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The value of endoscope assistance during transcranial
surgery for tuberculum sellae meningiomas

Sascha Marx, MD,' Stefan Clemens, MD, PhD,? and Henry W. S. Schroeder, MD, PhD'

Departments of 'Neurosurgery and 2Ophthalmology, University Medicine Greifswald, Germany

OBJECTIVE |In tuberculum sellae meningioma (TSM) surgery, endonasal approaches are claimed to have a superior
visual outcome compared with transcranial approaches. The authors question whether this is always true and analyze
their series of cases of endoscope-assisted transcranial TSM surgery with special regard to the postoperative visual

outcome in order to explore this issue.

METHODS All surgical procedures for TSM performed between 2003 and 2015 in the Department of Neurosurgery,
University Medicine Greifswald, were retrospectively analyzed. Special attention was paid to the postoperative visual

outcome.

RESULTS During the study period, 15 patients (12 female and 3 male) underwent surgery for TSM. Gross-total resec-
tion was achieved in 14 cases (93.3%) and near-total resection in 1. One patient suffered from a major stroke during
surgery and had to be excluded from further analyses. No other complications occurred. Preoperatively, visual acuity
was disturbed in 12 patients (80%) and visual field deficits were present in 11 patients (73.3%). In 3 patients (20%), the
TSM was an incidental finding. Postoperatively, ophthalmological examination revealed an improvement of visual acuity
in 10 (90.9%) of 11 patients and improvement of visual field deficits in 9 (90%) of 10 patients; no deterioration of visual
acuity or visual field was seen in any patient. Visual acuity and visual field improvement was observed in all patients who
had surgery within 3 years after the onset of visual disturbances . No tumor recurrence was observed during follow-up
(mean 32 months, range 3—134 months). TSMs were approached via a frontolateral craniotomy in 7 patients and via a
supraorbital craniotomy in 8. The use of the endoscope as an assistive device led to improved tumor visualization and
consequent removal in areas that were hidden in the microscopic view in 6 patients (40%).

CONCLUSIONS The present series confirms a favorable visual outcome after TSM surgery via supraorbital or frontolat-
eral endoscope-assisted approaches. With endoscopic visualization, major manipulation of the optic apparatus could be
avoided, perhaps affecting the favorable visual outcome.

https://thejns.org/doi/abs/10.3171/2016.11.JNS16713
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minority of all intracranial meningiomas.*3* Since

Harvey Cushing first described the successful re-
moval of a TSM 100 years ago,* neurosurgical approaches
to TSMs have evolved, leading to the current transcrani-
al and endonasal approaches.?’”*> One major advantage
claimed for the endonasal approach over transcranial ap-
proaches in TSM surgery is better visual outcome.>!%!2 Is
the visual outcome, however, actually better with an endo-
nasal approach? To explore this question we analyzed our
series of endoscope-assisted transcranial TSM resections
with special regard to postoperative visual outcome.

T UBERCULUM sellae meningiomas (TSMs) represent a

Methods

All cases involving surgical procedures for TSM per-
formed since 2003 in the Department of Neurosurgery,
University Medicine Greifswald, were retrospectively ana-
lyzed. Special attention was paid to the postoperative visual
outcome, which was analyzed per patient and per eye. For
both visual acuity and visual field, postoperative status was
categorized as improved, stable, or deteriorated. In patients
with data from comparable ophthalmological examinations
in the pre- and postoperative course, visual acuity and vi-
sual field were graded as previously described.?® To assess

ABBREVIATIONS MCA = middle cerebral artery; TSM = tuberculum sellae meningioma.
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TABLE 1. Patient characteristics

Case No. Sex, Age (yrs) Leading Preop Sx Sx Duration (mos) Tumor Size (L x W x Hin mm)  Skin Incision  Use of Endoscope* EOR Compl
1 F, 39 Visual Sx 6 10 x 11 x 14 Behind hairline A GTR None
2 F, 48 Visual Sx 8 32 x30x25 Behind hairline A GTR None
3 F, 49 Visual Sx 1 TxTx4 Eyebrow A GTR None
4 F, 54 Visual Sx 6 14 x13x 10 Eyebrow A GTR None
5 F, 27 Incidental NA 25 x 21 x 17 Behind hairline A B GTR None
6 M, 64 Visual Sx 5 30 x 20 x 26 Eyebrow A GTR None
7 F, 54 Visual Sx 24 26 x 28 x 20 Eyebrow A GTR None
8 F, 69 Visual Sx 36 25x23 x20 Eyebrow AB GTR None
9 F, 55 Visual Sx 2 27 x 23 x 26 Eyebrow AD GTR None

10 M, 72 Visual Sx 8 13x10x 15 Behind hairline A GTR Stroke
1 F, 61 Visual Sx 3 33 x33x33 Eyebrow AB GTR None
12 F, 84 Visual Sx 132 27 x 22 x 24 Behind hairline A NTR None
13 F, 30 Visual Sx 1 32x28x15 Behind hairline A,B,C GTR None
14 M, 50 Incidental NA 20 x 12 x 12 Behind hairline A B,C GTR None
15 F, 59 Incidental NA 7Tx6x8 Eyebrow A B GTR None

Compl = complications; EOR = extent of resection; GTR = gross-total resection; H = height; L = length; NA = not applicable; NTR = near-total resection; Sx =

symptom(s); W = width.

* Aindicates final inspection; B indicates visualization and removal of tumor underneath the ipsilateral optic nerve; C indicates detection of intracanalicular tumor

growth; and D indicates visualization of tumor on a steep tuberculum sellae.

the visual acuity, the modified logMAR scale was used.?3!
To assess visual field deficits, an ordinal scale? was used,
as follows: 6 indicates normal visual field; 5, slight con-
striction; 4, loss of a single quadrant; 3, loss of 2 quadrants;
2, loss of 3 quadrants; 1, severe constriction; and 0, blind-
ness.” Since short-term visual outcome is a strong predic-
tor of long-term visual outcome after TSM surgery,” the
postoperative visual acuity and visual field results that we
present in this study were based on assessment performed
3—6 months after surgery unless otherwise noted.

In addition, tumor characteristics, surgical technique
and nuances, extent of resection, and complications (sur-
gical and nonsurgical) were analyzed. The tumor size
was displayed as the largest diameter in all 3 dimensions
(length, height, and width) on preoperative MRI. The
evaluation of the extent of resection was mainly based on
the surgeon’s intraoperative impression, but postoperative
MRI studies were evaluated by an independent neurora-
diologist, and that assessment was also included in the
evaluation.

Results
Patient Population

During the study period, 15 patients (12 female and 3
male) underwent surgery for TSM. The patients’ mean age
was 54.3 years (range 27-84 years). All surgeries were
performed by the senior author (HW.S.S)). All tumors
were benign (WