y 21 Scr 2007 229 0 <2 R - 21.3 1 14
37. m, 62 Y 20 - 2007 18.4 1 <2 R - 18.4 1 6
38. 1, 41 Y 24 Scre 2007 31.7 2 <2 R - 120 -1 15
39. 1, 46 Y 18 - 2007 16.2 0 <2 R - 21.3 1 8
40. m, 54 Y 27 Scr 2007 26.6 2 <2 R - 266 2 6

f: female; m: male; preoperative octreotide Y: treated with octreotide before surgery; preoperative octreotide N: not treated with octreotide before
surgery; MRI: magnetic resonance imaging results given as maximal diameter of the visualised tumour in mm; sc r: cavernous sinus right; sc I:
cavernous sinus left; ssphen: shenoid sinus; ssphen: sphenoid sinus; TS: transsphenoidal surgery; IGF-1 nmol/l: value of insulin-like growth
factor-1; IGF-1 SD: standard deviation of insulin-like growth factor-1 compared to normal values in people of the same age and sex; oGTT:
minimal value of growth hormone achieved during the postoperative oral glucose tolerance test; GTT -: no oral glucose tolerance test performed
after surgery; TS result R: remission; TS result F: failure; RT: conventional radiotherapy; octr: octreotide; cab: cabergoline; GK: gamma knife
radiosurgery; peg: pegvisomant; “: relapse at last follow-up
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invasion achieved remission after TS (p=0.34). If the four
patients in whom the intention of the TS was to debulk the
adenoma were not taken into account, the remission rate in
patients with suspected invasion was 53%, indicating that in
this study invasion did not significantly influence the chance
to achieve remission (p=0.82).

Additional treatment and benefits of TS in patients
with persistent acromegaly after TS

Although remission was not achieved via TS in 20 patients,
the maximal diameter of the adenoma was reduced from a
median of 18 mm (range 10-45) on the preoperative MRI
to a median of 7 mm (range 0-35) on the MRI performed 4
months after surgery. The adenoma was reduced in size in
all patients, and in six patients no residual adenoma was
visible on the postoperative MRI. In three patients (patients
11, 15 and 18), normal IGF-1 levels could be achieved with
a dose of octreotide that was the same or even lower than
the dose prescribed before the operation and that had been
insufficient to suppress IGF-1 to normal levels before TS.
Figure 1 shows how the 20 patients with persisting
acromegaly after TS were treated. A second TS was
attempted in two patients but failed to result in cure. Of the

eight patients receiving additional conventional radiothera-
py, none is presently in remission and all are still receiving
medical treatment to control the acromegaly. Radiosurgery
(v-knife) was performed in two patients and resulted in
remission in one of them. Of the remaining patients not cured
by the TS, all patients except patient 32 and 33 were
exclusively treated with medication. Patient 32 and 33 did
not receive any further treatment. In patient 32 the IGF-1
level was only slightly elevated with no symptoms of active
acromegaly, GH was suppressed to <2 mU/] after OGTT, and
the mean GH values are below 6.5 mU/I. Patient 33 refused
to be tested or treated further after TS because the symptoms
of acromegaly had disappeared.

Complications of TS and influence of TS on deficiencies
of pituitary hormones

Only mild complications occurred in our series. Fourteen
patients developed a very mild transient diabetes insipidus
(DI) for a maximum of 2 to 3 days. This was not regarded
as a complication. Only one patient (patient 33) had a more
severe transient DI. Five patients, of whom two had had mild
transient DI early after the operation, were treated with fluid
restriction when they developed a mild hyponatremia

Table 2 Comparison of baseline characteristics of the patients operated on during the first 5 years and the patients operated on during the second

5 years
First 5 years (n=18) Second 5 years (n=22) Significance

Gender (% male) 8 (44%) 11 (50%) p=0.76
Age (years) 46.2 (£11.0) 48.4 (£11.9) p=0.56
BMI (kg/m?) 29.8 (+4.4) 26.6 (£5.3) p=0.32
Preoperative medication 13 (72%) 20 (91%) p=0.12
Adenoma diameter (cm) 16.9 (£7.8) 20.9 (10.4) p=0.18
Invasion on preoperative MRI 7 (39%) 12 (54%) p=0.32
Preoperative IGF-1 value (nmol/l) 93.3 (£23.5) 116.6 (£36.9) p=0.03

Data are expressed as means and standard deviations in case of continuous variables and as exact numbers and percentages in case of nominal or
ordinal variables. BMI: Body mass index; IGF-1: insulin-like growth factor-1; MRI: magnetic resonance imaging
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Table 3 Influence of transsphe-
noidal surgery on substitution
therapy in 40 patients with

Levothyroxine Androgen

Glucocorticoid GH Desmopressin  Total

acromegaly caused by a
macroadenoma

substitution substitution substitution substitution substitution
Discontinued after TS 5 11
Started after TS 4 2 2 1 1 10
Continued after TS 4 3 10

TS: transsphenoidal surgery,
GH: growth hormone.

because of inappropriate ADH secretion. Four patients had
mild epistaxis, controlled with nasal tampons. Three patients
had cerebrospinal fluid (CSF) leakage postoperatively. They
were treated successfully with an external lumbar drain.

Fifteen patients (38%) already received substitution
therapy for deficiency of one or more hormones before
TS. After TS 33% of all patients receive long-term
hormonal substitution. Twenty percent of the patients
receive substitution with levothyroxine, 12.5% receive
androgens, 12.5% receive glucocorticoids, 2.5% receive
GH therapy and 2.5% receive desmopressin (Table 3).

Discussion

In this study we report on the results of endoscopic TS in
40 consecutive patients with acromegaly and a pituitary
macroadenoma on preoperative MRI, operated on in our
hospital between 1998 and 2007. Although some results of
endoscopic TS in small numbers of patients with acromeg-
aly have been mentioned in large series of patients with
different pituitary tumours [6, 11, 26, 42], no series
focussing on the results of endoscopic TS in patients with
acromegaly have yet been published. All previous pub-
lished series on results of TS in patients with GH-secreting
macroadenomas used the conventional technique of TS.

Remission rates after conventional TS reported in these
larger series of patients with GH-secreting macroadenomas
(including giant macroadenoma) vary widely, from 15 to
71% (Table 4) [1, 2, 4, 15, 18, 23, 29, 34, 40, 41, 43, 45].
The overall remission rate of 50% in this study is in
concordance with these results. However, not all series have
used the same criteria to describe remission. The studies
that used the criteria for remission formulated by Giustina
et al. in 2000 [19, 20], as we did in our series, reported
remission rates in patients with macroadenomas of maxi-
mally 50%. Therefore, the remission rate of 50% reported
in our series is comparable to the best previously published
remission rates achieved in patients operated on by the
conventional microscopic method of TS.

However, the remission rate of 63% (or 77% if the
patients who underwent debulking are excluded) we
achieved in the last 5 years, compared to a remission rate
of 33% in the first 5 years, is very promising for the future.
The characteristics of patients operated on in the first
5 years and second 5 years were comparable (Table 2). The
only significant difference was that the patients operated
upon in the second 5 years had a significantly higher IGF-1
level. Therefore, we believe that the higher remission rate
achieved in the last 5 years is not biased by patients on
whom it was easier to operate. So, it is more likely that the
large difference between the remission rate achieved in the

Table 4 Review of the criteria to define remission of acromegaly and remission percentages in macroadenomas reported in the most recently

published series (1997-2005)

Author N Criteria of remission Remission %
van Lindert et al. [45] 40 GH <2 ng/ml after OGTT, IGF1 N 55
Abosch et al. [2] 254 Basal GH <5 ng/ml 71
Swearingen et al. [41] 129 GH <2 ng/ml after OGTT or IGF1 N or basal GH <2.5 ng/ml 48
Gittoes et al. [18] 45 GH <2 mU/I after OGTT or basal GH <5 mU/I 51
Laws et al. [29] 51 GH <1 ng/ml after OGTT or IGF1 N or basal GH <2.5 ng/ml 51
Kaltsas et al. [23] 50 Basal GH <2.5 ng/ml, IGF1 N 26
Abe and Ludecke [1] 126 Basal GH <2.5 ng/ml, IGF1 N 68
Shimon et al. [40] 44 GH <2 ng/ml basal or after OGTT, IGF1 N 64
Beauregard et al. [4] 77 GH <1 ng/ml after OGTT or IGF1 N or basal GH <2.5 ng/ml 49
Trepp et al. [43] 64 GH <1 ng/ml after OGTT or IGF1 N or basal GH <2.5 ng/ml 39
Erturk et al. [15] 19 GH <2 ng/ml basal or after OGTT 15
Nomikos et al. [34] 364 GH <1 ng/ml after OGTT or IGF1 N or GH <2.5 ng/ml 50

N: number of patients included; GH: growth hormone; OGTT: oral glucose tolerance test; IGF1: insulin-like growth factor type 1
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first 5 years and the second 5 years after introduction of the
endoscopic technique of TS can be explained by the
increasing experience of the two neurosurgeons who
performed all endoscopic TSs in our hospital. Strong
evidence exists that success rates of microscopic TS
critically depend on the skills and experience of the
neurosurgeon [3, 15, 18]. Our data indicate that this is no
different for endoscopic TS. This argues in favour of
concentrating endoscopic TS for acromegaly in a limited
number of experienced centres.

Previously published series on conventional microscopic
TS in patients with acromegaly and a macroadenoma found
that the chance of remission after TS could be predicted by
the suspected invasiveness of the macroadenoma on the
preoperative MRI scan [2, 4, 18]. However, in this study,
although we observed a non-significant trend towards a
lower chance of successful TS if tumour invasion was
suspected, remission was still achieved in 42% of patients
with suspected invasion. This may be explained by the fact
that the endoscopic technique enables the use of different
angles to operate, making it possible to reach suprasellar
and parasellar portions of the lesion effectively [10, 14]. If
this is the case, the endoscopic technique might be
preferable in case of invasive macroadenomas.

Due to the good results that have been achieved by
medical therapy in patients with acromegaly and the
relatively low remission rates after TS for patients with a
GH-secreting macroadenoma, some authors have recom-
mended medical therapy as a primary treatment option
instead of TS for patients with a GH-secreting macro-
adenoma not causing mass effects [13, 25, 39]. Nowadays
long-acting somastatin analogues (SA) have the potential to
normalise IGF-1 levels in two thirds of patients, addition-
ally controlling tumour size [17]. The more recently
developed GH receptor antagonist pegvisomant can nor-
malise IGF-1 in up to 97% of patients [44]. Furthermore,
studies on combination therapies with SA and pegvisomant
or SA and dopamine agonists have shown that combination
therapy may be successful when monotherapy has failed
[16, 33, 38]. Although medical treatment can result in long-
term remission, it cannot cure acromegaly. Moreover,
pegvisomant, which is effective by preventing GH action
in the target tissues (organs), lacks a direct effect on the
tumour to control long-term tumour growth. This might
limit its use as primary therapy for patients with macro-
adenomas until more long-term data on safety are available.
Last but not least, lifelong use of expensive medication is
required with the risk of serious side effects.

Studies have shown that surgical debulking can improve
control of acromegaly by SA [12, 24, 35]. So even if a
patient cannot be cured by TS, TS should still be
considered, especially if acromegaly cannot be controlled
by SA before TS. In this study TS reduced the size of the

adenoma in all patients who were not cured by TS and
improved the response to SA treatment in at least five of
these patients. Unfortunately, a preoperative IGF-1 value
during SA therapy was not available in all patients, so
possibly more patients benefited from the TS to control
their acromegaly.

Preoperative treatment with SA has been associated with
improved results of TS, especially in macroadenomas [1, 5,
9, 30]. This could possibly be explained by adenoma
shrinkage or a change in the consistency of the adenoma
[9]. However, most published studies have limitations.
They are retrospective, have poor remission rates or small
numbers of patients. Furthermore, other studies have not
confirmed this positive effect [27, 37]. A negative effect of
preoperative treatment with SA on the outcome of TS
results, however, has never been found. Therefore, and
because pretreatment with SA improves metabolic control,
we prescribed preoperative therapy with octreotide in all
but six patients. Of these six patients, none achieved
remission after TS. However, because of the small number
of patients who did not receive preoperative treatment and
the retrospective character of this study, it was not possible
to evaluate whether preoperative treatment had an effect on
the results of TS.

Thirteen patients in our study had a perioperative
complication. All complications were mild, and no serious
complications occurred. This is in concordance with the
incidence of complications associated with TS via the
microscopic technique [1, 2, 4, 15, 18, 23, 29, 34, 40, 41,
43, 45]. However, the endoscopic technique is probably
more comfortable for the patients as the nose septum is
almost left intact and usually no nasal packing is required
after surgery. Besides the four patients with mild epistaxis,
no rhinologic/local complications occurred, which seems to
be less than those reported with the conventional technique.
However, most patients that are operated upon via the
microscopic technique do not need nasal packaging, but
receive it because of a longstanding surgical habit.

In this series the number of hormonal deficiencies
caused by TS was equal to the number of deficiencies cured
by TS. All patients had a macroadenoma, which frequently
causes a hormonal deficiency by itself before surgery. If the
adenoma is selectively removed, normal pituitary function
can potentially be restored [45]. Therefore, in macro-
adenomas, the fear of creating new hormonal deficiencies
should probably not be a reason to restrain from TS.

Conclusion
Endoscopic TS is a treatment that should be considered as a

primary therapeutic option for patients with a GH-secreting
macroadenoma. In this series of patients operated on by
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experienced surgeons, it resulted in a remission rate of at
least 50%, with only mild complications. The relatively
high remission rate of 63% (or 77% excluding the patients
who underwent primary debulking) we achieved in the last
5 years indicates that operation results can improve further
if experience is gained. Because the endoscopic technique
enables the surgeon to use different angles, this technique
can potentially improve the outcome of TS in macro-
adenomas, especially in patients with invasive macro-
adenomas. However, a randomised clinical trial comparing
endoscopic and conventional TS in patients with a GH-
secreting macroadenoma is needed to determine the exact
pros and cons of both techniques.
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Abstract

Background While large-to-giant pituitary adenomas (PAs)
may be safely removed by experienced surgeons through a
single route, the procedure is technically challenging. We
present the outcome of a simultaneous combined transcranial
and transsphenoidal approach and discuss its applications.
Methods A retrospective review was conducted on 12
consecutive patients. Surgical complications, visual and
endocrinological functions, and tumour control were reviewed.
Results There were four men and eight women, with a
mean age of 47.6 years. All but one patient had non-
functioning PAs. The mean tumour height was 4.1 cm
(range: 2.3-5.5). The predominant presenting symptoms
were visual field loss in eight patients, headache in three
patients and mental confusion in one patient. There was no
operative mortality. Post-operative cerebrospinal fluid leak-
age occurred in one patient. Five of the eight patients who
presented with visual field loss achieved full recovery, and
three had partial improvement. Two patients developed
permanent diabetes insipidus after surgery. Panhypopitui-
tarism occurred in one patient. Gross total removal (GTR)
was achieved in five, and subtotal removal (STR) in seven
patients. Seven patients received post-operative external
irradiation. All patients who had GTR remained tumour-
free and all those with STR had stable diseases after a mean
follow-up period of 53.1 months (range: 14.1-92.1).
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Conclusion The simultaneous ‘above and below’ approach is
a safe and effective surgical strategy for large-to-giant PAs,
particularly when expertise in endoscopic transsphenoidal
surgery is unavailable. Its use, however, should be limited to a
carefully selected group of patients, and tailored to individual
user’s expertise and experience.

Keywords Pituitary adenoma - Transsphenoidal -
Craniotomy - Surgical approach - Complications

Introduction

Surgery for large-to-giant pituitary adenomas (PAs) is
technically challenging. Although the transsphenoidal ap-
proach has been widely adopted as a safe and effective
method for the removal of the majority of PAs, large lesions
may still present with considerable difficulties [1, 5, 8, 12,
13, 35]. Some of the large PAs may have a fibrous
consistency or an ‘hour-glass’ configuration, rendering
complete removal through the transsphenoidal route alone
difficult and hazardous. With incomplete removal, a
residual suprasellar tumour mass may be complicated by
haemorrhages at the early post-operative period, resulting in
acute hydrocephalus or optic nerve compression. The
transcranial approach is effective for the removal of a
suprasellar tumour mass but provides only limited visual-
ization of the intrasellar region. Since some of the large PAs
may be highly vascular, a direct transcranial attack may be
associated with significant bleeding within the intradural
space. Previous studies have reported high operative
mortality and morbidity rates using the transsphenoidal or
the transcranial approach alone [9, 14, 31, 32].

Several alternative approaches have been described,
including the extended endoscopic transsphenoidal approach

@ Springer



1402

Acta Neurochir (2011) 153:1401-1408

[4, 17], the staged transsphenoidal approach [1], the staged
transcranial-transsphenoidal approach [2], the combined
endoscopic transsphenoidal transventricular approach [10,
24, 25], and the simultaneous combined transcranial and
transsphenoidal approach [2, 7, 19]. The latter, in particular,
has the advantage of achieving radical tumour removal in a
single setting of general anaesthesia. We report our experi-
ences with this simultaneous ‘above and below’ technique,
and discuss its advantages and limitations.

Materials and method

A retrospective study was conducted on 12 consecutive
patients who underwent simultaneous combined micro-
scopic transsphenoidal and transcranial surgery for the
removal of PAs between January 2000 and December 2008.
The diagnosis of PA was made on magnetic resonance
imaging (MRI) and confirmed histologically. All giant PAs
(>4 cm in height) were approached with this technique
during the study period. For large PAs (>2 cm and <4 cm in
height), this approach was used when there was significant
lateral suprasellar or third ventricular tumour extension,
and/or an hourglass configuration.

The anatomical classification of PA described by Wilson
et al. [34] was adopted. The relationship of the PA to the
sella and sphenoidal sinus was graded as I (normal sella), I
(enlarged sella), III (localized sellar perforation), IV
(diffuse sellar destruction), and V [cerebrospinal fluid
(CSF) or blood-borne spread]. Extrasellar extension was
staged as 0 (none), A (occupying cistern), B (third
ventricular obliteration), C (grossly displaced third ventri-
cle), D (intracranial parasellar extension), and E (extradural
parasellar extension).

Patients’ pre-operative and post-operative (6-month)
visual and endocrinological functions, and surgical compli-
cations were reviewed. The first follow-up MRI was
performed three months after surgery. Gross total removal
(GTR) and subtotal removal (STR) were defined as the
absence or presence of contrast-enhancing lesions on the
first post-operative MRI, respectively. Thereafter, MRI was
performed 12-monthly for patients with GTR, and 6-
monthly for those with STR. Tumour control and the
patients” Karnofsky Performance Score (KPS) were
assessed upon the latest follow-up.

Surgical technique

The tumour was approached both transcranially and trans-
sphenoidally under a single setting of general anaesthesia.
Prophylactic broad spectrum antibiotics (ceftriaxone and
metronidazole) were given on induction and continued for 3
days post-operatively. Each of the transsphenoidal and
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transcranial phases had its own surgeon, scrub nurse,
operating microscope and set of instruments. The trans-
sphenoidal surgeon stood on the right side of the patient
while the transcranial surgeon was seated at the head end.
The two operative fields were separate by a vertical drape
to minimize contamination.

The transcranial approach was conducted through the
anterior interhemispheric route (ten patients) or the sub-
frontal route (two patients). The patient’s head was
positioned using a Mayfield clamp in the neutral position
for the former, or turned to the side for the latter. The
transsphenoidal phase was performed using either the
sublabial transseptal route (ten patients) or the transnasal
route (two patients).

After the initial opening, two operating microscopes
were brought into position (Fig. 1). The tumour was
exposed on the cranial side, but every effort was made to
avoid breaching the tumour capsule in order to minimize
the amount of bleeding within the subarachnoid space. The
cranial surgeon’s role was to deliver the tumour down
towards the sphenoidal sinus, to dissect the tumour capsule
from adjacent intradural structures, and to protect the latter
against the transsphenoidal surgeon’s manipulations, which
may at times extend well up rostrally. The tumour capsule
was opened on the transsphenoidal side, followed by
tumour debulking with suction and curettage. In all of our
cases, the intrasellar and intradural tumour bulks were
removed completely. Figure 2 illustrates tumours that were
removed using this technique.

The subsequent skull base defect was repaired with
abdominal fat graft. Again, the cranial surgeon served to
prevent against over-enthusiastic packing by the trans-
sphenoidal surgeon. The rest of wound closure was
performed in the standard manner. A subgaleal suction

Fig. 1 The setting in the operating room, with two microscopes
positioned to allow the simultaneous participation of the transcranial
and transsphenoidal surgeons
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Fig. 2 Pre-operative contrasted
T1-weighted MRI studies illus-
trating tumours which were re-
moved using the combined
technique. The patient numbers
correspond to those in Table 1. a
Patient 4, b patient 5, ¢ patient
9, d patient 11, e patient 12

drain was inserted on the cranial side, and the nasal
passages were packed for one to two days. No lumbar
drain was used. All patients received post-operative care in
the intensive care unit. Except for those patients who had
previous irradiation therapy, all were offered post-operative
fractionated external irradiation as adjuvant treatment.

Results

Patient characteristics

There were four (33.3%) men and eight (67.7%) women,
with a mean age of 47.6 years (range: 32—79) (Table 1).
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Table 1 Patient characteristics and operative procedures

Patient  Sex/age  Symptoms Tumor size Tumor  Cranial Transsphenoidal ~ Extent of  Operation time
no. (years)/ (cm)* grade®  approach approach removal (mins)
1 F/54 BTH 3.0x3.2x4.5 mc AIH Sublabial GTR 420

2 F/45 HA 29x25x44 1 E Subfrontal ~ Sublabial STR 360

3 M/41 HA 2.8%x2.3%x2.3 11 D Subfrontal ~ Sublabial GTR 400

4 M/62 BTH 3.0%4.1x5.2 11 D AIH Sublabial GTR 380

5 F/62 Acromegalic features, BTH  3.3x2.6.3.6 IIE AIH Sublabial STR 460

6 M/47 HA 3.0x3.5%x5.5 IIE AIH Sublabial STR 370

7 F/32 BTH 3.0x3.7x3.1 I E AIH Transnasal STR 380

8 F/65 BTH 3.2x22x29 IIE ATH Sublabial STR 350

9 F/58 BTH 33x22x50 IVC AIH Sublabial GTR 450
10 F/52 BTH 3.6x4.4%x4.6 IVE AIH Sublabial STR 210
11 M/79 Confusion 20x1.8.x28 1IIC AIH Transnasal GTR 300

12 F/34 BTH 3.7x3.6%x5.3 IVE AIH Sublabial STR 360

AIH anterior interhemispheric, BTH bitemporal hemianopia, GTR gross total removal, H4 headache, RT external radiotherapy, STR subtotal

removal
#Width x length x height
°Modified Hardy’s grading staging

Eleven patients had non-functioning PAs and one had a
growth-hormone-secreting tumour. The mean tumour
height was 4.1 cm (range: 2.3-5.5). Nine were grade III
tumours and three were grade IV tumours. The numbers of
stage C, D and E tumours were three, two and seven,
respectively. Three cases were recurrent tumours with
previous transsphenoidal surgery and radiotherapy per-
formed. The predominant presenting symptoms were visual
field loss in eight, headache in three, and mental confusion
in one patients.

Operative procedures and complications

The transcranial approach was anterior interhemispheric in
ten patients and subfrontal in two patients (Table 2). The
transsphenoidal approach was sublabial transseptal in ten
patients and transnasal in two patients. The mean operation
time was 370 min (range: 210—460).

There was no operative mortality. One patient died
28 months after surgery due to an unrelated cause. One
patient (8.3%) had post-operative CSF leakage, which was
successfully treated with lumbar drainage. One patient
(8.3%) developed deep vein thrombosis without pulmonary
complication, and was successfully managed with an
inferior vena caval filter and anticoagulation. No patient
suffered from meningitis, hydrocephalus or new onset of
cranial nerve palsy.

Of all eight patients who presented with visual field loss,
five (62.5%) achieved full visual field recovery, and three
(37.5%) had partial improvement. None experienced
worsening of vision. All four patients who presented with
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headache and confusion had symptomatic improvement
after surgery. Four patients developed diabetes insipidus
(DI) after surgery—two were transient (16.7%) and two
permanent (16.7%). Panhypopituitarism occurred in one
patient. Three other patients had new onset of isolated
anterior pituitary deficiencies. All patients had KPS of 70 or
above upon the last follow-up.

Tumour control

Based on the first post-operative MRI, GTR was achieved
in five (41.7%, all stage C or D lesions), and STR in seven
patients (58.3%, all stage E lesions). Three patients
received previous external radiotherapy and were not
offered further irradiation. Of the remaining nine patients,
seven received post-operative fractionated external irradia-
tion and two declined it. The mean follow-up period was
53.1 months (range: 14.1-92.1). Upon the last follow-up,
all five patients who had GTR remained tumour-free, whilst
all patients with STR had stable residual diseases. The one
patient with acromegaly had STR and continued to receive
bromocriptine for biochemical control.

Discussion

Large and giant PAs are difficult to remove safely. The
operative mortality rates have been reported to be as high as
25% for transcranial resection and 14% for transsphenoidal
resections [31]. Advancement in neurosurgical techniques
has led to an improvement in outcome. Sinha et al. [28]
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Table 2 Patients’ post-operative outcome

Patient Visual New permanent Surgical Post-  Tumour KPS FU duration  Remarks
no. function hormonal deficit complication op RT status (months)
1 Normal DI, |ACTH None Yes Tumour- 90 109 None
free
2 Normal None None No Stable 90 104 Recurrence after previous
residue transsphenoidal removal and RT
3 Normal None None No Tumour- 90 105 Recurrence after previous
free transsphenoidal removal and RT
4 Normal DI None Yes Tumour- 80 28 Died 28 months later from unrelated
free cause
5 Residual left Panhypopituitarism  None Yes Stable 90 93 Biochemical remission with
HeAn residue bromocriptine
6 Normal None CSF leakage  Yes Stable 90 65 None
residue
7 Normal None None No Stable 100 63 Patient refused RT
residue
8 Improved None None No Stable 80 55 Recurrence after previous
BTH residue transsphenoidal removal and RT
9 Normal |TSH Deep vein Yes Tumour- 100 54 Deep vein thrombosis treated with
thrombosis free caval filter.
10 Residual left |ACTH None Yes Stable 100 24 None
HeAn residue
11 Normal None None No Tumour- 70 24 Patient refused RT
free
12 Normal None None Yes Stable 100 26 None

residue

ACTH adrenocorticotropic hormone, BTH bitemporal hemianopia, CSF cerebrospinal fluid, DI diabetes insipidus, FU follow-up since surgery,
HeAn hemianopia, KPS Karnofsky Performance Score, RT external radiotherapy, 7SH thyrotropic stimulating hormone

reported the surgical outcomes of 250 patients with giant
PAs. Near-total (>90%) tumour removal was achieved in
74% and improvement of vision in 53% of patients. The
mortality and morbidity rates were 4.4% and 14%,
respectively. Xue-Fei et al. [35] treated 54 patients with
large PAs using a variety of surgical approaches and
achieved complete tumour removal in 21% of cases. The
peri-operative mortality rate was 7.9%. In another series of
111 patients, Mortini et al. [21] reported a mortality rate of
2.7%. The incidences of ‘major’ complications (e.g. cranial
nerves, hypothalamic and vascular injuries, CSF leakages
and tumour haemorrhages), and ‘minor’ complications (e.g.
endocrinological) were 18% and 26%, respectively. Using
the same categorization, the incidences of ‘major’ and
‘minor’ complications in our present series were compara-
ble at 8.3% and 25%, respectively. The extent of removal in
our series, however, was comparatively lower, which was
probably due to our conservative approach towards tumours
within the cavernous sinuses.

The transsphenoidal approach is the treatment of choice
for the majority of PAs. But for tumours that arise in or
extend into the suprasellar region, transsphenoidal surgery
is generally contraindicated when there is a normal-sized
sella turcica, normal pituitary function, or adherence of the

tumour to major intracranial structures [6, 12, 14, 18]. A
tumour that is fibrous in consistency or has an hour-glass
configuration may also be difficult to remove completely
with a single transsphenoidal procedure [20]. Lumbar
subarachnoid saline or air injection may be used to facilitate
the descent of the suprasellar tumour bulk into the sella, but
the method is effective only in a subgroup of patients [29,
37]. In a prospective study, Honegger et al. [11] demon-
strated that the vertical intracranial extension, and an
irregular or multilobular configuration, were significant
and independent predictors for incomplete resection. To
address this, the two-staged transsphenoidal approach has
been advocated, in which, after the removal of the
intrasellar tumour component, the suprasellar residual
tumour was given time to descend and then removed by a
second-stage transsphenoidal procedure [1, 26, 31]. The
disadvantages of this approach include the need for two
operations and the potential risks of tumour swelling and
haemorrhages after the first-stage surgery.

The introduction of endoscopic transsphenoidal surgery
has revolutionized the treatment of sellar tumours [4]. It has
been shown to be safe and effective, and is now an arguably
standard therapy for the majority of PAs. But despite the
vastly improved illumination and visualization provided by
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the use of endoscopes, a giant or invasive PA is amenable to a
single-stage removal by a limited number of experts only [30].
Wang et al. [33] reported an 80% total resection rate in a
series of 64 patients without mortality or tumour recurrence.
Similarly, Sanai et al. [27] reported a GTR rate of close to
50%, with no incidence of CSF leakage, new panhypopitui-
tarism or worsening of vision. Nakao et al. [23] treated 43
patients using the endoscopic endonasal approach and an
intracapsular resection technique. Gross total removal was
achieved in close to 50% of cases and there was no major
complication. While the indications for endoscopic pituitary
surgery are expanding, its use and limits for the treatment of
huge PAs are yet to be defined. The extended endoscopic
transsphenoidal approach, in particular, is a technically
demanding technique. It requires specialized and advanced
training, and may not be readily acquired by surgeons
without the necessary case volume [4].

For many, the transcranial approach continues to play a
role in the management of PAs inaccessible from the
transsphenoidal route alone [36]. When compared with the
transsphenoidal approach, there is a trend towards greater
visual improvement, but the benefit may be offset by a
greater risk of post-operative pituitary dysfunction [22].
The disadvantages of the transcranial approach include the
amount of brain retraction required and the limited
visualization of the intrasellar area ['*]. In our experience,
a transcranial resection of vascular tumours may also be
associated with significant bleeding within the intradural
space. This may further obscure the surgical view, and
potentially increase the risks of brain swelling and
hydrocephalus. One of the advantages of our simultaneous
combined approach is that tumour bleeding would occur
predominantly on the transsphenoidal side. The transcranial
surgeon only serves to deliver the tumour bulk towards the
sella, and to protect the intradural structures.

Loyo et al. [19] first described the combined supra-sellar
and infra-sellar approach in 1984 for the resection of very
large PAs, and advocated it as superior to either the
transsphenoidal or the intracranial approach alone. Case
reports on the use of the ‘above and below’ approach for a
large craniopharyngioma [16], and a PA with lateral
ventricle extension have been described [10]. To our
knowledge, there are two reported case series on the
combined approach for large-to-giant PAs. Alleyne et al.
[2] reported a GTR rate of 40% in a cohort of ten patients.
More than half of those who presented with pre-operative
visual field loss experienced complete recovery. Permanent
DI occurred in 20% of patients. In D’Ambrosio et al.’s
series [7], GTR was achieved in six out of 11 patients
(55%). Seven patients (64%) experienced visual improve-
ment post-operatively and no major complication occurred.
Panhypopituitarism was observed in four and persistent DI
in two patients. The authors of these two series focused
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mainly on early operative outcomes but not tumour control.
Our present study yielded similar early outcomes. In
addition, we were also able to demonstrate satisfactory
medium-term tumour control. Admittedly, the use of up-
front fractionated external irradiation, instead of radio-
surgery, in our series warrants careful scrutiny in view of
the former’s potential side-effects. This is a limitation of
our treatment paradigm that needs to be improved.

Conceptually, we consider this technique to be a
posterior extension of that of craniofacial resection for
anterior skull base tumours, in that lesions which occupy
two adjoining skull base compartments are best approached
simultaneously from both compartments for maximal
tumour removal and safety [15]. Although pathologically
very different, these two disease groups may exhibit similar
morphological features, such as close adherence to intra-
cranial structures, irregular configurations and extensive
skull base destruction. Technically, we favour the anterior
inter-hemispheric route for the transcranial phase because it
provides a better view of the parasellar region bilaterally.
The subfrontal or pterional route, on the other hand,
requires some head-turning, which may potentially disori-
entate the transsphenoidal surgeon.

One of the main goals of surgery for huge PAs is optic
nerve/chiasm decompression, for which the combined
approach appears to be a safe and effective method. The
main advantages of our technique include the need for only
one procedure, the protection offered by the transcranial
surgeon, and the avoidance of complications potentially
caused by any residual suprasellar tumour bulk. The main
disadvantages include the involvement of two operative
fields, the doubling of staff and instruments required, the
long operating time, and the potential complications of a
craniotomy. The need for two operating microscopes,
however, may be obviated by the use of endoscopes for
the transsphenoidal phase of the procedure. More recently,
an alternative ‘above and below’ approach has been
described by several authorities for the treatment of PAs
with significant third ventricular extensions. It uses a
simultaneous endoscopic transsphenoidal-transventricular
technique and therefore obviates the need for a craniotomy
[10, 24, 25].

In terms of tumour control, stage C (grossly displaced
third ventricle) and D (intracranial parasellar extension) are
potentially amenable to total removal with our technique;
stage E (extradural parasellar extension) lesions may
require a more extensive extradural approach. However,
being a retrospective case series, this report may suffer
from case selection bias, suboptimal data collection, and the
lack of a control cohort for outcome analysis. The optimal
treatment of large-to-giant PAs is likely to require a more
tailored approach, based on individual patients’ conditions
and the surgeons’ experiences and abilities. A multi-
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modality management strategy should be adopted to take
full advantages of the benefits provided by surgery and
radiotherapy [8]. The use of intra-operative MRI may also
significantly improve resection rate and safety [3]. Our
combined approach represents only one of the many
surgical strategies that can be used in dealing with these
challenging PAs, particularly when expertise in endoscopic
surgery is unavailable.

Conclusion

Large and giant PAs are challenging lesions. Although many
experienced surgeons would be able to remove these tumours
endoscopically through the transsphenoidal route alone, the
necessary expertise is not easy to acquire. The present study
demonstrates that the simultaneous transcranial transsphenoi-
dal approach is a safe and feasible alternative. It requires
teamwork and more readily available technical skills from the
transcranial and transsphenoidal surgeons. Its use, however,
should be limited to a carefully selected group of patients, and
tailored to individual users’ expertise and experiences.
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Comment

In managing a huge and multilobed tumour, the surgeon accepts that the
now generally adopted transsphenoidal approach is going to run the risk
ofleaving benign tumour in the suprasellar space and, of course, invading
the cavernous sinus and that residual will cause problems with swelling
and haemorrhage in a few. The question is how to manage them.

I can accept the occasional need to link cranial and transsphenoidal

surgery, but my problem is why there is a need to do them both
together, exactly at the same time. Why not do the transsphenoidal and
go on, if absolutely necessary, at the same sitting. The transsphenoidal
is so quick, and all I could see is the cranial part getting in the way.

Michael Powell
London, UK
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Abstract

Purpose Although posterior lumbar interbody fusion
(PLIF) using stand-alone cages was a popular arthrodesis
method, the effectiveness of using such cages has been
questioned. We assessed retrospectively the long-term
clinical and radiological outcomes of PLIF surgery using
stand-alone cages for the treatment of degenerative lumbar
spine disease, the incidences of pseudoarthrosis, and its risk
factors.

Methods Between May 2000 and May 2005, we performed
surgery on 211 patients with degenerative lumbar disease.
Among those patients, 180 were clinically and radiologi-
cally followed for more than 60 months. All 180 patients
underwent postoperative follow-up X-rays, including a
dynamic view after 3, 6, 12, 24, and 60 months, and
computed tomography (CT) after 24 months. The clinical
outcomes were analyzed using the mean numeric rating
scale (NRS), Oswestry Disability Index (ODI), and Odom’s
criteria. The factors affecting the clinical success and non-
fusion were also analyzed.

Results The mean NRS scores for the back and leg were
7.1 and 6.9 preoperatively, and 3.0 and 2.7 at 60 months
postoperatively, respectively. The ODI decreased from 29.5
preoperatively to 14.1 at 60 months postoperatively. The
clinical success rate was only 74.4% in the Odom’s criteria,
and the significant factor affecting the clinical success was
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radiological fusion. The radiological fusion assessment at
24 months postoperatively indicated success at 167 levels
(85.2%) and failure at 29 levels (14.8%). Disc height
changed from 10.25 mm preoperatively to 15.02 mm
immediately postoperatively, and gradually decreased to
12.28 mm for 60 months after surgery. The gradual
decrease was statistically significant (p<0.001). The seg-
mental angle changed from 13.59° preoperatively to 12.85°
immediately postoperatively, and to 12.76° 60 months after
surgery. There was no statistically significant change of the
segmental angle during any time (p>0.05).

Conclusion The use of PLIF with stand-alone threaded
cages in degenerative lumbar disease patients resulted in a
long-term clinical success rate of 74.4%. Although the
radiological fusion rate was 85.2%, continuous reduction of
disc height and poor alignment preservation were observed.
We conclude, therefore, that PLIF using only stand-alone
cages is a poor surgical option for achieving good
alignment and disc height restoration in patients with
degenerative lumbar disease.

Keywords Posterior lumbar interbody fusion - PLIF -
Expandable threaded cages - Pseudoarthrosis - Risk factor-
Stand-alone

Introduction

Posterior lumbar interbody fusion (PLIF) using stand-alone,
cylindrical, threaded cages was a popular arthrodesis
method for the surgical treatment of degenerative lumbar
spine diseases [I, 8, 12-14, 16, 18]. However, the
effectiveness of such cages has been questioned, with some
investigators claiming that supplementary posterior fixation
is required in order to produce better long-term clinical

@ Springer



1410

Acta Neurochir (2011) 153:1409-1416

— e

After Expansion

Before Expansion

$ — 8

Before Expansion

After Expansion
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results [2, 5, 15, 17, 19]. Therefore, the use of stand-alone
cages has sharply declined during the past few years.

Our study examined the long-term clinical and radiological
outcomes following the use of PLIF with stand-alone,
expandable, threaded cages for patients with degenerative
lumbar spine diseases. We assessed the relationship between
the clinical and radiological outcomes, and analyzed the
factors affecting the occurrence of pseudoarthrosis.

Materials and methods

Surgery was performed at our medical center between May
2000 and May 2005 by a single surgeon on 211 patients
with degenerative lumbar disease. Of those patients, 180
(85 male and 95 female) were clinically and radiologically
followed for more than 60 months. The other 31 patients
were excluded as they were lost during follow-up. The
mean follow-up period was 94 months, and the minimum
period was 60 months. All study patients had symptoms of

Fig. 2 a Lumbar spine lateral A
view. The intervertebral disc
height is calculated by dividing
the sum of anterior and posterior
intervertebral disc heights by 2
(a+b/2). b Disc height changed
from 10.25 mm preoperatively
to 15.02 mm immediately post-
operatively, and gradually de-
creased to 12.28 mm at

60 months following surgery

@ Springer

radiculopathy which was unresponsive to a minimum of 3
months of conservative treatment. The inclusion criteria
included a grade 1 degenerative spondylolisthesis (n=47,
26.1%), degenerative stenosis with instability (n=52,
28.9%), recurrent disc herniation (n=69, 38.3%) and others
(n=12, 6.7%), including discogenic back pain, huge disc
herniation, and foraminal stenosis. The exclusion criteria
were previous fusion at the involved level(s), systemic
infection, metabolic bone disease, circulatory problems,
symptomatic cardiac disease, malignancy, and isthmic
spondylolisthesis.

The Tyche cage (Kyungwon Medical, Korea) which we
used is made so it can expand and anchor with a thread
between the endplates. The difference between the anterior
and posterior height gives the cage a 7°, angulated, lordotic
shape (Fig. 1).

We performed subtotal laminectory or bilateral partial
hemi-laminectomy at the involved level(s) and attempted to
preserve the facet capsule in all patients. After identifying
the correct surgical level(s), discectomy was performed in
the usual manner. After bone chips, which were obtained by
laminectomy or iliac harvest, were inserted into the disc
space, two cages with proper size were then inserted and
expanded under fluoroscopic guidance. After remaining
bone chips were filled into the cages, then we identified
complete packing of the bone chips with a direct visuali-
zation and impaction during a thecal sac retraction. On
postoperative day 2, patients were allowed to stand without
assistance. They were advised to maintain lumbosacral
orthosis for 2 months postoperatively.

Patient medical records were reviewed up to 60 months
postoperatively, with additional information obtained via
telephone interviews conducted by persons not associated
with the present study. All patients underwent follow-up X-

Mean Disc Height (mm)

preop postop 1M M &M 12M 3Y 5Y
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Fig. 3 a Lumbar spine lateral
view. The angle between the
superior and inferior endplates
of the adjacent vertebrae is the
degree of segmental angle (C). b
The segmental angle changed
from 13.59 mm preoperatively
to 12.85 mm immediately post-
operatively, and to 12.76 mm at
60 months following surgery

rays, including a dynamic view, at 3, 6, 12, and 24 months,
and a last follow-up at more than 60 months postoperative-
ly, and a computed tomography (CT) scan at 24 months
postoperatively.

Clinical outcomes were analyzed using the mean
numeric rating scale (NRS), Oswestry Disability Index
(ODI), and Odom’s criteria. Changes in the disc height,
defined as the average of the anterior and posterior height
on plain radiographs, were assessed (Fig. 2a). Changes in
the segmental angle between the superior and inferior
endplate of adjacent vertebrae, as seen on plain radio-
graphs, was assessed (Fig. 3a). All measurements were
performed preoperatively and postoperatively. Interbody
fusion was also assessed using dynamic X-rays and CT
scan. The fusion criteria included stability on the dynamic
view (angular difference <3°), absence of a halo, and
formation of a contiguous, bony bridge. We determined that
the fusion occurred only in those cases that satisfied all of
the criteria.

The factors affecting the clinical outcomes and non-fusion
were also analyzed using univariate and multivariate logistic
regression. Linear mixed models and Wilcoxon signed rank

Mean segmental angle (")

16 4

15

14

13

12+

11

10

T T T T T T T T
preop postop

tests were used for statistical analysis. A p value<0.05 was
considered to indicate statistical significance.

Results

The mean NRS scores for the back and leg were 7.1 and 6.9
preoperatively, and 3.0 and 2.7 at 60 months postopera-
tively, respectively. These decreases were found to be
statistically significant. The ODI decreased from 29.5
preoperatively to 14.1 at 60 months postoperatively. Out-
comes according to Odom’s criteria were excellent in 27
(15.0%) cases, good in 107 (59.4%) cases, fair in 33
(18.3%) cases and poor in 13 cases (7.2%). Therefore, the
clinical success rate was 74.4% (the sum of the excellent
and good outcomes) (Table 1).

The total number of surgical levels involved was 196,
including 169 at one level, 12 at two levels, and one at
three levels. Radiological fusion assessment at 24 months
postoperatively indicated success at 167 levels (85.2%) and
failure at 29 levels (14.8%). Disc height changed from
10.25 mm preoperatively to 15.02 mm immediately

Table 1 Clinical outcomes for

PLIF patients Preoperative Postoperative 60 months p value
NRS for back pain 6.94+3.72 3.0+£1.43 <0.001
NRS for leg pain 7.1£2.49 2.7+1.77 <0.001
ODI 29.5+5.12 14.1£1.51 <0.001

Outcomes based on Odom’s criteria
Excellent
Good
Fair
NRS numeric rating scale, ODI
Oswestry Disability Index

Poor

27 (15.0 %)
107 (59.4%)
33 (18.3%)
13 (7.2 %)
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Table 2 The results of univari-

ate logistic regression analysis Factor Character The number of cases in Odds ratio  p value
to identify factors associated which clinical success or
with clinical outcomes failure occurred
Success (n=134) :
failure (n=46)
Age >60 years 89 : 31 cases 1.04 0. 871
<60 years 45 : 15 cases
Gender Male 64 : 21 cases 0.92 0.794
Female 70 : 25 cases
Type of laminectomy STL 71 : 27 cases 1.26 0.535
Bi. PHL 63 : 19 cases
Bone graft Local bone 91 : 34 cases 1.34 0.541
Iliac bone 43 : 12 cases
Number of surgery levels =2 10 : 3 cases 0.87 0.355
1 124 : 43 cases
Smoking Smoker 20 : 10 cases 1.58 0.832
Non-smoker 114 : 36 cases
Chronic alcoholism Yes 9 : 1 cases 0.31 0.797
No 125 : 45 cases
Osteoporosis (T-score <—2.5) Yes 20 : 5 cases 0.70 0.973
No 114 : 41 cases
Type 2 DM Yes 12 : 8 cases 2.14 0.707
No 122 : 38 cases
Physical labor in daily activity ~ Yes 38 : 7 cases 0.45 0.607
No 96 : 39 cases
Body mass index (BMI) BMI>27 kg/m> 50 : 12 cases 0.59 0.941
BMI<27 kg/m* 84 : 34 cases
Diagnosis Recurrent HNP 55 : 14 cases 0.76 0.860
Clinical success excellent or Spondylolisthesis 33 : 14 ases 1.27
goF)d. status. mn Odpm § criteria, Stenosis 37 : 15 cases 1.22
Clinical failure fair or poor status
in Odom’s criteria, STL subtotal Others 9 : 3 cases
laminectomy, Bi. PHL bilateral Pain duration >6 months 85 : 31 cases 1.19 0.540
partial hemi-laminectomy, <6 months 49 : 15 cases
Chronic alcoholism >40 g alco-  Radiological fusion Yes 120 : 36 cases 0.42 0.039
hol/day, Type 2 DM diagnosed No 14 : 10 cases

with type 2 diabetes mellitus

postoperatively and gradually decreased to 12.28 mm for
60 months after surgery. This gradual decrease was
statistically significant (»<0.001) (Fig. 2b). The segmental
angle changed from 13.59° preoperatively to 12.85°
immediately postoperatively and to 12.76° 60 months after
surgery. There was no statistically significant change of the
segmental angle during any time (p>0.05) (Fig. 3b).

We assessed whether the clinical outcome was associated
with any of the following factors : age; gender; type of
laminectomy; kind of bone graft; surgical level; smoking
history; chronic alcoholism; osteoporosis; type 2 diabetes

mellitus (DM); physical activity; body mass index (BMI);
preoperative diagnosis; length of pain duration; radiological
fusion success. Among these factors, only the radiological
fusion success showed only a significant, clinically favor-
able outcome on the univariate logistic regression test (p=
0.039) (Table 2).

Clinical success according to Odom’s criteria was
achieved in 120 (76.9%) fusion patients (n=156) and in
14 (58.3%) non-fusion patients (n=24). This difference of
clinical success between the two groups, i.e., fusion and
non-fusion patients, was statistically significant according

Table 3 The results of

multivariate logistic regression Factor Character ~ The number of cases in which Rate of success (%)  p value
analysis to identify factors as- clinical success or failure occurred
sociated with clinical outcomes Success (n=134) : failure (n=46)
Radiological fusion  Yes 120 : 36 cases 76.9 0.047
No 14 : 10 cases 58.3
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Table 4 The results of univari-
ate logistic regression analysis Factor Character The number of levels at which  Odds ratio  p value
to identify factors associated fusion or non-fusion occurred
with non-fusion Fusion (n=167) : non-fusion
(n=29)
Age >60 years 74 : 11 levels 0.77 0.180
<60 years 93 : 18 levels
Gender Male 82 : 12 levels 0.73 0.174
Female 85 : 17 levels
Type of laminectomy STL 93 : 20 levels 1.77 0.160
Bi. PHL 74 : 9 levels
Bone graft Local bone 114 : 24 levels 2.23 0.140
Iliac bone 53 :5 levels
Number of surgery >2 18 : 9 levels 3.73 0.002
levels 1 149 : 20 levels
Smoking Smoker 26 : 5 levels 1.13 0.696
Non-smoker 141 : 24 levels
Chronic alcoholism Yes 11 : 2 levels 1.05 0.724
No 156 : 27 levels
Osteoporosis (T-score <—2.5) Yes 30 : 6 levels 1.19 0.190
No 137 : 23 levels
Type 2 DM Yes 19 : 10 levels 4.10 0.007
No 148 : 19 levels
Physical labor in daily Yes 48 : 13 levels 2.01 0.092
activity No 119 : 16 levels
Body mass index (BMI) BMI >27 kg/m® 65 : 12 levels 1.10 0.326

BMI <27 kg/m?

101 : 17 levels

to the multivariate logistic regression test (p=0.047)
(Table 3).

We then examined whether the radiological fusion was
associated with any of the following factors: age; gender;
type of laminectomy; kind of bone graft; surgical level;
smoking history; chronic alcoholism; osteoporosis; type 2
DM; physical activity; BMI. We found that surgery at
multiple levels and having type 2 DM were both associated
with fusion failure (p=0.008 and 0.027) (Tables 4 and 5).

Surgery-related complications occurred in 11 (6.1%)
patients and consisted of symptomatic, junctional degener-
ation (five patients), infection (three patients), dura tear
(two patients), and postoperative hematoma (one patient).
In addition, post-operative paresthesia of the leg occurred in
20 patients, with a maximum duration of 6 days.

Figures 4 and 5 show the patients approved for radiolog-
ical fusion and non-fusion according to our fusion criteria.

Table 5 The results of multivariate logistic regression analysis to
identify factors associated with non-fusion

Factor Character Odds ratio p value
Number of surgery levels >2 3.74 0.008
1
Type 2 DM Yes 323 0.027
No

Discussion

Although several previous reports have advocated the use
of stand-alone cages for PLIF [1, 8, 12-14, 18], the
opposite opinion does have common sense regarding the
efficacy and stability of that approach compared with PLIF
with pedicle screws [2, 5, 15, 17, 19]. Our study examined
the long-term clinical and radiological outcomes of a large
series following PLIF using stand-alone cages.

Although there was an overall improvement in pain and
the ODI, our clinical success rate was only 74.4%. This rate
compares poorly with rates reported in other studies
advocating the use of stand-alone cages and indicates that
a significant proportion of our patients had prolonged or
recurrent discomfort.

The present study’s radiological fusion success rate was
85.2%. Other studies assessing interbody implants without
pedicle fixation have reported fusion rates of between 83%
and 100% [6, 9, 10]. A review of the literature indicates
that a large discrepancy exists between radiological success
rates, as manifested by radiological fusion, and clinical
success rates. Many studies question the ability of the
current techniques to accurately diagnose pseudarthrosis,
thereby suggesting that previously reported fusion rates
might be incorrect and too high [3, 7]. So, we checked all
of our patients’ CT scans and dynamic X-rays and
determined that radiological fusion was successful only in
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Fig. 4 a, b The CT image of the patient approved fusion. Bone bridge indicating fusion is seen around cage. ¢, d Dynamic X-ray lateral views, i.e.,
flexion and extension views, of the same patient. Bone bridge is also seen (red arrows). Motion is not observed on these two images

those cases that satisfied all of the provided fusion criteria
so as to reduce any potential bias. We then found that more
sucessful clinical outcomes were only possible with
radiologically fused vertebrae. This result showed that the
attempt to make a complete fusion after decompression is
necessary. In order to elevate the fusion rate, adding pedicle
screws to our surgical procedure may be an option. We also

believe that the use of pedicle screws can also offer better
clinical outcomes than stand-alone PLIF surgery.

The present study sought to identify factors associated
with non-fusion. In our analysis, a number of factors
revealed that multiple levels of surgery and type 2 DM
were risk factors for non-fusion. Previous studies of PLIF
surgery using threaded, stand-alone cages reported that the

Fig. 5 a, b X-ray lateral views, i.e., postoperative 12 and 24 months, of the patient who approved non-fusion. Halo is seen around cage (red
arrows). ¢ The 24-month postoperative CT image of the same patient. Endplate erosion is seen (red arrows)
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risk factors for pseudoarthrosis included the failure to
achieve adequate distraction, Type 2 DM, use of local bone
chips rather than the iliac bone chips, cage insertion at too
lateral position, a large amount of facet resection, a small
cage, a small amount of bone graft, and a small amount of
disc excision [3, 4, 6, 14]. Although we attempted to
preserve the facets in all patients, even those with canal
stenosis, we believe that this is sometimes a virtually
impossible task or one that should not even be attempted. In
fact, with severe stenosis it may be better to sacrifice the
facets for interbody fusion and to add pedicle screws rather
than to procure a space and insertion of the spacer at a cost
of too much root and thecal sac retraction. We also believe
that a considerable amount of facet might have been
unintentionally sacrificed in our cases, with the iatrogenic
instability thus possibly causing poor radiological fusion.

The use of stand-alone cages for a lumbar fusion surgery
was reported to be unsuccessful in preserving or re-
establishing segmental lordosis [11]. In contrast, others
reported that the segmental angle increased at postoperative
24 months and that disc height increased immediately
postoperatively and then decreased [8]. Our study found
that the postoperative segmental angle did not preserve the
preoperative segmental angle and the disc height increased
immediately postoperatively and then gradually decreased,
thus indicating cage subsidence. We also believe that this
stand-alone PLIF surgery is less effective for restoring
better sagittal alignment, which can only be obtained by
adequate compression of the posterior column and distrac-
tion of the vertebral plates using pedicle screws. In
addition, continuous loss of disc height is another problem
with the stand-alone cage, and it can be solved with the
addition of pedicle screws.

Considering the poor clinical and radiological results
which were derived from our study with a long-term
followed large series, we concluded that PLIF using
stand-alone cages is a poor surgical option for patients
with degenerative lumbar disease, including grade I
spondylolisthesis, stenosis with instability, and recurrent
disc herniation. The combined use of pedicle screws with
cages may be a solution for these problems and will
guarantee a better radiological fusion rate, which should
then offer a more successful clinical outcome.

In particular, in patients with the known risk factor for
pseudoarthrosis, this surgery should be avoided.

Conclusion

The use of PLIF with stand-alone threaded cages in
degenerative lumbar disease patients resulted in a long-
term clinical success rate of 74.4%. Although the radiolog-
ical fusion rate was 85.2%, the continuous reduction of disc

height and poor alignment preservation were observed. The
clinical outcome was significantly associated with radio-
logical fusion. Our study showed that PLIF using only
stand-alone cages is a poor surgical option for creating
good alignment and height restoration in patients with
degenerative lumbar disease. In particular, in patients with
known risk factors for pseudoarthrosis, such as type 2 DM,
multi-level surgery, etc., PLIF surgery using stand-alone
cages should be avoided.

Conflicts of interest None.
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Comment

This article serves a point. It tells us that the use of stand-alone

PLIFs for the treatment of lumbar DDD is not the current
recommended strategy. The conclusions are somewhat outdated, as I
think that this is nowadays a common assumption. As stated by the
authors, one of the limitations of this technique is that it is less

@ Springer

effective in restoring sagital lordosis than if one adds up pedicular
screws. Lordosis can, in fact, be better obtained at the cost of both the
distraction of the vertebral plates and compression of the screws.

The authors say that they were able to preserve the facets even in
cases with important canal stenosis. In my experience, this is at times
a virtually impossible task or one that should not even be pursued
when attempting an intersomatic fusion. In fact, with severe stenosis it
may be better to sacrifice the facets (with PLIFs) or just one (with
TLIF) than to procure space and the insertion of the spacer at the cost
of too much root and the cal sac retraction. In the text the authors
seem to acknowledge this reality, but they do not add any comments
as to how to deal with the iatrogenic instability it creates.

This is of more relevance given the fact that this is a PLIF stand-
alone procedure which poorly addresses the issue of instability
resulting from facet failure.

This being a personal single surgeon series, one would really need
a similar, even if shorter, series of patients treated for the same
problem with the intersomatic/pedicle screw technique to compare
results with.

Manuel Cunha e Sa
Almada, Portugal
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Abstract

Background The C1 lateral mass and C2 isthmic stabiliza-
tion, as introduced by Goel and Laheri and by Harms and
Melcher, is a well-known fixation technique. We present the
clinical and radiographic results with freehand fluoroscopy
guided CI1 lateral mass and C2 isthmic fixation in a
consecutive series of 28 patients, evaluating the accuracy of
screw placement.

Methods Twenty-eight consecutive patients suffering from
post-traumatic and other C1-C2 instability were operated on
between 2001 and 2010. Indications for surgery were:
trauma (n=21 cases), os odontoideum (n=1), cranio-
verterbal malformation (n=1), and arthritis (»=3) and
idiopathic instability (n=2). C1 lateral mass and C2 isthmic
screws were placed according to the usual anatomical
landmarks with lateral fluoroscopy guidance. All patients
underwent a postoperative CT scan. The extent of cortical
lateral or medial breach was determined and classified as
follows: no breach (grade A), 0—2 mm (grade B), 2—4 mm
(grade C), 4—6 mm (grade D), more than 6 mm (grade E).
Grade A and B screws were considered well positioned.
Results A total of 56 C1 lateral mass and 55 C2 isthmic
screws were placed. Accuracy of screw placement was as
follows: 107 grade A (96.4%), four grade B (3.6%), and no
grade C, D or E. Clinical and radiological follow-up showed
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improvement in symptoms (mainly pain) and stability of the
implants at the end of the follow-up.

Conclusions Freehand fluoroscopy-guided insertion of C1
lateral mass and C2 isthmic screws can be safely and
effectively performed.

Keywords C1-C2 instability- C1-C2 internal fixation -
Computer-assisted spinal surgery - Screw placement

Introduction

C1-C2 instability may result from trauma, tumor, infection,
arthritis, and malformations, and it frequently requires
surgical fixation. Different techniques have been described
in the literature to achieve C1-C2 stabilization. Magerl
introduced transarticular C1-C2 fixation, coupled to poste-
rior wiring and bone grafting. This is considered biome-
chanically the strongest technique with fusion rates
approaching 100% [4, 20]. Nevertheless, it is associated
with a risk of vertebral artery (VA) damage. In order to
reduce this risk and to achieve equivalent stability, first
Goel and Laheri [5], and then Harms and Melcher [6],
introduced a technique in which C1 lateral mass and C2
isthmic/pedicle screws are used [10, 12, 15].

A residual risk remains for any technique in C1-C2
fixation, due to the proximity of the screw trajectory and
the VA, the spinal cord, the internal carotid artery, and the
hypoglossal nerve. Even if the risk of neurological deficit
from VA injury has been calculated to be 0.2% per patient
and 0.1% per screw, the consequence of VA injury can lead
to brain infarction, massive bleeding and even death [32].

Consequently, different intraoperative image-guided sys-
tems have been developed to reduce the risk for malposi-
tioning of the screws [7-9], allowing the surgeon to achieve
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a solid fixation in a safe way. Navigation and robotic
systems are now available in the majority of spine centers,
where so-called “computer assisted surgery” (CAS) is
performed. Potential advantages of CAS are well known:
the ability to plan a preoperative surgical strategy, the
possibility to simulate surgery by advance, the safety of the
procedure, and, when associated with minimally invasive
techniques, less length of hospitalization time for patients,
less postoperative pain and smaller complication rates.
Nevertheless, CAS is apt to inaccuracy as well, which
might be particularly relevant in such a delicate and mobile
region as the cranio-cervical junction [27]. Adequate
preoperative imaging and deep knowledge of anatomical
structures and landmarks are thought be sufficient to
perform surgical fixations in this region.

We therefore analyzed our experience with C1 lateral
mass and C2 isthmic screw fixation in 28 patients to define
placement precision relying on traditional anatomical land-
marks and intraoperative lateral fluoroscopy.

Materials and methods

Twenty-eight consecutive patients, ten male and 18 female,
with a mean age of 59.8 years have been operated on for
C1-C2 instability or painful osteoarthritis in the Department
of Neurosurgery between 2001 and 2010. Twelve of these
patients were included in a previous report with a short
follow-up, and under different viewpoints [19]. C1-C2
instability was caused by: trauma in 21 cases (75%),
malformation in one (3.5%), os odontoideum in one
(3.5%). Three patients (10.7%) suffered from painful
osteoarthritis and two patients (7.1%) had idiopathic C1-C2
instability. Among the 21 trauma cases, the indications for
surgery were: highly unstable fractures (n=9, 42.8%), failure
of conservative treatment with hard collar (n=7, 33.4%),
pseudoarthrosis after anterior screw placement for odontoid
fractures (n=4, 19.1%), and old non-healed odontoid
fracture (n=1, 4.7%) (Table 1).

Preoperative symptoms were: pain (in all), and cervical
myelopathy (in two). Neck pain was classified according to the
visual analogue score (VAS). The mean preoperative VAS for
cervical pain was 4.9 (Table 1). All patients had a preoperative
bone computed tomography (CT) with angiographs and
cranio-cervical magnetic resonance imaging (MRI). The CT
scan allowed for studying the bony anatomy of the region and
the course of the vertebral artery. Measurements of C1 lateral
mass and C2 isthmus were performed on preoperative CT
axial and sagittal views to calculate the maximum space
available for the screws. The size of the screws used during
the surgery was recorded on the operative chart.

Postoperative thin-cut CT was performed 1-3 days post
surgery. The accuracy of the screws was evaluated according
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to the Gertzbein and Robbins grading [3]: grade A (perfectly
into the pedicle), grade B (0—2 mm of cortical breach), grade
C (2-4 mm), grade D (4—6 mm), and grade E (more than
6 mm). Grade A and B screws were considered well
positioned.

Mean follow up was 10 months, ranging from 2 to
48 months (Table 1).

Surgical technique

The surgical technique used by authors has been already
described in details in a previous paper [19].

Briefly, the patient is placed in the prone position with
the head in a Mayfield head-holder in a “military tuck”
position in order to facilitate the access to C1-C2 region.
Manual reduction under fluoroscopic lateral view is
attempted prior to surgery. A midline skin incision is
performed from the occiput to the C3 spinous process.
After opening of the fascia and subperiosteal dissection
of cervical posterior muscles, anatomical bony landmarks
are identified: C1 posterior arch with posterior tubercle,
C2 posterior arch with posterior bifid spinous process,
C2-C3 articular rim, medial border of the C2 isthmus.

The C1 lateral mass entry point is identified just
below the posterior arch by pushing caudally the C2
nerve root with a hook. Hemostatic sponge or gel is used
to control the venous plexus bleeding. The medial and
lateral borders of the lateral mass of C1 are identified
and palpated. The entry point is in the midway, and an
electric drill 2.7 mm is used for a pilot hole. The sagittal
cranio-caudal direction is determined by pointing to the
C1 anterior tubercle on lateral C-arm view. Around 10°
of convergence are needed. The screw path is completed,
till the anterior cortex is gently pierced. The usual length
of the C1 screw is 30—34 mm, necessary to allow rod
placement posteriorly.

The entry point for C2 isthmic screw is about 2—3 mm
above the C2-C3 articulation and 2—3 mm lateral from its
center. The sagittal cranio-caudal direction is determined
under direct fluoroscopic view, aiming at the C1 anterior
tubercle until the tip of the screw reaches the posterior
border of C2 vertebral body. Usually, the VA is projected
anterior to this line, so by staying posterior to it, less risk
for VA damage is expected. The trajectory is quite steep in
order to have the longest purchase into the isthmus. At that
point, if needed, pulling the spinous process in a cranial
direction with a clamp allows for a steep sufficiently
trajectory. The trajectory is convergent, aiming towards
the medial wall of the C2 isthmus. The usual length of the
C2 isthmic screw is 14-20 mm. Then, the head of the
screws are connected with rods (here: Vertex System,
Medtronic, Memphis, TN, USA). A monocortical bone
graft from the posterior iliac crest is put between C1 and C2
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Table 1 Case series
Sex Age Indication Preop neck  Cl screws Cl screws  C2 screws Neck pain  Stability
pain (VAS) MC/BC GR Grade  GR Grade at F-UP at F-UP
F 65 Pseudoarthrosis type III odontoid fracture 7 One BC, A-A A-A 2 Yes
one MC
M 48 Pseudoarthrosis type Il odontoid fracture 6 Both BC A-A A-A 4 Yes
F 75 Pseudoarthrosis type II odontoid fracture 8 Both BC A-A A-A 1 Yes
M 64 CI1C2 instability with malformation 6 Both BC A-A A-B 3 Yes
F 72 CI1C2 osteoarthritis 8 Both BC A-A A-B 2 Yes
M 77 Pseudoarthrosis after odontoid screwing 5 Both BC A-A A-A 0 Yes
M 78 Pseudoarthrosis after odontoid screwing 5 Both BC A-A A-A 5 Yes
F 23 Complex C2 fracture 0 Both BC A-A A-A 0 Yes
F 62 Complex C2 fracture 7 Both BC A-A A-A 3 Yes
F 27 Pseudoarthrosis of C2 fracture 0 Both BC A-A A-A 1 Yes
F 38 Unstable Jefferson fracture 7 Both BC A-A A-A 4 Yes
F 49 Complex C2 fracture 7 Both BC A-A A-A 0 Yes
F 85 Pseudoarthrosis after odontoid screwing 0 Both BC A-A A-A 0 Yes
F 75 Pseudoarthrosis after odontoid screwing 5 Both BC A-A A-B 0 Yes
F 40 Unstable type III odontoid fracture 4 Both BC A-A A-A 0 Yes
F 50 Unstable type III odontoid fracture 7 One MC, A-A A-A 4 Yes
one BC
M 60 Unstable type Il odontoid fracture 4 Both BC A-A A-A 1 Yes
F 75 Pseudoarthrosis type II odontoid fracture 0 One MC, A-A Translaminar-A 0 Yes
one BC
F 82 Pseudoarthrosis type II odontoid fracture 4 Both BC A-A A-A 1 Yes
M 23 Pseudoarthrosis type Il odontoid fracture 3 Both MC  A-A A-A 0 Yes
F 34 Os odontoideum 4 Both BC A-A A-A 0 Yes
M 59 Pseudoarthrosis type II odontoid fracture 5 One BC, A-A A-A 2 Yes
one MC
M 51 Complex C2 fracture 6 Both MC  A-A A-A 1 Yes
M 68 Unstable Jefferson fracture+type 11 4 Both B A-A A-A 0 Yes
odontoid fracture
M 60 Idiopathic C1C2 instability 7 Both BC A-A A-B 1 Yes
F 75 CI1C2 osteoarthritis 8 Both BC A-A A-A 4 Yes
F 78 CI1C2 osteoarthritis 8 Both BC A-A A-A 6 Yes
F 82 Idiopathic C1C2 instability with stenosis 4 Both BC A-A A-A 2 Yes

M male, F female, VAS visual analogue score, MC monocortical, BC bicortical, GR Gertzbein and Robbins, F-UP follow-up

posterior arches according to Gallie technique, modified by
Sonntag. The different layers are closed on a suction
drainage. Patients are mobilized from the first postoperative
day on in a soft collar.

Results

Examples of screw fixations are shown in Figs. 1, 2, 3, and 4.

Fifty-six C1 lateral mass screws were inserted: 25 screws
were 34 mm long (44.6%), 22 (39.3%) screws were 32 mm,
and nine screws (16.1%) were 30 mm. Fifty-five C2 isthmic
screws were implanted: 19 screws were 14 mm long
(34.5%), 15 screws were 16 mm long (27.3%), 12 screws

were 18 mm long (22%), seven screws were 20 mm long
(12.7%), and two screws were 12 mm long (3.6%). In one
case, a 26-mm C2 laminar screw had been inserted because
of an iatrogenic fracture of the lateral part of the isthmus.
Twenty-eight postoperative CT scans were analyzed. All
56 C1 lateral mass screws (100%) were grade A according
to the Gertzbein and Robbins grading. C1 lateral mass
screws breaching the anterior cortex were not considered to
be malpositioned, because this is part of the surgical
technique. Eight out of 56 Cl screws (14.3%) were
monocortical. Four C2 isthmic screws resulted to be grade
B (7.2%), while the remaining 51 were considered grade A
(92.8%) and one screw was translaminar because of an
iatrogenic isthmic fracture. Considering grade A+B as ideal
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Fig. 1 Os odontoideum. a MR
image showing an os odontoi-
deum with a high cervical spinal
cord hypersignal. b CT scan
showing an os odontoideum
non-fused to the clivus. ¢ Post-
operative lateral X-ray showing
a C1-C2 posterior fixation. d
Postoperative axial CT scan
showing well-positioned C1 LM
screws. e. Postoperative sagittal
CT scan showing right C1 LM
and C2 isthmic screws. f
Postoperative sagittal CT scan
showing left C1 LM and C2
isthmic screws

positioning, all screws had showed to be well positioned
(Table 1).

Mean operating time was 152.9 min (ranging from 90 to
225 min). Mean blood loss was 477 ml (ranging from 150
to 800 ml). At the end of the follow-up the postoperative
mean VAS score for cervical pain was 1.6. At the end of the
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follow-up, all 28 patients (100%) showed stability on
dynamic X-rays and a solid fusion was obtained (Table 1).

Complications occurred in six patients (21.4%). A
greater occipital nerve neuralgia was evident in three cases
(10.7%). The pain was treated with specific drugs with
complete recovery at the end of the follow-up in all cases.
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Fig. 2 Old non-healed type II odontoid fracture. a MR image
showing an old non-healed type II odontoid fracture with fusion
between the anterior C1 arch and the bony fragment. b CT scan

This relatively high incidence of transitory neuralgia is
maybe related to a conflict between the screw and the C2
nerve root at the entry site. In up to 25% of cases some of
the C1 lamina may need to be removed to achieve an
adequate entry site. Alternatively, pre-ganglionic division of
the C2 nerve root can be utilized to gain access to the entry
site [5, 30].

Furthermore, we had a superficial wound infection in
one case (3.5%), which has been successfully treated with
intravenous antibiotics. One patient (3.5%) had pain at the
iliac harvested site for several weeks with spontaneous
regression. A posterior progressive intestinal herniation
through the iliac scar was seen in one case (3.5%), which
required surgical repair.

Discussion
Techniques of C1-C2 fixation

Atlanto-axial instability can be related to a variety of
pathologies: trauma, tumors, infections, arthritis, and con-
gential malformations. It might be associated with pain or
neurological compromise, and if misdiagnosed or mistreated
it may lead to catastrophic neurological consequences.
C1-C2 fixation and stabilization can be achieved with
different techniques. Magerl and Freeman [12] first intro-
duced in 1987 the so-called transarticular procedure, in
which atlanto-axial stability is obtained by a bilateral
placement of transarticular screws. This technique has
biomechanical advantages in term of stiffness and stability,
but it presents also some limitations: first, the two articular

showing an old non-healed fracture. ¢ Postoperative CT scan showing
Cl LM and C2 isthmic screws on the right side. The first one is
unicortical

processes must be well aligned and the pre-existing degree
of luxation needs to be reduced; then, it can be performed
only if the VA is not “in the way” of the trajectory of the
screw [4]. Furthermore, VA anatomical variants occur in up
to 20% of patients, thus resulting in a potential conflict
between the screw and the medially located VA [17]. It has
been calculated that in the transarticular technique there is a
risk of VA damage of 2% per screw [32].

First Goel and Laheri in 1994 [5] and then Harms and
Melcher in 2001 [6] introduced a different technique in
which C1 lateral mass and C2 pedicle/isthmic screws are
connected, respectively, with plates or rods. In literature, it
is still unclear which of the two techniques is biomechan-
ically the stiffest. Anyway, the Goel-Harms procedure can
be performed even if the C1-C2 luxation is not completely
reduced. Furthermore, the risk for damaging the VA is
clearly reduced. We prefer the latter technique, and have
already published our own results with this technique in a
consecutive series of 12 patients [19].

Unicortical or bicortical C1 lateral mass screw?

The need for unicortical or bicortical fixation in C1 lateral
mass remains a point of debate. A unicortical purchase has
been advocated in literature, in order to reduce the risk of
injury to the ICA and the hypoglossal nerve, which both lie
directly in front of the lateral mass [11]. We prefer a bicortical
purchase for biomechanical reasons. The perforation of the
anterior cortex cannot be seen during the operation, but it
can be felt with a pedicle feeler during the drilling procedure
as a loss of resistance. Thereafter in this series, 87.4% of C1
screws were found to be bicortical on the postoperative CT.
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Fig. 3 Idiopathic C1-C2 insta-
bility. a MR image showing a
spinal cord compression at C1/2
due to retrodental pannus of
unknown origin; a diffuse
idiopathic skeletal hyperostosis
(DISH) is evident in the lower C
spine. b Postoperative CT con-
firms correct screw positions in
C1 and C2 on sagittal CT
reconstruction and axial cuts
after C1-C2 fixation and C2
laminectomy. ¢ Lateral and
anteroposterior (AP)
radiographs after 6 months

Eck et al. [2] presented a biomechanical study of pullout  screws performed on 15 cadaveric cervical spine specimens.
strength of unicortical versus bicortical C1 lateral mass  The mean pullout strengths of the unicortical screws and
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Fig. 4 Example of C2 GR grade B screw. A C2 isthmic screw is
breaching the anterior cortex by 2 mm

bicortical screws were 588 N (range, 212-1,234 N) and
807 N (range, 163—1,460 N), respectively (P=0.008). They
concluded that bicortical C1 lateral mass screws were
significantly stronger than unicortical ones.

Navigation systems for C1-C2 screw placement

Navigation systems for the reduction of the risk for vessel
and spinal cord injuries had gained popularity in spinal
surgery. Thanks to technologically developed “online”
camera-tracking of a patient’s spinal anatomy with calibrat-
ed instruments, based on preoperative or intraoperative CT
or three-dimensional (3D) rotational radiographic imaging,
implant positioning has been described as safe and efficient
in many reports, including the CCJ [14]. While image-
guided surgery is a logical effort to improve safety and
precision, several imprecisions are unavoidable in such a
highly mobile region as the craniocervical junction (CCJ).
Thus, even with perfect data transformation, navigation
accuracy is reduced by several factors:

1. Calibration errors: they have been shown in 3D
fluoroscopy-based systems, for example, to account for
approximately 1 mm accuracy in a phantom model [25].

2. Bending of instruments: in a cadaver model, naviga-
tion inaccuracy was around 2.5 mm due to bending of
instruments and or reference during manipulation [26]; in
practice, occasional blocking of the camera field of view or
inadvertently touching/hitting references can cause addi-
tional loss of precision [27].

3. Non-rigid connection between the reference base and
the actual surgical site: concerning specifically CClJ,
attaching a reference frame in this region is problematic;
therefore, the reference frame is often attached to the head,
creating potentially important motion between the actual
surgical site at C1 or C2 and the frame [27].

Due to these navigation inaccuracies, most surgeons
verify their drilling and screw positioning and lengths by
conventional intraoperative fluoroscopy and do not show

complete faith in image guidance [18]. So far, there is not a
single report where the surgeon trusted the image-guidance
more than intraoperative fluoroscopic or anatomic verifica-
tion. It remains unclear whether the computer-assisted
surgery leads to a lower incidence of screw replacement
and a lower incidence of screw-placement-related compli-
cations [22, 28].

On the other hand, Mueller et al. [13] state that the use
of spinal navigation in C2 pedicle screw insertions is
justified by the high rate of misplaced screws, despite the
fact that no neurovascular injury occurred. They reported
on the technique of transpedicular C2 screw fixation
without spinal navigation. The accuracy was assessed on
postoperative CT scans according to Gertzbein and
Robbins (GRGr) (see above). A total of 47 C2 pedicle
screws in 27 patients were performed. An association
between intraoperative direct visualization and fluoroscopy
was used. The postoperative CT findings showed in
55.3% GRGr 1, in 27.7% GRGr 2, in 10.6% GRGr 3,
and in 6.3% GRGr 4 pedicle screw insertion accuracy.
Screw malpositioning (i.e., GRGr 3 and 4) was observed
mainly with thin (<5 mm) pedicle diameters. If a GRGr 4
screw placement occurred, angiography was performed to
exclude VA damage.

Freehand C1-C2 screw placement

Nevertheless, this paper shows that C1 lateral mass and C2
isthmic screws may be safely inserted without any
navigation assistance.

Liu et al. [11] reported on a series of 46 C1 lateral mass
screws inserted in 24 consecutive patients. All C1 lateral
mass screws were inserted unicortically using a microscope-
assisted freehand technique. No vertebral artery injury or
cerebral spinal fluid leakage during the screw insertion was
observed and all the C1 screws were considered to be well
positioned. They stated that C1 lateral mass screws can be
inserted without fluoroscopy with microscope assistance, and
they considered the intraoperative fluoroscopy time consum-
ing, cumbersome, and dangerous as it exposes both the patient
and surgical team to radiation. Simsek et al. [23] demonstrated
that unicortical C1 lateral mass screws could be placed safely
and rapidly without fluoroscopy guidance in 17 consecutive
patients. No screw malpositions or neurovascular complica-
tions related to screw insertion were observed. They
concluded that C1 lateral mass screws might be used in
upper cervical spine without intraoperative fluoroscopy
guidance and the use of the spinal navigation systems. In
our series, all 56 Cl1 screws were well positioned. We
personally think that fluoroscopy is a useful tool and that the
total amount of radiation can be limited to few shots per
procedure. It is mainly useful to decide the depth of Cl
bicortical lateral mass screw in relationship to the anterior
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atlas tubercle and the sagittal direction of the C2 isthmic
screws in relationship to the VA groove.

Ondra et al. [16] showed that an open technique
combined with lateral C-arm guidance provides rapid and
safe placement of C2 pedicle screws in a retrospective
review of 150 C2 pedicle screw. As we normally do, they
exposed the C2 isthmic and they palpated it with a dissector
to provide coronal orientation while a lateral C-arm
radiograph was obtained for sagittal orientation. A total of
71 patients had bilateral screws placed and eight patients
had unilateral screws placed. In this series, eight non-
critical and one critical (then revised) screw misplacement
occurred.

Wang et al. [31] made a retrospective radiographic study
of the technique for C1 lateral mass screw (C1LMS) and
C2 pedicle screw (C2PS) fixation on 319 patients with
atlanto-axial instability. They used a freehand fluoroscopy-
guided technique. CT angiography or magnetic resonance
angiography were performed after surgery in cases with
malpositioned screws to assess potential VA injury. In
95.5% of CILMS fixations and of C2PS fixations, the
screws were found to be in a “good” position, which meant
a screw respecting the outer borders of C1 lateral mass and
C2 isthmic in axial, sagittal and coronal cuts. Even if six
cases presented with misplaced screws, no vascular
problem was noted. Thus, they stated that the technique
for CILMS and C2PS fixation appears to be safe and
effective for achieving posterior C1-C2 fixation.

Sciubba et al. [21] made a prospective follow-up of 55
consecutive patients who underwent C2 instrumented
fusion. The cortical breaches were classified upon the
percentage of screw diameter beyond the cortical edge. One
hundred consecutive screws were placed. They had 15%
total breaches. The magnitude of the breach was classified
as I (<25%) in ten cases (66.7% of breaches), II (26-50%)
in three cases (20% of breaches), III (51-75%) in one case
(6.7%), and IV (76-100%) in one case (6.7%). They
concluded that when the isthmic interarticularis/pedicle is
assessed preoperatively with CT scan and found to be
suitable for screw placement, freehand placement of screws
in the C-2 pedicle could be done safely and effectively
without the use of intraoperative fluoroscopy or navigation.
But we argue that their 15% of total breaches is too high
and not acceptable in a delicate region as C1-C2.

Stulik et al. [24] evaluated the accuracy of CI1 lateral
mass and C2 pedicle freehand screw placement in their
series of 28 consecutive patients operated on for atlanto-
axial fixation. All 56 C1 screws were well positioned and
all but one were bicortical, while three of the 56 C2 screws
were malpositioned (5.4%). Chen et al. [1] presented their
technique for C1-C2 fixation. In their series of 11 cases,
only one C2PS violated the medial wall of the pedicle
without any clinical consequence. Inthe series of Vilela et
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al. [29], any cortical violation of CILM was detected in the
postoperative CT scans of their 11 patients (21 LM screws).

Conclusion

Knowledge of anatomical landmarks is mandatory for
performing safe C1-C2 internal fixation procedures. In
experienced hands, the accuracy of the frechand fluoroscopy-
guided Harms-Goel technique is high. Navigation-assisted
screw placement systems might reduce the rate of misplaced
screws in selected cases.

Conflict of interest None.
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Comment

The authors present a series of 28 patients treated with C1-2 fusion
using C1 lateral mass C2 isthmus screws placed with a freehand
technique based on anatomical landmarks. There were no significant
screw-related complications and screw placement was accurate based
on postoperative CT in the vast majority of screws, with results
comparable with series using computer-aided navigation. While this is
only a retrospective case series, it emphasizes the fact that well-trained
surgeons do not require the use of expensive adjuncts to perform
procedures. A thorough knowledge of patient anatomy and adequate
training allow for the safe performance of these procedures.

Daniel Resnick

Wisconsin, USA
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Abstract

Background Surgery for symptomatic sacral perineural
cysts remains an issue of discussion. Assuming micro-
communications between the cyst and thecal sac resulting in
a valve mechanism and trapping of CSF as a pathomechanism,
microsurgical fenestration from the cyst to the thecal sac was
performed to achieve free CSF communication.

Methods In 13 consecutive patients (10 female, 3 male),
MRI revealed sacral perineural cysts and excluded other
pathologies. Micro-communication between the thecal sac
and the cysts was shown by delayed contrast filling of the
cysts on postmyelographic CT. Surgical fenestration
achieved free CSF communication between the thecal sac
and cysts in all patients. The patient histories, follow-up

Parts of this study were presented at the 61st Annual Meeting of the
German Society of Neurosurgery (DGNC) in 2010.

A. Neulen - S. R. Kantelhardt + S. M. Pilgram-Pastor + V. Rohde *
A. Giese

Department of Neurosurgery, Center of Neurological Medicine,
University of Gottingen,

Gottingen, Germany

S. M. Pilgram-Pastor

Department of Neuroradiology,

Center of Neurological Medicine, University of Gottingen,
Gottingen, Germany

I. Metz

Department of Neuropathology, Center of Neurological Medicine,
University of Géttingen,

Géttingen, Germany

A. Neulen (P<) - S. R. Kantelhardt -+ A. Giese
Department of Neurosurgery,

Johannes Gutenberg University of Mainz,
Langenbeckstrasse 1,

55131 Mainz, Germany

e-mail: axel.neulen@gmx.de

examinations and self-assessment scales were analyzed.
Symptoms at initial presentation included lumbosacral pain,
pseudoradicular symptoms, genital pain and urinary dys-
function. Mean follow-up was 10.7+6.6 months.

Findings Besides one CSF fistula, no surgical complica-
tions were observed. Five patients did not improve after
surgery; in four of these cases multiple cysts were found,
but small and promptly filling cysts remained untreated.
Seven patients reported lasting benefit following surgery;
three of these had single cysts, and all had cysts >1 cm.
One patient initially benefited from cyst fenestration but
experienced recurrent pain within 2 months postoperatively.
Re-myelography revealed delayed contrast filling of the
recurrent cyst; however, surgical revision did not lead to an
improvement despite successful fenestration and collapse of
the cyst revealed by postoperative imaging.

Conclusions Microsurgical fenestration of sacral perineural
cysts to the thecal sac is a surgical approach that has shown
success in the treatment of lumbosacral pain, pseudoradic-
ular symptoms, genital pain and urinary dysfunction
associated with sacral perineural cysts. Our analysis,
however, shows that mainly patients with singular large
cysts benefit from this treatment.

Keywords Sacral perineural cyst - Tarlov cyst- Meningeal
cyst - Meningeal diverticulum - Sacral radiculopathy

Introduction

Sacral perineural cysts (Tarlov cysts) are cysts of the sacral
nerve roots. They rarely become symptomatic, but have
been associated with lumbar and sacral pain, pseudoradic-
ular and radicular symptoms, and bowel and bladder
dysfunction [1-5, 7, 10, 11]. Perineural cysts, most of
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which were asymptomatic, showed a prevalence of 1.5% to
4.6% in radiological studies [6, 9]. Their etiology remains
unclear (reviewed in [5]). Micro-communications at the
distal dural sleeve of the nerve root functioning as a valve
that allows CSF influx while restricting CSF efflux is
thought to be one possible underlying pathomechanism of
perineural cyst growth [8]. Cyst expansion may eventually
lead to irritation or compression of the affected or adjacent
nerve roots, and erosion of surrounding bone with
consecutive irritation of periostal pain fibers.

Cystic lesions of the sacral region can be diagnosed by
CT or MRI. The presence of a communication between the
cyst and thecal sac differentiates perineural cysts from other
cystic lesions [8]. These micro-communications can be
demonstrated by myelography and postmyelographic CT.
Delayed contrast filling of the cystic lesion indicates the
presence of micro-communications and hence a possible
valve mechanism [1, 2, 7, 8, 11].

Surgical management of sacral perineural cysts remains a
matter of discussion. Numerous strategies have been pro-
posed, including cyst fenestration, cyst imbrication, cyst
resection, neck ligation and percutaneous aspiration [1-5, 7,
10, 11]. Based on the supposed pathomechanism, we used a
microsurgical approach for symptomatic sacral perineural
cysts that establishes a free communication between the
thecal sac and the perineural cyst. In this study we report our

experience with 13 patients who underwent surgery for
sacral perineural cysts between June 2008 and October 2010.

Patients and methods
Patients

The study was approved by the ethics committee of the
medical faculty of the University of Gottingen, protocol no.
23/7/09. Patients who presented with lumbosacral pain,
pseudoradicular and radicular symptoms, genital pain or
urinary dysfunction were examined by MRI and routine
neurological examination. If cystic lesions of the sacral
region were diagnosed, other reasons for patients’ symp-
toms were excluded. If conservative treatment failed to
relieve symptoms, myelography with early and delayed
postmyelographic CT was performed.

The early postmyelographic plain x-rays and CT scans
were obtained directly after contrast application; late
postmyelographic CT was done 3—4 h after contrast
application. Delayed filling of cysts becomes apparent as
lack or partial contrast filling of the cyst in the early
postmyelographic CT and increased contrast filling in the
late postmyelographic CT, which can be verified by an
increase in Hounsfield units (Fig. 1). Patients with promptly

Fig. 1 Imaging findings. Anteroposterior myelography (i), coronal
(i1, iv) and sagittal (iii, v) postmyelographic CT reformations
demonstrated a delayed contrast filling of the cysts in all patients
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contrast enhancing lesions in myelography and early
postmyelographic CT were not scheduled for surgery, while
delayed contrast filling indicated the presence of micro-
communications and a possible valve mechanism. In these
patients surgery was considered. Ten patients had two or more
cysts; in seven of these only the largest cysts thought to be
responsible for the patient’s symptoms were treated, while
small and promptly filling cysts were not operated on.

Microsurgical technique

Patients were operated on in the prone position under
general anesthesia. A 4-cm skin incision was placed
directly over the lesion (usually between L5 to S3). The
sacrum was exposed, and unroofing of the sacral canal and
dorsal aspects of the neuroforamen exposed the cyst. The
thecal sac was exposed at the level of S1. Care was taken to
preserve the integrity of the cyst wall, and dissection of the
cyst from surrounding structures was limited to what was
essential to expose the neck of the cyst and identify the
dural sleeve of the involved nerve root (Fig. 2, i—ii). The
dura of the thecal sac was opened, and CSF was drained,;
during CSF drainage the cyst remained filled in all cases
(Fig. 2, iii), proving a restricted CSF communication
suggestive of the proposed valve mechanism. The course
of the involved nerve root into the dural sleeve was
identified, and the dural incision was extended into the
dural sleeve of the nerve root under direct microscopic
visualization of the nerve (Fig. 2, iv—vi). The dural incision
was continued distally and the nerve was followed into the
cyst, which led to collapse of the cyst. Typically the nerve

root thinned at the entry into the cyst and became part of
the ventral and medio-dorsal cyst wall (Fig. 2, vii). At the
termination of the dural sleeve, fibrous arachnoidal tissue
was typically found to be circular and adherent to the nerve
root, obstructing the neck of the cyst. The fibrous tissue
was resected, the nerve root was entirely freed, and a
communication through the fibrous barrier between the
cyst and thecal sac was established (Fig. 2, vii). A biopsy
was taken from translucent parts of the cyst wall where
possible. The cyst wall was mobilized, and plication of the
cyst was performed. The dural incision and the cyst wall
were closed using 6.0 non-resorbable sutures; if indicated,
duraplasty was performed at the neck of the dural sleeve of
the nerve root. At the end of surgery free macrocommu-
nication between the cyst and thecal sac was established in
all cases (Fig. 2, viii). After dura closure lumbar drains
were not required. Patient mobilization started on postop-
erative day 1.

Neurological outcome and pain assessment

A retrospective analysis of the patients’ history was
performed by review of the patient charts. Additional
information was gathered from self-assessment scales and
telephone interviews. Assessment included (1) preoperative
symptoms, (2) number, size and location of cysts, and (3)
improvement of symptoms. Symptoms were summarized in
the following categories: (1) lumbosacral pain, (2) pain
radiating into the buttocks, (3) pain radiating into the legs,
(4) genital pain, (5) bowel/bladder dysfunction, and (6) pain
radiating into the groin and abdomen.

Fig. 2 Surgical approach. A sacral laminectomy was performed (i),
and the thecal sac and the cyst were exposed (ii). The thecal sac was
opened (iii), and the nerve was followed intradurally through the dural
sleeve of the nerve root into the cyst (iv). Because of a valve
mechanism the cysts did not collapse even though the thecal sac was

opened (v). Fibrous arachnoidal tissue obstructing the neck of the cyst
was resected, establishing a communication between the cyst and the
thecal sac (vi, vii). The dura was then closed with watertight sutures.
Where feasible, plication of the cyst was performed (viii)
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Histopathological examination

Specimens were fixed in 4% paraformaldehyde and
embedded in paraffin; 4-pum-thick slices were stained with
hematoxylin and eosin (HE), elastica van Gieson stain and
periodic acid-Schiff stain (PAS). Immunohistochemical
staining for neurofilaments was performed with a biotin-
avidin technique. Anti-NF antibody was used as primary
antibody (anti-NF200, Sigma-Aldrich, USA).

Results
Epidemiology and clinical characteristics

Between June 2008 and October 2010, a total of 1,873
operations were performed for various spinal disorders.
Thirteen patients during this period were treated for
symptomatic perineural cysts and were included in this
study. Mean age at surgery was 60+9.8 years. Ten patients
were female and three male. Symptoms had been present
for 8.7+11.5 years (6 months to 30 years). Postoperative
mean follow-up was 10.7+£6.6 months (2.5 to 20 months).
All perineural cysts originated from the nerve roots S1, S2
or S3. Lumbosacral pain was the most frequent symptom
(10 of 13), followed by pain radiating into the buttocks (8
of 13), legs (7 of 13), groin and abdomen (4 of 13), genital
pain (3 of 13) and bowel/bladder dysfunction (3 of 13).
Figure 3 gives an overview of symptoms. No patient had a
history of trauma or infection.

Clinical course

Five patients did not improve, while eight patients significantly
benefited from surgery. Mostly, patients were discharged from
the hospital on postoperative day 10 (5 to 14 days). One patient
had to be treated with a lumbar drain for 7 days because of CSF
fistula. No other complications were observed. One of the
patients who initially improved experienced recurrent pain
after 2 months. Re-myelography and postmyelographic CT
again showed delayed postmyelographic contrast filling of a
recurrent cyst; however, the patient did not benefit from
reoperation, despite successful refenestration and duraplasty
resulting in complete collapse and disappearance of the cyst
demonstrated by postoperative imaging.

Analysis of outcome

All five patients who did not improve after surgery had
multiple cysts, and in four of these patients one or several
small or promptly filling cysts remained untreated; in two
of the patients who did not improve, the operated cysts
were smaller than 1 cm in diameter.
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Of the eight patients who benefited from surgery, three
had single cysts (among these was the patient with
recurrent symptoms and reoperation). Two patients had
two cysts with delayed contrast filling of similar size
each. In both patients both cysts were treated. Three
patients had multiple cysts, and only large and delayed
filling cysts were operated on. In all patients who
improved, the operated cysts were >1 cm in diameter
(1.2 cm to 3 cm).

Of eight patients who answered to a questioner
whether surgery was successful, four responded with
“no” and four with “yes.” Of those who responded with
“no,” three had two cysts and only the larger cyst had
been operated on. The remaining patient was the one
with a single cyst who suffered a relapse of pain after an
initial pain-free period. Of the four patients who
responded with “yes,” two had been treated for single
cysts, and two others had two cysts and both cysts had
been operated on.

Improvement related to the different symptoms was
analyzed. The best improvement was documented for pain
radiating into the legs and buttocks, genital pain and
lumbosacral pain while improvement of bowel/bladder
dysfunction and pain radiating into the groin and abdomen
was observed less frequently (Fig. 4).

Histological results

HE staining showed the cyst wall with membranous tissue
(Fig. 5, 1). Similar to other studies, nerve fibers embedded
into connective tissue were detected (Fig. 5, ii, Elastica van
Gieson stain for connective tissue and Fig. 5, iii, anti-NF
staining for nerve fibers). There was no evidence of
inflammation.

Discussion

This report summarizes the experience from 13 patients
who underwent surgical treatment for sacral perineural
cysts in a single neurosurgical department between 2008
and 2010. The epidemiological characteristics of the
patients in our study are similar to those reported in
other series [2, 5]. This is one of the largest series
reported so far; to our knowledge, only one larger series
of 15 patients has been presented previously [2].
However, in the latter study an approach based on cyst
resection was used.

The etiology of sacral perineural cysts remains unclear
[5]. However, there is general acceptance that enlargement
of the cysts is caused by pulsatile and hydrodynamic
forces of CSF entering the cyst combined with a valve
mechanism that only allows influx of CSF [1, 2, 5, 7, 8,
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Fig. 3 Patient characteristics—
relative frequency of different
symptoms prior to surgery.
Symptoms were categorized

as lumbosacral pain, pain
radiating into the buttocks, legs,
groin and abdomen, genital
pain and bowel/bladder
dysfunction

Pain radiating into the Legs

54 % (7 of 13)

Genital Pain

10, 11]. Similar to other studies [1, 2, 7, 11], the diagnosis
of a cystic lesion of the sacral area was followed by
myelography with early and late postmyelographic CT.
This invasive imaging modality allows diagnosis of
communications between the cyst and thecal sac, which
is suspected to function as a valve. Delayed filling after
intrathecal contrast application is therefore typical; this
phenomenon was demonstrated by the delayed increase in
Hounsfield units within the cyst compared to the thecal sac

Lumbosacral Pain

77 % (10 of 13)

Pain radiating into the Buttocks

62 % (8 of 13)

Pain radiating into
Groins / Abdomen

31 % (4 of 13)

Bowel / Bladder Disturbance

23 % (3 of 13) 23 % (3 of 13)

(Fig. 1) and was the main criteria for patient selection. The
valve mechanism was further confirmed by our intra-
operative findings. All cysts did not collapse after incision
of the thecal sac and CSF drainage, but remained filled
until the cyst itself was opened (Fig. 2, iii—v).

The symptoms associated with perineural cysts can be
attributed to (1) radicular involvement, i.e., sacral ischialgia
and bowel/bladder dysfunction. Radicular symptoms may
either result from compression of neighboring nerve roots
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Fig. 4 Patient improvement rate
for different symptoms (Fig. 3)

86 % (6 of 7)

Genital Pain - Improvement

67 % (2 of 3)

Bowel / Bladder Dysfunction -
Improvement

or from direct impairment of the affected nerve root
itself. Further explanations for symptoms are (2) bone
erosion and compression of periostal pain fibers, which
may result in sacral pain, and (3) pseudoradicular
radiation of pain into the buttocks, legs and groin. Our
results imply that symptoms that can be attributed to
bone erosion and pseudoradicular radiation are more
likely to benefit from surgery than radicular symptoms
(Fig. 4). The latter may be influenced by permanent
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Pain (Legs) - Improvement

Pain (Buttocks) - Improvement

75 % (6 of 8)

Lumbosacral Pain - Improvement

60 % (6 of 10)

Pain radiating into
Groins / Abdomen - Improvement

33 % (10f3) 25 % (1 0of4)

impairment of the nerve itself because of structural
changes of the nervous tissue as a consequence of
compression or stretching by the expanding cyst, which
may result in chronic deafferentiation pain.

Different surgical approaches have been used to treat
perineural cysts. Most approaches are based on resection or
fenestration of the cyst wall into the epidural space [2, 10,
11], which may be followed by closure of the defect with
muscle flap, gel foam or fibrin glue [1, 5], or neck ligation
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Fig. 5 Histology revealed membranous connective tissue: (i) HE staining and (ii) Elastica van Gieson stain. Nerve fibres were superficially embedded
within the connective tissue [marked by arrows in (iii), anti-NF antibody]. Original magnification (OM): x100. Scale bar: 500 pm

after cyst wall resection [7]. The authors of the latter study
used image-guided percutaneous aspiration of cyst con-
tents, which induced a collapse of the cyst and hence
reduced symptoms, as a diagnostic tool prior to surgery [7].
One study reports a case of cyst fenestration and intra-
operative drainage of fluid [3]; furthermore, shunting of the
sacral cyst to the peritoneum has been proposed [4]. In
contrast, our approach aims to establish free CSF commu-
nication between the thecal sac and cyst in order to
eliminate the valve mechanism rather than resection or
disruption of the cyst wall. To the best of our knowledge,
this is the first study reporting a patient series using this
approach despite the fact that this microsurgical approach is
also used by other neurosurgical centers.

In 8 of 13 patients symptoms improved significantly,
while 5 patients did not benefit from the procedure.
Careful review of imaging and clinical data revealed
that in our collective, patients with small cysts (<1 cm)
did not benefit from surgery. This finding corresponds
to the results of Voyadzis and co-workers who observed
a correlation between cyst size and clinical outcome
[11]. Therefore, we suggest that cysts of a <l cm
diametershould be approached with caution even in the
presence of delayed contrast filling on postmyelographic
CTs. Further, we observed that in our collective all
patients who did not benefit from surgery had multiple
cysts, and in four of these patients small or promptly
contrast-enhancing cysts remained untreated. In contrast,
only three of the eight patients who improved after
surgery had multiple cysts, of which, however, like in the
no-benefit group, small and not promptly contrast-
enhancing cysts were not treated surgically. The other
five patients who benefited from surgery had either large
single cysts or multiple cysts of similar size, which were
all treated surgically.

Therefore, we propose that:

1. In cases with multiple delayed filling cysts of similar
size, all cysts should be treated surgically. We did not
observe any difference in clinical outcome for

patients with single or multiple large (>1 cm) cysts
with documented delayed contrast filling on post-
myelographic CT scans, if all cysts were treated
surgically.

2. If multiple cysts are present, of which one or several
cysts have a diameter of <1 cm or one or several cysts
show prompt postmyelographic contrast filling, patients
should be carefully and critically informed about the
risk of residual symptoms, because in our collective
five of eight patients with multiple cysts of this type did
not significantly benefit from surgery.

Finally, these data have to be interpreted with caution
because of the relatively small size of our patient collective
and the heterogenic nature of single or multiple cysts of
various sizes, which may have prognostic significance as
suggested by our study. Furthermore, this study is a
retrospective case collection with its inherent limitations.
However, all other reported series of this rarely treated
entity are small and have reported various treatment
strategies, which makes final recommendations on surgical
strategies difficult. A prospective study will be needed to
further investigate the treatment approach suggested by the
present study.

Conclusion

Microsurgical fenestration between perineural cysts and the
thecal sac is a safe surgical approach in the treatment of
symptomatic cysts yielding results comparable to patient
series with other surgical strategies [5, 11]. Major compli-
cations are rare: 1 case of CSF leakage that was treated
successfully by a lumbar drain for 7 days in a series of 13
patients. Our data suggest that patients with single or
multiple perineural cysts of >1 cm in diameter and delayed
contrast filling on postmyelographic CTs benefit from
surgery, but all of these lesions have to be treated surgically.
Patients with cysts <1 cm in diameter did not significantly
benefit from surgery. If multiple lesions were present, of
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which some were smaller than 1 cm or promptly filling
with contrast on postmyelographic CTs, patients had a
significant risk of remaining symptomatic.
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Comment

This is an interesting article. It touches on a subject for which a clear
decision-making process still eludes us: Which sacral neural cysts are
really symptomatic and therefore deserve surgical treatment, and if so,
what should the operation consist of ?

In a period of 3 years a total of 13 patients were operated on for
'symptomatic' sacral neural cysts.

As stated by the authors, this number, albeit not very large, from a
merely statistical standpoint certainly is clinically considerable.
Despite the fact that these cysts are diagnosed with relative frequency,
it is often difficult to understand what type of causal relationship if
any they have with the patient's complaints.

The authors have carefully imaged these cysts preoperatively,
paying close attention to what they think is the main feature
contributing to symptoms, that is, the ball and valve communication
between the cal sac and the cyst.

The outcome was not great. Five+one patient did not benefit from
surgery, which amounts to virtually 50% bad results.

The authors argue that the rest of the patient population clearly
benefited in terms of symptom relief, and they are convinced that they
have isolated the factors associated with non-response and make their
recommendations based on this assumption.

As stated, there are some caveats to the series. In statistical terms it
is too small to draw any evidence from it, and even if we did the
number of non-respondents to surgery certainly would advise thinking
twice before recommending it. The fact that it is retrospective and that
it does not have any control population with alternative treatment to
match it with is of consideration, especially with this clinical entity
where it is so difficult to really get a grip and understand what is
causing what in terms of symptoms (as signs are so infrequent). In this
sense it is always useful to include some form of patient self-
assessment asking how they rated their pre- and postoperative
condition and whether they would go back for the procedure once
more knowing that these were the expected results.

The authors are encouraged to pursue their clinical investigation in
a prospective manner and to come back to us hopefully in the near
future with more patients for whom they have applied their final
recommendations.

Manuel Cunha e Sa
Almada, Portugal
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Abstract

Background The lumbosacral intrathecal anatomy is com-
plex because of the density of nerve roots in the cauda
equina. Space-occupying lesions, including disc herniation,
trauma and tumor, within the spinal canal may compromise
the nerve roots, causing severe clinical syndromes. The
goal of this study is to provide spinal surgeons with a
detailed anatomical description of the intrathecal nerve
roots and to emphasize their clinical importance.

Method Ten formalin-fixed male cadavers were studied.
They were dissected with the aid of a surgical microscope,
and measurements were performed.

Results The number of dorsal and ventral roots ranged from
one to three. The average diameter of roots increased from
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L1 to S1 (0.80 mm for L1 and 4.16 for S1), respectively.
Then their diameter decreased from S1 to S5 (4.16 mm for
S1, 0.46 mm for S5). The largest diameter was found at S1
and the smallest at S5. The average number of rootlets per
nerve root increased from L1 to S1, then decreased (3.25
for L1, 12.6 for S1, and 1.2 for S5), respectively. The
greatest rootlet number was seen at S1, and the fewest were
observed at S5. The average diameter of the lateral recess
gradually decreased from L1 to L4 (9.1 mm for LI;
5.96 mm for L4) and then increased at L5 level
(6.06 mm); however, the diameter of the nerve root
increased from L1 to L5. The midpoint of distance between
the superior and inferior edge of the intradural exit nerve
root was 3.47 mm below the inferior edge of the superior
articular process at the L1 level, while the origin of the L5
exit root was 5.75 mm above the inferior edge. The root
origin gradually ascended from L1 to LS.

Conclusions The findings of this study may be valuable for
understanding lesions compressing intradural nerve roots
and may be useful for intradural spinal procedures.

Keywords Anatomy - Cadaver- Cauda equina - Intrathecal
nerve root - Lateral recess

Introduction

The lumbosacral intrathecal anatomy is complex because of
the density of nerve roots and is of special interest clinically
because of the high frequency of injury to this region [7].
The organization of the intrathecal nerve roots and their
cross-sectional anatomy in the cauda equina at each
intervertebral disc level has been well described anatomi-
cally using in situ fixation techniques and embedding to
stabilize the nerve roots and radiologically [4, 5, 8, 12, 13,
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15, 18, 24, 25]. Previously studies have provided informa-
tion regarding positions of the nerve roots in the cauda
equina. However, detailed information regarding this
anatomy is lacking in the literature. This study aimed to
characterize the exiting nerve roots (just before leaving the
thecal sac) at the anterolateral region of thecal sac. Such
data may be important for resection of intrathecal tumors
and for the diagnosis of lumbosacral radiculopathy, and
may aid our understanding of nerve root injuries from other
various intrathecal pathological processes.

Materials and methods

Ten male formalin-fixed cadavers (21 to 72 years of age
at death) from the Department of Anatomy were used to
analyze the intrathecal lumbosacral nerve roots. Speci-
mens with gross deformities, with facet hypertrophy, with
disc disease and with prior spinal surgery were excluded
from this study. Cadavers were placed in the prone
position, and complete removal of all soft tissue from the
vertebrae was performed. Next, laminectomies were
performed with medial facet removal from T8 to the
sacrum. In order to expose the neural elements in the
thecal sac, the dura and arachnoid mater were opened
carefully in the lumbosacral region. All cauda equina
roots were exposed. Microdissection was performed
under a surgical microscope (Zeiss OPMI 9-FC). The
anteroposterior diameter of the osseous lateral recess was
measured, and the relationship of the exiting nerve root
(just before leaving the thecal sac) to the superior
articular process was identified. In order to expose the
exit of the nerve root located medially to the pedicle, the
facets were removed. In the ventrolateral area of the
cauda equina, the layered ventral and dorsal nerve roots
were identified for each segment at each lumbar
intervertebral disc level. Also the nerve roots were
followed from the distal (dural sleeve) to proximal
(origin at the conus medullaris) regions to determine
anastomoses between nerve roots. Symmetric structures
were measured bilaterally. Measurements were made
using a digital caliper accurate to 0.01 mm. Statistical
analysis was used to determine the average, standard
deviation (SD) and minimum and maximum values.
Wilcoxon signed ranks tests were used in order to detect
differences between the right and left sides (p<0.05 was
set for statistical significance). The following measure-
ments were obtained:

1. The number of dorsal and ventral roots forming the
spinal nerves

2. The diameter of dorsal and ventral roots

3. The number of dorsal and ventral rootlets per nerve root

@ Springer

4. Anteroposterior diameter of the osseous lateral recess

5. The distance between the midpoint of the distance
between the superior edge and inferior edge of the
intrathecal exit nerve root (x) and the inferior edge of
the superior articular process (y). The x point is at the
level of the origin of the root sheath (just before the
nerve leaves the thecal sac).

Results

In the cauda equina, it was observed that the nerve roots
were densely situated (Fig. 1). Dissections revealed that the
exiting ventral root was directly over the disc space,
although the sensory bundle was always located away from
the intervertebral disc and coursed in close proximity to the
pedicles (Fig. 2).

A total of 200 ventral and 257 dorsal roots were found
bilaterally in 10 specimens. In this study, with an increasing
dorsal root number from L1 to L5, one ventral root was
always found for each segment on each side; for L1 roots,
there was a single dorsal root in 12 specimens, two roots in
7 specimens and three in 1 specimen; for L2, one in 12
specimens and two in 8 specimens; for L3, one in
8 specimens and two in 12 specimens; for L4, one in 7
specimens, two in 12 specimens and three in 1 specimen;
and for L5, one in 5 specimens and two in 15 specimens

Fig. 1 Posterior view of the
cauda equina
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Fig. 2 Picture showing the relationship among the intervertebral disc,
pedicle and roots. The motor root has a very close relationship with
the intervertebral disc; the dorsal root is situated in close proximity to
the pedicle. DRG: dorsal root ganglion, DR: dorsal root, VR: ventral
root, IVD: intervertebral disc, P: pedicle

(Fig. 3). There was one ventral root and one dorsal root for
each segment on each side in the sacral region; there were
significant differences between the right and left sides for
the dorsal roots of LS (p<0.05) (Table 1).

The diameter of the roots increased from L1 to Sl1
because of an increasing number of rootlets (0.80, 1.17,
1.68, 3.15, 3.42,4.16 mm for L1, L2, L3, L4, L5, S1 nerve
roots, respectively) and then decreased toward S5. The
average diameter of the dorsal and ventral roots was
smallest at S5 (0.34, 0.12 mm) and was largest at Sl
(2.67, 1.49). Meaningful differences between sides were
observed for dorsal roots at L2, L5, S2 and S5, and ventral
roots of L5 and S3 (p<0.05) (Table 1).

The number of rootlets per nerve root increased in a
rostrocaudal direction (from L1 to S1) then decreased
toward S5 (Fig. 4); dorsal and ventral roots having the
smallest average number of rootlets were at S5 (0.70, 0.50)
and the greatest at S1 (8.60, 4.0). In all, the number of
dorsal rootlets was greater compared to ventral rootlets.
Significant differences were observed for dorsal L2 and
ventral L4 and L5 between the right and left sides (p<0.05),
respectively (Table 1).

Several interneural connections were identified. The
ratio of interconnections was not documented because they
were rarely present between the lumbar nerve roots in our
specimens. However, interconnections were found more
frequently between the sacral roots around the conus
medullaris (Fig. 5 and 6).

The lateral recess contained the nerve root, covered by
dura mater and bathed in CSF (Fig. 7). In all specimens, the
average diameter of the osseous lateral recess gradually
decreased from L1 to L4 (9.1, 7.61, 7.3, 5.96 mm for L1,
L2, L3, L4 levels, respectively), then increased at L5
(6.06 mm) (Table 2). However, the diameter of the
intradural exit nerve root increased from L1 to L5 (0.80,
1.17, 1.68, 3.15, 3.42 mm for L1, L2, L3, L4, L5 nerve
roots, respectively).

The actual origin of the root sleeve started at the site
where the nerve root leaves the intrathecal region. The
midpoint of the distance between the superior edge and
inferior edge of the intradural exit nerve root (just before
leaving the thecal sac) (Fig. 8) was 3.47 mm below the
inferior edge of the superior articular process at the L1
level, while the midpoint of the intradural L5 exit root was
5.75 mm above the inferior edge of the lateral facet
(Table 2). The root origin gradually increased from the L1
to L5 level. L1, L2 and L3 roots originated below the
inferior edge of the corresponding lateral facet; the origins
of the L4 and L5 roots were above the inferior edge of the
lateral facet. There were significant differences between the
right and left sides for the L5 level (P<0.05)

Discussion
The lumbosacral nerve roots innervate muscles that provide

movement and allow for the sensation of portions of the
lower extremities as well as regulation of bladder function.

Fig. 3 A view showing the intradural exiting roots forming a spinal nerve. a One ventral and three dorsal roots; b one ventral and two dorsal
roots; ¢ one ventral and three dorsal roots. DRG: dorsal root ganglion, DR: dorsal root, VR: ventral root
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Table 1 Data derived from the current study

Diameter of
dorsal roots

Number of
ventral roots

Number of
dorsal roots

Rootlet number of
ventral roots

Rootlet number of
dorsal roots

Diameter of
ventral roots

Level Side  Mean + SD Range Mean + SD Range  Mean = SD Range Mean + SD  Range Mean + SD  Range Mean + SD  Range
L1 Root Right 1.40+0.52 1.0-2.0 1.0£0 1.0-1.0 047023 0.19-0.88  0.34+0.18  0.12-0.59  1.90£0.88 1.0-3.0 1.50+0.53  1.0-2.0
Left  1.50+0.71 1.0-3.0  1.0+0 1.0-1.0 0.47+0.20 0.23-0.73  0.34=0.18  0.13-0.59  1.70+£0.67 1.0-3.0 1.40£0.52 1.0-2.0
Mean 1.45+0.17 1.0-3.0  1.0£0 1.0-1.0 0.47+0.21  0.19-0.88  0.33£0.59  0.12-0.59  1.80+0.76  1.0-3.0 1.45+0.51  1.0-2.0
L2 Root Right 1.40+0.52 1.0-2.0 1.0£0 1.0-1.0 0.58+0.39  0.20-1.59  0.34+0.25  0.12-0.95 2.50+1.43  1.0-6.0 1.70£0.95 1.0-4.0
Left  1.40+0.52 1.0-2.0 1.0+0 1.0-1.0 092+021  0.63-1.17"  0.51£0.19  0.25-0.77 3.80+0.92 3.0-5.0" 2.10+0.88 1.0-3.0
Mean 1.40+0.50 1.0-2.0  1.0+0 1.0-1.0 0.75+0.35  0.20-1.59  0.42+0.23  0.12-0.95 3.15+1.34  1.0-6.0 1.19£091  1.0-4.0
L3 Root Right 1.70+0.48 1.0-2.0 1.0£0 1.0-1.0 1.02+0.18  0.78-1.26  0.75=0.15  0.54-0.97 4.00+£0.94 3.0-5.0 2.90+0.74 2.0-4.0
Left  1.50+0.53 1.0-2.0 1.0+0 1.0-1.0 0.96+0.17  0.76-1.27  0.66+0.16  0.45-0.98  3.70+0.82  3.0-5.0 2.60+£0.70  2.0-4.0
Mean 1.60£0.50  1.0-2.0  1.0+0 1.0-1.0 0.98+0.17 0.76-1.27  0.70+0.16  0.45-0.98 3.85£0.87 3.0-5.0 2.75+0.71 2.0-4.0
L4 Root Right 1.60+£0.52 1.0-2.0 1.0£0 1.0-1.0 1.83+0.19  1.55-2.08 1.27£027  1.00-1.85  6.90+0.88  6.0-8.0 5.00+1.05  4.0-7.0%
Left  1.60+0.52 1.0-2.0 1.0+0 1.0-1.0 1.83+0.21  1.57-2.11 1.40+£0.20  1.15-1.67 7.20+£0.79  6.0-8.0 5.80+0.79  5.0-7.0
Mean 1.60+0.50 1.0-2.0  1.0+0 1.0-1.0 1.82+0.19 1.55-2.11 1.33£0.23  1.00-1.85  7.05+0.82 6.0-8.0 5.40+0.99  4.0-7.0
L5 Root Right 2.00+0 2020 1.0+0 1.0-1.0 2.09+0.20  1.82-2.35 1.35£0.15  1.15-1.54  820+0.79 7.0-9.0 5.40+0.52  5.0-6.0%
Left  1.60+0.52  1.0-2.0* 1.0+0 1.0-1.0 1.93+0.22  1.68-2.22* 1.47+0.23  1.17-1.82* 7.90+0.88 7.0-9.0 6.10+0.88  5.0-7.0
Mean 1.80+0.41  1.0-2.0  1.0+0 1.0-1.0 2.01+£0.22  1.68-2.35 1.41£0.19  1.15-1.82  8.05+0.82 7.0-9.0 5.75+0.78  5.0-7.0
S1 Root Right 1.0+0 1.0-1.0  1.0+0 1.0-1.0 2.68+0.33  2.15-3.13 1.49+£0.34  1.01-1.95 85+1.84 6.0-12  4.0£1.33 2.0-6.0
Left  1.0£0 1.0-1.0  1.0+0 1.0-1.0 2.65+0.33  2.16-3.12  1.49+0.31 1.05-1.87 8.7+2.11 6.0-13  4.0+0.94 3.0-5.0
Mean 1.0+0 1.0-1.0  1.0+0 1.0-1.0 2.67+0.32  2.15-3.13 1494032  1.01-1.95 8.60+1.93 6.0-13  4.0+1.12 2.0-6.0
S2 Root  Right 1.0+0 1.0-1.0  1.0+0 1.0-1.0 1.93+0.37 1.35-2.51 * 1.29+036 0.74-1.78 4.4+1.77 2.0-7.0 1.99+0.99 1.0-4.0
Left  1.0£0 1.0-1.0  1.0+0 1.0-1.0 1.88+0.37  1.18-2.45 1.28+0.34  0.69-1.75 4.3£1.56 2.0-6.0 2.1+0.99 1.0-4.0
Mean 1.0+0 1.0-1.0  1.0£0 1.0-1.0 1.91+£036 1.18-2.51 1.29+0.34  0.69-1.78  4.35+1.63 2.0-7.0 2.1+0.96 1.0-4.0
S3 Root Right 1.0+0 1.0-1.0  1.0+0 1.0-1.0 1.34+0.25 0.99-1.71  0.75+0.22  0.37-1.02* 1.80+0.78 1.0-3.0 1.0+0 1.0-1.0
Left  1.0+0 1.0-1.0  1.0+0 1.0-1.0 135023 1.04-1.72  0.72+0.20  0.35-1.03  1.90+0.73  1.0-3.0 1.0+0 1.0-1.0
Mean 1.0+0 1.0-1.0  1.0£0 1.0-1.0 135024 0.99-1.72  0.74=0.20 0.35-1.03  1.85+0.74 1.0-3.0 1.0=0 1.0-1.0
S4 Root  Right 1.0+0 1.0-1.0  1.0+0 1.0-1.0 0.68+0.17 0.45-0.95  0.33+0.18  0.15-0.74  1.0+0 1.0-1.0  0.60+0.51  0-1.0
Left  1.0+0 1.0-1.0  1.0£0 1.0-1.0 0.65+0.16  0.43-0.88  0.33+£0.18 0.17-0.75  1.0£0 1.0-1.0  0.60+£0.51  0-1.0
Mean 1.0+0 1.0-1.0  1.0+0 1.0-1.0 0.67+0.16  0.43-0.95  0.33+0.18  0.15-0.75  1.0+0 1.0-1.0  0.60+£0.50  0-1.0
S5 Root  Right 1.0+0 1.0-1.0  1.0+0 1.0-1.0 0.35+£0.06  0.24-0.45* 0.13+0.02  0.1-0.17 0.60+0.51  0-1.0 0.40+0.51  0-1.0
Left  1.0+0 1.0-1.0  1.0£0 1.0-1.0 0.34+£0.06 0.25-0.43  0.12+0.01  0.11-0.16  0.80+0.42 0-1.0 0.60+0.51  0-1.0
Mean 1.0+0 1.0-1.0  1.0+0 1.0-1.0 0.34+£0.06  0.24-0.45  0.12+0.01  0.1-0.17 0.70+0.47  0-1.0 0.50+0.51  0-1.0

*p<0.05; the diameter of the L2 dorsal root; the rootlet number of L2 dorsal roots, the rootlet number of the L4 ventral root; the number of L5
dorsal roots; the diameter of the L5 dorsal root; the diameter of L5 ventral roots; the rootlet number of L5 ventral roots; the diameter of the S2
dorsal root; the diameter of the S5 dorsal root; the diameter of S3 ventral roots

The anatomy of the nerve roots within the thecal sac has
been well described anatomically and radiologically [4, 7,
8, 18, 24, 25]. We attempted to add to this body of
knowledge as pathology in this region is so common. Data
of this type may help us understand nerve root injuries due
to various pathologies, such as lumbar disc herniation,
space-occupying lesions and lumbar trauma. Additionally,
interneural interconnections may cloud clinical interpreta-
tion of patient presentations [1, 10]. Many authors reported
that roots are arranged in pairs [4, 8, 24], whereas in our
study, the dorsal roots were composed of several subgroups,
and their number varied from one to three. Schallow [18]
noted that the diameter of the ventral and dorsal roots was
about 2 mm in the L3—S1 lumbar spine. However, the data
from Schalow [18] were slightly different compared to our
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observations. We found that for L1 the mean diameter of
the dorsal and ventral root was 0.47 and 0.33 mm and for
S1 2.67 and 1.49 mm. In the current study ventrally roots
were variably composed of one to seven, which could be
separated into independent strands or rootlets; dorsally,
there were one to nine. The dorsal and ventral roots had
more rootlets with an increasing number of these in a rostral
to caudal direction in the lumbar region. However, D’
Avellla and Mingrino [5] found more rootlets with as many
as 11 rootlets from L4 to S3 (2—6 rootlets on average).
Schalow [18] reported that the nerve roots can be easily
identified by their rootlets in the cauda equina. However,
we do not believe that the nerve roots can be identified by
their rootlets because of the several subgroups and
variability among the nerve roots found in the present
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Fig. 4 Magnified view of the rootlets forming the root. The nerve
root is organized into small bundles of rootlets covered with an
arachnoid membrane

study. In addition, more cranially located root groups were
more densely packed and less distinct. However, because
most cranially placed roots lie laterally and the lower sacral
roots (S2-5) remain in the dorsal midline of the cauda
equina, identification of these roots may be difficult. Hauck
[7], Hogan [8] and Lang [12] noted that nerve root
diameters may affect the degree of blockade after spinal

Fig. 5 A view indicating a
proximal interconnection
between the S1 and S2 roots just
below the conus medullaris
level. * Anastomosis; CM: conus
medullaris; SIR: S1 nerve root;
S2 R: S2 nerve root

Conus
medullaris

Fig. 6 Interconnection (more distal level) between the S1 and S2
roots and its magnified view was represented. * Anastomosis; SIR: S1
nerve root; S2 R: S2 nerve root

anesthesia. We agree with the authors. The largest root,
which was S1 in the current study, had the highest degree of
division into root bundles. Therefore, penetration of
anesthetic drugs into each rootlet may be reduced. The
large size of the roots may resist anesthetic effects, whereas
the smaller sizes of roots may facilitate neural blockade and
intrathecal neurotoxicity. Based on data from our study,
separation of posterior roots into subgroups between one

Fig. 7 Posteromedial view of left lumbar nerve roots coursing within
the lateral recess. SP: Superior articular process; white arrowhead:
lateral recess; dashed line: trace of lateral recess; R: nerve root

@ Springer
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Table 2 Diameters of the lateral
recess and distance between the

Lateral recess antero-posterior diameter

Nerve root-lateral facet relationship

origin of the lumbar nerve root

and the inferior edge of the Level Side Mean + SD Range Mean + SD Range
superior articular process
L1 Right 9.27+0.81 8.22-10.4 -3.50+0.63 -2.72-4.31
Left 8.93+0.80 8.01-10.0 -3.43+0.69 -2.42-4.33
Mean 9.10+0.80 8.01-10.4 -3.47+0.65 -2.42-4.33
L2 Right 7.65+0.84 6.61-8.87 -2.02+0.43 -1.45-2.75
Left 7.57+0.87 6.55-8.72 -2.01+0.40 -1.51-2.73
Mean 7.61+0.83 6.55-8.87 -2.02+0.40 -1.45-2.75
L3 Right 7.33+0.83 6.36-8.35 -0.31+0.09 -0.17-0.45
Left 7.28+0.86 6.27-8.34 -0.30+0.08 -0.19-0.42
Mean 7.30+0.82 6.27-8.35 -0.30+0.09 -0.17-0.45
% % poiats of Li, L2 and L3 L4 Right  6.02+0.72 4.81-6.95 +1.59+0.55 +1.01-2.35
roots originated below the Left  5.90+0.66 4.71-6.73 +1.61£0.52 +1.07-2.33
corresponding y points Mean 5.96+0.67 4.71-6.95 +1.60+0.52 +1.01-2.35
“+“: x points of of L5 Right 6.09+0.56 5.31-6.71 +5.78+0.65 +4.75-6.80*
L4 and LS5 roots were above the Left 6.05+0.55 5.35-6.72 +5.73+0.61 +4.73-6.71
corresponding y points Mean  6.06+0.54 531-6.72 +5.75+0.61 +4.73-6.80
*<0.05

Fig. 8 Picture showing the relationship of the lumbar nerve root to
the superior articular process just before the nerve root leaves the
thecal sac. Measured vertical distance (x-y) is indicated. (x-y: distance
between the midpoint of the distance between the superior edge and
inferior edge of the intrathecal exit nerve root and the inferior edge of
the superior articular process)

@ Springer

and three may increase the anesthetic effect, because each
nerve root is exposed to a greater surface area. Therefore,
responses to spinal anesthesia may be different due to the
variability of root size for each level among individuals. In
addition, within each root layer, the motor roots pass
considerably closer to the disc space; therefore, we
theorized that ventral cauda equina lesions may more likely
affect the motor nerve roots. Preservation of sensation in
sacral dermatomes may produce compression syndrome in
ventral cauda equina. Numerous studies demonstrated that
stretching of intradural nerve roots can damage them [11,
16]. We assumed that stretch-induced nerve root injury may
be related to changes in the length of the spinal canal and in
the length of the nerve root. The authors stated that the
strain effect on the intrathecal nerve root could be reduced
because of a shortened nerve root pathway [22, 23, 27]. In
our study, the short L1 and L2 roots appeared to become
taut more than the others (the most tethered root was L1)
and therefore were easily injured by hemilateral anterior
compression, such as by a tumor, but they may not be
affected by stretch-induced injury due to no crossing of
more mobile segments. However, the intrathecal course of
the more caudal nerve roots becomes substantially longer as
one descends the spine. Because of this, the L4 and L5
roots cross two or more mobile segments; thus, we
hypothesize that during normal flexion, movement of the
spine may cause exposure to more trauma at degenerative
disc levels, such as in the case of excessive disc protrusion.
This may expose them to the theoretical risk of stretch-
induced injury. The perineurium and endoneurium have
considerable mechanical strength and serve to protect
neural tissues against mechanical forces. However, the
intrathecal nerve roots do not have such a protective sheath
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[6]; therefore, the intradural nerve roots are vulnerable to
mechanical stretch, including operative maneuvers and
trauma. Our study shows that the lumbar nerve roots may
be exposed frequently to mechanical trauma at the neck of
the nerve root sheath where the nerve root is fixed to
surrounding structures. The nerve root may be compressed
between the disc margins, facet and ligamentum flavum in
the acute angle at the corner of the spinal canal. Disc
herniations were associated with root anomalies (abnormal
anastomoses between the roots), and bone anomalies
(aplastic or hypoplastic lumbar pedicles, transitional verte-
brae) were considerably prone to mechanical trauma of the
exit root [1]. We assume that the maximum load is
positively correlated with the nerve root diameter. There
may be a linear relationship existing between increasing
strain and injury. Injury is likely to be influenced by the
diameter of the nerve root. We postulate that the lithotomy
position or excessive flexion of the torso during various
surgical procedures may be one of the risk factors for injury
to tethered roots in the presence of intrathecal pathologies.
It is clearly seen in the current study that the nerve root just
before leaving the dural sac is in close proximity to the
corresponding disc space. Above the point of emergence of
the root from the dural sac, compression will collapse the
ventrolateral part of the cauda equina and cause inward
kinking of the intrathecal nerve root. Below the point of the
origin of the root sheath, at the axillary level, compression
will lead to flattening of the emerging root. The lumbar
nerve root is fixed to surrounding structures at the neck of
the nerve root sheath as it exits the dural sac; during
excision of disc herniations above or below the point of the
origin of the root sheath, therefore, nerve roots should not
be excessively retracted. The nerve root leaving the thecal
sac courses very close to the pedicle (especially, dorsal
roots), which is a reliable landmark for location of the
exiting roots. Improper pedicle screw placement in the
lumbar spine may violate the spinal canal with increased
risk of injury to dorsal nerve roots. The incidence of
interneural interconnections between lumbar nerve roots is
8.5-30% [9, 14, 17]. In the current study, interneural
interconnections were rarely found; differently, anastomo-
ses appeared to be more frequent between the dorsal sacral
roots at origin from the conus medullaris. The interneural
interconnections may cause symptoms at more than one
level and may give an incorrect indication of the disc
herniation level; therefore, results of decompression may be
poor. All spine surgeons should be aware of these nerve
root anomalies. The anastomoses existing between dorsal
roots may affect the results of surgery in selective dorsal
rhizotomy. Identification of specific segmental innervations
is important in choosing rootlets to section for rhizotomy
for relief of intractable pain. The electromyographic
response to stimulation and bony landmarks are used to

guide the surgeon. Most authors rely on the electromyo-
graphic response to stimulation for rootlet selection [17,
21]; however, Warf and Nelson [26] found inconsistent
responses with commonly used methods and stated that
such techniques should not be used to select abnormal
rootlets for partial dorsal rhizotomy. Based on our dis-
sections, at lower levels of the distal spinal cord, lumbar
and sacral roots are so crowded that it is very difficult to
identify the limit of the segment of origin of a single root,
and also anastomoses may affect the results of the
procedure. Therefore, we proposed that sectioning of
exiting dorsal rootlets, which are consistent with segments
regarding pain in the ventrolateral area of the cauda equina,
may be more appropriate for management of intractable
pain. As seen in our dissections, dorsal roots and their
rootlets can be easily separated from each other in the
ventrolateral part of the cauda equina. Disadvantages of this
procedure may be the need for additional laminectomy,
which exposes the entire cauda equina. In the current study,
the number of dorsal rootlets of the LS and S1 roots was the
greatest. This condition should be taken into consideration
during microsurgical approaches to the dorsal root entry
zone (DREZotomy) for unbearable neuropathic pain.
Lateral spinal stenosis in the lumbar spinal canal is an
important clinical problem. Disc margin, facet hypertrophy
and ligamentum flavum lead to compression of the root in
the lateral recess [3]. Criteria for the diagnosis of lateral
recess stenosis are not clearly defined [19]. Several authors
have suggested measurement of the lateral recess height on
CT as a helpful tool for making decisions regarding
management. In a study by Strojnic [19], preoperative
measurements of the heights of the lateral recess on CT
were performed, and it was concluded that a height of
3.6 mm or less on a CT scan is also indicative of stenosis.
Tong et al. [20] reported that the lower limit cutoff should
be 3.7 mm at the L1-2 level and 4.3 mm at the L5-S1 level
on MRI studies. Ciric et al. [3] evaluated lateral recess
stenosis to be less than 2 mm in height. They accepted
5 mm or more as a normal lateral recess. In the work of
Binder et al. [2], the anteroposterior diameter of the lateral
recess is less than 4 mm in lateral spinal stenosis on CT. A
normal anteroposterior diameter of the lateral recess is 3—
5 mm and is 1-2 mm in stenotic situations [2]. In our study,
in all specimens, the mean diameter of the osseous lateral
recess gradually decreased from L1 to L4 (9.10, 7.61, 7.30,
5,96, 6.06 mm for L1, L2, L3, L4, L5 levels, respectively),
whereas the diameter of the intrathecal nerve root increased
from L1 to L5 (0.80, 1.17, 1.68, 3.15, 3.42 mm for L1, L2,
L3, L4, L5 nerve roots, respectively). Based on data from
the current study, the anteroposterior diameter of the lateral
recess in lateral spinal stenosis should be less than 0.80 mm
for the L1 level, 1.17 for L2, 1.68 for L3, 3.15 for L4 and
3.42 for L5. (These values correspond to the intrathecal
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nerve root diameter.) The dimension of soft tissue of the
lateral lumbar spinal canal should be taken into consider-
ation in the diagnosis of lateral spinal stenosis with possible
root compression. The lateral recess stenosis may be more
commonly seen at the L4 and L5 levels because of the most
narrow lateral recess diameter and the greatest nerve root
diameter. The narrowing lateral recess may not contain
CSF; therefore, myelography may be the best diagnostic
method for lateral recess stenosis [3, 28].

Knowledge of the relationship between the facet and the
nerve root may be helpful to predict the location of the
origin of the nerve root during disc herniation surgery. In
particular, in case of recurrent disc disease, owing to the
presence of fibrosis in the operative field, the nerve root
may be difficult to identify. Our results indicate that in all
cadavers, the origin of the sleeve of the L1, L2 and L3 roots
is beneath the inferior edge level of the superior articular
process (the L1 root was an average of 3.47 mm below the
inferior edge of the lateral facet; L2, 2.02 mm; L3,
0.30 mm). The L4 and the LS5 roots originated above the
inferior edge level of the lateral facet (L4, 1.60 mm; L5,
5.75 mm). The origin of the root ascended according to the
inferior edge level of the corresponding lateral facet in the
rostricaudal direction. Also, in lateral spinal stenosis, the
relationship between the facet and root origin should be
taken into consideration during lateral recess decompres-
sion in order to avoid root injury. These results indicate that
exploration of the lateral recess at the inferior half of the
facet at the L4 and LS levels will carry a risk of injury to
the nerve root.

In conclusion, we believe that the data obtained from
anatomical dissection models will be helpful to surgeons
with respect to understanding clinical symptomatology by
correlating anatomical knowledge with clinical findings, as
well as improving the success rate of spinal operations.
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Dear Editor,

Atlantoaxial rotatory fixation (AARF) is a disorder of
childhood commonly encountered in clinical practice. We
report a successful case of conservative management with
continuous halo-skull traction followed by closed reduction
in a patient with chronic pediatric AARF whose parents
refuse surgical treatment.

A 7-year-old girl with a history of upper respiratory tract
infection developed right-sided neck pain occurring since
December 2007. Due to persistent pain whose etiology
could not be identified by a pediatrician, she was referred to
our department in August of 2008. Three-dimensional
computed tomography (3D-CT) clearly showed a lateral
inclination of 21 degrees in the AP view (Fig. la).
Magnetic resonance imaging (MRI) identified a synovial
effusion within the anterior atlantoaxial joint space charac-
terized by low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images (Fig. 1b).
Although spinal cord impingement was observed between
the dens and the posterior arch of Cl, the patient was
neurologically intact. The clinical and radiological findings
were considered definitive for chronic AARF. After
admission in October of 2008, the patient’s head was
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immobilized with the halo-ring under general anesthesia.
An initial attempt at closed reduction was unsuccessful.
Therefore, the patient was in bed in “supine” skull traction
at night and seated in a wheelchair during daytime hours
under “sitting” skull traction from 2.5-6 kg for 2 months.
Lateral plain x-rays showed a little change in the atlantoaxial
angle. No neurological deficits were identified during skull
traction. We recommended surgical intervention to her parents
in order to treat the chronic AARF, but they rejected the offer
and requested the continuous conservative management. In
December of 2008, a second closed reduction maneuver was
performed. Holding the halo-ring firmly attached to the
patient’s head and applying her head with the longitudinal
and right-sided rotational force, we successfully elevated the
atlas and reduced it with crepitation. A coronal reconstruction
image of MPR-CT showed a reduction of C1/C2. The patient
was immediately put into a halo-vest for 3 months. Three
months after removal of the halo-vest, a coronal reconstruc-
tion image of MPR-CT revealed spontaneous bony fusion at
the right-sided facet joint of C1/2 (Fig. 1c). In contrast, MRI
demonstrated a remarkable shrinkage of the synovial
effusion within the anterior atlantoaxial joint space, which
was swollen before treatment, resulting in an indirect
decompression of the spinal cord (Fig. 1d). At the final
follow-up, limited range of rotation on her neck was seen,
but the patient had no symptoms such as neck pain or
neurologic involvement, no torticollis.

Multiplanar reconstruction CT and 3D-CT studies are
valuable for the diagnosis and evaluation of AAREF,
including determination of the type and degree of articu-
lating facet displacement of the atlantoaxial subluxation.
3D-CT in particular shows the spatial relations of the
atlantoaxial joint with particular clarity, thereby aiding in
arriving at a correct diagnosis. Ishii et al. demonstrated that
both facet joint deformity and lateral inclination of the atlas
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Fig. 1 a Three-dimensional
computed tomography (3D-CT)
clearly shows a lateral inclination
of 21 degrees in the AP view. b
Sagittal T2-weighted MRI
demonstrates that synovial
effusion within the anterior
atlantoaxial joint space is well
visualized on the image as an
area of high signal intensity
(arrowheads). ¢ Coronal
reconstruction image of
multi-planar computed
tomography reveals spontaneous
bony union at the right-sided
facet joint of C1/2 at 3 months
after halo-ring immobilization. d
Sagittal T2-weighted MRI
demonstrates a remarkable
shrinkage of the synovial
effusion within the anterior
atlantoaxial joint space

observed on 3D-CT could be useful signs to predict the
prognosis and the treatment of choice in patients with
chronic AARF, and in particular that greater than 20
degrees of lateral inclination of the atlas was a significant
indicator of an irreducible subluxation [1]. In addition,
Pang and Li reported on a set of AARF cases in which C1/2
facet joint locking due to bone union strongly correlated
with delays longer than 3 months [2, 3]. In the present case,
despite the presence of a 21-degree lateral inclination of the
atlas in a patient with chronic AARF of 10 months’
duration, long-term halo-traction followed by closed reduc-
tion was successfully able to reduce the subluxation and
also may have released the patient’s ligamentocapsular
contractures. MRI is also a reliable imaging modality for
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assessing the integrity of the transverse ligament in AARF
patients [4]. A unique finding in our patient was the MRI
documentation of gradual shrinkage of the synovial
effusion within the anterior atlantoaxial joint space after
the successful closed reduction and its ultimate disappear-
ance at the last follow-up. This finding indicates that the
atlantoaxial stability obtained by closed reduction and
subsequent halo-vest immobilization may have promoted
the regression of the synovial effusion within the anterior
atlantoaxial joint space.

The optimal management of chronic AARF is contro-
versial. Many investigators have advocated operative
reduction in patients with chronic AAREF, resulting in
approximately 30% of such patients requiring cervical
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fusion [5]. However, in the present case, because multi-
planar reconstruction computed tomography showed no
bony union of the atlantoaxial joint at initial presentation
and her patient refused the surgical management, we treated
this case of chronic AARF conservatively. It was not
intended to achieve spontaneous fusion at the right side of
lateral mass at the last follow-up.

In conclusion, this case suggests that continuous halo-
skull traction followed by closed reduction could be an
option of management in some pediatric patients with
chronic AARF. However, the maneuvers may cause
pediatric patients to be traumatic for both physical and
psychological issues.
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Dear Editor,

We report a “little pearl” in spinal neurosurgery concerning
a severe nerve root and dura avulsion caused by a calcified
disc.

A 47-year-old male patient with radiculopathy (3/5
motor weakness of ankle and toe extension, numbness in
the right lateral lower leg) and disc herniation proven by
magnetic resonance imaging (MRI, T1-weighted and
T2-weighted) was treated by microsurgical management
(no previous surgery). After careful opening of the yellow
ligament, a very uncommon situation revealed itself. The
dural layer of the nerve root was circumferentially
disrupted, resulting in a direct view of the fascicles, which
were tightly laid together. The continuity of the two most
medially located fascicles was disrupted. No leaking of
cerebrospinal fluid was observed. Complete inspection
revealed that an almost completely calcified and solid disc
herniation was in direct contact with the pathology inside
the nerve root, only a few millimeters distal from leaving
the thecal sac (Fig. 1). The only reason for the described
nerve root lesion that could be seen was the very sharp-
edged disc hernia, impinging on the root, causing this
serious injury. Resection of the herniation and nucleotomy
were performed through the perforation hole. After freeing
the nerve root, its continuity was reconstructed and
stabilized with fibrin glue. The specimen was examined
histopathologically. The largest piece was found to be a
grayish-to-white, 30 x 25 X 5-mm piece of cartilaginous
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filaments. After decalcification, distinct degenerative disc
material was demonstrated on light microscope inspection,
consisting predominantly of cartilaginous filaments with
fibrous and mucin-like degenerative alterations and scattered
chronic inflammatory cell infiltration. At 15 weeks after
surgery, the patient had no sensory deficit or residual pain. He
was completely satisfied and returned to work. Even the
paresis of the right foot had ameliorated.

Intradural disc herniation has been reported as a rare and
particular type of intervertebral disc herniation. The
incidence reported for this special entity ranges from
0.001% to 1% [2, 9]. The incidence of intraradicular
herniations (type B intradural disc herniations [6]) is
assumed to be 5% of intradural disc herniations [4]. Even
though intraradicular herniation at the same level and same

Fig. 1 View through the operating microscope of the L4-5 level after
fenestration and flavectomy from the right side. The destructive
calcified herniated disc material (dashed square), which led to dural
and fascicular injury (black dot) of the L5 nerve root, is clearly seen.
Black stars intact thecal sac
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side without previous surgery has been described elsewhere
[1,4-7, 9], no one has reported severe avulsion of a lumbar
nerve root without previous surgery, as in our case.
Nowadays, MRI is an adequate diagnostic tool.

There are anatomical data [2, 8—10] supporting the
assumption of congenital preconditions that put a nerve root
at risk of being injured by a disc herniation, but hereditary
factors are probably not sufficient for dural tearing, as we
can easily conclude from the incidence rate of epidural disc
herniation compared with intradural disc herniation.
Acquired cofactors, such as spondylotic changes, chronic
inflammation, repeated minor trauma, and previous surgery,
therefore seem to be mandatory [3]. Moreover, little
attention has been paid to the sequester’s nature itself as a
cause for tearing, or, as in our case, disrupting the dura and
avulsing fascicles of the nerve root. In particular, severe
degeneration to the stage of calcification and sharp edges of
the disc fragment is presumably one of the cofactors for
dural penetration and nerve fiber injury.

Disclosure There are no conflicts of interest. Part of this work was
presented as a poster at the annual meeting of the DWG (Deutsche
Wirbelsaulengesellschaft), December 2010 in Bremen, Germany.
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Abstract Complex syringomyelia is multifactorial, and
treatment strategies are highly individualized. In refractory
cases, sectioning of the filum terminale, also known as
terminal ventriculostomy, has been described as a potential
adjuvant treatment to alleviate syrinx progression. A 10-year-
old boy with a history of arachnoiditis presented with complex
syringomyelia, progressive lower extremity motor weakness,
and spasticity. Previously, he had failed spinal cord detether-
ing and direct syrinx shunting. Imaging studies demonstrated
a holocord syrinx extending to the level of his conus
medullaris and into the filum terminale. The patient underwent
an uncomplicated lumbar laminectomy and transection of the
filum terminale. Operative pathologic specimens demonstrat-
ed a dilated central canal within the filum. Postoperative
imaging demonstrated significant reduction in the diameter of
the syrinx. At follow-up, the patient’s motor symptoms had
improved. Terminal ventriculostomy may be a useful adjuvant
in treating caudally placed syringes refractory to other
treatments. This procedure carries low neurological risk and
involves no hardware implantation. In select cases, terminal
ventriculostomy may help preserve neurological function in
the face of otherwise progressive syringomyelia.

This manuscript has not been presented at a conference.

This is not a clinical trial and does not require a registration number.
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Introduction

Syringomyelia is an insidious and progressive condition
characterized by the accumulation of excess cerebrospi-
nal fluid (CSF) within the spinal cord. Syrinx formation
is caused by derangements in CSF dynamics that lead to
a build up of intramedullary fluid and subsequent
neurological symptoms [15]. Syringomyelia is multifactorial
and can be caused by obstructions at any point in the
CSF pathways affecting the spinal cord [15, 17]. As such,
it is associated with several conditions, most notably
Chiari 1 and 2 malformations, spinal cord tumors,
infection, and trauma [3, 4, 12]. The appropriate treatment
depends on the predominant pathologic mechanism and
may include suboccipital decompression, spinal cord
detethering, tumor resection, or shunting of the syrinx
itself [1, 3, 16]. First described by Gardner in 1977,
terminal ventriculostomy, or transection of the filum
terminale, is an another technique for treating syringes
that extend to the conus medullaris and filum terminale
[10]. Although terminal ventriculostomy is seldom used, it
can be a useful adjuvant in the management of caudally
placed syringes refractory to other treatments.

Clinical presentation
History

A 10-year-old boy with a complex medical history
presented with progressive decline in his lower extremity
function. He had a history of a rare saprophytic fungal
meningitis causing arachnoiditis, spinal cord tethering,
and complex syringomyelia. Previously, he had under-
gone multiple interventions, including two detethering
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procedures, placement of a syringosubarachnoid shunt,
and a myelotomy for direct drainage of the syrinx. His
most recent intervention, a circumferential upper thoracic
spinal cord detethering and myelotomy for direct drain-
age of the syrinx, had occurred 2 months before this
presentation. After that surgery, he had temporarily
regained the ability to ambulate with assistance. During
the month before the current presentation, however, he
had experienced a progressive decline in bilateral lower
extremity function and urinary incontinence.

Hospital course

At presentation, the patient was nonambulatory. His physical
examination demonstrated marked bilateral lower extremity
spasticity and no lower extremity movement. Magnetic
resonance (MR) imaging of his full spine demonstrated
marked progression of a complex syrinx (Fig. 1) that extended
from the upper thoracic cord to the conus medullaris,
expanding the spinal cord and distending the filum terminale.

Due to the distal extension of the syrinx into the filum
terminale, the patient underwent an L1-2 laminectomy for
filum transection. A surgical specimen of the filum
terminale was sent to pathology and demonstrated an
abnormally large central canal remnant lined with ependy-
mal cells (Fig. 2). Postoperative MR imaging performed
3 days following surgery demonstrated significant decom-
pression of the syrinx cavity (Fig. 3a).

Follow-up

In the immediate postoperative period, the patient’s motor
examination remained unchanged. He was discharged to a
rehabilitation facility. Three months after surgery, he
demonstrated weak spontanecous movement in his hip
flexors (graded strength: 2/5). He could walk in a pool
and ambulate with maximum assistance with a front-wheel
walker. At last follow-up, 16 months following the
procedure, his clinical status remained stable, with no new
deterioration in neurological function. MRI obtained at that
time demonstrated continued decompression of his thoracic
and lumbar syrinx (Fig. 3b).

Discussion

This case demonstrates the utility of terminal ventriculos-
tomy as an adjuvant treatment for caudal syringes refractory
to other interventions. In this case, a complex syrinx
progressed despite a prior radical detethering procedure
and previous placement of a syringosubarachnoid shunt.
Terminal ventriculostomy was performed to open the
caudal aspect of the syrinx cavity into the spinal subarach-
noid space at the level of the filum terminale.

An appreciation of the mechanisms of syrinx formation
is crucial in evaluating treatment options and understanding
the role of terminal ventriculostomy in selected cases. In

Fig. 1 Preoperative cervical (a), thoracic (b), and thoracolumbar (c)
sagittal T2-weighted magnetic resonance (MR) imaging sequences
demonstrating a complex syrinx extending from the lower cervical
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level to the filum terminale. Used with permission from Barrow
Neurological Institute
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Fig. 2 Low- (a), medium- (b), and high-power (¢) microscope views of the surgical specimen demonstrating a persistent ependymal-lined central
canal within the filum terminale. Used with permission from Barrow Neurological Institute

Fig. 3 Postoperative thoracic sagittal T2-weighted MRI sequence
demonstrating marked reduction in the size of the syrinx cavity 3 days
(a) and 16 months (b) after surgery. Used with permission from
Barrow Neurological Institute

1958, Gardner and Angel proposed the hydrodynamic
theory, in which syringomyelia develops from a persistent
opening of the central canal at the obex in the setting of
fourth ventricular outlet obstruction [9]. In this scenario,
CSF pulsations create a “water-hammer” effect, driving
fluid into the central canal [8]. Although mechanistically
appealing, Gardner’s hypothesis fails to explain syrinx
formation in the absence of a Chiari malformation. In 1972
Ball and Dayan proposed a more unifying mechanism, the
perivascular dissection theory, in which disruptions of the
spinal subarachnoid space promote CSF flow across perivas-
cular spaces into the spinal cord parenchyma [2]. Unlike
Gardner’s hypothesis, this mechanism helps to explain syrinx
formation in a variety of settings, including trauma,
arachnoiditis, tethered cord, and Chiari malformation. Some
evidence also suggests that increases in venous hydrostatic
pressure within the epidural space may play a role in the
development of a pre-syrinx state that may progress to
syringomyelia [7, 13]. Because the veins draining the spinal
cord are valveless, venous hypertension caused by an
obstruction or mass would be expected to promote interstitial
build-up of fluid within the spinal cord.
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Although the pathophysiology of syrinx formation is
not completely understood, the above theories are all based on
the notion that the central canal remains a potential space
susceptible to CSF accumulation, particularly in young
patients [14]. Embryologically, the central canal, or
ventriculus terminalis, resembles a ventricle. In this way,
syringomyelia is analogous to hydrocephalus, that is, block-
age of spinal fluid pathways leads to the accumulation of fluid
within the primitive ventricle of the spinal cord. In cases of
caudal syringes extending to the conus medullaris, terminal
ventriculostomy brings the syrinx cavity into communication
with the spinal subarachnoid space, allowing the syrinx to
decompress with minimal morbidity [15].

Despite its theoretical appeal, terminal ventriculostomy
is seldom described in the literature. Gardner et al. first
proposed terminal ventriculostomy for the treatment of
caudally located syringomyelia in a series published in
1977 [10]. Of the 12 patients who underwent transection of
the tip of the conus medullaris, 11 demonstrated neurological
improvement at a follow-up period ranging from 12 to
31 months. All specimens confirmed the presence of a patent
central canal extending up to 8 cm into the filum terminale,
indicative of dysfunctional CSF flow. Although follow-up is
limited, this series suggests that opening a persistent central
canal at the tip of the conus medullaris may partially
restore physiologic CSF dynamics and alleviate syrinx
progression, at least temporarily. In 1983 Williams and Fahy
published a “critical appraisal” of terminal ventriculostomy
[18]. In their series, 31 patients with syringomyelia underwent
filum terminale excision. Although 21 patients initially
demonstrated subjective or objective improvements after
surgery, the majority continued to deteriorate at follow-up
[18]. These findings underscore the notion that while
terminal ventriculostomy may provide a temporary reprieve
from symptom progression, the underlying course of the
disease is unlikely to be affected.

In our case, terminal ventriculostomy was performed
in a 10-year-old boy with a complex syrinx that extended
into the filum terminale. After surgery, he experienced
improvement in his subjective clinical symptoms and
objective motor performance that lasted up to his most
recent follow-up, 16 months later. His postoperative MR
images demonstrated a significant reduction in the size of the
syrinx (Fig. 3), and sections of the filum terminale taken
during surgery demonstrated a persistent ependymal-lined
central canal (Fig. 2). These findings confirm that the
procedure effectively opened the syrinx cavity into the
subarachnoid space, corroborating the aforementioned
rationale. Our case differs significantly from two recent
reports that demonstrate syrinx resolution after filum
terminale transection in the setting of tethered cord
syndrome [6, 11]. In our patient, no radiographic or
clinical evidence of tethered cord syndrome was present,
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and a clear infectious etiology of syringomyelia had already
been established. Furthermore, the persistent central canal
within the filum terminale suggests that transection of the
filum relieved the syrinx by creating a pathway for CSF flow
from the spinal cord to the spinal subarachnoid space rather
than by acting as a detethering procedure. In cases of spinal
arachnoiditis, recent data suggest that increased tensile radial
stress in the spinal cord may lead to syrinx formation by
transiently lowering pressure in the cord and subsequently
drawing in interstitial fluid which may become trapped within
the spinal cord [5]. This mechanism makes terminal
ventriculostomy an intuitively appealing treatment in cases
of arachnoiditis. Analogous to a third ventriculostomy,
sectioning of the filum terminale in the setting of a
persistently open intramedullary fluid compartment leads to
an equilibrium in pressure between the intramedullary and
spinal subarachnoid spaces and provides a route of egress for
high-pressure intramedullary fluid. Although scarring in the
subarachnoid space is a potential cause for failure of the
terminal ventriculostomy, this patient’s CSF dynamics
were normal enough to allow continued long-term
patency of the terminal ventriculostomy. Had the arach-
noiditis led to terminal ventriculostomy failure, placement of a
lumbar-peritoneal shunt may have helped maintain patency of
the ventriculostomy. This possibility was discussed but
proved to be unnecessary in our patient.

The durability of terminal ventriculostomy over time has
been a major concern. The case series published by
Williams and Fahy suggests that the beneficial effects of
this procedure are often transient [18]. In this case,
however, the patient’s clinical status remained stable until last
follow-up, 16 months after surgery. While his improvement
plateaued in the 3 months following surgery, he did not
experience any neurological deterioration during the follow-
up period that might be expected from the natural course of
complex syringomyelia. Furthermore, his MRI obtained
16 months after the terminal ventriculostomy demonstrated
continued decompression of his syrinx cavity. Although
terminal ventriculostomy was not a definitive cure, it appears
to have stabilized this patient’s previously progressive
syringomyelia, both clinically and radiographically.

This case illustrates the use of terminal ventriculostomy
in the management of syringes extending to the conus
medullaris when other first-line treatments have failed. Our
case suggests that this procedure may be best reserved for
patients with radiographic evidence of syrinx extension into
the filum terminale. While it is clear that terminal
ventriculostomy is not a first-line treatment of syringomyelia,
our experience illustrates that the procedure should be kept in
the neurosurgeon’s armamentarium as a possible adjuvant in
cases of complex syringomyelia refractory to standard treat-
ments. Although it does not address the underlying cause of
syringomyelia, terminal ventriculostomy, in select cases, may
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be a useful adjuvant therapy to slow neurological deterioration
and to preserve some lower extremity function in the face of
an otherwise progressive disease.

Conflicts of interest None.

References

1. Aghakhani N, Parker F, David P, Morar S, Lacroix C, Benoudiba
F, Tadie M (2009) Long-term follow-up of Chiari-related
syringomyelia in adults: analysis of 157 surgically treated cases.
Neurosurgery 64:308-315

2. Ball MJ, Dayan AD (1972) Pathogenesis of syringomyelia. Lancet
2:799-801

3. Batzdorf U (2000) Primary spinal syringomyelia: a personal
perspective. Neurosurg Focus 8:E7

4. Batzdorf U (2005) Primary spinal syringomyelia. J Neurosurg
Spine 3:429-435

5. Bertram CD, Bilston LE, Stoodley MA (2008) Tensile radial
stress in the spinal cord related to arachnoiditis or tethering: a
numerical model 1. Med Biol Eng Comput 46:701-707

6. Caird J, Flynn P, McConnell RS (2008) Significant clinical and
radiological resolution of a spinal cord syrinx following the
release of a tethered cord in a patient with an anatomically normal
conus medullaris. Case report. J Neurosurg Pediatr 1:396—-398

7. Fischbein NJ, Dillon WP, Cobbs C, Weinstein PR (2000) The
”presyrinx” state: is there a reversible myelopathic condition that
may precede syringomyelia? Neurosurg Focus 8:E4

8. Gardner WJ (1977) Syringomyelia. Surg Neurol 7:370

9. Gardner WJ, Angel J (1958) The mechanism of syringomyelia
and its surgical correction. Clin Neurosurg 6:131-140

10. Gardner WJ, Bell HS, Poolos PN, Dohn DF, Steinberg M (1977)
Terminal ventriculostomy for syringomyelia. J Neurosurg 46:609—617

11. Hsu AR, Hou LC, Veeravagu A, Barnes PD, Huhn SL (2009)
Resolution of syringomyelia after release of tethered cord. Surg
Neurol 72:657-661

12. Koyanagi I, Iwasaki Y, Hida K, Houkin K (2005) Clinical features
and pathomechanisms of syringomyelia associated with spinal
arachnoiditis. Surg Neurol 63:350-355

13. Medow J, Sansone J, Iskandar BJ (2008) Syringomyelia and
hydromyelia. In: Albright AL, Pollack IF, Adelson PD (eds)
Principles and practice of pediatric neurosurgery. Thieme, New
York, pp 444-476

14. Milhorat TH, Kotzen RM, Anzil AP (1994) Stenosis of central
canal of spinal cord in man: incidence and pathological findings in
232 autopsy cases. J Neurosurg 80:716-722

15. Rekate HL (2002) Syringomyelia in children. In: Batjer HL,
Loftus CM (eds) Textbook of neurological surgery: principles and
practice. Lippincott Williams & Wilkins, Baltimore, pp 960—966

16. Sgouros S, Williams B (1995) A critical appraisal of drainage in
syringomyelia. J Neurosurg 82:1-10

17. Stoodley MA, Jones NR, Yang L, Brown CJ (2000) Mechanisms
underlying the formation and enlargement of noncommunicating
syringomyelia: experimental studies. Neurosurg Focus 8:E2

18. Williams B, Fahy G (1983) A critical appraisal of "terminal
ventriculostomy” for the treatment of syringomyelia. J Neurosurg
58:188-197

Comment

The authors describe the case of a 10-year-old boy with acquired
syringomyelia secondary to fungal meningitis. Standard interventions
including detethering, syrinx shunt, and open drainage of the syrinx
via myelotomy had failed to control the syrinx. Sectioning of the filum
at the level of the conus led to both clinical benefit and radiological
improvement in the syrinx.

As the authors point out the Gardner hypothesis requires an
obstruction at the foramen magnum and patency of the central canal of
the spinal cord and so fails to account for many cases of
syringomyelia, including their case. They discuss the concept
advanced by Ball and Dyan that proposes an ingress of CSF from
the spinal subarachnoid compartment along the perivascular spaces
into the parenchyma of the spinal cord with subsequent cavitation and
syrinx formation. This latter theory does not require that the central
canal remain patent or indeed that there be any anatomical
communication between the syrinx and the central canal though this
would presumably have to be the case here if the cut end of the central
canal (terminal ventriculostomy) is indeed the mechanism by which
the syrinx has been decompressed.

The suggestion that syringomyelia be thought of as “hydro-
cephalus of the spinal cord” and that terminal ventriculostomy be
analogous to third ventriculostomy is an interesting one. However,
by draining the CSF in the syrinx into the very compartment from
which it was formed might be considered analogous to performing
ETV for ”communicating hydrocephalus” and might in part
account for the late failure rate of this technique suggested in the
published literature.

The report is both interesting and provocative. It highlights a
potentially useful technique for those faced with the depressing entity
of refractory syringomyelia.

Dominic Thompson
London, UK
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Abstract

Background Minimal-access technology has evolved rapidly
with "tubular" or "percutaneous" approaches for decompres-
sion and stabilization in the lumbar spine. Potential benefits
(smaller scars, diminished local pain, reduced blood loss,
reduced postoperative wound pain, shorter hospital stays)
have to be weighed against possible drawbacks (reduced
orientation, steep learning curve, increased radiation exposure,
dependency on technology, cost). While non-comparative
case series are often rather enthusiastic, comparative studies
and particularly RCTs are scarce and might convey a more
realistic appreciation.

Methods A MEDLINE search via PubMed was performed
to find all English-language studies comparing "open" or
"traditional" or "conventional" with "minimally invasive"
or "percutaneous" or "tubular" approaches in degenerative
lumbar spine surgery.

Results Only nine comparative studies could be retrieved
altogether. No clear benefit could be found for minimally
invasive procedures in lumbar disc herniation, TLIF, or
PLIF. There seems to be a slight advantage in terms of
hardware safety in open procedures.

Conclusions This review, based solely on the very limited
number of available comparative studies, shows no relevant
benefit from minimally invasive techniques, and a tendency
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for more safety in open procedures in lumbar disc herniation,
TLIF and PLIF.

Keywords Spine surgery - Lumbar spine - Minimally
invasive - Percutaneous - Tubular - Review

Abbreviations
VAS  Visual analogue scale

EBL  Estimated blood loss

TLIF  Transforaminal lumbar interbody fusion
PLIF Posterior lumbar interbody fusion

ODI  Oswestry disability index

LOS Length of stay

RCT Randomized controlled trial
Introduction

As for many other surgical subspecialties, minimal-access
technology has evolved remarkably over the past two
decades for spine surgery. Numerous endoscopic, tubular,
and percutaneous approaches have been developed for
traditional decompression and stabilization or placement of
newly developed implants such as spacers and artificial
discs. The trend for these less-invasive techniques is
understandable, as smaller access should result in smaller
scars, diminished local pain, reduced blood loss, reduced
postoperative wound pain, and therefore shorter hospital
stays with the potential to carry out certain procedures on
an outpatient basis [10]. However, minimally invasive
procedures have several challenges [13]:

—  Three-dimensional anatomical exposure and therefore
orientation is considerably reduced; manipulating instru-
ments through small access channels is particularly
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demanding; and complication management may be very
difficult and even necessitate conversion to open surgery

— A strong dependency on technical equipment (access
instruments, fluoroscopy, navigation) may make mini-
mally invasive procedures more expensive and subject
to technical failures

— Placing spinal implants through tubes or “percutane-
ously” commonly requires high doses of radiation
exposure for both the surgeon (team) and the patient

—  Technical dependency coupled with increased manual
challenges accounts for a very steep (i.e., long and
again expensive and often complication-ridden) learning
curve.

All of this leads to the fundamental question: Is there a
true benefit of so-called “minimally invasive” spinal
surgery or is it just a new trend with increased risks?

There are numerous enthusiastic non-comparative case
series on minimally invasive spinal surgery, but caution is
necessary: in the attempt to celebrate technical advances,
both the involved spinal surgeons and their corresponding
industry partners may be biased in analyzing “their” new
surgical methods.

This critical review is undertaken in an attempt to
identify potential advantages or disadvantages of minimally
invasive techniques in the most commonly practiced
procedures for lumbar degeneration, based exclusively on
comparative studies.

Materials and methods

A MEDLINE search via PubMed was performed to find all
English-language studies comparing "open" or "traditional"
or "conventional" with "minimally invasive" or "percuta-
neous" or "tubular" approaches in degenerative lumbar
spine surgery. Title-screening with these search terms
included all language publications with the date of last
search on July 31, 2010. Endoscopic procedures were not
included in this review. If the title did not clearly rule out a
positive search result, the abstract was screened, and if the
abstract did not clearly rule out a positive search result, the
article was read through. The identified articles were
grouped together for the most common (and thus lumbar)
spinal procedures: lumbar disc herniation (LDH), posterior
lumbar interbody fusion (PLIF), and transforaminal lumbar
interbody fusion (TLIF).

Results

Only nine comparative studies could be retrieved: two
about lumbar disc herniation [1, 6], four about TLIF [3, 12,
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14, 16] and three about PLIF [5, 9, 11]. No comparative
article could be retrieved about the most common lumbar
spine procedure of all, pure lumbar decompression for
stenosis.

Lumbar disc herniation

One retrospective and one prospective comparative study
were found.

Harrington in his retrospective study compared 35 open
with 31 minimally invasive cases (expanding retractor and
microscope): While surgical duration, blood loss, compli-
cations, and outcome were similar in both groups, pain
medication requirements (average dose of hydrocodone
13.4 mg for the minimally invasive group and 20.9 mg for
the open group) and hospitalization duration (discharge on
the day of surgery in 45% in the minimally invasive group
vs. 6% in the open group) were less in the minimally
invasive group [6].

Arts in his randomized controlled trial found that
conventional microdiscectomy with muscle retractor and
microscope or loupe magnification in 159 cases resulted in
generally equal outcome with slightly better pain results
than microscopic disc herniation removal through a tube in
166 cases. The surgeons were familiar with both techniques
and concluded that "patients who underwent tubular
diskectomy fared worse with regard to leg and back pain
and fewer patients reported complete recovery at 1 year".
At the final 1-year follow-up, the mean Roland-Morris
Disability Questionnaire score was in favor of the "con-
ventional" group (3.4 vs. 4.7 in the "tubular" group), as was
improvement on the visual analogue scale for leg and back
pain and self-reported recovery (79% "good" in the
conventional vs. 69% in the tubular group) [1].

TLIF

Four retrospective studies and no prospective study were
retrieved.

Villavicencio et al., in their retrospective study, com-
pared 63 open with 76 matching minimally invasive cases
with a mean follow-up of 37.5 months and found that
patients in the open TLIF group had greater VAS
improvement and overall satisfaction than the minimally
invasive group; mean EBL was less in the minimally
invasive group but also low in the open group (367 cc) and
hospital stay 1 day shorter in the minimally invasive group.
The total rate of neurological deficit was 10.5% in the
minimally invasive TLIF group compared to 1.6% in the
open group. They concluded that "on the basis of the results
of this study, it is safe to say that minimally invasive TLIF
technique is not superior compared to the open approach.
The potential benefits of less blood loss and a faster
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recuperation appear to be offset by a higher rate of
neurological complications" [16].

Peng et al. found a similar long-term clinical outcome
and fusion rates at 2 years when retrospectively comparing
29 minimally invasive with 29 open TLIF cases; postopera-
tive pain medication was only slightly higher in the open
group, mean EBL 150 ml in the minimally invasive and
681 ml in the open group, and surgery time was longer in the
minimally invasive group (216 vs. 170 min) [12].

Schizas and colleagues document a shorter hospital stay
in their initial experience with 18 cases of minimally
invasive compared to 18 open TLIFs; they concluded that
"no difference was observed in postoperative pain, initial
analgesia consumption, VAS or ODI between the groups.
Three pseudarthroses were observed in the minimally
invasive TLIF group although this was not statistically
significant. A steeper learning effect was observed for the
minimally invasive TLIF group" [14].

Dhall and coworkers compared 21 cases of mini-open
TLIF with average follow-up of 24 months with 21 cases of
open TLIF with mean follow-up of 34 months. While EBL
(194 cc vs. 505 cc) and length of stay (3 days vs. 5.5 days)
were reduced in the mini-open group, a higher rate of
hardware-associated complications was found in the mini-
open TLIF (one misplaced screw, one cage migration, one
pseudarthrosis) compared to the open technique (one
misplaced screw) [3].

PLIF

Two retrospective studies and one prospective cohort study
were retrieved.

Ntoukas retrospectively compared 20 minimally invasive
with 20 open PLIFs and found ”less blood loss, less
postoperative pain, quicker recovery and shorter duration of
hospitalization. However, in the long run, one year after
surgery, both groups showed no significant difference with
regards to clinical and radiographic outcome", and "...on
despite these benefits, the minimally invasive group also
experienced a longer surgical and radiation time as
compared to the 'open' group" [9].

Gepstein retrospectively compared 30 cases of minimally
invasive PLIF with average follow-up of 29 months with
earlier 30 cases of open PLIF for post-discectomy pain. Mean
hospitalization was 2.75 days and blood loss negligible in the
minimally invasive group, 5.5 days and 750 cc in the open
group. Clinical and radiological results were comparable at
the mean follow-up of 29 months in the minimally invasive
group and 37 months in the open group [5].

Park prospectively documented 32 minimally invasive
and 29 open PLIF cases, whereby minimally invasive
procedures were not covered by the country’s insurance and
thus were chosen only by financially "healthy" patients.

The authors found no significant difference between the
two groups in clinical and radiographic results with 1-year
minimum follow-up. The minimally invasive group had
less EBL of 433 cc on average compared to 738 cc in the
open group and a shorter hospital stay of 5.3 days
compared to 10.8 days in the open group. Whether the
financial background played a role in leaving the hospital
earlier to return to professional activity earlier must remain
open. The minimally invasive group needed longer surgical
time with 192 min vs. 149 min in the open group and
showed two cases of technical complications in the form of
misplaced pedicle screw and cage migration [11].

Discussion

"Minimally invasive" spinal procedures have been (and in
many spinal centers still are) in the focus of both the
medical technology industry and the involved developing
surgeons. Some undebatable advantages may exist in
creating reduced access morbidity, but making a compro-
mise on exposure and depending on "heavy" technological
equipment may come at a high price in terms of patient
safety and finance.

In this review, "traditional" and "minimally invasive"
approaches in the most common posterior lumbar proce-
dures were analyzed from available comparative articles. In
lumbar disc herniation, no relevant benefit was found in
minimally invasive procedures [1, 6]. Though LOS and
perioperative pain medication were reduced in the mini-
mally invasive group in one study, such a retrospective
evaluation can be biased as incentives for discharge might
have been different for the groups; furthermore, perioperative
pain medication differed only so little that there are no relevant
consequences in daily practice (average dose of hydrocodone
13.4 mg for the minimally invasive group and 20.9 mg for the
open group) [6]. In the single more meaningful prospective
study a slight superiority in clinical 1-year outcome could be
shown for the "open" procedure [1].

No convincing benefit was found for minimally invasive
TLIF compared to open TLIF [3, 12, 14, 16]. The report of
higher rates of neurological complications [16], a "steep
learning curve" [14], and higher rate of hardware-associated
complications [3] for the minimally invasive techniques
convey little enthusiasm. The only potential advantage in
the minimally invasive TLIF was a reduced EBL in one
series [12], which in a retrospective series has limited
meaning as more attention on hemostasis is likely to be
spent on the "new" minimally invasive technique.

For PLIF, slightly reduced initial postoperative LOS or
EBL could be reported for minimally invasive techniques,
whereas long-term outcome was not different between open
and minimally invasive procedures [5, 9, 11], However,
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decreased EBL and shorter LOS in the "new minimally
invasive" technique again is a weak argument, as the new
technique has been compared retrospectively with a
historical "open" control group [5]. In the only prospec-
tive study, misplaced pedicle screws and cage migration,
though rare, were found only in the minimally invasive
group [11].

Although this review, based solely on comparative
studies, is far from giving answers as to which approach
is best for which spinal procedure, it clearly shows not only
no relevant benefit from minimally invasive procedures, but
even a tendency for safer open surgery.

The current literature review finding is in accordance
with Epstein’s remarkable comment on minimally invasive
cervical laminoforaminotomy: Many neurosurgical opera-
tions are already very difficult even with maximal exposure;
optimal exposure facilitates maneuvering the microscope and
surgical instruments, avoids the movement restrictions of
minimally invasive approaches, and helps to limit complica-
tions by adequate exposure of neural and vascular structures.
He further argues that the true complication rate, on or off the
learning curve, might not be available, and that informal
colleague discussions reveal disillusion and reverting back to
open procedures; the overall aim of spinal surgery is to
perform safe and cost-effective procedures [4].

Compared to transthoracic, transabdominal, or arthro-
scopic procedures, where increased use of minimally
invasive surgery is facilitated by anatomically pre-existing
cavities, minimally invasive spinal procedures from a
posterior approach lack such “key-hole” anatomy and can
only be performed by either making compromise on
exposure or increasing the use of technological help such
as navigation and computer assistance in hardware place-
ment. However, there are several practical concerns with
both of these “compensatory” strategies:

— Learning curves are a particular challenge in all
surgical specialties, as optimal surgical management
requires many years of experience. Investing more time
in minimally invasive procedures either prolongs the
entire surgical training duration or requires cutting back
on traditional techniques, which in turn hurts intra-
operative crisis management and decision-making [2].
These deficiencies deserve educational effort at a
higher priority than accorded so far.

— Radiation exposure during minimally invasive proce-
dures has not been clearly evaluated so far and may be
a concern; though systematic comparative studies are
not available, one prospective controlled trial found
that minimally invasive lumbar microdiscectomy exposed
the surgeon to significantly more radiation than open
microdiscectomy [8]. On the other hand, navigation-
assisted fluoroscopy has also been shown to decrease
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radiation exposure during minimally invasive spine
surgery in the case of TLIF; however, as this was a
cadaver study, interpretation is limited [7].

— The recent explosion of innovative technology in
minimally invasive spine surgery, coupled with naviga-
tion, creates new cost. Assessment of cost-effectiveness,
e.g., in quality-adjusted life years is always a future
undertaking and not directly available [15]. However, as
the cost-effectiveness must remain open, it is at least
clear that additional technological use primarily
increases cost and may or may not be "redeemed" in
the future.

Shortcomings of this review are the limited number of
available comparative studies with an extreme paucity of
RCTs, and the lack of comparable financial analyses for the
reported open and minimally invasive procedures. Alto-
gether, the role of so-called minimally invasive spinal
surgery is far from being defined and Sibylline oracles such
as ”With education, training, and further research, more of
our traditional open surgical management will be augmented
or replaced by these technologies and approaches in the
future” [10] may possibly turn into a disillusion.

Conclusions

This review, based solely on the very limited number of
available comparative studies, shows no relevant benefit
from minimally invasive techniques, and a tendency for
more safety in open procedures in lumbar disc herniation,
TLIF, and PLIF.

Conflicts of interest None.
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Abstract

Background The unavailability of an effective and long-
lasting treatment for sacroiliac-based pain has led research-
ers to study the efficacy of radiofrequency in denervation.
In this study, we aimed to investigate the efficacy and
safety of novel cooled radiofrequency application for sacral
lateral-branch denervation.

Methods Patients experiencing chronic sacroiliac pain were
selected for our observational study. Fluoroscopy guidance
cooled radiofrequency denervation was applied on the L5
dorsal ramus and the S1-3 lateral branches on patients who
had twice undergone consecutive joint blockages to
confirm the diagnosis and obtained at least 75% pain relief.
At the 1st, 3rd and 6th month postoperatively, the patients’
pain was evaluated using a visual analog scale (VAS), and
their physical function was evaluated with the Oswestry
Disability Index (ODI).

Results Cooled radiofrequency was applied on a total of 15
patients. Prior to the procedures, the median VAS score
(interquartile range) was 8 (7-9), but at the 1st, 3rd and 6th
month, this had fallen to 3 (1-4), 2 (1-3) and 3 (2—4). The
baseline median ODI score (interquartile range) was 36
(32-38), while at the 1st, 3rd and 6th month, it was 16 (8—
20), 12 (9-18) and 14 (10-20), respectively. At the final
control, while 80% of the patients reported at least a 50%
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decline in pain scores, 86.7% of those reported at least a
ten-point reduction in ODI scores.

Conclusion It was seen that the cooled radiofrequency used
for sacroiliac denervation was an effective and safe method
in the short to intermediate term.

Keywords Cooled radiofrequency - Sacroiliac joint - Pain -
Denervation - Radiofrequency

Introduction

Although there are many reasons for chronic low-back
pain, an important source of labor loss in society, perhaps
the most puzzling is pain resulting from sacroiliac joints.
Research has shown that at least 15-30% of chronic low-
back pain is of sacroiliac origin [4, 9, 25]. However, it does
not manifest itself in a typically unique clinical pattern
(most axial low-back pains resemble one another). In
addition, there are no sufficient criteria for diagnosis.
Therefore, it is difficult to treat [9].

The sacroiliac joint is a complex structure made up of
intra-articular and extra-articular components. This joint,
which has the largest joint surface in the body, is no
different from other joints in that it becomes a source of
pain as it undergoes the degeneration that accompanies
aging. However, the pain generated by the sacroiliac joint is
not simply the result of degeneration. Many other factors—
such as infection, inflammatory diseases affecting the
sacroiliac joint (e.g., ankylosing spondylitis and Reiter’s
syndrome), malignancy, pregnancy, lumbar spinal fusion,
accidents, falls, torsional strain and repetitive trauma,
trauma and idiopathic reasons—are the most frequently
encountered [2, 4, 11, 15].
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The most complex aspect of the sacroiliac joint is the
feature related to its innervations. The innervations of the
anterior and posterior parts of the joint are different from
one another [1]. While it is thought that the sensorial
branches of the posterior part stem mostly from the L4-S3
dorsal rami, some authors believe that the L3 and S4 are
also responsible for innervations [4]. In fact, the most
important peculiarity creating this complexity is the
absence of a single-type innervation in the sacroiliac joint.
Just as innervations can vary from person to person and
from level to level, even in the same person there may be
differences between the right and left sides [1, 4, 6, 25].

One of the most difficult aspects of chronic sacroiliac
pain is the difficulty in reaching a diagnosis. This is
because clinical presentation is mostly non-specific and
the specificity of the stress maneuver and Patrick’s and
Gaenlen’s tests, frequently used in physical examination,
have low specificity [12]. Similarly, such imaging
methods as plain radiography, computed tomography
(CT), magnetic resonance imaging (MRI), photon emis-
sion CT (SPECT) and bone scans also have low sensitivity
and specificity [20]. Perhaps it is also for this reason that
the only reliable diagnostic method used is local anesthetic
applied to the sacroiliac joint, along with imaging methods
[1, 4, 18, 22].

The treatment of sacroiliac low-back pain begins with
empirically non-invasive conservative treatment methods.
These include NSAIDs, physical therapy, massage and
chiropractic manipulation [1, 7]. In chronic, persistent and
serious cases, steroid injections into the sacroiliac joint are
also used [20]. However, unfortunately, this is not effective
long-term [13]. It has been argued that fusion, one of the
surgical methods, is also not sufficiently effective [5].

The unavailability of an effective and long-lasting
treatment for sacroiliac-based pain has led researchers to
study the efficacy of radiofrequency (RF) in denervation. In
recent years, denervation of the lateral branches, which
invervate the sacroiliac joint, with RF has begun to attract
great interest [1, 6, 14, 25]. Nevertheless, unfortunately,
with conventional RF, only small lesions are formed; and
consequently, the chance of successfully finding and
denerving nerves which have already complex and variable
localizations are lowered [17].

Cooled RF (CRF), used as an alternative to conventional
RF, is a method with a closed water circuit. Because of this
property, the electrodes can create a wider heat lesion
without charring of tissues in the proximity of the probe tip.
Compared with conventional RF, the chance of getting hold
of the nerves increases [6, 16]. Nevertheless, there are still
insufficient studies on the efficacy of this method.

In this study, we investigated the 6-month effectiveness and
safety of denervation of the sacral lateral branches observa-
tionally in chronic pain originating in the sacroiliac joint.
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Methods
Study design and setting

After obtaining approval from the institutional review
board, this study was conducted in the pain management
unit of a university hospital using a observational, non-
randomized and non-controlled method. Patient enroll-
ment began in December 2009 and ended in June 2010.
After providing written and oral information related to
the study and the treatment to all the patients, written
consent that they accepted the treatment was obtained
from all of them.

Follow-up period The patients were interviewed before and
1, 3 and 6 months after the procedure independently by a
physician who was not part of the study.

Participants

The following criteria for including patients in the study
were used: (1) axial low-back pain observed below the L5
vertebra for 6 months; (2) greater than 75% pain relief from
two separate intra-articular blocks with no more than 2 ml
local anesthetic injected per block; (3) failure to obtain
adequate response to previous conservative treatments
conducted for at least 3 months; (4) being older than
18 years of age.

The following criteria for exclusion from the study
were used: (1) findings of lumbar disc herniation with
associated radiculopathy; (2) the finding of spinal canal
stenosis confirmed by MRI or CT; (3) having had
previous spinal surgery for whatever reason (regardless
of whether it was in the region where the procedure is to
be performed); (4) the presence of psychiatric disorder;
(5) pregnancy; (6) presence of general contraindications
to invasive procedures (e.g., hemorrhagic diathesis,
systemic infection or local infection where the procedure
is to be applied, and a known history of allergies to
substances that are to be used).

Procedures
Diagnostic sacroiliac joint blockage

To confirm that the chronic pain was coming from the
sacroiliac joint, all patients were subject twice, at 1-week
intervals, to image-guided controlled comparative anesthetic
blocs to the sacroiliac joint prior to CRF. The patients
were placed in the prone position on the C-arm table for
the procedure. Under anterior-posterior (AP) view, a 21-
G spinal needle was inserted in the lower third of the
sacroiliac joint. After confirming the intraarticular en-
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trance with 0.5 ml conrast material, 2 ml local anesthetic
was injected. In the first procedure, a 2% lidocaine was
used, while in the second, a 0.5% bipuvacaine was
injected. Patients, who were discharged immediately after
the procedure, were asked to carry on with their normal
routine and record their pain in a pain diary on a visual
analog scale (VAS). One week after each procedure, the
patients were reevaluated. Denervation of the sacroiliac
branches was only planned for patients who had shown
at least a 75% reduction in their pain scores compared
with the initial value.

CRF procedures

All procedures were C-arm fluoroscopy-guided and per-
formed under local anesthesia. Two hours before the
procedure, the patients who were to undergo the procedure
were given antibiotics intravenously and taken into the
operating room. After undergoing routine monitoring (e.g.,
pulsoximetry, TA and ECG), they were placed in the prone
position on the fluoroscopy table. The area where the
procedure was to be performed was cleaned with an iodine
antiseptic solution and draped to maintain a sterile
environment. So as not to mask potential complications, in
general, sedation was not preferred. However, when neces-
sary, for light sedation, 1-3 mg midazolam and/or 50—100 pg
fentanyl were given intravenously. Local anesthetic was
applied subcutaneously with a 1% lidocaine infiltration.

For L5 dorsal ramus denervation, technique has been
extensively explained in previous literature [17]. In short,
the target location is the notch between the ala of the
sacrum and the superior articular process of the sacrum.
This corresponds to the known running course of the L5
dorsal ramus. A 17-G introducer with stylet was inserted
onto this target location. The tip of the stylet’s location and
depth was checked with the oblique and lateral images.
After satisfactory positioning, to prevent procedure-related
pain, the stylet was removed and 0.5 ml lidocaine was
injected through the introducer. Then, the Slnergy probe
(Baylis Medical, Montreal, Canada) was put into place and
denervation (set temperature=60°C, ramp rate=80°C/min,
time=2:30 min) was performed. At this stage, a single
lesion was formed in all patients.

Denervation of the S1-3 lateral branches was performed
in a way similar to that found in the literature [16]. Briefly,
the pelvises of the patients, who were lying in a prone
position, were viewed using AP imaging. Once the
locations of the sacral foramina were located, denervation
was performed beginning with the S1 level and moving in
succession. To facilitate the procedure, a 27-G spinal needle
was inserted in every foramina to act as a guide. With the
help of the Epsilon Ruler (Baylis Medical, Montreal,
Canada), the sacral foramina, approximately 1 cm away,

were reached by the introducer with stylet (Fig. 1). After
the end of the stylet touched the bone, the depth of the
needle was checked with a lateral image (Fig. 2). What is
most crucial at this stage is making sure that the needle
does not mistakenly enter the foramina. Once the needle is
satisfactorily positioned, the Slnergy (Baylis Medical,
Montreal, Canada) CRF probe is inserted and a lesion was
formed (set temperature=60°, ramp rate=80°C/min, time=
2:30 min). This procedure was repeated for all target
locations at each level. At the S1 and S2 levels, three
lesions were created on the right, according to the position
of the hands on a clock, at 2:30, 4:00 and 5:30 and on the
left at 9:30, 8:00 and 6:30. At the S3 level, a total of two
lesions were made on the right, at 2:30 and 4:00, and on the
left, at 8:00 and 9:30. A total of nine lesions were made
unilaterally for each patient.

After the procedure, the patients were transferred to
recovery rooms, where they would stay for 4 h. Here, the
patients were interviewed by the clinical nurse to identify
early complications and then were discharged with their
instructions. Post-operatively, the patients were told that,
for a few days, they should avoid excessive activity, lifting,
or other forms of increased physical activity.

Outcome measurements

Pain was evaluated on a ten-point VAS score. On this scale,
a score of “0” represents no pain, while “10” is defined as
the most possible pain imaginable. Physical function was
assessed by the 50-point Oswestry Disability Index (ODI).
Patient satisfaction was evaluated on a four-point scale: 1=
bad, 2=fair, 3=good and 4=excellent.

In addition, the data on the variable patients’ age, sex,
duration of symptom, symptom’s side and complications to
the procedure were collected for statistical analysis.

Fig. 1 In the AP image, a picture of the positions of the CRF probe,
taking the Epsilon Ruler and spinal needle as a reference. In this
picture, the probe is placed at the 2:30 level
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Fig. 2 In the lateral image, a picture showing the depth of the CRF
probe. What should be focused on here is checking whether the tip of
the probe has entered the sacral foramen

The criteria for successful treatment were established
as a reduction of pain by at least 50% in the VAS score
and an improvement in the ODI score of at least 10
points.

Statistical methods

All data were analyzed using the statistical package SPSS
version 15.0 for Windows and Medcalc version 10.3.0.0 for
Windows. Repeated measurements ANOVA parametric test
for repeated measurements was used to evaluate the
improvements in VAS and ODI scores both before and
after the procedure. When the repeated measurements
ANOVA test showed a statistical difference, we used a
paired samples #-test with Bonferonni’s correction to
perform pairwise comparisons. Also, we used the Spearman
correlation coefficients to study the effects of various
factors on the outcomes. P<0.05 was considered statisti-
cally significant in all analyses.

Results
Demographic characteristics and descriptive data

A total of 21 patients were included in the study. Six
patients, because they did not obtain >75% pain relief
either in the first diagnostic block (four patients) or the
second confirmatory diagnostic block (two patients),
were excluded from the denervation procedure. Thus, a
total of 15 patients underwent denervation. The mean age
of patients receiving a sacral lateral branch neurotomy
(£SD) was 47.1+16.2 years; of these patients, 80% were
women. While the mean period for symptoms (£SD) was
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41.6+43.6 months, the procedure was performed unilat-
erally on all the patients (Table 1).

Outcome data

Pain relief While the median VAS score (interquartile
range) was 8 (7-9) prior to the procedure, by the 1st
month, it had decreased to 3 (1-4); the values for the 3rd
and 6th months were 2 (1-3) and 3 (2—4), respectively
(Fig. 3). Compared with the baseline, while all follow-ups
showed a statistically significant decline in VAS score,
when the follow-up periods were compared with one
another, there was no statistically significant difference
(Table 2). At the final follow up, 80% of the patients
reported a decrease in pain of at least 50%. All of the
patients participating in the study reported a decline in pain
scores of at least 2 points.

Physical improvement The average ODI score (interquartile
range) prior to the neurotomy was 36 (32—38), while by the
Ist month it had improved to 16 (8—20). The values for the
3rd and 6th months were 12 (9-18) and 14 (10-20),
respectively (Fig. 4). Compared with the baseline, a
statistically significant decline in ODI scores was seen at
all follow-up periods. However, when compared with each
other, there was no statistically significant difference
between follow-up periods (Table 2). In the 6th month,
86.7% of the patients reported improvement of at least 10
points on their ODI scores.

Moreover, taking the 6th month as the base, the
influence of various factors such as age, sex and duration
of symptom on ODI and VAS scores were researched. No
statistically significant impact of these factors was found
(Table 3). However, a positive correlation between the
reduction in the VAS and ODI scores in the 6th month was
found (Table 4).

Patient satisfaction Evaluating patient satisfaction using

the four-point patient satisfaction scale, (1=the least
satisfaction and 4=the greatest satisfaction), the percent of

Table 1 Demographic characteristics

Age (year) Mean+SD 47.1+£16.2
Range 29-76
Gender Women 7 (%) 12 (80)
Men n (%) 3 (20)
Duration of symptom (month) Mean+SD 41.6+43.6
Range 8-120
Side Right n 9
Left n 6

SD standard deviation
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Fig. 3 Changes in VAS values at follow-ups. Compared with the
baseline, a statistically significant difference is seen between the
scores of all follow-up periods. *P<0.05

those stating “good and excellent” was 80% (12 persons)
on the last follow-up.

Safety

No major complications, such as neuritis, motor neuron
damage, infection, hemorrhagia or hematoma, were en-
countered either during or after the procedure. The hip pain
that was seen in nearly all of the patients and lasted about
5 days dissipated without any intervention other than
simple analgesics.

Discussion

This observational study on the efficacy of CRF denerva-
tion in patients with sacroiliac-based chronic pain had
highly successful results. While a >50% decrease in VAS
scores compared with the baseline was seen in 80% of our

Baseline 1 month 3 months 6 months

Time
Fig. 4 Change of ODI scores over time. When compared with the

baseline, a statistically significant difference was seen between all
follow-up periods. *P<0.05

patients, ODI scores increased by 10 points in 86.7% of
them. The basic reason for our obtaining such a degree of
success may be our strict inclusion criteria. We performed
two consecutive sacroiliac diagnostic blocks with two
different local anesthetics on our patients who we believed
had clinically sacroiliac-based pains to confirm such a
diagnosis. That at least 75% pain relief was obtained for at
least 3 h after each of these blocks was our most important
criterion. Thus, we believe that we reduced the false-
positive rate to a meaningful level.

There are many treatment modalities to treat sacroiliac
joint pain. One of them is conservative management. The
conservative treatment of sacroiliac joint pain primarily
involves medical management, with little benefit from
physical therapy. Indeed, the conservative treatments
primarily should address the underlying cause. For exam-
ple, while in postural and gait disturbances, exercise
therapy and manipulation may reduce pain and improve
mobility; in patients with true or apparent leg length

Table 2 Pair-wise comparisons

of all-time VAS and ODI scores Mean difference Standard error P 95% CI*
VAShaseline — VAS, persn 57 0.4 <0.0001  4.5-69
— VAS: ponts 6.0 0.4 <0.0001  4.7-73
— VASe mentne 5.5 0.4 <0.0001  42-68
VAS| month — VAS; menme 03 02 1.0000 0.5-1.0
— VASe mente 0.3 03 1.0000 11.2-0.7
VAS; momhs  —  VASg montns 0.5 0.2 02434 13202
ODlyectine — ODL momn 19.9 17 <0.0001  14.6-25.1
- ODI3 months 21.1 1.6 <0.0001 16.2-26.0
- ODI§¢ months 20.1 1.7 <0.0001 14.9-25.3
ODI, month — ODL ponme 1.3 1.4 1.0000 3.0-5.5
VAS Visual Analog Scale, ODI _ ODI 1months 03 1.6 1.0000 4.6-52
Oswestry Disability Index ODLy youte  —  ODlg monne  -1.0 0.8 1.0000 35-15

? Bonferroni corrected

@ Springer



1466

Acta Neurochir (2011) 153:1461-1468

Table 3 Effects of various factors on outcome at 6 months after treatment

Decrease in VAS Decrease in ODI

Spearman rank correlation coefficient Duration of symptom

Gender

Age

Correlation coefficient 0.000 0.066
Significance level P 1.000 0.806
n 15 15
Correlation coefficient -0.299 -0.279
Significance level P 0.263 0.296
n 15 15
Correlation coefficient 0.472 0.419
Significance level P 0.077 0.117
n 15 15

discrepancy, the use of shoe inserts to more equitably
distribute the load borne by the sacroiliac joints may be
useful. Yet, there is no controlled study evaluating patients
with injection-confirmed sacroiliac joint pain [4, 24]. Also,
one of the treatments that can be applied is intra-articular
injection. Many investigators suggest that fluoroscopically
guided sacroiliac joint injections with local anesthetic and
steroids can provide good to excellent pain relief lasting up
to 1 year [4]. However, these injections have been
performed into the sacroiliac joint for decades, though
evidence of their long-term benefit is mixed [8]. Latterly,
RF lesioning of the sacroiliac joint’s dorsal innervations has
been introduced to prolong the duration pain relief and to
avoid the side effects of steroids [8]. There are five different
types of RF technique used. One of these techniques is the
conventional monopolar RF method. With this method, an
RF lesion is created on sacral nerves at 80—90°C. The
efficacy of conventional monopolar RF treatment of the
sacroiliac joint is illustrated by several studies [3, 12, 25].
Although the patients’ selection criteria, RF parameters and
success definition have varied widely between studies, the
biggest problem is that only smaller lesions can be created
by this method [17]. Because of variable and extensive
innervations of the dorsal sacroiliac joint, it may miss some
nerve branches without exhaustive search and concomitant
tissue trauma [8]. To circumvent anatomical variations in
innervations, conventional bipolar RF has been used to
ablate either the SI joint itself, or the sacral lateral branches
by other researchers [1, 10]. With this method, it is aimed to

Table 4 Correlations between the post-procedure changes in VAS and
ODI scores

ODI
Spearman’s rho VAS Correlation Coefficient 0.755%
Sig. (two-tailed) 0.001
n 15

# Correlation is significant at the 0.01 level (two-tailed)
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ablate the locations of multiple nerves at once, creating
larger lesions. Since there are only two studies assessing the
effectiveness of conventional bipolar RF, it cannot be said
that this method is an effective and reliable treatment
option. Another method for the RF lesioning of the
sacroiliac joint is pulsed RF applications. Like the
conventional RF technique, this method also use electrical
stimulation to guide electrode placement near individual
lateral branches of the dorsal sacral rami [8], but there is
only one study, in which the patients underwent pulsed RF
application of the medial branch of L4, posterior primary
rami of L5, and lateral branches S1 and S2, in this method
[23]. More recently, a new treatment method for sacroiliac
joint pain—namely, bipolar palisade treatment of sacroiliac
joint pain—has been introduced by Cosman and Gonzales
[8]. This bipolar “palisade” (a defensive fence) creates a
continuous lesion spanning the region through which
multiple sacral lateral branch nerves travel along irregular,
branching paths to reach the sacroiliac joint [8]. However,
there is no clinical trial assessing the efficacy of this
method, so it is too early to say something about the
efficacy of this method. As a new treatment option
introduced recently, CRF may be superior to all of them
because obviously bigger lesions can be created by CRF,
minimizing the effect of tissue charring to limit lesion
expansion. Thus, to create a large lesion with this method
increases the likelihood of the sacral nerve ablation because
multiple sacral lateral branch nerves travel along irregular,
branching paths to reach the sacroiliac joint.

In a controlled study on the efficacy of CRF, Cohen et al.
[6] found that 57% of the patients had >50% pain 6 months
after the procedure. There are two possible reasons for a
success lower than ours. First, in this study, a single
diagnostic block was performed on the patients. As the
authors themselves emphasize, single sacroiliac blocks can
produce up to 20% false positives [12, 13]. Therefore, false
positives may have directly led to a negative conclusion.
Second, in this study, different from ours, conventional RF
was used at the L4 and L5 levels. Because conventional RF
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creates a lesion in a more limited area, the chance of
reaching the nerves targeted for denervation may be lower
[7]. Regardless of the extent of speculation concerning
innervation by the L4 dorsal ramus of the sacroiliac joint,
the contribution of the L5 dorsal ramus has generally been
confirmed [7, 17]. Hence, omitting the L5 dorsal ramus
could be a reason for the negative or low success of
denervation. Moreover, when positioning a conventional
electrode, it is common practice to align the long axis of the
active tip with the running course of the nerve. This
maximizes the length of nerve coagulation, but requires
precise electrode trajectory. However, because the lesion
created by CRF is spherical, the different electrode
trajectory may not affect the lesion orientation [17]. In
other words, forming maximal coagulation through CRF
depends more on proximity to the target than on the
electrode trajectory. Therefore, performing CRF on the L5
nerve theoretically improves the chance of success.

In a retrospective case series researching the effective-
ness of CRF, Kapural et al. [16] performed 47 procedures
(unilaterally and bilaterally) on 27 patients. They empha-
sized that 50% of the patients reported a 50% decrease in
VAS scores and a similar improvement in other physical
parameters. The reason for the relatively lower success they
obtained compared with our study may be their condition of
a 50% or higher relief of pain with the diagnostic block.
Our condition that such pain relief be at least 75% may
have helped us achieve a patient group that would respond
better to the denervation procedure. Furthermore, compared
with our patient group, the higher average age (61 years) of
the patients in this group and the longer symptom period
(6.2 years) may also have led to a relatively less successful
outcome.

The most important problem for denervation procedures
is the short clinical effect due to nerve ending regeneration.
For example, the pain relief after facet joint RF typically
begins to diminish at about 6 months after the procedure,
and most patients experience full pain recurrence by about
1 year after the procedure [21]. However, the duration of
the effect of sacroiliac joint RF is unknown yet.

The RF application has some complications restricting
its use. RF ablation, by generating heat in neural tissue and
producing coagulation, carries potential risks of neuritis
[19]. As to minor complications, temporary numbness [6, 7,
17], temporary increase in pain [7, 17] and infection [7]
were also reported. In our study, we did not encounter any
complications other than temporary and limited complaints
of pain. All of these data show that the CRF procedure is a
safe method. However, to demonstrate that it is completely
safe, extensive long-term studies are needed.

The major limitation of this study was the small number
of cases with short follow-up period. In addition, there was
no control group undergoing conservative treatment only or

sham treatment. Without a control group and a clearcut
image-based diagnosis, it may be impossible to know
whether or not the technique was effective. Hence, to rule
out the potential placebo effect, randomised controlled
studies with longer follow-up period are needed. Neverthe-
less, we believe our study is significant in that it provides
important clues for the use of CRF, a new way of treating
sacroiliac joint pain.

In conclusion, this report demonstrates that in the short
to intermediate term, CRF is an effective and safe method
for the treatment of sacroiliac joint pain.

Conflicts of interest None.
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Abstract

Background Intracranial subependymomas are rare, slow-
growing and usually non-invasive tumors. The aim of this
study was to analyze our experience with the surgical
treatment of intracranial subependymomas.

Methods Between 1991 and 2007, 11 patients with intra-
cranial subependymomas had surgery in our institution.
Mean age of the patients was 54.4 years (ranging from 40
to 85 years).

Results Tumors were located in the fourth ventricle in
seven patients and in the lateral ventricle in four patients.
Most patients presented with symptoms related to intracra-
nial hypertension and/or cerebellar signs and symptoms
(headache: eight patients; dizziness: six patients; nausea:
six patients; gait ataxia: four patients), one patient with
cognitive decline and flattened affect, and one patient with
a hemiparesis. Six patients presented with hydrocephalus,
but only one needed a permanent cerebrospinal fluid (CSF)
shunt. Complete removal of the tumor was possible in eight
cases. Following surgery, only one patient experienced a
permanent drop of his Karnofsky Performance Index (from
70 to 60). Median follow-up was 37 months. There were no
true recurrences during follow-up. A second surgery was
required 7 years after the first operation for progression of an
incompletely resected tumor.

Conclusions Removal of symptomatic subependymomas
can be performed safely. Prognosis is excellent after a
complete resection. The potential for a surgical cure, low
surgical complication rates and the risk of undertreatment
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of a more aggressive tumor together may justify surgery for
asymptomatic lesions

Keywords Intracranial subependymoma - Surgery -
Ventricular tumors

Introduction

Intracranial subependymomas are rare, slow-growing and
usually non-invasive tumors. They often remain asymp-
tomatic during the patient’s life, and are diagnosed only at
autopsy. Matsumura and co-workers identified four inci-
dental cases in a series of 1,000 necropsies, and seven
symptomatic tumors among 1,000 serial surgeries for brain
tumors [18]. Symptomatic subependymomas often present
with symptoms and signs of hydrocephalus. Males are more
often affected than females [6-9, 17, 19, 21]. Overall,
approximately two-thirds of subependymomas arise in the
fourth ventricle and one-third arise in the lateral or third
ventricles [16, 19, 21, 22, 24]. Rarely, subependymomas
may grow in the spinal cord [12, 27]. The differential
diagnosis includes ependymomas, but also central neuro-
cytomas, oligodendrogliomas, giant cell astrocytomas, and
sometimes meningiomas. Magnetic resonance imaging
(MRI) findings are often not diagnostic [2].

A few familial cases of subependymoma have been
reported [1, 5]. Otherwise, the causation and pathogenesis
of these neoplasms remains unclear. Cytogenetic studies have
been performed in a few tumors. Abnormal chromosomal
copy numbers were identified in a significant proportion of
cases. Interestingly, these findings were quite distinct from
the results of similar analyses of ependymomas [10].

Subependymomas are assigned to the WHO grade I.
Histologically anaplastic tumors have not been described,
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ranging from 2 weeks to 24 months. Eight cases presented with
headache, six cases with dizziness, six cases with nausea, four
cases with ataxia, one patient showed personality changes and
one presented with a hemiparesis (Table 1).

Radiological findings

Preoperative CCT (cranial computer tomography) and MRI
findings could be analyzed in all cases (Fig. 1). Seven tumors
were localized in the fourth ventricle and four in the lateral
ventricles. The maximum tumor diameter varied between 2
and 11 cm (median 3 cm). MRI studies revealed infiltrative
growth into the surrounding brain in one tumor of the left
lateral ventricle (confirmed at surgery). All other tumors were
well-circumscribed. The tumors were usually inhomogenous
and hypointense to isointense on T1-weighted images. T2-
weighted imaging showed a hyperintense signal in all cases.
The majority of tumors showed enhancement after applica-
tion of gadolinium-diethylene triamine pentaacetic acid
(DTPA). Moderate enhancement was seen in seven tumors,
and two cases showed only slight contrast enhancement.
Calcifications were detected in only two tumors.

Histopathology

Tumors consisted of clusters of glial cells with round to oval
nuclei with granular chromatin embedded in a fibrillary glial
matrix. Hyalinized vessels and cystic changes were frequent.
The tumors showed low to moderate cellularity. There was no
significant mitotic activity. The tumor cells were found to
express glial fibrillary acidic protein (GFAP). In three cases, a
dot-like reactivity with antibodies against epithelial mem-
brane antigen (EMA) was present. The MIB Index (Ki-67)
was <3% in all cases. All cases were assigned to WHO grade |

(Fig. 2).
Surgical management

Patients with tumors in the fourth ventricle were operated
upon in the sitting (five patients) or prone position (two
patients) with mild flexion of the head. Surgery was
performed through a median suboccipital approach with
partial resection of the posterior arch of the atlas in four
cases. Tumors located in the lateral ventricle were accessed
via a frontal transcortical (three patients) or via an anterior
transcallosal route (one patient). One patient was operated
on via a parietal transcortical approach for a tumor located
in the cella media, the trigonum and the inferior horn of the
lateral ventricle.

Tumors were generally firm and often well-demarcated.
However, all tumors adhered strongly to adjacent struc-
tures. In three cases infiltrative growth involving the floor
of the fourth ventricle was noted. Small portions of the

respective tumors near the obex and in the inferior part of
the rthomboid fossa were intentionally left behind in order
to avoid a postoperative neurological deficit. A complete
tumor removal was achieved in the other eight cases
including a case with a giant 11-cm tumor of the left lateral
ventricle with infiltrative growth (73%).

Preoperative hydrocephalus was present in six patients
(55%). Three patients were treated with transient external
cerebrospinal fluid (CSF) drainage, and one patient under-
went placement of a permanent ventriculo-peritoneal shunt
14 days before the actual tumor surgery. After the
operation, the patient became shunt-free. One patient
developed a postinfectious hydrocephalus following an
episode of postoperative meningitis which required treat-
ment with a ventriculo-peritoneal shunt. Other perioperative
complications included a CSF fistula and an epidural
hematoma requiring surgical evacuation. In the latter case,
aggravation of the patient’s preoperative hemiparesis due to
a lacunar infarction in the internal capsule was seen.

Functional outcomes and follow-up

Functional outcomes after surgery were good in most cases.
The median KPI at last follow-up was 90 (range: 60—100).
Only two patients had a KPI of <80 at last follow-up (see
Table 1). Permanent (albeit very minor) functional worsen-
ing following surgery was seen in only one case (a drop in
the KPI from 70 to 60).

During follow-up there were no recurrences following a
complete tumor resection. One patient with residual tumor
in the region of the obex was diagnosed with tumor
progression 6 years after the first surgery, and underwent
a second operation for a 25-mm tumor without complica-
tions 7 years and 3 months after the first surgery. The other
two patients with residual tumors were serially followed
with MRI for 6 and 54 months, respectively, without
evidence of tumor progression.

Discussion

Subependymomas are rare tumors. Only a few patient series
have been published. Table 2 summarizes the more recent
(after 1990) case series published in English. Almost all
cohorts reported are small and detail retrospective data only
[6-9, 14, 17, 19, 21, 29]. Rushing and co-workers collected
83 cases, but these authors provide limited clinical data, and
rather focus on histopathological findings [22]. Ragel et al.
[21] reported 16 cases, but only eight cases were treated at
their own institution, and clinical data from the remaining
eight patients were not provided. Our series adds 11
patients, i.e., a significant number of patients, to the
existing literature. Similar to other cohorts, the tumors
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Fig. 1 a, b MRI appearance of
a subependymoma. This tumor
was diagnosed in a 60-year-old
female patient (see Table 1, pa-
tient no. 6) following a 3-month
history of headache and dizzi-
ness. The tumor could be com-
pletely resected and the patient
recovered without deficits.
There was no recurrence after a
follow-up of 3 years. a T2-
weighted images nicely show a
sharply demarcated growth in
the caudal fourth ventricle. The
tumor parenchyma appears
inhomogenous on T2-weighted
images. b FLAIR imaging
depicts a hyperintense lesion
(leff). There is patchy and inho-
mogenous contrast enhancement
(middle and right contrast
enhanced T1-weighted scans)

from the present series were typically diagnosed in middle-
aged patients, males were more frequently affected than
females and most tumors were localized in the posterior
fossa [6-9, 17, 19, 21].

The principal goal of surgery in symptomatic cases is a
maximum safe tumor resection. Gross total resection rates
in most series were >70%. Collectively, our data and the
data reported in the literature clearly show that subependy-
momas are cured by a total resection. Recurrent tumors
were only diagnosed in patients who had a subtotal
resection [6-9, 14, 17, 19, 21, 29].

While a total resection should be the surgical goal, this
must be weighted carefully against the morbidity of
aggressive surgery in cases with a high risk of incurring a
relevant neurological deficit through the surgery. Hence, it
should be noted that mortality and morbidity rates after
resection of supratentorial subependymomas are satisfying
in all published series [6-9, 14, 17, 19, 21, 29]. The
perioperative mortality in the present series was 0%, and
only one patient (9%) experienced a permanent (albeit very
minor) drop of his KPI (from 70 to 60) after surgery. Three
of our patients harbored rather large tumors, measuring

Fig. 2 Typical histological ap-
pearance of a subependymoma
(HE hematoxylin/eosin).
Tumors are composed of glial
(glial fibrillary acidic protein/
GFAP positive) neoplastic cells
embedded in a fibrillary matrix.
Hyalinized vessels are frequent-
ly observed (arrow). Tumors
show a low to moderate cellu-
larity, and mitoses are usually
not seen. Only occasional cells

stain positive for the prolifera-
tion marker Ki-67 (MIB-1). A
dot-like immunoreactivity may
occur after staining for the EMA
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from 6.5 to 11 cm. Also, our series includes many tumors
located in the fourth ventricle (64%). Surgery in this
location carries significant risks due to the proximity of
eloquent structures such as the brainstem, the posterior
inferior cerebellar artery and the lower cranial nerves.
Specifically, subependymomas often seem to arise or
involve the obex. Damage to the obex may result in sleep
apnea and chronic aspiration [28]. Surgery of lateral
ventricular tumors also entails relevant risks, e.g., damage
to the fornices in cases with tumors of the anterior horn.

Surgery for subependymomas also aims at the restoration
of normal CSF pathways. Hydrocephalus is a major cause of
morbidity in patients with subependymomas. Four (36%) of
our patients presented with symptoms and signs of hydro-
cephalus. Patients with subependymomas may die from acute
obstruction of the CSF pathways similarly to patients with
colloid cysts and other intraventricular pathologies [11, 23].
In our experience, almost all patients have normal CSF
pathways after resection of their tumor. Only one of our
patients required a permanent ventriculo-peritoneal-shunt,
and this patient became CSF drainage dependent only
following a postoperative meningitis. Similarly, the series
of Im and co-workers include one patient who needed a
CSF shunt 3 weeks after tumor surgery [7].

Confirmation of the tumor histology is another important
goal of surgery for a presumed subependymoma. MRI
findings are usually not diagnostic. The differential diagnosis
includes ependymoma (younger patients, sometimes infiltra-
tive growth), central neurocytoma (more vascularized),
meningioma (stronger contrast enhancement), oligodendro-
glioma and giant cell astrocytoma. A ‘wait and see strategy’
will therefore entail a relevant risk of undertreatment if a more
aggressive tumor is mistaken for a subependymoma. Approx-
imately half of all ependymomas are assigned to the WHO
grade III (anaplastic ependymomas), and these tumors require
radiotherapy following surgery [3].

Patients with symptomatic tumors will have surgery.
Surgical indications for asymptomatic growths are less well
defined. Probably less than half of all subependymomas will
eventually become symptomatic [9, 17]. On the other hand,
postponing surgery for a resectable and presumably benign
tumor of the fourth ventricle may result in a subtotal operation
for a much larger tumor with a significantly higher risk for
neurological deterioration later on. One case of a rapid
expansion of a previously asymptomatic subependymoma has
been reported [11]. Several cases of sudden death caused by
intracerebral subependymomas have been described in the
literature [23, 25]. This and the potential of a surgical cure,
the relatively low operative risks, and in particular the risk to
overlook a more aggressive pathology may argue for surgery
also in cases with asymptomatic tumors.

The role of radiotherapy for subependymomas is
probably limited. Follow-up imaging studies of seven

@ Springer

patients who underwent radiotherapy after a subtotal tumor
resection showed that these tumors can be radioresponsive,
particularly with doses of 5,000 cGy or greater [15]. A
subependymoma recurring after multiple subtotal resections
has been successfully managed with stereotactic radio-
surgery [3]. In contrast, tumor progression after primary
gamma knife treatment was seen in a pediatric case [9] and
there is also a case report of subependymal seeding after
surgery and radiosurgery [26]. We do not have experience
with radiotherapy for subependymomas. The relatively low
recurrence rate in patients with residual tumors would
suggest that there is no indication for radiotherapy as part
of the primary treatment of subependymomas.

Conclusion

Subependymomas are benign tumors, which can be operated
upon with relatively low complication and recurrence rates.
The differential diagnosis includes various more aggressive
neoplasms (e.g., gliomas and ependymomas).
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Abstract

Objective Ewing’s sarcomas are the second most common
bone tumors in children and primary involvement of the
cranium is uncommon. We analyzed retrospectively the
data of ten patients with this rare subset of disease, who had
been treated at our institute since 2005. Our aim was to
assess the outcomes, recurrence rates and the selection of
appropriate treatment methods.
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Methods The patients were reviewed with respect to their
clinical presentations, treatment, and outcomes. Computed
tomographic scanning of the brain was performed for all
patients. Skeletal surveys with routine radiographs and
technetium-99 bone scans to detect extracranial Ewing’s
sarcomas were performed for all patients. For all ten
patients, radical tumor excision was achieved surgically.
Chromosomal translocation studies were carried out on
paraffin blocks for nine patients, using fluorescence in situ
hybridization (FISH) and polymerase chain reaction (PCR).
All patients were then subjected to adjuvant multidrug
chemotherapy and radiotherapy. The follow-up periods
ranged from 2 months to 5 years (mean, 17.6 months).
Results The predominant presenting features were head-
aches, increased intracranial pressure, scalp swelling and
trigeminal nerve involvement. The erosion of dura and
intradural extension was noted in eight patients in our
series. All nine patients, in whom FSIH and reverse
transcriptase PCR (RT-PCR) was done, tested positive for
EWS-FLI1(t22:12) translocation. All patients underwent
radical excision within safe limits, followed by chemo-
radiation. Three patients had local recurrences, which were
detected within 12 months after surgery. All three of them
died within weeks of presentation with recurrence. One
patient experienced a recurrence after 30 months. This
recurrent tumor was completely excised, and additional
chemotherapy was administered. There was a local recur-
rence again after 18 months that was treated with surgery
and chemoradiation, and the patient is still surviving 5 years
after the primary surgery. One patient had metastasis at
presentation and died within 2 months of surgery. The
remaining five seem to have good outcomes, though the
follow-ups were not very long.

Conclusion The treatment of primary Ewing’s sarcoma of
the cranium still remains to be radical surgery, aggressive
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multidrug chemotherapy, and radiotherapy. Neoadjuvant
chemotherapy may not work in patients with large
intracranial extension due to raised pressure making
decompression imperative. The outcome is usually good if
there is no early recurrence. Early recurrence, presence of
metastasis and extremes of age probably bears a poor
outcome. However, a larger series is required to confirm
these findings.

Keywords Ewing’s sarcoma - Cranial bones - Outcome

Introduction

Primary Ewing’s sarcomas of the cranial bones are
uncommon and constitute 1% of all Ewing’s sarcomas [7].
Apart from a few case reports, there is only one series of 14
patients [1, 3, 4, 6-8, 11, 13, 15, 19, 21, 22, 24, 25]. The
literature suggests that radical resection followed by
chemoradiation bears a better outcome, unlike for Ewing’s
sarcomas occurring elsewhere. Also, recurrences have been
found only in a few patients [4, 6, 7, 14, 19, 24, 25].
However, we found certain differences in the outcome of
ten patients of our series. The clinico-radiological presen-
tation, treatment given and outcomes of these ten patients
have been assessed.

Patients and methods

Patient details and preoperative workup The data for ten
patients with primary Ewing’s sarcomas of the cranium,
who had been surgically treated in our department since
2005, were analyzed retrospectively. All patients were
from the northern part of India and were treated at
PGIMER, Chandigarh, India. The demographic data,
clinical details, radiological features, management and
outcome were compiled and analyzed (Table 1). All
patients had preoperative plain and contrast computed
tomography (CT) scan and magnetic resonance imaging
(MRI). The extent of bony involvement was studied on
CT scan bone window. MR venogram was done in cases
with suspected sinus involvement.

Surgical management All patients underwent tumor exci-
sion as radical as possible, within the safe limits. A large
skin flap was raised. Dissection was carried out until
normal bone on all sides could be exposed. Craniotomy
was made through the normal bone. Tumor was excised as
much as possible. The infiltrated dura was not opened if it
was not breached by the tumor. However, if it was
breached, the infiltrated dura was excised radically and
repaired using pericranium, temporalis fascia, or fascia lata.

@ Springer

Diagnosis Histopathological examination in all cases
showed round cell tumor. Periodic acid Schiff staining
was done in all cases. CD99 staining was done to confirm
Ewing’s sarcoma. Staining for vimentin, synaptophysin,
chromogranin and desmin was carried out. Chromosomal
translocation (fusion transcription) studies for calvarial
Ewing’s sarcoma were carried out on paraffin blocks of
nine patients using fluorescence in situ hybridization
(FISH) and reverse transcriptase polymerase chain reaction
(RT-PCR) techniques. The paraffin blocks were sent to
Washington University of Medicine, St. Louis, USA, as this
facility was not available in India. They were tested for one
genetic abnormality, namely, EWS—FLII fusions as a result
of the t(11;22) translocation.

Adjuvant therapy Following the radical excision, the
patients received induction chemotherapy with two cycles
of cyclophosphamide (1,200 mg/m?) plus vincristine
(1.5 mg/m?) plus adriamycin (75 mg/m?), alternating with
ifophospamide (1,800 mg/m?) and etoposide (100/m?)
administered at 3 weeks. Eight weeks later, the local area
was irradiated with 40—50 Gy. This was followed by eight
cycles of chemotherapy, with the same drugs as for
induction chemotherapy, at 3-week intervals.

Follow-up

The patients underwent follow-up monitoring, on an
outpatient basis, at monthly intervals. To avoid loss at
follow-up, the telephone numbers (mobile numbers) and
complete addresses of the patients and the relatives were
noted. Thus, the information was acquired telephonically,
especially in patients who expired.

Ethical considerations

The study was a retrospective one. It did not delay the
management or add to the financial burden in any form.
The chemoradiation is akin to Ewing’s sarcoma elsewhere
and radical surgery is as described in the literature.
Informed consent was taken from all the patients. Further-
more, clearance was obtained from the institutional ethics
committee.

Results

Clinical presentation

The youngest patient was 3 years old and the oldest
62 years. There were two patients in their 1st decade of life,

four in the 2nd decade, two in the 3rd decade, and one
patient in the 4th decade. Of the ten patients, only two were
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females. The duration of presenting symptoms was between
2 and 8 weeks. Raised intracranial pressure was the
presenting symptom in eight and was the commonest
symptom. Two of these patients had near blindness with
secondary optic atrophy. Local swelling was seen in three
patients. Cavernous sinus was involved in two patients and
they presented with ophthalmoplegia with trigeminal
involvement. Two patients had hemiparesis and two ataxia.
One patient who had an anterior cranial base lesion, had
undergone a endonasal biopsy outside and was given
chemoradiation. However, the lesion had assumed a large
size, causing drowsiness due to raised intracranial pressure
in less than a month and had to be operated on. The
differential diagnosis for those with large scalp swellings
were: (1) calvarial Koch’s, which is common in India; (2)
bony lesions like eosinophoilic granulomas, bony heman-
giomas, and sarcomas; (3) dural based lesions producing
hyperostosis like meningiomas. For lesions of the temporal
bone involving the cavernous sinus, fungal lesions were
frequent, followed by round cell tumors. In the one
involving the anterior cranial fossa mass, fungal mass and
esthesioneuroblastoma were the differentials.

Radiology and bone scan

CT scan showed that the temporal bone was the commonest
bone to be involved (4/10 patients, 40%). The greater wing
of the sphenoid, temporal squama, petrous bone and
occipital bone, frontal and parietal bones and ethmoids
were the involved bones, in combination or alone. Both the
inner and outer tables were involved. There was erosion of
the bone and osteoblastic activity (reactive sclerosis) of the
bone at places. Rarefaction or bony destruction at places
was noted in all cases. (Fig. 1). Lytic lesions were seen on
plain radiographs and onion peeling was not seen. MRI
showed lobulated lesion well demarcated and enhancing;
extending in subgaleal tissue in all cases with vault lesion.
(Fig. 2). The dura was eroded in 80% of the cases, with the

/

-

Fig. 1 CT findings in calvarial Ewing’s sarcoma. a Contrast CT scan
showing a lesion with perilesional edema. b CT scan bone window
showing eroded bone with no sclerosis. Both the tables are involved. ¢
CT scan bone window showing rarefaction and expansion with

@ Springer

lesion extending intradurally (Fig. 2). One patient had
hemorrhage in the lesion (Fig. 3). Similarly, the one
arising from the anterior cranial fossa base (ethmoid
sinuses) was masquerading as a fungal infection that is
common in India. The cavernous sinus was involved in
two patients. In nine patients, skeletal survey with
technetium-99 isotope bone scans for extracranial Ewing’s
sarcoma yielded negative results. In one patient, there was
a mild isotope uptake in the left iliac bone, but the pelvic
radiographs were normal.

Operative findings

In lesions involving the vault, the galea was not stuck and
could be elevated from the tumor capsule (Fig. 4a-c). In all
the cases, tumor had eroded the bone completely and had
involved the dura with its thickening. In eight patients, the
tumor had breached the dura. There was a good plane from
the brain parenchyma in all the primary surgeries. The
tumor was reddish gray, rubbery in consistency and
vascular. Total excision was achieved in five patients. Near
total excision in three patients with temporal-petrous
involvement, and in two patients with cavernous sinus
involvement, subtotal excision was achieved.

Pathology

Histopathological examination of specimens from all
patients showed malignant round cell tumors involving
bone. The tumor cells were arranged in sheets, and few
pseudorosettes were discernible There were foci of hemor-
rhage but no necrosis. Staining of the tissue with periodic
acid-Schiff stain revealed the presence of glycogen gran-
ules. Vimentin and CD99 was positive in all the cases
(Fig. 5a-c).

Chromosomal study FISH and RT-PCR on all nine paraffin
blocks revealed EWS-FLII fusions (Fig. 5d).

erosion of the occipital bone close to the internal occipital protuber-
ance. Both the inner and outer table are thinned out with adjoining
reactive sclerosis (osteoblastic activity)
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Fig. 2 MRI and postoperative
imaging findings in the case of a
patient with classical calvarial
Ewing’s sarcoma. a Contrast
sagittal MRI showing enhancing
lesion involving the fronto-
parietal calvaria with subgaleal
and intradural extension. b
Contrast coronal MRI showing
midline calvarial lesion with
bilateral subgaleal involvement
but the intradural extension was
on the left side alone. ¢ Postop-
erative axial CT showing gross
total excision

Follow-up

The follow-up periods ranged from 2 months to 5 years
(mean, 17.6 months) at the time of review. Four patients
had recurrence after gross/near total excision. Two of these
patients had recurrence in 6—8 months, one at 12 months.
The fourth patient had recurrence after 2.5 years. He was

operated upon and administered adjuvant chemotherapy. He
had recurrence after another year and a half and was
reoperated on again, followed by chemotherapy. This
patient is still surviving, 5 years after the first surgery.
Surgery after chemoradiation was more difficult than
primary surgery as the tumor was adhered to the brain
parenchyma. The other two patients with recurrence, in

"P:_

Fig. 3 Variation in MRI findings in a patient with occipital Ewing’s
sarcoma. a T2-weighted axial MRI showing heterogenous, lobulated
lesion with anterior hyperintensity, involving the occipital bone and
extending into the cerebellar parenchyma and subgaleal tissue. Fourth

ventricle is compressed anteriorly. b T1-weighted axial MRI showing
hyperintensity in the anterior portion of lesion corresponding to the
hyperintense signal on T2, thus suggesting intratumoral bleed
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Fig. 4 a Intraoperative picture
showing large swelling and
proposed line of skin incision. b
Skin flap raised anteriorly.
Craniotomy with a margin of
normal bone around. ¢) The
extradural lesion removed en
bloc. Intradural lesion was
removed separately

extremes of age were not fit for surgery and both of them
expired. The fourth patient, who had a recurrence at
12 months after primary surgery, did not give consent for
surgery and finally died within 15 days of presentation.

Overall compliance to chemoradiation was good. Che-
motherapy was given with adequate antiemetic covers, so
only one patient developed grade III (RTOG grade for acute
reaction) nausea vomiting, requiring parentral fluid supple-
ment. One patient developed grade II leucocytopenia, for
which chemotherapy was interrupted for 2 weeks, and one
patient developed grade III leucocytopenia and died. Grade
II anemia was noticed in two patients, requiring blood
transfusion.

Three patients had presented with scalp swelling.
Postoperatively, all of them had visible calvarial defects.
However, one patient died in 6 months and the other had
recurrence twice in 5 years, for which he was operated on,

Fig. 5 a Small, round-to-oval
tumor cells with prominent
perivascular arrangement (H &
E, x200). b Round-to-oval cells
with high N-C ratio with brisk
mitotic activity (H & E, x400).
¢) Neoplastic cells showing
strong membraneous staining
for Mic-2/CD99 (immunoper-
oxidase, x400). d Representa-
tive image of FISH labeling
using EWS break-apart probes
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and cranioplasty was never offered to him. The third patient
has refused cranioplasty as of now.

There were four deaths in our series; three of whom had
recurrences in less than 1 year. The fourth patient had an
asymptomatic metastastic lesion in the pelvis, and died
within 2 months due to septicaemia, secondary to neutro-
penia following chemotherapy.

Discussion

The classic Ewing’s sarcoma, primitive neuroectodermal
tumor, Askin’s tumor and extraosseous Ewing’s sarcoma
are all derived from the same primordial bone marrow-
derived mesenchymal stem cell [23]. Ewing’s sarcomas
account for approximately 10% of primary malignant bone
tumors. Most of the primary tumors occur in the long bones
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(47%), pelvis (19%), or ribs (12%), but only 1-4% of these
sarcomas arise in the skull, usually on the frontal or parietal
bone [25]. They have also been reported to arise at the skull
base in children [7, 25]. In fact, 70% of the tumors arose
from the skull base (one from the anterior cranial fossa base
and six from the middle cranial fossa base) in our series.

Approximately 90% of cases occur in the first two
decades of life, with the peak incidence being between 5
and 13 years of age [7]. However, in our series only 50% of
the patients were in the first two decades, though 80% of
them were below 26 years of age. Male patients were more
frequently affected than female patients, with a reported
ratio of 1.6:1 [7, 25]. This ratio was 4:1 in our series. The
most frequent neurological signs in patients with intracra-
nial Ewing’s sarcomas are headache and papilledema, as
was noted in our 80% of our patients.

The behavior of these tumors in the cranium has been
found to be somewhat different from that in other areas, in
the following respects. (1) The incidence of secondary
spread is less. (2) The typical onion-peel appearance may
not be found in cranial tumors. In the present study, we did
not observe this appearance in any tumor. (3) The prognosis
is slightly better. In fact, after total excision and chemo-
radiation, the 5-year survival rates range from 39% to 65%,
especially with the round cell chemotherapy (RCT)-II
protocol [7, 25].

Metastasis is present in about 25% of the patients with
Ewing’s sarcoma in general [9]. This, however, is rarely
seen in calvarial Ewing’s sarcoma [25]. There was only one
patient in our series at presentation, with a possible lesion
on bone scan in the pelvis. None of the patients in the
present series had metastatic lesions at follow-up.

Radical excision bears better results, and almost all
studies on skull bone Ewing’s sarcoma suggested radical
excsion, but it is technically challenging to perform total
resection of cranial tumors in the petrous region, torcular
region, and clivus [3, 7]. The method used for some
extracranial sarcomas—involving biopsy, followed by
adjuvant therapy (for local and systemic control with down
staging of tumor), and then tumor excision followed by
consolidation chemotherapy and radiotherapy—may work
in calvarial Ewing’s sarcoma [2, 15]. Resection might be
easier and safer, with smaller cranial defects to close, and
the long-term outcomes might be as good as or better than
those currently achieved with the present treatment proto-
cols. In one of our cases, a nasal biopsy was taken,
followed by chemoradiation. However, the tumor had
assumed a significant intracranial size giving rise to raised
pressure symptoms requiring urgent surgery even before the
first cycle of chemotherapy could be completed. Thus,
presurgical chemotherapy to downstage the tumor, as for
extracranial Ewing’s sarcoma, may not be possible in
calvarial Ewing’s sarcoma, as the majority of the patients

who present with rapidly increasing lesion with raised
intracranial pressure. This makes excision—or at least
decompression—imperative at the earliest. It may be of
help in cases who present without raised intracranial
pressure.

Patients with apparently localized disease at the diagno-
sis have occult metastatic disease; multidrug chemotherapy
as well as local disease control with surgery and/or
radiation is indicated in the treatment of all patients.
Current regimens for the treatment of localised bony
Ewing’s sarcoma achieve a 5-year survival of approx 70%
[12]. Vincristine, adriamycin, and cyclophosphamide
(VAdriaC), alternating with ifosfamide and etoposide, has
been shown to improve the outcome and is now a
commonly used chemotherapy [12].

Local control can be achieved by surgery and/or
radiation. Surgery is generally the preferred approach if
the lesion is resectable [16]. Radiation therapy is appropri-
ate for those with unresectable disease and as adjuvant
therapy for those with inadequate margins or residual
microscopic disease or who have viable tumor in a resected
specimen [16]. In calvarial Ewing’s sarcoma it is usually
not possible to get margins free of microscopic tumor, so
adjuvant radiotherapy of 40—50 Gy is administered to the
local area [7]. Also as described previously, radical excision
may not be safe in lesions involving the clivus, torcula,
cavernous sinus.

Recurrence of Ewing’s sarcoma of bone in general
(ETB) is most common within 2 years of initial diagnosis
(approximately 80%) [17]. Higher rates of local failure are
seen in patients older than 14 years who have tumor more
than 8 cm in length [10]. The overall prognosis for patients
with recurrent Ewing’s sarcoma is poor; S5-year survival
following recurrence is approximately 10—15%. Time to
recurrence is the most important prognostic factor. Patients
who recurred greater than 2 years from initial diagnosis had
a S-year survival of 30% versus 7% for patients who
recurred within 2 years. Patients with both local recurrence
and distant metastases have a worse outcome than patients
with either isolated local recurrence or metastatic recur-
rence alone [17, 20].

We observed certain differences from the reported cases
and series of calvarial Ewing’s sarcoma. The dura was
eroded in 80% of cases. The recurrence rate in our series
was higher than previously reported. There were four
recurrences, three of which occurred within 12 months
(early recurrence) after seemingly gross total excision and
chemoradiation, and matches with Ewing’s sarcoma at
other regions. Besides, the mortality rate in our series,
particularly those with early recurrence was high. Three of
four patients who had recurrence in less than a year died
within a month of detection of recurrence. The fourth
patient who died had an asymptomatic pelvic metastasis at
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presentation. The high mortality rate for patients with early
recurrence matches with Ewing’s sarcoma of bone in
general. This is contrary to the previously reported cases
and series of calvarial Ewing’s sarcoma, where recurrences
have rarely occurred. The cases reported with recurrences

and/or death reported to date have been included in Table 2.

All those with recurrences in our series had large tumor
size (>8 cm at least in one dimension) with dural
infiltration. Only one patients with a large tumor at
presentation did not have recurrence, at least for 2 years.

The answer to why certain patients do better than others
may lie at the molecular level [5]. In the case of Ewing’s
sarcoma, most tumors have a balanced translocation
involving chromosomes 11 and 22, which fuse portions of
the Ewing’s sarcoma gene (EWS) on 22ql12 with the FLII
gene on 11q24, thus creating a novel fusion gene with
oncogenic properties. Substitution of the EWS domain with
a portion of the FLII transcriptional domain results in an
EWS-FLII fusion transcript with increased transcriptional
activity compared with that of normal FL/I. Other EWS-

ETS gene family rearrangements have been identified in the
remaining 15% of tumours, with the t(21;22)(q22;q12)
translocation resulting in fusion of EWS with the ERG gene
on 21g22 being the second most common. Studies are
being carried out to determine if it has a bearing on the
prognosis. Besides, Ewing’s sarcoma has overlapping
morphologic features with other round cell tumors of
childhood and adolescence. For prognosis and appropriate
management, it is important to differentiate Ewing’s
sarcoma from classic neuroblastoma, Wilms’> tumor, and
rhabdomyosarcoma in particular [5]. Nine patients in our
series, in whom chromosomal studies were carried out on
paraffin blocks, revealed t(11:22) EWS-ETS translocation.
However, only one genetic abnormality was tested for.
While using RT-PCR to detect EWS-ETS fusion tran-
scripts, several alternative forms of EWS—-FLII have been
described, reflecting the different breakpoints in FLI/ and
EWS. The most common type, designated EWS-FLII type
1, consists of the first seven exons of EWS joined to exons
6—9 of FLI1, and accounts for approximately 60% of cases.

Table 2 Recurrences, deaths and metastasis found in the literature review and in the present series

Reference Age/sex Site Maximum size Dural  Therapy Follow-up Survival
no. of the lesion in one erosion period (months)
dimension (cm)

19 10/male Parieto-occipital S+R+C 24 Alive, metastasis (+)

6 11/female Temporal R+ C+ BMT 46 Died due to recurrence

14 7/female  Occipital S+R+C 24 Alive, metastasis (+)

24 11/female  Occipital S+C 18 Died due to metastasis

13 1/female  Parietal S+C 9 Died of sepsis, clinically
free of tumor

4 15/male  Frontoparietal S+R+C 26 Alive, intracranial
metastasis(+)

7 13/female Parietal S+R+C 68 Alive, recurred 2 years
after surgery

25 1.5/female Occipital S+R+C 78 Recurred thrice and
operated every time
and finally died
of systemic metastasis

Present series 3/male Temporal squama + 8.5 +ve S+R+C 8 Recurrence

petrous 8 months—death
Present series 12/male Temporal squama + 8 +ve S+R+C 12 Recurrence
petrous 12 months—death

Present series 15/male Temporal base + greater 5.5
wing of sphenoid +

lateral wall of orbit

Present series 62/male Occipital 7.5

Present series 39/male Frontal 7.5

+ve S+R+C 2 Had pelvic metastasis
at presentation.
Neutropenia +
septicaemia—death

in 2 months

+ve S+R+C 8 Recurrence

8 months—death

+ve S+R+C 60 Recurrences at 30 and
48 months after

primary surgery, alive

S surgery, R radiotherapy, C chemotherapy
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The type 2 EWS-FLII fusion also includes FLII exon 5
and is present in a further 25%. The fusion transcript type
may determine the prognosis, with the presence of EWS—
FLI1 fusion transcript type 1 being associated with
improved outcome compared with that in patients with
other fusion transcript types [5]. However, this may be
limited to patients with localized disease. The EWS—FLII
fusion transcript type 1 appears to encode a less active
chimaeric transcription factor and to be associated with a
lower proliferation index than that of tumours with other
fusion transcript types. Unfortunately, the latest studies
show no differences in prognosis with relation to the break
point [18].

In conclusion, primary Ewing’s sarcoma of the cranium
differs from the lesion at other sites radiologically and by
the absence of metastasis. The treatment consists of radical
surgical excision within safe limits, especially in cases with
raised intracranial pressure, followed by chemoradiation.
Recurrence is usually local, and is treated with surgical
debulking for raised pressure, followed by chemotherapy.
Early recurrence and extremes of age are probably
associated with poor outcome. A larger series is required
to confirm the above findings.

Conflicts of interest None.
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Abstract

Background Videoangiography using indocyanine green
(ICG) has been used in the ophthalmologic field for a long
time. It was introduced to the neurosurgical field several
years ago but has been limited to vascular surgeries. We
applied ICG videoangiography to brain tumor surgery and
evaluated the usefulness.

Methods Twenty-three patients with a brain tumor who
underwent microsurgical resection were analyzed. The
pathological diagnosis was meningioma in 15 patients,
metastasis in three, glioma in three, and hemangioblastoma
in two. A microscope with a special filter and infrared
excitation light to illuminate the operating field was used in
this study. The intravascular fluorescence was imaged with
a video camera attached to the microscope. ICG was
injected intravenously with the dose of 5-25 mg, and
overall, ICG was injected intraoperatively 32 times.
Results ICG videoangiography allowed for an excellent
evaluation of blood flow in the tumoral and peri-tumoral
vessels both before and after the resection in all cases.
Conclusions 1CG videoangiography is a useful method for
monitoring blood flow in the exposed vessels during
microsurgery for a brain tumor. This noninvasive method
is simple, safe, cost-effective, and easily repeatable. Before
resection, it provides information on the tumoral and peri-
tumoral circulation including sequential visualization of
vessels or direction of the blood flow. After resection, it
checks the patency of the peri-tumoral vessels and is
especially useful for the vein. This ICG videoangiography
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can be an alternative tool to intraoperative angiography or
Doppler ultrasonography in selective cases.

Keywords Brain tumor - Indocyanine green - Surgical
microscope - Videoangiography

Introduction

Manipulation of tumor-related and normal brain vessels is
always important in all brain tumor surgeries. When a
tumor has many feeding arteries and draining veins, all
vessels should be identified and coagulated in order to
ensure a clean operative field and reduce blood loss. It is
more important not to injure all normal vessels near the
tumor mass. Generally, vessels can be evaluated intra-
operatively by microvascular Doppler sonography (MDS)
and digital subtraction angiography (DSA). MDS has many
advantages: low cost, noninvasiveness, and short time to
results. However, this is not very useful for the evaluation
of venous blood flow and not reliable for small vessels.
DSA is the standard method for the assessment of cerebral
vessels, but it is an invasive procedure. It is also expensive
and requires additional time, intraoperative equipment, and
human resources. Moreover, due to its low spatial resolu-
tion, this method cannot be applied to small vessels [8, 11].
Indocyanine green (ICG) has been used for the visualiza-
tion of vessels mainly in the ophthalmologic field. Even
though fluorescence angiography was first started in the
neurosurgical field in 1967, it has not been practically used.
However, there have been an increasing number of reports
indicating that this technique is very useful in neuro-
vascular surgery [2, 4, 6—9, 12]. Recently, some authors
started using ICG videoangiography for the surgery of brain
tumors [3, 10]. We also applied ICG videoangiography to a
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brain tumor surgery and found it very useful when it was
used in selective cases.

Methods
Patient population

Between June of 2009 and May of 2010, ICG video-
angiography was used intraoperatively in 23 patients with a
brain tumor. There were nine male and 14 female patients,
with ages ranging from 33 to 85 years (mean, 54.3 years).
The pathological diagnosis was meningioma in 15 patients,
metastasis in three, glioma in three, and hemangioblastoma
in two. All patients were interviewed regarding a history of
iodine allergy, pregnancy, or previous anaphylactic reac-
tions to contrast media injections before the operation. The
ICG videoangiography was performed before and/or after
tumor resection.

Techniques of ICG videoangiography

ICG is a near-infrared fluorescent dye of which absorption and
emission peaks are 805 nm and 835 nm, respectively. These
peaks lie within the optical window in which near-infrared light
can penetrate to depths of several millimeters to a few
centimeters. After the intravenous injection, ICG binds to
plasma proteins very tightly within 1-2 s so that it remains
exclusively intravascular and cannot be excreted in the kidney.
ICG is not metabolized in the body and is excreted by the liver.
Its plasma half-life is 3—4 min. In this study, a surgical
microscope (Carl Zeiss Co., Oberkochen, Germany) was used
in which a near-infrared excitation light source, an optical filter,
and a video camera are altogether integrated. The infrared 800
(IR 800) fluorescence mode is designed for excitation in the
wavelength range of 700—-780 nm, and for fluorescence
visualization in the wavelength range of 820—900 nm.

After we cleaned the surgical field with hemostasis,
the area of our interest was targeted with a microscope.
The tracking camera of the Stealth navigation system
(Medtronic Navigation, Louisville, CO, USA) was put
away from the surgical field as the camera beam for
tracking interferes with the excitation light for ICG video-
angiography. One vial of ICG (25 mg) was dissolved in
5 ml of normal saline, and then 0.3 mg/kg of ICG was
injected as a bolus. The total dose of ICG never exceeded
5 mg/kg. ICG videoangiography was performed before and/or
after tumor resection. ICG injection was repeated with 10 min
of interval between each injection. ICG was given through a
peripheral intravenous line and arterial phase began about 20—
30 s after the injection. The images were immediately
replayed on the external screen of a microscope, and then
interpreted.
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Results

A total of 32 times of ICG videoangiography were
performed in 23 patients. The characteristics of these
patients are summarized in Table 1. From ICG injection
until interpretation, it took less than 5 min in all cases.
There was no hardware failure or user failure. No side-
effects were observed after intravenous injection of the ICG
dye. With high image quality and spatial resolution, ICG
videoangiography visualized blood vessels with very useful
information about the patency and direction of blood flow
in veins and even small perforating arteries.

Pre-resection ICG videoangiography was performed in
seven patients and its main purpose was the localization of
blood vessels. ICG videoangiography was performed before
dural opening in four patients with meningiomas and
hemangioblastomas, all cortical blood vessels emitted strong
fluorescence penetrating semi-transparent dura mater. Espe-
cially, in two patients with hemangioblastomas, ICG video-
angiography showed not only feeding arteries and blood
vessels but also a hyper-vascularized tumor mass itself with
sequential visualization. On the other hand, checking the
patency of arteries and veins was the main purpose of ICG
videoangiography after tumor removal. In 11 of 12 patients
with meningiomas near cerebral cortex convexity, ICG
videoangiography was performed after tumor resection,
which showed strong fluorescence from all superficial
cortical arteries and veins. In three meningiomas on an
anterior clinoid process or a tuberculum sellae, we needed to
increase sensitivity of fluorescence detection in order to
visualize small deep-seated vessels properly. In two glial
tumors near the insular cortex, we performed videoangiog-
raphy before and after tumor removal so that we could
detect vasospasm on the M3 middle cerebral arterial
branches. In one of them, significant vasospasm developed
and papaverine was applied to the M3 branches.

Illustrative cases
Case 1 (Patient 3)

A 45-year-old female patient with a left parasagittal menin-
gioma underwent tumor removal surgery. The tumor mass
was friable, but the tumor capsule was very thin and adhesive
to the surrounding normal brain cortex. Although the tumor
capsule was successfully dissected from the brain cortex and
large cortical veins with great care, we were not sure if the
cortical veins were patent as they had been manipulated a lot
during the dissection. MDS did not demonstrate any mean-
ingful signal on the cortical veins. ICG videoangiography was
performed, which showed intact flow of all cortical veins
running over the tumor bed (Fig. 1).
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Table 1 Characteristics of patients studied with ICG videoangiography

Patient no. Age/sex  Diagnosis Location No. of ICG Investigations with Benefit from ICG
injections ICG videoangiography videoangiography
Before TR After TR
1 F/80 Meningioma F convexity - 1 Patency of cortical veins -
2 F/53 Meningioma Sphenoid ridge - 1 Patency of cortical veins -
3 F/45 Meningioma P parasagittal - 1 Patency of cortical veins -
4 M/49 Meningioma F convexity 1 - localization of cortical Safe dural incision
veins before dural opening
5 F/41 Meningioma P parasagittal 1 1 localization of cortical Safe dural incision
veins before dural opening
Patency of cortical veins
6 F/64 Meningioma F parasagittal - 1 Patency of cortical veins -
7 F/51 Meningioma F parasagittal - 1 Patency of cortical veins -
8 F/69 Meningioma F, P parasagittal - 1 Patency of cortical veins -
9 M/57 Meningioma ACP - 1 Patency of deep-seated large —
arteries and perforators
10 F/69 Meningioma ACP - 1 Patency of deep-seated large —
arteries and perforators
11 F/45 Meningioma Tuberculum sellae  — 1 Patency of deep-seated large —
arteries and perforators
12 F/80 Meningioma F parasagittal - 1 Patency of cortical veins Further tumor resection
13 F/62 Atypical meningioma F, T convexity - 1 Patency of cortical veins -
14 M/37 Atypical meningioma P parasagittal - 1 Patency of cortical veins Further tumor resection
15 M/64 Atypical meningioma P parasagittal - 2 Blood flow direction of Fistula localization
cortical veins
Patency of cortical veins
16 F/49 Metastatic brain tumor  F - 1 Patency of cortical veins -
(melanoma)
17 M/49 Metastatic brain tumor T, O 1 2 Patency of cortical veins -
(lung cancer) and anastomotic vein
18 M/68 Metastatic brain tumor T, O - 1 Patency of cortical veins Further tumor resection
(lung cancer) and anastomotic vein
19 F/33 Glioblastoma Insular 1 2 Patency of M3 branches -
of MCA
20 M/63 Giant cell glioblastoma P - 1 Patency of cortical veins -
21 M/44 Anaplastic astrocytoma  Insular 1 2 Patency of M3 branches Papaverine treatment
of MCA
Hypervolemic therapy
22 M/37 Hemangioblastoma Cerebellum 1 - Localization of a tumor, Safe dural incision
a feeding artery, and a
draining vein
Safe tumor dissection
23 F/41 Hemangioblastoma Cerebellum 2 - Localization of a tumor, Safe dural incision

a feeding artery, and a
draining vein

Safe tumor dissection

ACP anterior clinoid process; F' frontal, /CG indocyanine green; MCA middle cerebral artery; O occipital; P parietal; 7' temporal; TR tumor

removal

Case 2 (Patient 5)

A 41-year-old female patient presented with a parasagittal
meningioma on the right parietal lobe. Before we opened
the dura mater, the superior sagittal sinus and cortical
drainage veins were localized by ICG videoangiography
(Fig. 2). Based on this finding, a precise dural incision was
made, avoiding the injury on the cortical veins underneath

the dura mater. The tumor mass was resected totally
without injury to the cortical drainage veins.

Case 3 (Patient 21)
A 44-year-old man with a brain tumor on the left-side insular

area underwent an awake surgery for the tumor removal. After
the dissection of the Sylvian fissure, the tumor was exposed
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Fig. 1 Preoperative magnetic
resonance imaging shows a me-
ningioma on the left parietal
lobe (a, b). Indocyanine green
videoangiography shows intact
flow of all cortical veins running
over the tumor bed (yellow zone
bordered by dotted line) (c, d)

together with M3 branches of the left MCA. Before starting
tumor resection, we performed ICG videoangiography in
order to figure out the anatomical relationship between the
tumor and MCA branches. After the tumor was removed and

Fig. 2 A parasagittal meningio-
ma is seen with two cortical
veins (CV) on the right parietal
lobe (a—c). Before the opening
of the dura mater, the superior
sagittal sinus (SSS) and cortical
veins are localized by indocya-
nine green videoangiography
(d, e). With this result, a dural
incision is made avoiding the
injury on the cortical veins
underneath the dura mater
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dissected from the surrounding vessels, ICG videoangiogra-
phy was performed again, which showed intact blood flow of
all MCA branches (Fig. 3). Pathological examination
revealed that the tumor was an anaplastic astrocytoma.
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Fig. 3 A brain tumor on the left-side insular area is identified on the
preoperative magnetic resonance imaging, which is hyperintense on T2-
weighted images and is poorly enhanced by gadolinium on T1-weighted
images (a—d). After dissection of the Sylvian fissure, a pre-resection
photograph (e) and indocyanine green (ICG) videoangiography (f) show

Case 4 (patient 14)

A 37-year-old man with a parasagittal meningioma on the
right parietal lobe underwent tumor resection. The tumor
originated from the wall of the superior sagittal sinus,
where a large draining vein entered the superior sagittal
sinus. As we tried not to sacrifice this large draining vein, a
small portion of the tumor was left around the vein. When
we stopped removing the tumor, the vein was thought to be
patent. However, ICG videoangiography revealed that this
vein did not have any venous flow in it (Fig. 4). We
continued to remove all the remnant tumor with coagulation
of the large vein, and achieved total removal of the tumor.

Fig. 4 After removal of a para-
sagittal meningioma on the pa-
rietal lobe, the photograph
shows a small residual portion
of tumor adhered to a large
draining vein (black arrow) into
the superior sagittal sinus (a).
However, indocyanine green
videoangiography reveals that
there is no blood flow in it
(white arrow) (b)

the anatomical relationship between middle cerebral artery (MCA)
branches and the underlying tumor. After the tumor resection, all M3
branches are thought to be preserved (g) and an ICG videoangiography
confirms that the blood flow of all MCA branches is intact (h)

Fortunately, the patient did not have any postoperative
problems.

Case 5 (Patient 23)

A 41-year-old female patient presented with a tumor on the
left cerebellar hemisphere. A preoperative MRI revealed the
tumor had a solid portion as well as cystic portion, which was
very consistent with a hemangioblastoma. The solid portion of
the tumor was strongly enhanced with gadolinium on T1-
weighted images of MRI. DSA showed a highly vascularized
tumor. Feeding arteries and draining veins were localized
preoperatively based on radiological findings. Intraopera-
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tively, after the exposure of the dura mater, ICG video-
angiography was performed in order to localize the tumor
mass before we opened the dura mater. It elaborately
visualized the feeding arteries, draining veins, and the tumor
(Fig. 5). Based on the results of the ICG videoangiography, a
dural incision was made and the tumor was safely
approached. All feeding arteries were identified and coagu-
lated first, and lastly, the draining vein into the left transverse
sinus was identified and coagulated. We achieved total
removal of the tumor with minimal blood loss. By
pathological examination, the tumor turned out to be a
hemangioblastoma.

Discussion

The anatomical and hemodynamic relationship between a
tumor and a vascular system is very essential in brain tumor
surgery. Brain tumors often alter the surrounding brain
circulation. DSA and magnetic resonance angiography and
computed tomography angiography are useful tools for
preoperative evaluation of a vascular system. However, when
a procedure-related change in a vascular system is expected
during a surgery, intraoperative imaging is very valuable and

could be extremely effective in decreasing the operative
morbidity and unexpected deterioration. Even though MDS
and DSA have been major intraoperative vascular imaging
tools so far, they have their own limitations and disadvantages
[8, 11]. MDS has been most widely used as it is noninvasive,
very simple, and can be performed in a minute. In most
cases, MDS is very useful in the evaluation of a large artery.
However, for the evaluation of a vein that has low blood
flow in it, or a small perforating artery of which the diameter
is less than 0.5 mm, the usefulness of MDS is questionable.
As for DSA, it is the standard method for the assessment of a
vascular system. However, it is an invasive procedure and,
even though it is regarded as a safe imaging tool, it
potentially increases operative morbidity. It is also very
expensive, as it requires additional personnel and equipment.
The time for setup is much longer than in other methods
because it is technically demanding. The results of DSA
need to be interpreted as the images are not integrated into
the operative view. In addition, the spatial resolution of the
intraoperative DSA is very limited, so visualization of small
perforators is almost impossible.

ICG videoangiography is very simple and inexpensive. It
is also very quick, as the time to result is less than 5 min.
This technique is noninvasive and can be easily repeated

Fig. 5 All preoperative radiological findings are consistent with a
hemangioblastoma (white arrow heads) lying on the left cerebellar
hemisphere (a—d). After unilateral suboccipital craniotomy, a left
transverse sinus and an occipital sinus are exposed (e). Indocyanine
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green videoangiography before dural opening shows feeding arteries
(black arrows) and a draining vein (white arrow) (f). OS occipital
sinus; 7 tumor; and 7S transverse sinus
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with an interval of 5-10 min. It provides real-time
information on the patency of the arterial and venous
vessels of all relevant diameters even though the informa-
tion is not quantitative. As all images are integrated into the
operative view, it is so much easier to have a comprehen-
sive anatomical orientation that the surgical procedure can
be much safer. ICG is a very safe compound with
frequencies of 0.05-0.2% of side-effects; serious side-
effects include hypotension, arrhythmia, or anaphylactic
shock and mild side-effects include nausea, itching sense,
or skin eruptions [1, 5]. However, ICG videoangiography
has the limitation that it is available only for what is visible
in the operative field. In order to visualize blood vessels,
they should be exposed first and not covered by a blood
clot. Therefore, when a deep-seated tumor is approached
through a long, narrow corridor, it is not easy to clearly
visualize normal and tumor-related vessels with ICG
videoangiography and consequently may not be very useful
[8]. The best candidate for ICG videoangiography is a
tumor located superficially, which can be exposed widely
with surrounding blood vessels. Another limitation of ICG
videoangiography has been the absence of integration with
the surgical microscope. This technique originally requires
stopping the surgical procedure, moving the microscope
away from the surgical field, and bringing the near-infrared
light source and a camera into the surgical field. Not to
mention that it prolongs the operation time, and the surgical
corridor is sometimes too narrow to make the excitation
light reach the tumor and, at the same time, to aim the video
camera at the tumor. Raabe et al. [11] noted this problem in
their experiences and emphasized the importance of the
integration of all the components in ICG videoangiography.
In this study, we used an OPMI Pentero microscope in
which a near-infrared excitation light source, an optical
filter, and a video camera were integrated. The FL800
module of the Leica microscope (Leica Co., Wetzlar,
Germany) also has a special attachment for the ICG
videoangiography. Due to this integration, the utilization
of ICG videoangiography has been enhanced. In our series,
the procedure was easily performed and the time to the
results never took longer than 5 min.

We applied this method to brain tumor surgery and found it
very useful both before and after tumor resection. In seven
patients, ICG videoangiography was performed eight times
before starting tumor removal. The main goal of pre-resection
ICG videoangiography was localizing blood vessels in
relation to the tumor. It visualized the tumor-feeding arteries,
draining veins, and passing-by normal vessels. The spatial
resolution was good enough to reveal if a vessel was a tumor-
related or a normal passing-by vessel. It was also available for
deep-seated vessels through a deep and narrow surgical
corridor, even though its signal was not as strong as in
superficial tumors. Interestingly, as ICG fluorescence can

penetrate dura mater with an adequate dose of ICG and
detection sensitivity, pre-resection evaluation of cortical
vessels was available before the opening of the dura mater.
We were able to localize the sinuses and unexposed cortical
veins underneath the dura mater before opening it (Fig. 2). In
case 5, which involved a hemangioblastoma (patient 23),
besides localizing the tumor-feeding arteries and draining
veins before the dural opening, the hypervascular tumor
mass was also visualized underneath the dura mater on ICG
videoangiography. After the dural opening, the brain
swelling was so severe that we could not perform ICG
videoangiography. Even though the tumor-feeding arteries
and draining veins were preoperatively localized with
cerebral angiography, we found it was much easier to have
a comprehensive anatomical orientation with ICG video-
angiography as all images were integrated into the operative
view. In addition to the localization of blood vessels, ICG
videoangiography provides information on the direction of
blood flow, which is a very distinguished advantage that
MDS does not have. In case that we cannot expose the
whole course of blood vessels from the origins to the
destinations, ICG videoangiography revealed the direction
the arteries or veins are heading. In one case (patient 15),
involving a meningioma that invaded and filled a superior
sagittal sinus on the preoperative MRI, we thought the blood
in the cortical veins would flow from a superior sagittal sinus
to the hemisphere cortex. Preoperative angiography showed
very poor filling of a superior sagittal sinus so that
parasagittal cortical veins were hardly seen. However, with
excellent visualization on ICG videoangiography, the blood
flow direction of the cortical veins was figured out, which
was the opposite to the normal as we expected. This patient
also had an arterio-venous fistula that was previously seen on
preoperative DSA. We found ICG videoangiography very
convenient as it precisely localized the fistulous point of the
tumor in the operative field.

After tumor resection, ICG videoangiography was
performed 24 times in 20 patients. It allowed an immediate
check of the patency of blood vessels around a tumor,
which would be the biggest advantage of ICG video-
angiography. The gross appearance of blood vessels was
not always reliable. We experienced three cases (patients
12, 14, and 18) in which the peri-tumoral normal veins
looked intact after tumor removal; however, post-resection
ICG videoangiography revealed that they had no blood
flow in them (Fig. 4). Including these three cases, in 15
patients whose veins were evaluated with MDS and ICG
videoangiography concomitantly after tumor resection,
MDS failed to show consistent and reliable results in all
of them. Therefore, we think ICG videoangiography is very
valuable especially in the evaluation of venous blood flow.
On the contrary, in the evaluation of arterial blood flow in
the other five patients, the results of MDS were always
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compatible with that of ICG videoangiography. When ICG
videoangiography showed poor blood flow in an artery
after violent manipulation during tumor removal, papaver-
ine was applied on the injured artery so that the blood flow
could be restored. Even though both ICG videoangiography
and MDS were useful and reliable in the evaluation of
arterial blood flow, when it comes to a small perforating
artery, ICG videoangiography was superior to MDS.

Conclusions

Microscope-integrated ICG videoangiography has many
advantages compared to other intraoperative vascular imaging
modalities such as MDS and DSA. Before tumor resection,
ICG videoangiography was found to be very useful for (1) the
localization of the blood vessels and dural sinuses and
sometimes even a tumor mass, (2) the detection of blood flow
direction, and (3) the localization of the fistula. Owing to this
imaging technique, it was very convenient to distinguish
tumor-related vessels from normal ones in superficially located
meningiomas and hemangioblastomas as well as to see the
direction of blood flow in drainage veins in parasagittal
meningiomas with obstruction of a superior sagittal sinus.
After resection, it immediately showed the patency of the peri-
tumoral vessels, which often led to a change of the surgical
plan, further resection of a remaining tumor, sacrifice of a
cortical draining vein, and papaverine treatment on a vessel
with vasospasm. When the patency of a vessel was of concern
on ICG videoangiography, medical treatment, like as hyper-
volemic therapy, was started immediately even during the
surgery. Even though this technique is exclusively available for
an exposed blood vessel, it can be an alternative of MDS and a
complementary diagnostic tool for DSA in selective cases.
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Comment

The authors present their experience on brain tumor surgery assisted by
the intra-operative use of indocyanine green videoangiography (ICG). In
this series, [CG emerges as a simple, inexpensive, rapid, non-invasive,
and reliable implementation for vascular management in the neuro-
oncological setting. The authors report advantages and limits of the
technique by means of an effectively illustrated surgical series. For
educational purposes, we can synthesize that ICG might be functional to
selected surgical scenarios. For example, when the tumor is located close
to major vessels that could be potentially injured by surgery (i.e., Sylvian
fissure tumors), when approaching high vascularized tumors (i.e.,
hemangioblastomas or some meningiomas), or when the direction of
the blood flow of peri-tumoral vasculature must be recognized in a pre-
resection stage in order to plan a correct removal strategy (i.e., cortical
veins in parasagittal meningioma surgery).

We agree with the authors that brain tumor surgery can, in selected
cases, take advantage of the intra-operative use of ICG. Further studies
on a large series of patients are needed to define the real clinical
impact of ICG on a patient’s outcome.

Domenico d’Avella

Alessandro Della Puppa

Padova, Italy
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Comment

Intraoperative indocyanine green (ICG) angiography is an established
method to support the microsurgical therapy of intracranial aneurysms
and AVMs. The authors performed ICG angios during the removal of
15 meningiomas, three metastases, three gliomas, and two hemangio-
blastomas, which allowed them to make several useful findings at
different phases of surgeries, including:

* localization of the sinus and cortical veins before opening the dura.

* visualization of feeding arteries, draining veins, and mass of a
hemangioblastoma before opening the dura.

* relationship between an insular anaplastic astrocytoma and
branches of the MCA.

* cortical vein patency in the tumor bed after removal of a
meningioma.

* a vein thought to be open was not and could be sacrificed for a
total removal.

The authors are to be congratulated for a timely addition to the
growing list of instances during CNS tumor surgery in which ICG
angio may reveal important aspects.

Juha E Jddskeldinen

Kuopio, Finland
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Sir,

Five-aminolevulinic acid (5-ALA) is increasingly used for
resection of high-grade glioma; however, little is known
of its fluorescent behavior in other cerebral tumors. In this
letter, we report our findings of a paradoxical fluorescent
pattern after administration of 5-ALA in a metastatic
melanoma.

A 69-year-old man was admitted for apraxia and disorien-
tation after a skiing accident. The patient’s previous medical
history included the excision of malignant melanomas 9 years
earlier, with no known metastatic spread. Magnetic resonance
imaging (MRI) showed a brightly enhancing, centrally
necrotic, solitary right frontal tumor mass, indicating a
glioblastoma or metastasis.

A solution of 1.5 g ALA was orally administered
4 h preoperatively. A craniotomy guided by neuronavigation
was performed, followed by durotomy. Using a surgical
microscope and light source at 5S-ALA excitation wavelength
(OPMI Neuro/NC4 system-fluorescence kit, Carl Zeiss,
Oberkochen, Germany), neither bright nor vague fluorescence

P. Schucht (D<) - J. Beck + A. Raabe

Department of Neurosurgery, Bern University Hospital,
Inselspital,

3010 Bern, Switzerland

e-mail: philippe.schucht@insel.ch

1. Vajtai

Department of Neuropathology, Bern University Hospital,
Inselspital,

Bern, Switzerland

was emitted by the tumor mass. The surrounding tissue,
however, exhibited solid red fluorescence up to a distance of
5 mm from the solid tumor core. The intraoperative navigation
system (Brainlab, Feldkirchen, Germany) confirmed that the
peritumoral “5-ALA-positive” fluorescent tissue was outside
the strongly enhancing tumor (MRI). Intraoperative cryosec-
tion analysis revealed no infiltrating tumor cells in the
“S-ALA-positive” tissue; however, the non-fluorescent
“S-ALA-negative” solid tumor mass showed metastatic
malignant melanoma. The postoperative MRI showed a gross
total resection of the tumor.

The gross surgical specimens were histologically exam-
ined. This included a nodule (3 x 2 X 2 cm) and six largely
intact mapping biopsy samples each measuring approximately
0.3-0.4 cm in diameter. Samples were processed according to
standard histopathological techniques (fixation in 4% buffered
formalin; 3-pm thick sections; hematoxylin/eosin stain). Light
microscopy confirmed that the tumor nodule contained
amelanotic malignant melanoma (Fig. 1a). Conversely, all
mapping biopsies taken from the peritumoral fluorescent
tissue showed edematous cortical and subcortical brain
parenchyma with reactive gliosis that was devoid of tumor
infiltration (Fig. 1b-d).

To the best of our knowledge, this is the first reported
case of a resection procedure for cerebral melanoma
metastasis assisted by 5-ALA fluoroscopy. One study has
shown that the use of 5-ALA resulted in a significantly
improved rate of gross total resection that translated into
prolonged progression-free survival [2]. However, the
behavior of 5-ALA in cerebral lesions other than malignant
glioma, and its value for resection and impact on survival
remain undetermined. By analogy to malignant glioma, the
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Fig. 1 a Solid tumor mass A~ v
(upper two-thirds) composed of . .
plump epithelioid melanocytes

largely devoid of pigment gran-

ula (magnification x150); rela-

tively sharp circumscription

toward peritumoral brain paren-

chyma (lower third) is observed. '
b-bg (%5) Boxes in b, and bj - -,
indicate areas depicted at high 4 L R s
magnification (x200) in ¢ and d, - . ;
respectively. ¢ Detailed view of ey, :
peritumoral cortex shows reac- »

tive astrogliosis with gemisto-

cytic morphology (arrows)

(%x200). d Detailed view of

peritumoral white substance

reveals spongy to vacuolated

aspect due to edema. Reactive

astrocytes are highlighted by

arrows. All microphotographs

represent slides stained with

hematoxylin and eosin

potential benefits—such as a higher rate of complete
resections and prolonged local disease control—should be
considered for cerebral melanoma metastasis.

An absence of 5-ALA-induced fluorescence has been
described in some forms of metastatic deposits [4]. Utsuki
et al. [4] reported on a series of peritumoral tissue samples
from glioma and cerebral metastasis that had shown vague
fluorescence despite the lack of unambiguous infiltration by
tumor cells on histology. It has also been suggested that
some of the protoporphyrin IX produced in tumor cells may
spill outside the tumor boundaries and accumulate in the
surrounding tissue [3]. This is an unlikely explanation in
our case, since the tumor did not show protoporphyrin
accumulation. A vague fluorescence, despite the lack of
neoplastic cells, has been attributed to an inflammatory
reaction in surgeries for recurrent disease [1]. The pecu-
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liarity of the present case is the observation of an
undescribed constellation of bright fluorescence in the
uninvolved perilesional tissue—as opposed to the lack of
signal within the tumor itself.

Although the distribution of fluorescence radically
departed from an expected pattern, it nevertheless proved
of great help in visualizing the tumor-brain interface. It is
likely that 5-ALA might evolve into a useful ancillary tool
for brain metastasis surgery, provided that consistent
fluorescence patterns will have emerged from current and
future research.
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Abstract

Background Meningiomas are the most common primary
brain tumor, the incidence of which rises with age. The
Geriatric Scoring System (GSS) was constructed in an
attempt to answer which elderly subpopulation will benefit
from a surgical intervention in terms of their overall
physical and functional state of health. The GSS incorpo-
rates different prognostic indicators, both clinical and
radiological, for risk stratification.

Objective The purpose of the study was to validate the
previously defined GSS for the evaluation and risk
stratification of elderly patients suffering from intracranial
meningioma.

Methods One hundred and twenty patients aged over
65 years admitted to the RAMBAM Medical Center with
meningiomas during the years 2005-2010 were character-
ized, forming an independent cohort. We report the
presenting symptoms, chronic illness and radiological
features, as well as perioperative and long-term follow-up
results up to 5 years after the surgery.
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Results Nine outcome parameters were tested against the
GSS score on admission. Survival, Barthel Index,
Karnofsky Performance Scale (KPS), consciousness
expressed by the Glasgow Coma Scale (GCS) [14] score
5 years after surgery, recurrence within and beyond
12 months of surgery, the length of hospitalization both
overall and in a neurosurgical intensive care unit. A GSS
score higher than 16 was associated with a significantly
more favorable outcome.

Conclusion The present results suggest that common
experience-based considerations may be optimized and
implemented into a simple scoring system that in turn
may allow for outcome prediction and evidence-based
decision making.

Keywords Elderly- Evidence based medicine - GSS score -
Meningioma - Prognosis

Introduction

Meningiomas are thought to originate from arachnoid cap
cells, which form the outer layer of the arachnoid mater and
the arachnoid villi [20]. Meningioma is the most common
primary brain tumor, accounting for 33.8% of all primary
brain and central nervous system tumors reported in the
United States between the years 2002and2006 [33]. The
prevalence of pathologically confirmed meningioma is
approximately 97.5/100,000 in the United States [1]. Since
a proportion of meningiomas are not surgically managed,
these are probably underestimations. In addition, autopsy
and imaging studies have estimated subclinical meningioma
rates of up to 2.8% in women [17, 32]. Established risk
factors for meningioma development are few. Among these,
ionizing radiation is the primary environmental risk factor
at present, with a sixfold to tenfold risk [12, 24, 26, 29]. An
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association between hormones and meningioma risk has
been suggested by a number of findings, including the
increased incidence of post-pubertal disease in women
versus men (2:1), with the highest ratio of 3.15:1 during the
peak reproductive years [3, 31]. The etiologic link between
cell phone usage and meningioma development is one of
great interest to the general public. At least ten studies have
examined the association between cell phone use and
tumors of the brain [13, 15, 21].

The elderly patient poses a medical challenge in all
aspects of medicine and for any surgical intervention.
Nevertheless, accumulating evidence supports the notion
that although the clinical presentation of patients with
meningioma is commonly diverse, these tumors seem to
present as a distinct clinical entity in the elderly patient. It
seems that a thorough understanding of the clinical
behavior of meningioma in the elderly patient is lacking.
Accordingly, the criteria in choosing among treatment
options, such as lifestyle and survival improvement versus
side effects, complications and neurological deficits, are not
evidence based. Different clinical studies have been con-
ducted in an attempt to set treatment guidelines, but their
conclusions are inconsistent or even contradictory.

Previous work done by our group reported the presenting
symptoms, chronic illnesses and their impact, and the
perioperative and long-term follow-up results of 250
patients admitted to our institute during a 10-year period
(1995-2005) [4]. The aim of this retrospective study was to
gain a better understanding of this tumor’s behavior in the
elderly, trying to define and identify prognostic indicators
within this population group. Based on univariant and
multivariate analysis, significant prognostic indicators were
identified and were implemented into a new Geriatric
Scoring System (GSS) (Table 1). The GSS incorporates
essential independent considerations and patient factors on
admission, including tumor size and location, peritumoral
edema, neurological deficits, Karnofsky score [2, 5], and
associated diabetes, hypertension or lung disease. Seven

Table 1 The Rambam Geriatric Scoring System (GSS)

outcome parameters were retrospectively tested using the
scoring system; namely, mortality, Barthel Index score [19],
Karnofsky score and consciousness expressed by the
Glasgow Coma Scale (GCS) score [14] 5 years after
surgery, as well as recurrence within and beyond 12 months.
Age proved to inversely correlate with outcome. Morbidity
and mortality were significantly lower in women. The
extent of surgical resection had no influence on functional
outcome, although radical resection was associated with
significantly lower mortality. Generally, a GSS score higher
than 16 was found to be associated with a significantly
more favorable outcome. These results suggested that
common experience-based considerations may be opti-
mized and implemented into this simple scoring system
that in turn may allow for outcome prediction and evidence-
based decision making. In this study, we aimed to validate
this scoring system, independently from the previous
cohort, by reviewing all patients operated on at our institute
between the years 2005 and 2010.

Patients and methods
Inclusion criteria

A retrospective chart review of all patients aged over
65 years admitted to and operated on at the Department of
Neurosurgery at Rambam Medical Center for intracranial
meningiomas during the period 01/2005-10/2010 was
conducted. A comprehensive demographic database
was constructed (Table 2). Seventy-seven women and
43 men ranging in age between 65 and 88 years old (mean
age, 73+5.8 years) were included.

Exclusion criteria

Patients not operated on at the study period for any reason
were excluded. Additionally, any patients with a histopath-

Admission parameter

1 point

2 points 3 points

Size
Neurological deficit

Karnofsky Performance Scale

Tumor location

Peritumoral edema
Diabetes mellitus
Hypertension

Pulmonary disease

>5 cm
Progressive
<50

Falcine, parasagittal,
foramen magnum

Severe
Not controlled
Not controlled

Severe

3-5cm <3 cm
Stable severe None, minor
60—-80 90-100

Tentorial, posterior fossa,
jugular foramen

Convexity, intraventricular, sphenoid
wing, tuberculum sellae, cavernous
sinus, optic nerve

Mild None
Medically controlled None
Medically controlled None
Mild None
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Table 2 Demographic data

Age groups 65-69 70-74 75-79 80- Total
Patient numbers 44 27 31 18 120
Patient % 36.66 22.5 25.83 15 100

ological diagnosis different than meningioma, regardless of
the preoperative suspicion were excluded.

Clinical presentation

Board-certified neurosurgeons logged onto patient hospital
charts the presenting symptoms, their severity, past medical
history, chronic illnesses and treatment (Table 3). The
different factors comprising the GSS scoring system were
logged, including functional and performance state
expressed using the internationally accepted Karnofsky
Performance Scale (KPS) [2, 5] as well as findings on
neurological examination (Table 3).

Imaging studies

Experienced neuroradiologists, blinded to the clinical
data, characterized preoperative imaging studies
according to tumor location, defined according to
accepted nomenclature, size and number of lesions,
and presence of peritumoral edema (Table 3). A severe
edema was defined when brain structures were shown to
be displaced (herniated), while a mild edema refers to a
clearly visible peritumoral edema, not overtly displacing
brain structures. Postoperative image studies, taken at
several time points after the surgical intervention, namely
perioperatively (within 48 h of surgery), during the initial
12 months after the operation, 12 months and 5 years

after the surgical intervention, were reviewed accordingly
(Table 4).

Outcome

Outcome data were collected at several time points after the
surgical intervention: perioperatively, during the initial
12 months after the operation, 12 months and 5 years after
surgery (Table 4). Outcome parameters were assessed by
two independent observers blinded to patient data. Patient’s
charts were used for the immediate outcome parameters,
whereas the out-patient clinic charts and medical records
from further hospitalizations were used for long-term
follow-up. Functional and performance state was recorded
using internationally accepted scoring systems, namely, the
KPS [2, 5], Barthel Index score [19], and consciousness
expressed by the GCS score [14] (Table 4).

A univariant analysis of the GSS score on admission
against nine different outcome parameters was performed,
in an attempt to further validate and support reported initial
findings, performed on an independent cohort [4].

Statistical analysis

Statistical tests were performed using SPSS version 17
software (SPSS, Chicago, IL). For univariant analysis,
Pearson’s correlation, chi-square test and Fisher’s exact test
were used for comparison of non-parametric data. Compar-
ison of quantitative parameters such as age or length of
hospitalization in different outcome groups was performed
using a #-test, ANOVA with post-hoc Scheffe test in case of
a normal distribution and Mann-Whitney U-test in a non-
normal distribution. For statistical purposes, the Karnofsky
index was further simplified into three categories: poor
(=50), fair (50—70) and good (=80).

Table 3 Admission parameters data (presented as percent of the cohort)

Sex
Blood type
Tumor location

Histology

Size

Peritumoral edema
KPS admission
Neurological deficit
Hypertension (HTN)
Diabetes mellitus
Respiratory disease

35.8 males, 64.2 females
1.7 (A-), 30.8 (A+), 5 (B-), 16 (B+), 0.8 (AB-), 10.9 (AB+), 1.7 (O-), 32.5 (O+)

49.2 convexity, 20.8 parasagittal, 7.5 falcine, 0.8 olfactory groove, 10 sphenoid wing/clinoidal,
5 tuberculum sellae, 5.8 posterior fossa, 0.8 foramen magnum

92.5 typical (grade 1), 6.7 atypical (grade 2), 0.8 anaplastic (grade 3)

Grade 1 subtypes 2.4 microcystic, 3.5 angiomatous, 7.1 psammomatous, 47.1 transitional,

11.8 fibrous/fibroblastic, 28.2 meningothelial
13.3 were <3 cm, 48.3 were 3—5 cm, 34.2 were 5—-7 cm, 4.2 were >7 cm
48.3 severe, 37.5 mild, 14.2 none/negligible
41.7 had a score <50, 43.3 had a score 60—80, 15 had a score >80
6.7 had no deficit, 20 mild, 41.7 stable severe, 31.7 progressive deficit
20.8 no, 30.8 medically controlled, 25 partially controlled, 23.3 uncontrolled
72.5 no, 9.2 medically controlled, 12.5 partially controlled, 5.8 uncontrolled
91.7 no, 5.8 mild chronic, 0.8 severe chronic, 1.7 end stage lung disease
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Table 4 Outcome parameters
data (presented as percent of the

(Data presented as percent of the cohort)

cohort)
nICU admission

Overall admission
Recurrence in 1 year
Overall recurrence

KPS after 5 years

Barthel Index after 5 years
GCS after 5 years
Survival 3 months

Overall survival

Range 0-60 days, mean 5.48+6.9 days, median 3 days

Range 4-65 days, mean 13.66+9.7 days, median 11 days

11.5 yes, 88.5 no

24.1 yes, 75.9 no

19.8 had a score <50, 26.7 had a score 60—80, 53.5 had a score >80
Score range 15—105, mean score 76.49+22.1, median 85

Score range 3—15, mean score 13.63+1.79, median 14

5.8 did not survive, 94.2 survived

8.3 survived less than 1 year, 6.7 survived 1-3 years,
4.2 survived 3-5 years, 11.7 survived >5 years,
69.2 are alive as to date (different time frames after surgery)

Results
Cohort overview
Admission parameters

Reviewing all patients operated on at our institute during
the years 2005-2010 over the age of 65, a cohort of 120
patients was analyzed (Table 2). This is an independent
cohort with regards to previous work done at our institute
on the matter, unrelated to the population onto which the
GSS score was constructed after univariant and multivariant
analysis. The mean age was 73+5.8 years, the median was
73 years. Males composed 35.8% of the population. The
frequency of the A+blood type is substantially lower in the
cohort with regards to the distribution in the Israeli
population, amounting to 30.8%, compared with a frequen-
cy of 38% in the Israeli population. Of the lesions, 49.2%
were classified as convexity, 20.8% parasagittal, 10%
sphenoid wing or clinoid meningiomas. The vast majority
of the patients (92.5%) had a typical type grade 1
meningioma, of which the transitional type was the most
common (47.1%), along with meningothelial (28.2%), and
fibrous/fibroblastic (11.8%). An atypical grade 3 meningi-
oma was found in 6.7% and only 0.8% had an anaplastic
type grade 3 meningioma. The sizes of the lesions that were
operated on were 3—5 cm in 48.3% of cases, while 38.3%
of the lesions were larger than 5 cm, and 13.3% were
smaller than 3 cm. A severe peritumoral edema on
admission was noted in 48.3% of the cases, a mild edema
was noted in 37.5%. Functional status (KPS) was severely
disabled in 41.7%. A neurological deficit was present in
93.3% of the patients to some degree. With regards to
chronic illnesses and overall health, 79.2% had hyperten-
sion (HTN), 27.5% of the patients had diabetes mellitus
(DM), 8.3% of patients suffered from a respiratory disease.
The mean GSS score on admission was 16.6+2.9, range
10-23, with a median of 16.0. For frequency distribution of
the different admission parameters refer to Table 3.
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Outcome parameters

The mean admission time at the neurosurgical intensive
care unit (nICU) was 5.48+6.9 days, the mean overall
hospital admission time was 13.6+£9.7 days. Recurrence
within 12 months was registered in 11.5%; overall
recurrence after surgery was noted in 24.1%. KPS in 5 years
of surgery was low (severely disabled, lower than 50) in
19.8%, partially debilitated (KPS between 60 and 80) in
26.7%, and not debilitated in 53.5%. The mean Barthel
ADL Index for patient independence 5 years after surgery was
76.49+22. The mean GCS score 5 years after surgery was
13.6£1.79. Survival in the immediate 3 months after surgery
was 94.2%. Overall, 8.3% of patients survived less than 1 year
after surgery, 11.7% survived beyond 5 years after surgery;
69.2% are still alive as to date. For frequency distribution of
the different outcome parameters refer to Table 4.

Univariant analysis

Admission GSS score was analyzed against different
outcome parameters. Results of univariant analysis are
summarized in Table 5.

Recurrence Those patients suffering a recurrence within
12 months of surgery, as well as a later recurrence, had a
significantly lower GSS score on admission.

Performance 5 years after surgery Those patients present-
ing with a higher GSS score had a significantly higher
performance level and functioning 5 years after the surgery,
as measured in the KPS [2, 5], Barthel [19] and GCS [14]
indices.

Hospitalization A very strong negative correlation is shown
between the GSS scores on admission and the time spent in
the nICU and overall hospitalization time. This is further
emphasized when comparing the GSS<16 patient group
versus the GSS>16 patient group hospitalization time.
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Table 5 Univariant analysis of the GSS score versus different outcome parameters
Outcome parameter examined Mean GSS P
Recurrence within 12 months of surgery A linear relationship between the risk of recurrence and GSS on admission
Yes 14.85 0.007
No 17.1
Recurrence beyond 12 months of surgery A linear relationship between the risk of recurrence and GSS on admission
Yes 15.58 0.008
No 17.29

KPS 5 years after the surgery

Barthel Index 5 years after the surgery

GCS score 5 years after the surgery

nICU admission

A linear relationship between the functional state 5 years after surgery and the GSS score on
admission

<50 13.45 <0.0001
60-80 15.96 <0.0001
>80 18.78 <0.0001

A very strong linear correlation between GSS scores on admission and Barthel Index 5 years after
the surgery

Pearson correlation 0.775

A very strong linear correlation between GSS scores on admission and GCS score 5 years after the
surgery

Pearson correlation 0.627

A very strong negative correlation between GSS scores on admission and nICU <0.0001

admission in days. Pearson correlation —0.352

GSS <16
GSS >16

Overall admission

A very strong negative correlation between GSS scores on admission and nICU

Mean 9.05 days, median 6.5 days
Mean 3.55 days, median 2 days
0.001

admission in days. Pearson correlation —0.336

GSS <16
GSS >16

Survival 3 months after surgery Yes
No

<l year after surgery
1-3 years after surgery

Survival

3-5 years after surgery

Alive as of 09/2010, <5 years after surgery

>5 years after surgery

Mean 17.1 days, median 15.0 days
Mean 11.81 days, median 9 days

16.84 <0.0001
12.71

13.7 0.003
14.88

16.20
16.98
17.57

Survival A very strong correlation is shown between the
GSS score on admission and overall survival, grouped into
several time frames after the surgical intervention
(3 months, up to 12 months, 1-3 years, 3—5 years, beyond
5 years).

Discussion

The advances made in medicine and the increase in life
expectancy combined with new advances in radiology
and diagnosing skills have led to an increase in the
incidental finding of meningiomas. Meningiomas com-
prise approximately 21% of all primary intracranial
tumors, and when data from autopsies are included, this
figure rises to above 40%, thus showing that many

remain clinically silent, never coming to clinical attention
[6, 7, 18, 30]. A question arises concerning the benefit of
surgery for those elderly patients for whom surgical
resection is possible; namely, when there is no technical
limitation to surgery. What elderly subpopulation will
benefit from surgical intervention in terms of their overall
physical and functional states of health?

Different clinical studies have been conducted over the
years in an attempt to set treatment guidelines, but their
conclusions are inconsistent and at times contradictory [8—
11, 16, 22, 23, 25, 27, 28, 30]. Several scoring systems
have been proposed, but their components are very
subjective in definition and cannot be adequately compared
due to both inter-examiner and intra-examiner variability
[16, 28].

Godfrey and Caird [11], viewing 111 elderly patients
with intracranial meningiomas, found that the clinical
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presentation of progressing neurological deficits and
cognitive impairment is similar to that of younger patients,
and operative management led to improvement in most
cases with low accompanying morbidity and mortality. In
a review by Brigham Women’s Hospital Clinical Services
[9], no difference between age groups was found in
survival after resection of a meningioma. Roser and co-
workers [27, 30] defined meningioma in the elderly
patient as a separate clinical entity in comparison with
that in the young, since cellular proliferation, vascularity
and intra-tumoral hormonal profiles change with age. Patil
et al. [22] examined all patients who underwent a
craniotomy for resection of intracranial meningioma
between the years 1997 and 2006 at 123 VA hospitals.
The elderly cohort comprised 21.2% (n=258) of the total
study population. After carefully controlling for various
patient characteristics, ASA class and functional status,
elderly patients were found to have a poorer outcome after
surgical resection of intracranial meningioma than youn-
ger subjects.

Lee and Sade [16] suggested an algorithm based on
balancing the risks and benefits of surgery, termed as the
“CLASS” algorithm. Risk factors included comorbidities
(C), defined by the American Society of Anesthesiology
(ASA) score I-III, location (L) defined as low/moderate/
high risk based on the experience of the senior author and
age (A). These were assigned a score of —2 to 0. Beneficial
factors were defined as size (S), in which the greater the
tumor size is, the higher the score, ranging from 0 to 2, and
signs and symptoms (S), which were also increasing in
score with severity. According to this system, the patients
were grouped into three groups by scores, the operative
intervention was decided by the senior author blinded to the
patients’ scores, and a correlation between the initial score
and outcome was shown. This system has several dis-
advantages. First, comorbidities are defined by a general
non-specific scale, which does not offer a registry for
improving a patient’s score by better controlling a chronic
illness. Additionally, location is defined subjectively, and
age is an independent unchangeable parameter. Thus, in the
risk factors group, there is no real opportunity for risk
stratification and risk improvement for the patient. For the
beneficial factors, a strange conclusion rises from the
algorithm, in which the bigger the tumor and the worse

clinically the patient presents, the better the score is. This
would suggest that a stable patient with a resectable tumor
not burdening the brain is a less attractive surgical
candidate.

Sacko et al. [28] assessed the surgical outcome of 74
elderly patients aged 80 years or more that were operated
on for intracranial meningiomas during the years 1990—
2005. A retrospective analysis of the factors influencing
the surgical outcome culminated in the formation of a
scoring system, termed as the “SKALE” grading system.
This stands for sex (S), in which females received 2 points
while males received 0 points, KPS (K), ASA (A),
location (L) defined as critical in the cranial base, eloquent
area and near the large vessels, and peritumoral edema (E).
Patients with a SKALE score of more than 8§ were found
to have an excellent outcome. The authors report in
inverse correlation between the extent of surgical resection
and outcome, stating that “Mortality was higher in patients
with total excision than in patients with partial excision,”
and “The radical tumor removal showed a higher risk of
morbidity, but not mortality.” Although bearing some
resemblance to the GSS system, the SKALE grading
system and the data it is based on raises several questions.
The use of the ASA system for comorbidities suffers the
same criticism as for the CLASS system, as does the
scoring of the sex, an unchangeable factor. The definition
of critical regions is highly subjective and not reproduc-
ible and the possibilities for risk improvement and
restratification do not exist.

We report the presenting symptoms, chronic illnesses and
their impact, perioperative and long-term follow-up results of
120 patients admitted to our institute during a 5-year period,
forming an independent group to the initially largest patient
group having a detailed comprehensive database and time-
corrected long-term follow-up.

With regards to the different blood group distribution
within the cohort, the frequency distribution of blood
type in the ABO and Rh groups paralleled the distribu-
tion in the Israeli population with one exception, stable
in both this cohort and previous work (separate cohort)
done at our institute analyzing the elderly patients with
meningiomas operated on during the years 1995-2005
[4]. In both populations, the frequency of the A+blood
type is substantially lower with regards to the distribution

Table 6 Blood group distribution in the Israeli population and patient groups

Population A+ B+ AB+ O+ A- B- AB- O-
Israeli population 38% 16% 6% 30% 4% 2% 1% 3%
Elderly meningioma patients, 2005-2010 30.8% 16% 10.9% 32.5% 1.7% 5% 0.8% 1.7%

Data regarding the blood group distribution in the Israeli population was received from the blood bank at Rambam Health Care Campus
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in the Israeli population, similar between the cohort, with
28% in previous papers and 30.8% in this current cohort,
compared with a frequency of 38% in the Israeli
population (Table 6). This may suggest a protective effect
this blood group conveys and requires further investiga-
tion and validation.

The GSS score, proposed previously by our group,
constructed after a thorough analysis of a large cohort from
univariant and multivariant analysis, was challenged again
in this paper. In this scoring system, eight clinico-
radiological patient parameters upon admission are logged:
tumor size and location, peritumoral edema, neurological
deficits, Karnofsky score, associated diabetes, hypertension
or lung disease. Each of the parameters is assigned a score
ranging from 1 to 3; thus, the total score ranges from 8 to
24. The GSS was tested in our patient group; the link
between the variables and patient presentation was pre-
dicted, and the score distribution to patient groups was
similar in nature to that accepted in other scales (internal
validation). Nine outcome parameters were tested against
the GSS score: survival (3 months after surgery and
overall), Barthel Index, Karnofsky score and GCS score
5 years after operation, and tumor recurrence (within and
beyond 12 months of operation), admission time (both in
nICU and overall). It is shown with statistical significance,
for all outcome parameters tested, that a patient presenting
with a score of 16 or higher may benefit from a surgical
intervention and has a favorable prognosis thereafter
(Tables 5).

Conclusion

The GSS score is appealing due to its simplicity and
reproducibility, on the one hand, and its use as a follow-up
clinical aid for the preoperative assessment of the elderly
patient suffering from a meningioma.

We believe that the use of the GSS score in the
preoperative patient evaluation will help in identifying
those patients most likely to benefit from a surgical
intervention. The GSS score provides a comprehensive
assessment tool, approaching the patient and the tumor
as two completing pieces of the question, both contrib-
uting to operative decisions. The use of the GSS score
allows for outcome prediction and evidence-based
decision making, taking the same experience-based
considerations practiced by experienced neurosurgeons
and adding to it a statistically proven basis. The GSS
scoring system is undergoing further evaluation at our
department, being used prospectively for all patients
presenting with primary brain tumors. Future applica-
tions for all age groups and different neoplastic lesions
are being pursued.

Conflicts of interest None.
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Comment

The paper by Or Cohen-Inbar and colleagues deals with the dilemma
of whether to operate or not on elderly patients (age>65 years)
affected by intracranial meningiomas. With the aging of the
population and because of the age distribution of this tumor, this
clinical issue is progressively increasing in importance. As others did
before, the authors try to define a score in order to give a scientific
answer to the initial question.

The major weakness of this study is inherent to its retrospective
design. There are similar prospective investigations [5] and we agree
with the authors that the significance of the proposed GSS score
remains to be judged in the future.

Domenico d’Avella, Padova, Italy

Marco Locatelli, Milano, Italy
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Dear Editor

We present the case of a 42-year-old female patient,
previously healthy, who was found unconscious at home.
Intubated and ventilated at home, she was transported to
hospital. On admission, her eyes were open and she was
following verbal orders. The cause for the situation was
not clear. After respiratory assistance, the patient was
extubated, being fully conscious, without signs of cranial
nerve paralysis or motor weakness. Magnetic resonance
imaging (MRI) of the brain revealed a clivus meningi-
oma (Fig. 1 - upper images).

After 24 h in the Neurocritical Care Unit, with cardiac
and respiratory monitoring, she suffered a new episode of
respiratory palsy, without any predisposing factor or
disturbances of blood pressure and cardiac rhythm. She
was obeying orders, trying to communicate by movements
and, again, with no other neurological signs. After 1 min,
respiratory help was provided, with oro-tracheal intubation
and ventilation.

The patient was operated on 48 h later by a right
retrosigmoid approach in the semi-sitting position, with

J. Silva (D<) - C. Chamadoira * A. Cerejo - R. Vaz
Department of Neurosurgery, Hospital Sao Joao,
University of Porto,

4200-319 Porto, Portugal

e-mail: joana.msilva@ymail.com

complete removal of the tumor (Fig. 1 - lower images).
Pathology confirmed a transitional meningioma.

After surgery, there were palsies of the cranial nerves on
the right side, from third nerve to lower cranial nerves. The
patient was extubated 2 days after surgery, without
respiratory problems. The cranial nerve did recover in the
following months, and after 1 year there are no neurological
deficits except hearing loss on the right side.

Clival meningiomas generally present with insidious
symptoms related to cranial nerve involvement, cerebellar
or brain stem compression and increased intracranial
pressure [5, 6]. Presentation of a clival meningioma with
sudden respiratory arrest as the initial event has not been
previously described.

Respiratory dysfunction is a possible manifestation of
brainstem compression, which may affect nuclei and path-
ways involved in respiratory control [3] and may be
combined with elevated intracranial pressure due to intra-
tumoral bleeding or obstruction of cerebrospinal fluid flow
[2]. In the present case, however, there were no signs of
bleeding or hydrocephalus in MRI.

The treatment for clival meningioma presenting with
respiratory arrest is surgical removal, with brainstem decom-
pression. Complete removal is possible using a retrosigmoid
approach [1, 4]. In the present case, there was an immediate
recovery of respiratory function and a very good result
1 year after surgery. In this critical situation, surgery should
be performed as soon as possible, avoiding serious and
permanent morbidity and, eventually, death.
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Fig. 1 MRI scan. Pre-operative
(upper images), and
post-operative (lower images)
showing complete removal

of the tumor
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Abstract Medulloblastomas are malignant primitive neuro-
ectodermal neoplasms of childhood. In adults, clinical mani-
festations, imaging and prognosis can be different from that
observed in children. Three adult patients with confirmed
diagnoses of medulloblastoma are discussed in this report. They
presented with unusually prolonged clinical courses and with
imaging more suggestive of L’hermitte-Duclos disease.
Medulloblastoma should be considered in all adults with
posterior fossa masses despite having clinical and radiological
features suggestive of a low-grade tumour. Definitive diagnosis
requires histological confirmation in all cases.

Keywords Medulloblastoma - L’hermitte-Duclos disease -
Adult - MRI characteristics

Introduction

Medulloblastomas are malignant primitive neuro-ectodermal
tumours (PNET) most commonly found in children. Although
these lesions comprise 25% of childhood brain tumours, they are
only found in 1% of adults diagnosed with CNS malignancies

This article was presented as a poster in the British Neurooncology
Society conference held in Hull in June 2009.
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[4, 6, 10, 11]. Commonly, tumours in adults may display both
an atypical clinical course and imaging characteristics [6, 11].

Three cases of adult medulloblastoma with indolent
clinical courses and initial imaging suggestive of L hermitte-
Duclos disease (LDD) are discussed. We argue the importance
of inclusion of medulloblastoma in the differential diagnosis
of any posterior fossa tumour in an adult despite apparently
benign clinical and radiological findings.

Case report
Patient 1

A 47-year-old female presented with a 1-year history of
progressive cough impulse headache and upper cervical pain.
Examination revealed right-sided cerebellar signs, horizontal
nystagmus and normal optic discs. MRI showed bilateral
extensive non-enhancing lesions in the cerebellar hemispheres
with mild compression of the fourth ventricle. The abnormalities
demonstrated a striated pattern, consistent with LDD (Fig. 1).
SPECT scan of the brain was inconclusive. Investigations for
Cowden’s syndrome and satellite lesions in the neuroaxis
were negative. Due to the progressive nature of the
symptoms, the patient underwent posterior fossa decompres-
sion and biopsy. Histopathological examination showed
poorly differentiated tumour cells with a high proliferative
index (Ki67) (Fig. 2). Immunostaining of the tumour
confirmed a meduloblastoma WHO grade 4 (Table 1).

The patient received cranio-spinal radiotherapy thereafter
with good response. The residual posterior fossa tumour
remains unchanged 3 years after treatment.

Patient 2

A 44-year-old female presented with a 4-year history of
visual disturbance, vertigo and disordered balance. Clinical
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Fig. 1 MRI brain, axial views
of the cerebellum. T1-weighted
image (T1WI) with and without
contrast demonstrating an
extensive bilateral hemispheric
lesion with involvement of the
vermis. The striated pattern of
the thickened folia is more
notable in the left hemisphere.
There is no enhancement with
gadolinium (right)

findings were limited to lateral gaze nystagmus and an
impaired tandem gait.

Brain MRI revealed a diffuse non-enhancing abnormality
of the vermis and right inferior cerebellar peduncle. The
cerebellar folia were thickened with hyperintense signal on
T2-weighted images. In addition a high signal lesion causing
mild rotation of the medulla was noted and thought to
represent either an arachnoid or epidermoid cyst. There was
also a suggestion of slight enhancement within the medulla,
inferior to the fourth ventricle. The radiological findings were
interpreted as LDD (Fig. 3). Due to the indolent nature of the
presentation, an observational strategy, with 6 monthly
interval imaging, was adopted. Despite minimal symptoms,
gradual radiological progression was observed over a 3-year
period culminating in tonsillar herniation and hydrocephalus.

Fig. 2 Haematoxylin and eosin stain of tissue specimen obtained
from patient 1 demonstrating poorly differentiated tumour cells

@ Springer

A posterior fossa decompression and biopsy were therefore
performed. Histopathology showed increased cellularity,
with no anaplasia, and the appearances were considered to
be reactive and non-diagnostic. The patient remained stable
for another 4 years when signs of increased intracranial
pressure recurred. Clinical assessment revealed the pre-
existing nystagmus, cerebellar signs and a right pronator
drift. Imaging demonstrated hydrocephalus with marked
enhancement of the diffuse lesion involving the cerebellum
and inferior cerebellar peduncle (Fig. 4).

Stereotactic biopsy of the cerebellar lesion and insertion of
a ventriculo-peritoneal shunt were undertaken. Histopatho-
logical examination, on this occasion, showed nodules of
poorly differentiated pleomorphic tumour cells (Fig. 5).
Immunohistochemistry was positive for synaptophysin,
S100 and N-CAM, consistent with a diagnosis of medullo-
blastomas WHO grade 4(Table 1).

Postoperatively the hydrocephalus resolved, but there was no
improvement in cerebellar function. As the lesion was deemed
unresectable, the patient received cranio-spinal radiotherapy
with stabilization of the disease for a further 18 months.
Subsequent radiological progression was managed with chemo-
therapy; however, the patient was eventually referred for
terminal care some 3 years after histological diagnosis.

Patient 3

A 30-year-old female presented with 4 months of dizziness,
headaches and diplopia. Examination revealed enlargement of
the physiological blind spots, papilloedema, bilateral 6th nerve
palsies and impairment of tandem gait. Brain MRI demonstrated
a mass lesion in the right cerebello-pontine (CP) angle with an
intra- and extradural component associated with a small area of
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Table 1 Detailed immunohistochemistry profile of the three patients

N-CAM Chromogranin Synaptophysin GFAP S100 LCA CAM 5.2 CK MNF CD99
P1 + + Faintly + +/- NA - - - - -
P2 + - + - + - - - -
P3 + + - +/— NA - - - - -
+: positive for antigen, — : negetive for antigen, +/—: weakly positive for surface antigen, NA: not available

Fig. 3 MRI brain, axial views
of the cerebellum. T1WI reveals
the abnormality in the vermis
and right inferior cerebellar
peduncle. The right CP angle
lesion, causing rotation of the
brain stem, is demonstrated.
Early TIWI with contrast did
not show any enhancement

Fig. 4 Progression of disease.
On T1WI axial contrast-enhanced
views of the cerebellum,
extensive involvement of both
cerebellar hemispheres is now
apparent with avid enhancement
of the mass in the left medial-
inferior cerebellar hemisphere.
The mass effect is more marked
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Fig. 5 H&E stain of tissue specimen obtained from patient 2
demonstrating poorly differentiated pleomorphic tumour cells

enhancement. Delayed scanning showed further enhancement
of the lesion, adjacent dura, both sylvian fissures as well as the
inferio-medial right occipital lobe. The appearances were
suggestive of a hamartomatous neoplasm such as gangliocy-
toma; however, the delayed enhancement was considered
atypical (Fig. 6). CT venography also revealed left transverse
sinus thrombosis.

The patient underwent insertion of a ventriculo-peritoneal
shunt for the control of intracranial hypertension and was later
anticoagulated. Due to the benign appearance of the CP angle
lesion, interval imaging was proposed. However, 2 months post
surgery the patient reported recurrent headaches and a transient
paraparesis. Repeat MRI showed progression of the CP angle
lesion in addition to a thoracic intradural extramedullary

Fig. 6 MRI brain, axial views
of the cerebellum. TIWI dem-
onstrates the heterogeneous
right CP angle tumour. TIWI
with contrast (right) shows
slight enhancement at the
periphery

@ Springer

enhancing mass (Fig. 7). MR spectroscopy (MRS) of the
posterior fossa lesion revealed a marked increase in the choline
(Cho) peak, a reduction in the N-acetyl aspartate (NAA) and
creatine (Cr) peaks with the presence of small amounts of
lactate, indicating increased cell turnover as is commonly
observed in malignant tumours. A thoracic laminectomy and
biopsy of the spinal lesion were performed. Histopathological
examination showed small to medium sized tumour cells with
rounded nuclei and minimal cytoplasm (Fig. 8). These were
positive for N-CAM and chromogrannin. The proliferative
index was moderate (25% Ki67 positive). The findings were
most consistent with a medulloblastomas WHO grade 4
(Table 1). The patient received radiotherapy and adjuvant
chemotherapy with complete response of the cranial and spinal
disease observed on imaging. However, 18 months after
treatment, extensive disease recurrence was demonstrated and
deemed untreatable. The patient died 4 months later.

Discussion

Adult medulloblastoma are uncommon lesions and comprise
only 1% of adult central nervous system tumours [6, 11]. The
majority of medulloblastomas occur within the first decade
of life, and these tumours usually manifest with signs and
symptoms of increased intracranial pressure [4, 10, 11]. The
mean interval between the onset of symptoms and diagnosis
is about 6 months in both adult and paediatric cohorts
[3, 11]. The tumours arise from primitive neuroectodermal
cells, which are originally present in the roof of the fourth
ventricle, and subsequently migrate rostrally and laterally
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Fig. 7 MRI brain TIWI with contrast axial view demonstrating the
enhancing right CP angle lesion with mass effect and effacement of
the 4th ventricle. MRI thoracic spine (TIWI with contrast sagittal
view) demonstrates irregular enhancement of the meninges posterior
to the cord

[6]. With increasing age lateral migration predominates, and
this may explain the hemispheric location of these tumours
in adults [6]. Radiologically, medulloblastomas have been
characterized as solid, homogeneously enhancing, midline
masses of the posterior fossa, usually arising from the
fastigium [3, 6]. They appear isointense on T2WI because of
their hypercellularity [1, 6]. Furthermore, these tumours

Fig. 8 H&E stain of specimen obtained from patient 3 demonstrating
small to medium sized tumour cells with rounded nuclei and minimal
cytoplasm

show restriction on diffusion images (DWI) because of
reduced extracellular water. On MRS, an increase in the Cho/
Cr and Cho/NAA ratios is seen [6]. In children the prognosis
is directly influenced by age and extent of the disease at
diagnosis, and currently the best treatment available comprises
surgery and radiotherapy followed by chemotherapy, which
can offer up to 70% 3-year disease-free survival [10].

However, the clinical and radiological features may
differ in the adult and paediatric cohorts [5, 11]. Overall
atypical imaging features are commoner in adults and
include cyst formation, irregular enhancement, extension
through fourth ventricle foramina and presentation as a CP
angle mass [5, 11]. There are also reports suggesting that
adults may have a better outcome; however, the prognostic
factors and best treatment options, in this patient group,
remain unclear [5].

L’hermitte-Duclos disease (LDD, dysplastic gangliocy-
toma) is a rare cerebellar lesion of uncertain actiology. The
debate as to whether it constitutes a neoplastic, malforma-
tive or hamartomatous lesion remains unresolved [1, 3, 6-9,
12—14]. This abnormality usually presents in the 3rd and
4th decade, with symptoms of slowly progressive raised
intracranial pressure. The lesions may occur sporadically or
in association with Cowden’s (multiple hamaratomas
neoplasia) syndrome [1, 3, 9, 12, 14]. Radiologically there
is thickening of the cerebellar folia, producing a typical
hyperintense striated pattern on T2-weighted images and a
hypointense signal on TIWI [1, 6, 12, 14] (Fig. 9). Usually
there is an absence of enhancement following gadolinium
administration and increased signal on DWI [6, 13]. On
MR spectroscopy there is a reduction of the NAA/Cr ratio,
but the Cho/Cr ratio is unchanged [6, 7, 14]. The majority of
patients undergo either surgical biopsy for tissue diagnosis or
decompression for the relief of symptoms [3, 9, 12, 13].
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Fig. 9 MRI brain T2WI and
T1WI with contrast of histolog-
ically confirmed L’hermitte-
Duclos disease. Characteristic
thickened folia with a striated
pattern, hypointense signal

and lack of enhancement are
demonstrated

Histologically the lesions are represented by an overgrowth
of bizarre large ganglion cells, replacing the Purkinje and
granular cells, and in addition there is excessive myelination
of the molecular layer [1, 3, 9, 12, 14]. Malignant
transformation of LDD is very unlikely; however, there have
been case reports documenting the subsequent development
of malignant astrocytoma following an initial diagnosis of
dysplastic gangliocytoma [2].

The three adult patients discussed, presented in an
atypically indolent fashion. Patients 1 and 2 were symptom-
atic for 12 and 48 months, respectively, which is unusually
long for medulloblastoma, commonly associated with a short
prodrome [3, 11]. The third patient presented after a shorter
period of 4 months; however, the disease progression in all
three was slower than one observes in the paediatric group.

Patients 1 and 2 were found to have extensive, mass-
producing, non-enhancing abnormalities of both the cerebellar
hemispheres and vermis. This diffuse and infiltrative pattern
was unusual for medulloblastoma, which typically presents as
a solid mass. The thickened, striated cerebellar folia seen on
imaging would be consistent with a radiological diagnosis of
LDD. The third patient’s imaging revealed a right CP angle
tumour with both extra- and intra-axial components. Small
foci of enhancement were seen within the lesion on delayed
scanning, but hamartoma or gangliocytoma remained the
main differential radiological diagnoses.

In patient 1 and 2 the bilateral and diffuse nature of the
lesions made surgical excision inappropriate, and therefore
only procedures to decompress the posterior fossa and
relieve hydrocephalus were undertaken. In the third patient,
as the intracranial pressure was already well controlled by a
previously inserted VP shunt, there was no immediate
clinical indication for excision of the CP angle lesion, and
to establish the diagnosis, the thoracic lesion appeared more
readily accessible for biopsy.

@ Springer

All three patients were finally diagnosed with medullo-
blastoma, but interestingly none of the patients were found
to have the desmoplastic variant of the disease more
commonly found in adults [10]. Malignant transformation
of LDD in these patients remains a remote possibility on
radiological but not histological grounds, and previous case
repoprts have only documented the development of
astrocytoma in such cases [2]. Although all three patients
were female, this is likely to be entirely coincidental as
there is proven male preponderance [10, 11].

In conclusion, these three patients with medulloblastoma
presented with atypical clinical and imaging features consis-
tent with a benign or low-grade neoplasm. Medulloblastoma
should therefore be considered in all adults with posterior
fossa masses despite having clinical and radiological features
suggestive of a low-grade tumour. Definitive diagnosis
requires histological confirmation in all cases.
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Comment

The paper by Behbahani et al. describes three adult patients affected
by a posterior fossa PNET who had in common a prolonged indolent
course (at least in two) and, at the initial brain MRI, images suggestive
of L'hermitte-Duclos disease. This is a small series of quite unusual
clinical cases of adult posterior fossa PNET, which expands the
clinical spectrum of presenting features of these rare tumors for the
adult population.
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Abstract Intracranial neurenteric cysts are rare congenital
lesions that typically occur in the posterior fossa. We report a
case of a 70-year-old gentleman presenting with gait
disturbance, found to have a neurenteric cyst primarily arising
from and expanding the sella turcica. A review of the literature
revealed 27 reports of supratentorial neurenteric cysts.
Clinical presentation, radiological characteristics, treatment,
prognosis and embryological origin are discussed. Intracranial
neurenteric cysts should be included in the differential with
any well-demarcated cystic lesion without enhancement on
magnetic resonance imaging (MRI). Complete surgical
excision is the treatment of choice, with good prognosis.

Case report

A 70-year-old man presented with a 2-year history of
progressive gait disturbance. Past medical history was
notable for essential hypertension. On examination, visual
acuities were 6/9 bilaterally, visual fields were preserved
and fundoscopy was normal. The remaining cranial nerves
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were intact but there was mild increase in tone in the upper
limbs and a hesitant gait.

Computed tomography (CT) imaging of the brain demon-
strated an extra-axial, homogenously hyperattenuating, 3.5 %
4x3.5-cm mass expanding the sella turcica and extending
superiorly over the tuberculum sellae along the anterior fossa
floor, causing some mass effect on the inferior frontal lobes
but without significant vasogenic oedema (Fig. 1). There was
no discernible contrast enhancement of the lesion or dura and
no evidence of bony erosion. Cranial magnetic resonance
imaging (MRI) confirmed the lesion was solitary, projected
laterally in the suprasellar cistern but did not invade the
cavernous sinuses, and was distinct from the normally
enhancing pituitary, which was displaced inferiorly
(Fig. 2¢). On T1-weighted imaging the lesion was slightly
hyperintense with respect to CSF, and it was of high signal
on T2-weighted imaging (Fig. 2a, b). The lesion did not
show restricted diffusion on diffusion-weighted imaging
(Fig. 2d) and there was no appreciable enhancement of the
cyst wall or its contents after intravenous gadolinium. Apart
from scattered, small, white matter T2 hyperintensities, the
brain was otherwise of normal appearance. The preoperative
radiological differential was a cyst with proteinaceous
contents of uncertain aetiology, an atypical non-enhancing
meningioma, or a craniopharyngioma. Pituitary function
screen and synacthen test were normal.

The patient consented to surgery. Via a right frontotem-
poral craniotomy and lateral subfrontal approach, the mass
was revealed to be a thin-walled, grey-white cyst. The
membrane was punctured and gelatinous fluid evacuated.
The wall was easily peeled from the dura inferiorly and
away from the overlying frontal lobes; there was no
macroscopic evidence of brain invasion. Similarly, the
optic nerves were displaced laterally but not involved, and
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Fig. 1 Pre-operative CT. a Axial
non-contrast-enhanced CT.

b Sagittal reconstruction
contrast-enhanced CT

the sellar component was easily removed without manipu-
lating the pituitary gland or stalk. The cyst wall over the
right anterior clinoid process contained a single red solid
nodule which was excised, completing a total macroscopic
resection. The evening following surgery, the patient had a

Fig. 2 Pre-operative MRI. a A
Axial MRI T1 pre contrast. b
Axial MRI T2-weighted. ¢
Sagittal MRI T1 post contrast.
d Axial diffusion-weighted MRI

A Axial non-contrast enhanced CT B Sagittal reconstruction contrast
enhanced CT

witnessed self-limiting tonic-clonic seizure; an urgent CT of
the head showed no adverse features. The patient was
commenced on phenytoin, which was discontinued on
discharge, and has had no further seizures. Two days
post-operatively, the patient developed a transient syndrome

Axial MRI T1 pre contrast B Axial MRI T2-weighted

C Sagittal MRI T1 post contrast D  Axial Diffusion weighted MRI
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Fig. 3 Histology. a Low magni- A
fication of collapsed cyst wall

and nodule (H & E, magnifica-

tion x25). b Monolayer squa-

mous epithelium lining (H & E,

%400). ¢ Ciliated columnar epi-

thelium (H & E, x400). d Mural

nodule with mucinous glands

(H & E, x200)

C Ciliated columnar epithelium D
(H&E mag. x400),

of inappropriate anti-diuretic hormone secretion (nadir
serum sodium 129 mmol/l), which responded to fluid
restriction. At 3-month follow-up, the patient remained
well with a degree of improvement in his gait.

Microscopy of hematoxylin and eosin stained (H & E)
sections revealed a collapsed cyst wall (Fig. 3a), composed
of collagen lined by a single layer of squamous epithelium
(Fig. 3b) and ciliated columnar epithelium lacking goblet
cells (Fig. 3c). A mural nodule composed of mucinous
glands was present, covered by ciliated columnar epithelium
(Fig. 3d). There was no evidence of squamous metaplasia,
neoplasia, or meningioma. Xanthogranulomatous reaction,
stellate reticulum, mineralisation, and cholesterol clefts
indicative of craniopharyngioma were also absent. Histologi-
cally, the appearance was of a benign neurenteric (endodermal)
cyst.

Discussion
Neurenteric cysts can occur anywhere throughout the neuraxis

and have various synonyms, including endodermal, enteric,
enterogenous, respiratory, gastroenterogenous, and archen-

Low magnification of collapsed cyst
wall and nodule (H&E magnification x25)'

\\f\dq' J\t_

B Monolayer squamous epithelium
lining (H&E mag. x400),

wu‘,xr N\ % %

{% N R
. k.
\\‘ }\ \ ,

VT,...

Mural nodule with mucinous
glands (H&E mag. x200).
e "

teric cysts, and have also been labelled gastrocytomas or
intestinomas [3, 6, 9, 14, 31]. They most commonly occur in
the spinal canal. Intracranially, they are typically located in
the posterior fossa [3, 23], usually anterior to the brainstem
[23]. Supratentorial neurenteric cysts are extremely rare. To
our knowledge, we report the first case of a neurenteric cyst
primarily arising from and expanding the sella turcica.
There is a wide differential diagnosis for intracranial
neurenteric cysts, depending on their imaging appearance
and location, and includes epidermoid, dermoid, arachnoid,
parasitic, neoplastic, Rathke’s cleft, and colloid cysts [5,
27]. A review of the English language literature revealed 28
reports of supratentorial neurenteric cysts, including the
present case [1, 2, 4, 68, 11, 13, 15-26, 28—-30] (Table 1).
Amongst the 15 reports detailing CT findings, six cysts
were hyperattenuating, seven were hypoattenuating, and
one was isoattenuating and one iso-hypoattenuating. There
are no reports of homogeneous enhancement with iodinated
contrast agents. Of the 21 cases imaged by MRI with T1-
weighted imaging, ten were hyperintense with respect to
cerebrospinal fluid (CSF), and ten were isointense with one
case of iso-hypointense signal characteristics. Sixteen out of
18 cysts showed hyperintense signal on T2-weighted MRI

@ Springer



1519-1525

Acta Neurochir (2011) 153

1522

uiSrew
e1oyejo1sod
Je [eudis
asuayuLdAy [eIXe-enxa
uorsoxo apduwod JO1Ap J0jou s ‘Terorredojuory Te 10
JUD[[9IXH ‘Kwojorue)) ‘SQINZI0S [ented - ON - OSUQIUIOS] ASUQUIOS] SunenuopeodAH sy 9, 4 W €1
UOISIOXO
901duroo JUOWISOUBTUD wnpronjod Te 10
JUD[[PIXH ‘Kwojoruer) sneydosoIpAH - [enuo) —  osuoyuuadAy  osuduudAy SupenuoperddAyq umdos 6] g RIUSIN T
UOISIA palnjq pue uorgar
uorsoxo arduwod SSOUJeap oI ounuodo[[aqarod
‘Kwojoruero ‘sisorediuoy pue ensur-Lod e 1
poon Jiqnoq ‘ayoepeay - - - —  osuoyuuadAy - ‘qerodwo) Yoy 0z 4 TUUOIYDIBIA 11
a3eure1p pnjg
*€/T ‘UOISIOXd sanzios [ened [erxe-enxo
9a1dwoour ‘ersaysered ‘amssiyy SWIBT[[IA\
poon ‘Kwojoruer) “| 9191J9p 10J10J\ - - - - - — ouwoydstwoymou]  Op A4 pueisry 0l
UOISIOXO
prdwo) 2Ko Yo ur QInssyy
‘uoIsIoxa aja[dwoour eidojdeweyydo [enqio Jouadns Te 10
poon ‘ofeurep pmjq ‘| ‘SSO[ [ensIA - - - - - SunenuoperodAy /xode enqi0 €z A I0JUOAD ] 6
uoIsIoxa a19[dwod ayoepeay [erxe-enul NCRE]
poon ‘Kwojoruer)) ‘SaInzIas [enaed — ON - - QSUJJUIOS] — ‘euo WSy s¢ A4 nyoey| 8
uonensaudy JuswduRYU
18K " UOISIOXd juouodwod
9)01dwod ersoysered p1jos [erxe-enxo
poon ‘Awojoruer) | ‘SQINZIAS [RrIR] - Ppajenqonn osuoyuiadAy  osuoyunadAy - - ‘eeued WSy sy A ‘e 19 O L
‘swdpqoxd
JudWIdURYU
uors1ox9 9301duiod K1owowr Tesoyduad [erxe-enur e 10
JUD[[9IXH ‘Kwojoruer)) ‘ooepedy - JOUIA - osuquupdAy ASUQUIOS] - ‘repoured ySry 8 A4 weyung 9
amssaid
uorsoxo apduwod [erueIoRIUT Terorredojuory Te 10
poon ‘Kwojoruer) pastey - ON  osuoyuodAy  osuojunddAH QSUOIUIOS] sy 1€ 4 AOISLIYD) S
UOISIOXO
901duwod Juouredu [erxe-enxo Te 10
JUD[[99XH ‘Kwojoruer)) K1owoN - oN  osuquuadAy  esudundAHq ASUQUIOS] - ‘euoy WSy 6F N Suay) b
BULIDA
uoIs1Xa d)a[dwoour [erouedojuoyy pue
poon ‘Kwojorue)) SQINZIOS [8I0,] - ON - - - SunenuopeodAH WSy € 4 [reqdue) ¢
UOISIOXO
9)o1dwod pue SQINZIoS [eIXB-BIIXD Te 19
JUS[[2OXH Awojoruer) pasijeIouan) - - - - - SunenuopyeodAHy ‘euoy WSy 87 N epoARg z
[erxe-enxo
Awojoruero SunenuopeodAH ‘Tendrooo Te 1
JUD[[OIXH Tendiooo-ojoeg SoyoBpPEOH - ON - —  osuguudAy -Sunenuopeos| -opoued WSy pS N 100yseq I
(48D ynm (ureiq yym (48D ynm
pareduiod) pareduwod) pareduiod)
ma gD IMIL AIVId IMmcL IMIL 1D DN
awooQ JUSUI)EAI], UuonBIULSaId souereadde JeorSojorpey uoneoo] o3y Xog oyny  ose)

S1SA5 OLIdIUOINAU [eLIOjudleIdns JO MOIAQI QIMEBINIT | JqEL

pringer

Qs



1523

1519-1525

Acta Neurochir (2011) 153

snondoyido
uojsIoxa 9)o[dwod sme)s KITXQAUO0D Te 10
JUQ[[2IXH ‘Kwiojoruer)) ‘QuoepeoH - ON —  osuoyuadAy QSUI)UIOS] - [euoy Yoy € W e, 97
UONJBI}SOUQJ aInzios [eIXe-BIX0
1540 ‘Kwojoruerd pasijeIouad 290
poon JouoUe WS Q18ug - — snosudFowoyuy - ASUA)UIOS] - oy WSy Sz N [[oAUdqQMS ST
UOISIOXd
9pordwod
‘uonerofdxa Kynoe [ensia QAU RERE]
poon [eIURIO-0)IQI0 paonpay - - - - - SunenuoperodAH ondo Yo7 9¢ N IIABIROS  $T
s1so)d
P2109sal 15K papIs 1or
‘Kwojoruero ‘Gunruoa
[erodwd)oiuoy ‘sayoepeay osuajuLodAH ‘e 19
poon ¥yo1 JUQLINODY - - - Jos]  esuajuedA - Iefesered L7 W yedwes €7
wnLoud) ay)
$S010€ uoI3aI
[erodwoy
uorsa| Yy opur
Jo 100dse UOISUI)Xd
Aynoe [ensia Jou)sod jo )M BSSOJ
UOISIOXd [ejo)qns paonpal pue UONOLNSAI JUUIOURYUD Joudys0d ‘e 19
poon ‘Au103091URI) Bl 8 ON wi [eroydusg osuoyuddAy  osuoyuddAy  osuoyunddAH SunenuoperodAy Pyorreixy 0z W Appoy T
SoINzIos [eTXe-eI1Xo Te 10
umouwyun) Awojoruer) JOSUO MON - ON —  osuoyuadAy  osudyuuddAy SunenuopneodAH Qqof fewor 8L W Q0001 1T
doouip [eroey
‘we Jy3u
ssouqunu Te[nomuoALidd e 19
umowun) Awojoruer) JOWdI], - [eurSrew ury —  osuquuuadAy  esudjuuadAq SunenuoperodAyq renur gy 8¢ N 0014 0T
aInzros asuoyurodAy [erXe-enxo Te 10
umowun) Awoyoruer) JOSUO N0y - ON —  osuoyuadAy -08[ Supenuayeos| ‘euoy WSy 8, A Q0021 61
SQINZIoS [eIXE-BIX0 e 10
umouyun Kwojoruer)) JOSUO MON - ON - osudquuadAg ASuAUIOS] SunenuopeodAH euoly Yo v€ W 20221 8]
sisoyaAsd o)
Surpea] a3ueyd [eIXe-RIUI e 1
umouwun Awoyoruer) [eInorAeyaq - oN  osuquuadAy  esuqyuuadAy  osuoyuLodAH SunenuopneodAH ‘euoy Yo 7L A Q0021 LI
UOISIOXd eIwISOuL
901dwod ‘a3ueyd [erXe-e1xo Te 10
JUQ[[9IX] ‘Kwojoruer) Ayeuosiod - ON —  osuoyuadAy  osudyuiodAy - Qqof ol 7L A4 USADPON 9]
oZeurerp sisored oA1oU
pmy ‘Asdorq 10JOWO[NO0 JUWIOURYUD QAIOU e 1
poon ‘Kwiojoruer)) WSy - wry —  osuoyuadAy QSUA)UIOS] - Joowomd)  0f A uedo  S[
1840
Jo 1op1oq
Jouoisod
Suore uors9|
asuoyuLadAy
s 4SO
pue ureiq
SSOUIZZIP uoaMIoq euRARIEY]
uoIsIoxa [ented pue Ayisuoyur [eIXE-BIXO pue
poon ‘Kwojoruer)) JyoepesH - oN derpounoiu]  dsuoyuLRdAH ASUIUIOS] - eeued WSy €9 W 18eAN 1

pringer

As



1524

Acta Neurochir (2011) 153:1519-1525

Outcome

Treatment

Presentation

Radiological appearance

Sex Age Location

Table 1 (continued)

Case Author

@ Springer

T2WI FLAIR T1IWI CE DWI

TIWI

NC CT

(compared
with CSF)

(compared

with brain)

(compared
with CSF)

Excellent

Craniotomy,

Hemiparesis,

Hypoattenuating

Left frontal,

68

F

Tan et al.

27

complete excision

generalised
seizures

Gait

extra-axial

Excellent

Craniotomy, complete

excision

No No

Hyperintense

Hyperintense

Hyperattenuating

Frontal lobe,

70

Little etal. M

28

disturbance

restriction

extra-axial

M male, F female, FLAIR fluid attenuation inversion recovery pulse sequence, TIWI T1-weighted imaging, T2WI T2-weighted imaging, DWI diffusion-weighted imaging, CT computed

tomography, NC non contrast, CE contrast enhancement

with respect to brain parenchyma, whilst two cases revealed
mixed hyper/isointense. Six of seven cases using FLAIR
pulse sequences displayed hyperintense signal characteristics
with respect to CSF. There are no reports of neurenteric cysts
enhancing with gadolinium contrast. These findings highlight
the variability in imaging characteristics displayed by neuren-
teric cysts, probably a reflection of the range in protein level of
the cyst contents. Nonetheless, MRI remains the modality of
choice given its superior soft tissue contrast and ability to
delineate the cyst from surrounding structures, aiding pre-
surgical planning. Specific differential diagnoses can be
excluded on the basis of MRI appearance; for instance, there
are no reports of isointense signal characteristics relative to
CSF on all pulse sequences, allowing discrimination of
neurenteric and arachnoid cysts. Furthermore, diffusion
weighted imaging can identify epidermoid or dermoid lesions,
which show moderate-to-striking diffusion restriction [12].

Neurenteric cysts behave as space occupying lesions and
clinical presentation is, therefore, mainly influenced by
location. In the literature, the most common presentation is
seizure, occurring in 12 cases, all of which involved the
cortex [2, 4, 11, 13, 16, 19, 23, 28—-30]. Treatment should
aim for complete surgical excision of the cyst and contents.
Recurrent neurenteric cysts have been reported, and this
risk is principally dependent on extent of resection that is
achievable [4, 15].

The aetiology of supratentorial neurenteric cysts remains
unclear and several hypotheses have been advanced
regarding their embryological derivation. A widely held
theory of the origin of infratentorial neurenteric cysts is
aberrant separation of the notochord during gastrulation,
resulting in ectopic endoderm within the ectoderm layer [6,
13]. This notion is lent some support by the association of
intraspinal neurenteric cysts with spinal dysraphic syn-
dromes—for example, hemivertebrae, anterior and posterior
spina bifida and segmentation abnormalities. Supratentorial
neurenteric cysts are somewhat more difficult to explain
within this scheme as the closure of the notochord at the
cranial end by mesenchyme occurs at the level of the clivus.
Graziani et al. [10] contend that supratentorial neurenteric
cysts, Rathke’s cleft cysts, and colloid cysts all arise from
migrating remnants of Seessel’s pocket, an endodermal
diverticulum that develops from the cranial end of the
foregut. The final location of the Seessel’s pouch remnant
determines the type of cyst: Rathke’s cleft cysts result from
an intrasellar remnant, colloid cysts reflect remnants in the
third ventricle, and cysts formed in the presellar or
retrosellar location are neurenteric cysts. Whilst plausible
for midline cysts, this theory fails to fully account for
paramedian supratentorial neurenteric cysts. One theory
proposed by Mittal et al. [19] is that neurenteric cysts are a
product of anomalous endodermal cell migration dorsally
through the primitive neurenteric canal into the ectoderm.
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This theory plausibly explains why lateral supratentorial
neurenteric cysts are so rare, as ectopic endodermal cells
must travel the furthest distance away from their entry into
the neuroectodermal layer.

Conclusions

Supratentorial neurenteric cysts involving the sellar region are
rare. Radiological diagnosis is challenging as a result of the
variability of imaging characteristics. Intracranial neurenteric
cysts should be included in the differential with any well-
demarcated cystic lesion without enhancement on MRI. The
treatment of choice remains complete surgical excision, and
prognosis is good. Further work is needed to validate the
embryological origins of supratentorial neurenteric cysts.

Conflicts of interest None.
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Dear editor,

Paragangliomas (PGs) are neoplasms originating from the
extradrenal paraganglionic system and rarely secrete ace-
tylcholine, cathecholamine or serotonin [2, 4]. They are
uncommon in the central nervous system, and the intrace-
rebral location is rare. PGs have been reported in the sella,
cerebellopontine angle, pineal body, frontal skull base,
petrous ridge, sylvian fissure and cerebellum [4]. So far,
only four intracerebellar cases have been reported, including
ours [2—4]. This is the first case ever reported of possibly
functional intracerebellar PG.

A 35-year-old female presented with holocranial head-
ache with vomiting for 10 months associated with episodes
of anxiety and palpitations. Her blood pressure recordings
were high and were attributed to raised intracranial
pressure. Nervous system examination revealed bilateral
papilloedema and subtle left cerebellar signs. Brain MRI
showed a left cerebellar mass of 4 x 3 x 4 cm, with multiple
flow voids and homogenously enhancing on contrast, with
moderate hydrocephalus (Fig. 1a-d). The patient underwent
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suboccipital craniotomy with gross total excision of the
tumour. The tumour was reddish to gray in appearance,
vascular and soft to firm, located on the left lateral
cerebellar surface extending within. Blood loss was mini-
mised by dissecting all around the tumour without entering
it. Gross total excision was achieved. Histopathology
revealed diffuse sheets of polygonal cells arranged predom-
inantly in alveolar, pseudopapillary and nesting patterns
(zellballen). These nests were surrounded by fine
fibrovascular septa with spindle-shaped cells (Fig. le,f).
The cells had abundant eosinophilic cytoplasm, round
centrally placed vesicular nuclei with conspicuous nucleoli
and no foci of necrosis. The Ki-67 labelling index was 3—
4%. The cells tested positive to S-100, neuron-specific
enolase and synaptophysin, and negative to CK, chro-
mogranin, GFAP and EMA (Fig. 1 g-j). The features
suggested a paraganglioma.

Postoperatively her headache subsided, her anxiety
episodes did not recur, and she became normotensive.
Retrospective evaluation of anesthesia notes showed no
gross variation in blood pressure intraoperatively. Postop-
erative urinary vanillylmandelic acid levels and the MIBG
scan were normal. She is on a regular follow-up schedule
and had no recurrence at 7 months. She did not receive
adjuvant radiotherapy.

Extra-adrenal PGs account for 0.06% of all PGs [4].
Sympathetic PGs develop from the truncus sympaticus
and are intraabdominal. The parasympathetic PGs arise
from intercarotidian tissue, tympanojugular or vagal
nerves [2]. They are uncommon in the central nervous
system and appear as tumours in the cauda equina region.
Only 13 cases of intracerebral PGs have been reported [2,
4]. Intracranial involvement most commonly represents
extension from jugulotympanic tumours [4]. However, its
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Fig. 1 a Tl-weighted axial image showing intracerebellar isointense
lesion with hypointensities within (flow voids). b Lesion appears
hyperintense on T2-weighted image with flow voids giving rise to a
speckled (salt and pepper) appearance. ¢ Coronal contrast MRI
showing brilliant enhancement and its extent up to the surface. d
Axial contrast MRI showing the extent of the lesion. e,f Neoplastic

origin in locations remote from the jugular foramen is
debatable, and is possibly from migration of paragan-
glionic cells or inhibition of the foetal migration from the
neural crest leaving some vestigial cell rests in adult CNS
or metastatic lesions from extra-adrenal pargangliomas/
pheochromocytomas [1]. These tumours demomstrate
histopathological, immunohistochemical and ultrastructural
features similar to their extra-adrenal counterparts. The
diagnosis is never made preoperatively. None of them have
been reported with symptoms suggestive of a functional
tumour except in our case [4].

Typical PGs show a hyperintense signal with a salt and
pepper appearance on T2-weighted images and distinct
contrast enhancement on T1-weighted images with multiple
serpentine and punctuate signal voids [1]. Optimal treat-
ment of cerebellar PG remains unclear. In analogy with
head and neck PGs, it seems that gross total resection

@ Springer

cells arranged in nests with surrounding fibrovascular septa lined by
spindle-shaped cells [H&E %200 (a), x400 (b)]. g Neoplastic cells
with strong positivity for neuron-specific enolase (immunoperoxidase
x400). h Spindle-shaped cells positive to S-100 (x400). i Tumor cells
positive to synaptophysin (x400). j Cells negative with cytokeratin
and GFAP (x400)

appears to be curative. Postoperative radiotherapy has been
shown to be effective following partial resection [2, 4].
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Abstract

Background Intraoperative ultrasound (iUS) allows the
generation of real-time data sets during surgical interven-
tions. The recent innovation of 3D ultrasound probes
permits the acquisition of 3D data sets without the need
to reconstruct the volume by 2D slices. This article
describes the integration of a tracked 3D ultrasound probe
into a neuronavigation.

Methods An ultrasound device, provided with both a 2D
sector probe and a 3D endocavity transducer, was integrat-
ed in a navigation system with an optical tracking device.
Navigation was performed by fusion of preoperatively
acquired MRI data and intraoperatively acquired ultrasound
data throughout an open biopsy. Data sets with both probes
were acquired transdurally and compared.

Results The acquisition with the 3D probe, processing and
visualization of the volume only took about 2 min in total.
The volume data set acquired by the 3D probe appears
more homogeneous and offers better image quality in
comparison with the image data acquired by the 2D probe.
Conclusions The integration of a 3D probe into neuro-
navigation is possible and has certain advantages compared
with a 2D probe. The risk of injury can be reduced, and the
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application can be recommended for certain cases, partic-
ularly for small craniotomies.

Keywords Neuronavigation - Intraoperative ultrasound -
Tumor resection - 3D probe

Introduction

Two-dimensional ultrasound imaging relies on the skills of
the clinician and a trial-and-error approach to obtain good
images [13]. In comparison, 3D ultrasound imaging has the
potential advantage of being more accurate and repeatable
[6]. Early applications of 3D ultrasound imaging have been
focused more on cardiac, obstetric and gynecological
applications. However, the field of application continues
to expand throughout the clinical arena.

Classical neuronavigation is usually based on preopera-
tively acquired imaging data and is thus not able to reflect
the brain shift that occurs during brain surgery [8].
Therefore, intraoperative ultrasound represents an efficient
extension for intraoperative imaging and surgical guidance.
Tracked ultrasound has gained importance because of the
feasibility of applying it for the validation of preoperative
planning, the identification of changes such as brain shift or
tissue movement, the correction of the operational path and
finally resection control in tumor surgery [9].

Meanwhile, iUS has become a well-established imaging
modality in different neurosurgical procedures. Because of
its low costs, real-time application and the absence of
radiation, ultrasound is the modality of choice for many
situations.

Usually the fusion of MRI and iUS data is done by
volume rendering of tracked 2D slices. To the best of our
knowledge, so far 3D probes have not been established or
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evaluated for neurosurgery. Therefore, the aim of our study
is to integrate a tracked 3D probe in an existing navigation
system for the evaluation of its suitability for neurosurgical
interventions.

Material and methods

A navigation system (SonoNavigator, LOCALITE, St.
Augustin, Germany) containing a video grabber card in
combination with an optical tracking system (NDI Polaris,
Northern Digital Inc., Waterloo, Canada) and an ultrasound
device (Siemens Acuson Antares, Siemens Medical Sol-
utions, Issaquah, WA) were employed. The ultrasound
device was provided with both a 2D sector probe (P10-4,
Frequency Bandwith 4—-10 MHz, aperture 19x12 mm) and
a 3D curvilinear mechanical wobbler endocavity transducer
(EV9F4, Frequency Bandwith 4-9 MHz, aperture 31x
6 mm). The probes were tracked by mounting passive
trackers, each consisting of three spherical markers. As
reference a passive tracker was placed on a Mayfield clamp
(Ohio Medical Instruments, Cincinnati, OH). Hence,
navigation could be performed by fusion of preoperatively
acquired MRI data and intraoperatively acquired ultrasound
data.

Preoperative planning with the navigation system com-
prised trajectory planning as well as the definition of
various anatomical landmarks in the MR data for the
subsequent patient registration in the operating room. The
registration based on this set of anatomical landmarks could
be improved by a subsequent surface registration [1]. The
craniotomy was planned using image guidance based on the
MR data.

Pipeline 2D acquisition

A single-cross-wire phantom equipped with a cross of two
strings of fishing line in a water bath was employed for the
calibration of the 2D ultrasound probe.

About 20 ultrasound images of the calibration point were
acquired while varying the direction and angle of the probe.
The resulting crosses in the image data were pointed
manually and represented the base for obtaining the
transformation matrix by a least square estimation. The
recalculated positions of the calibration point showed a root
mean square (RMS) of 0.8 mm [9]. Performing analog
capture of the video signal via the S-Video output device is
a possibility for transferring the image data of the 2D
ultrasound probe in real-time. At the acquisition time the
surgeon swept the probe across the region of interest. Then
the image data were converted by the video grabber card so
that volume data could be constructed by mapping the
video images into the corresponding voxel plane of the
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volume. Multiple pixel information for one voxel was
averaged [9]. For the volume construction, the calibration
of the probe needs to be known first.

Pipeline 3D acquisition

For the calibration of the 3D probe a cross-wire phantom
with three crosses placed in different depths was used. In
comparison to 2D probes, determination of the geometry is
simplified by acquisition of the whole volume instead of
single slices that first need to be compounded. As the first
step, a volume was acquired in which the three different
crosses were clearly definable. After transmitting the
DICOM volume data to the navigation system, the crosses
in the ultrasound volume were assigned manually to the
known geometrical positions in the phantom coordinate
system. The transformation matrix was achieved by
applying a simple point-to-point registration based on
[11]. The recalculated positions of the calibration points
showed a root mean square (RMS) of 1.4 mm.

The 3D probe contains an ultrasound transducer that is
mechanically swept by a motor. The integration of the image
data of the 3D probe into the navigation system requires the
transmission of the raw 3D data stored in the ultrasound
device in DICOM format. These data can be digitally
transferred via an ethernet device without any loss of quality.
Since image data and tracking information need to be
synchronized, the acquisition of the correct tracking informa-
tion posed a challenge. A solution could be found in close
collaboration with the manufacturer Siemens, which enables
the user to initiate the acquisition from the navigation system
(SonoNavigator, LOCALITE) instead of the ultrasound device.

Once the probe was correctly placed on the area of
interest, the user could start the acquisition process from the
navigation system. The tracking position was recorded once
at the beginning of the acquisition process while the probe
remained motionless across the surface. After transferring
the raw data to the navigation system, the only processing
step that needed to be performed was the generation of the
volume of this raw data. Based on the acquired volume,
related tracking data and calibration of the 3D probe, image
fusion with preoperative image data could be carried out.

Case illustration

A 78-year-old patient with suspicion of lymphoma in the
frontotemporal region with basal ganglia involvement was
operated on using a navigation system (SonoNavigator,
LOCALITE) based on preoperative images (MRI) and
intraoperative images (iUS). To confirm the suspicion of
lymphoma, an open biopsy was performed. Preoperatively
we acquired MRI data with a 1.5-T scanner [Achieva
Phillips, T1-weighted spin echo (TIWSE), 48 slices with
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Fig. 1 Three orthogonal MR
slices with overlaid 3D ultra-
sound. The image (bottom right)
illustrates the acquired volume

5 mm thickness]. The MRI was arranged 10 days before the
operation took place and while the patient underwent
dexamethason therapy, which was tapered before the
operation.

Based on the MRI data, the optimal surgical trajectory to
the brain tumor was planned. Preoperative planning
comprised also the definition of seven anatomical land-
marks for the subsequent patient registration. After addi-
tional surface registration, a registration error (root mean
square) of 1.9 mm was measured.

Data sets with both probes were acquired after craniot-
omy but before dura opening (transdural) and fusioned with
the preoperative MRI (Fig. 2). The ultrasound data revealed
a significant tumor progression in comparison to the MRI
data. Tapering the dexamethason therapy and also the time

Fig. 2 The same axial slice:
(left) with resliced data from
the volume acquired by the 2D
probe and (right) resliced from
the volume acquired by the 3D
probe

difference between MRI and US acquisition could account
for this progression.

The biopsy confirmed the suspicion of lymphoma, and
the treatment was started.

Results

In the presented case, image acquisition and visualization
were successfully performed with both probes (EV9F4 and
P10-4).

After storing the volumes in the navigation system axial,
sagittal and coronal slices from MRI und iUS data were
generated and displayed for image guidance throughout the
operation.
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No volume reconstruction needs to be done in the case of a
3D probe in which the volume data set appears homogeneous
and no holes occur (Fig. 1). In comparison to the planes
generated from the reconstructed volume of the image data
acquired by the 2D probe, the image quality was better (Fig. 2).

Discussion

In neurosurgery, the brain shift, mainly caused by the loss of
cerebrospinal fluid and tumor tissue removal, reduces
navigation accuracy [4, 10]. Intraoperative imaging such as
ultrasound facilitates intraoperative orientation, detection of
brain shift and resection control [2, 5, 12] because of the
possibility to update the information about the surgical
process [5]. Usually fusion of MRI and iUS data is done by
volume rendering of tracked 2D ultrasound slices. The
majority of the ultrasound devices are provided with an
analog S-Video output interface for analog transfer of the
video signal. The analog data transfer and the following
conversion to digital data mean a loss of quality of the
signal. Furthermore, holes can appear in the volume if the
sweep cannot be performed in an uninterrupted way, for
example, because of a small craniotomy or the size of the
probe. If the surface is highly vulnerable as well, placing and
sweeping the probe could be associated with a risk of injury.

Using a 3D probe for navigation can help to avoid the
mentioned drawbacks. Transmission of the raw data by an
ethernet cable ensures high data quality. In comparison to
the conventional method with the 2D probe, it is not
necessary to reslice the data in the ultrasound device and to
downgrade the resolution for analog transmission. If the
volume is acquired by the 3D probe, which remains
motionless during the acquisition, holes cannot appear in
the volume, and since voxels do not need to be summarized
in case of multiple values, the data set is more homogenous.
Another advantage is that the risk of injury can be reduced
with the application of 3D probes because there is no more
need to move the probe across the surface. If the
craniotomy is small, it is also recommendable to use the
3D probe because the space required to perform the scan is
only limited by the size of the probe. The acquisition of the
volume by the 3D probe takes less time in comparison to
the acquisition by the 2D probe, though the processing for
visualization in the navigation system takes a bit more time.
The acquisition with the 3D probe, processing and
visualization of the volume only took about 2 min in total.

The synchronization between tracking and image data
represents a challenge that in our case could be solved in
cooperation with the manufacturer. The volume size of the
data set is limited by the field of view of the probe.
However, Ji et al. [3] have already demonstrated a method
to combine multiple true 3D ultrasound data sets.
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Conventional 2D ultrasound demands mental com-
pounding of the slices to obtain an impression of the
patient’s anatomy. This can be time-consuming and requires
experience in the interpretation of the slices. For users
accustomed to 2D images, getting used to the handling and
interpretation of 3D volume images may take time.
Identified clinical benefits are the ability to obtain views
not possible with 2D imaging and the better understanding
of complex structures [7].

Conclusions

This study has shown that the integration of a 3D probe into
neuronavigation is possible and has certain advantages
compared with a 2D probe.

In conclusion, it can be asserted that the application and
integration of a 3D probe in neuronavigation can be
recommended for certain cases, particularly for small
craniotomies.

Further investigation will also focus on matrix trans-
ducers. While mechanical and freehand scanning meth-
ods move the transducer crystal to produce 2D images,
the matrix transducer arrays are built of a fixed 2D
array transducer that generates a real-time 3D pyramidal
scan. The application of these probes can also be
meaningful in combination with bolus perfusion har-
monic imaging (BHI).
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We read with great interest the article entitled “Are
stereotactic sample biopsies still of value in the modern
management of pineal region tumours? Lessons from a
single-department, retrospective series” by Lefranc et al.
[2]. The authors retrospectively analyzed a series of 88
consecutive patients who underwent stereotactic biopsies
for pineal region tumors. They reported that accurate tissue
diagnoses were obtained in all but one case, and that the
pathological diagnoses included 21 germ cell tumors as
well as 32 pineal parenchymal tumors, 15 glial tumors, and
20 other tumors. They concluded that stereotactic biopsies
for pineal region tumors could provide accurate pathological
diagnoses with safety. We wish to provide further comments,
especially regarding the issue of accurately diagnosing germ
cell tumors. The authors performed staged biopsies to obtain
as much tissue as possible and to optimize the sample
collection. Furthermore, when the tumor was too small, they
performed rosette biopsies by rotating the side-cut needle. The
limited amount of tissue sampling in stereotactic biopsies
could result in failure to make an accurate diagnosis,
especially when dealing with tumors with mixed components,
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as mentioned by Lefranc et al. We agree with the authors’
device for avoiding sampling errors. On the other hand, we
consider that it is necessary to provide additional information
on whether mixed germ cell tumors can be accurately
diagnosed in the authors’ series, since the authors did not
mention these tumors. Matsutani et al. [3] reported that 32%
of intracranial germ cell tumors had coexistence of more
than two germ cell tumor components. Depending on the
kinds of components present, the treatment strategies can
vary, and the outcomes can differ significantly [1, 3]. If
mixed germ cell tumors were not diagnosed, we consider
that it is too early to reach conclusions on the accuracy of
pathological diagnosis with stereotactic biopsies.
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Although stereotactic biopsies are a well-recognized surgi-
cal procedure for obtaining a pathological diagnosis with
limited surgical risks [3], how this procedure can lead to an
accurate diagnosis in heterogeneous tumors is still being
discussed. A key element in the management of tumors is
access to accurate histological data. Stereotactic biopsies
are limited by the fact that they give the pathologist a
sample of the tumor. The risk is then to under-grade glial
tumors [7] or to miss part of the tumor cell characterization
[1]. Mixed germ cell tumors are essentially heterogeneous,
and, obviously, the question “Can stereotactic sample
biopsies accurately diagnose mixed germ cell tumors?” is
really of value.

In our opinion, this question must be answered in three
steps:

(1) Surgical technique: 1t is important to limit the risk of
sampling error during stereotactic biopsies. In order to
avoid sampling errors, we attempt to extract as much
tumor tissue as possible: although we initially try to
perform staged biopsies, we move to “rosette”
biopsies when the tumor volume is too low. MRI
analysis is important in order to obtain a trajectory that
will explore the different parts of the lesion. As
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evidenced by our recently published results and when
following a rigorous stereotactic methodology, having
access to enough tissue without increasing the morbidity
rate is possible [6]. In our recently published series,
stereotactic biopsies allowed the diagnosis of eight
nongerminomatous germ cell tumors. In six cases we
found mixed germ cell tumors (immature and mature
teratoma in three cases, mature teratoma with
embryological carcinoma in one case, germinoma and
mature teratoma in one case, and in the last case more
than three different tissues) [6].

(2) Neuro-oncological practice: Mixed germ cell tumors
are mainly pineal region tumors. The management,
prognosis, and treatment of tumors in this region are
extremely dependent on accurate tissue diagnosis. The
only exceptions to this rule are tumors positive for
non-germinoma germ cell markers: BhCG is secreted
by choriocarcinomas and germinomas, and alphaFP is
secreted by yolk sack tumors and germinomas [2]. A
“certain” diagnosis is obtained when serum or CSF
assays are positive (BhCG >50 iu/ml for choriocarci-
nomas and alfaFP >25 ng/ml for yolk sack tumors).
For nongerminatous cell tumors, when the diagnosis is
performed according to LCS and blood markers, the
treatment is carried out without biopsies [2]. Radiation
plus chemotherapy is performed, and surgery is done
only in case of a residue. This strategy is widely
accepted now. Obviously, in these cases, an important
part of these lesions is mixed germ cell tumors. In
these cases, even if accurate histological diagnosis is
not obtained, it does not impact on oncological
management.

(3) Balance between advantages and limits: In our
opinion, the main goal of stereotactic biopsies is to
allow the correct neuro-oncological management of
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theses lesions. In our series, stereotactic biopsies
always allow pathological diagnosis and appropriate
therapies. Our patients' follow-up data were unsur-
prising. Surgical risks are very limited during stereo-
tactic biopsies: It was shown that the procedure was
accurate, with very few adverse effects and almost no
mortality risk [4, 5, 8]. In our series, transient
morbidity was only 5.9% [6]. There was neither
mortality nor permanent morbidity related to the
stereotactic biopsies. Actually, if the goal is to obtain
an accurate histological diagnosis, there is no reason
to perform open surgical procedures, even if the
sample error risk is lower, because stereotactic
biopsies allow appropriate management and present a
much lower surgical risk.

In conclusion, in our opinion, stereotactic biopsies even
for mixed germ cell tumors are the best tool in order to
provide a pathological diagnosis because of its high
histological accuracy and its very limited surgical risks.
However, it must be done following a strict methodology in
order to limit the sample error risk.
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Dear Editor,

Dr. Nagatani and colleagues, in their comments on our
study of natural history of sphenoid-orbital meningiomas
(SOM) [8], have recommended not resecting the portion of
SOM involving cavernous sinus (CS) and superior orbital
fissure (SOF) in order to avoid the risk of permanent cranial
nerve dysfunction.

As indeed pointed out, the resection of SOMs is
associated with a range of complications.

The reported numbers of postoperative neurological
complications after resections of SOMs (primarily cranial
nerve palsies) range up to 100% for trigeminal hypesthesias
[3, 9], 13% for oculomotor palsy [2, 5, 10], and up to 6%
mortality have also been reported [2, 5]. Furthermore, a
recurrence rate of up to 50% after a surgical resection has
been reported [1].

As we have explained in our recent paper on the surgical
results of SOM [7], given the limited improvement in
prognosis and the complications involved in surgery, the
aim of surgical treatment for SOM should be restoration of
visual acuity and reduction of proptosis, rather than
complete tumor removal.

In our group of 66 patients, surgery arrested visual
deterioration or improved visual acuity in 91% of our
patients. Furthermore, a substantial reduction in proptosis
was achieved in 85% of the patients. Proptosis was
reduced by 2.6+2.6 mm; however, we had hoped to
achieve a better result and were disappointed by this level
of improvement [7].

P. Saced (X))

Orbital Center, Academic Medical Center,

University of Amsterdam,

P.O. Box 22660, 1100 DD Amsterdam, The Netherlands
e-mail: p.saced@amc.uva.nl

To resect SOM, different surgical approaches are used,
including transzygomatic, pterional, frontotemporal, combined
transcranial-transmalar, and cranio-orbital approaches. All of
these approaches allow sufficient access to the orbit and middle
fossa base for bony and soft-tissue tumor resection, as well as
decompression of the SOF and optic canal [1-3, 5, 7, 9, 10].

The surgical approach can be tailored to the individual
case. Decompression of the optic canal can be achieved
through a frontotemporal approach combined with orbito-
zygomatic (OZ) or a frontotemporal approach alone. We
recommend that the frontotemporal approach combined
with OZ be reserved for cases that require wide surgical
exposure.

Recently, Lund and Rose [4] reported 12 patients with
SOM who underwent endoscopic endonasal medial
orbital wall decompression and decompression of the
optic canal in eight patients with opticopathy and visual
deterioration. In these patients, the opticopathy improved
and the visual acuity improved by one to four lines on
the Snellen chart.

In our view, a craniotomy for debulking is not indicated
for patients who have mild proptosis or no visual
deterioration. Also, when the major symptom is proptosis
without optic canal stenosis, an extended lateral orbitotomy
alone can be preformed to avoid the complications of a
craniotomy. Extended lateral orbitotomy or total lateral
orbitotomy has been used routinely for severe cases of
Graves’ orbitopathy and tumors in the orbital apex [6, 7].

Because the majority of SOMs are resected sub-totally,
radiotherapy should be considered as an adjuvant treatment
for SOM, as postoperative radiotherapy might give a better
control of tumor growth, with minor side effects.

When there is an extension of SOM to CS, we do not
recommend a surgical intervention of that portion of tumor,
and radiotherapy should be considered. However, the
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hyperostotic bone around SOF can be excised safely, without
damaging cranial nerves. In conclusion, like Dr. Nagatani and
colleagues, we recommend in the surgical resection of SOM a
symptom orientated approach as opposed to a radical
resection, as extensive surgical resection can be associated
with significant postsurgical morbidity.
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We read with great interest the article entitled “Natural
history of spheno-orbital meningiomas” by Saeed et al. [3].
The authors investigated the natural history and growth rate
of spheno-orbital meningiomas (SOMs). They reported that
a significant number of SOMs were slow-growing tumors
and that the initial volume of the tumor and of the soft
tissue component was significantly related to the growth
rate. Therefore, they advocated a “wait and see” policy in
the absence of risk factors. We wish to provide further
comment on the issue of surgical morbidity and mortality,
which was anticipated by the authors, in the case of SOMs.
Opya et al. [2] reviewed 39 patients who had SOMs and had
undergone surgery; they reported that persistent oculomotor
palsy occurred in three cases (7.7%). They avoided radical
resection of portions of the tumor that extended into the
cavernous sinus (CS) and superior orbital fissure (SOF) in
order to minimize the risk of permanent oculomotor nerve
palsy. Mirone et al. [1] also studied a series of 71 patients
who had undergone surgery for SOMs. They reported that
persistent oculomotor palsy occurred in three cases (4.2%)
and that there were no perioperative deaths related to
surgery. In their series, the CS and SOF constituted the
surgical limits in order to avoid the risk of permanent
cranial nerve deficit. On the basis of these reports, we

K. Nagatani (D<) - S. Takeuchi - N. Otani - H. Nawashiro
Department of Neurosurgery, National Defense Medical College,
3-2 Namiki,

Tokorozawa, Saitama 359-8513, Japan

e-mail: naval.kimi@gmail.com

consider that low morbidity and mortality rates can be
achieved with surgery limited by the CS and SOF.
Unfortunately, the biological behavior of SOMs varies,
and some SOMs grow much faster than others [1, 3, 4].
Therefore, we feel that good tumor control of SOMs
without morbidity is essential and that resection should be
limited up to the CS and SOF to achieve adequate tumor
resection with low morbidity.
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Abstract

Background Knot-tying in the deep operative field is very
complicated because of the narrow working space during
endoscopic transsphenoidal surgery. We present a novel
technique for tying deep knots called the “easy slip-knot,”
which was developed from a knot used to tie fishing lines.
Method After threading the dura, an easy slip-knot is made
outside the nostril. One end of the string is pulled, the knot
then naturally slips, and should reach the operative field
without needing a knot-pusher.

Findings This method is not complicated, is easily applied
to the operative field by slipping the knot into position, and
is able to tie sutures securely.

Conclusions The easy slip-knot should be useful for
endoscopic surgery.

Keywords Deep suture - Endoscope - Knot tying - Pituitary

Introduction

The dural suture is regarded as important for the complete
closure of the sellar floor during the management of
pituitary tumors. However, the deep suturing technique is
complicated during endoscopic transsphenoidal surgery
because of its narrow working space and two-dimensional
view. We previously used the knot-sending method for
dural sutures, in which a knot was made outside the nostril
and sent with a knot-pusher, and was tightened in the deep

Y. Ishii (><)) « S. Tahara + K. Oyama - T. Kitamura - A. Teramoto
Department of Neurosurgery, Nippon Medical School,

1-1-5, Sendagi, Bunkyo,

Tokyo, Japan 113-8603
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operative field with two forceps. However, this method is
very complicated because the knots have to be made and
sent twice for secure tying. We present a new simple
technique for tying knots called the “easy slip-knot,” which
originated from the ‘“scaffold knot” that is used to tie
fishing lines and ropes in sports.

Materials and methods

We use 5-0 nylon monofilament sutures (SURGIPRO II;
Covidien, MA, USA) and two deep suturing needle holders
(8055-02, 8055—03, FUJITA, Tokyo, Japan). After threading
both sides of the dura (Fig. 2b), the upper part of one side of
the suture filament is held and a loop is made with the other
side of the suture filament, between the thumb and forefinger,
outside the nostril (Fig. 1a). Two more loops are made over
both sides of the suture filament and the end is passed through
the first loop that was made with the fingers (Fig. 1b). The
knot is loosely tightened and the long end of the suture
filament is then pulled, the knot should then easily slip and
reach the operative field without needing a knot-pusher
(Figs. 1c and 2c). Finally, the knot is tightened with two
forceps and the excess suture filament is cut off (Fig. 2d).

Discussion

Complete sellar closure is a very important step to prevent
the leakage of cerebrospinal fluid (CSF) during pituitary
surgery [1, 2]. Traditionally, fat packing, the insertion of a
bone fragment, and spraying fibrin glue have been used for
sellar closure [3, 5]. If large dural defects and massive
intraoperative CSF leakage are encountered, a more reliable
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Fig. 1 Easy slip-knot. a Make a first loop. b Make two more loops
over both sides of the suture filament and pass the end through the
first loop. ¢ Tighten the knot and pull the long end of the suture
filament

Fig. 2 Intra-operative photos. a
After removal of a tumor. b
Threading the dura with a 5-0
nylon suture. ¢ Pull the long end
of the suture filament and the
knot slips until it reaches the
operative field. d Watertight
closure of the dura

@ Springer

method for dural closure, such as a dural patch with
watertight suture, is needed to prevent postoperative CSF
leakage [4, 6]. Recently, we have used the dural suture
approach to close the wound [7]. However, as we discuss
below, this method for tying was very complicated. After
threading both sides of the dura, a surgeon’s knot was made
outside of the nostril and then pushed into the operative field
with a knot-pusher. The knot was tightened with two forceps,
and a second simple knot was made and also pushed into the
operative field; therefore, this method required that a knot be
tied and sent twice. Occasionally, the first knot stuck before
reaching its target because of locking.

Our new method, the “easy slip-knot,” needs a very
simple technique, no repetition of tying, has no stacking,
and can be used in other surgical procedures. Furthermore,
this knot does not come loose after tightening. Using this
technique, sellar closure is markedly easier and the
incidence of CSF leakage, a major complication of trans-
sphenoidal surgery, is reduced.
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I can’t resist stating that this is an excellent book and
should be read by every neurosurgeon in training.

The papers the authors have selected as “landmark” are
their own choice, and they have avoided publications on
surgical techniques.

There are six chapters: neurovascular neurosurgery, neuro-
oncology, head injury, spinal neurosurgery, functional and
epilepsy neurosurgery, and paediatric neurosurgery.

Each chapter starts with a well-referenced introduction,
following which are sections on specific topics all con-
structed in the same way, like the report of a journal club:

First the details of the study(ies) to be discussed are
summarised, then the references of the main study(ies) and
related references, which allows putting the main references
into perspective. The study design is clearly presented with
tables followed by the primary and secondary outcome
measures and their results. The above is then summarised in
the conclusions. The authors then make a critique based on
well-selected references.

This critique reflects the personal opinion of the authors.

N. de Tribolet (<)

Department of Neurosurgery,
University Hospital of Geneva (HUG),
1211 Geneva, Switzerland

e-mail: Nicolas.detribolet@unige.ch

Let me take as an example surgery for lumbar disc
herniation, very common in practice and an excellent
money-making business. The authors conclude from a
Norwegian study that “Surgical treatment was better than
conservative management at l-year follow-up, but this
difference became less pronounced over a 10-year period”;
from a US study that “Patients received benefit from both
surgery and conservative management but no conclusions
regarding the superiority of either can be made on an
intention-to-treat analysis”; finally from a Netherlands
study that “Early surgery for sciatica due to lumbar disc
prolapse leads to faster recovery and relief of leg pain.
However there are no long-term benefits”. Rather sobering,
isn’t it. In the critique however the authors quote another
study of the Netherlands examining cost-benefit pointing
out that there appears to be a strong economic argument
supporting continued surgery for lumbar disc herniation.

What I particularly liked is that the authors are not afraid
of discussing controversial topics.

In addition to the precious information provided here,
this book will teach young neurosurgeons in training
(and the older fully trained ones as well) how to
critically read a paper.
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This book is a comprehensive summary of neurosurgery. It
covers almost every topic in a concise text. There are numerous
schematic illustrations with drawings in black and red, as well
as CT, MRI and plain X-ray images. Each chapter is completed
by well-chosen references. Numerous tables facilitate rapid
understanding of the topics in a synoptic way. The surgical
techniques are briefly described, step by step, although I
sometimes missed accompanying illustrations (but of course it
is not a book concentrating on surgical techniques).

The middle of the book has a few glossy pages with
mainly colour illustrations of the histopathology of brain
tumours, but also drawings of some surgical approaches.

The format of this book allows readers to carry it in their
pocket. The goal should be to give the reader a quick
answer to a particular query. I tried to find “pterional
craniotomy” for a description of the most frequently used
approach in cranial neurosurgery. In the index I found
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e-mail: Nicolas.detribolet@unige.ch

“pterional approach”, which refers to the chapter on patient
positioning and common approaches. There I found the
description of the supine position and key points of skull
topography. But besides the position of the keyhole, there
was no step-by-step description with figures of the
craniotomy. If I searched the index under “craniotomy”, I
was referred to one single sentence concerning subdural
empyema. | had to go to anterior circulation aneurysms to
find a description of the technique. I found the index to be
difficult to use sometimes.

Besides this minor critique, I think this is an excellent
book for trainees. It is very pleasant to read. Staff members
will also find it useful in order to access classification
scales quickly.
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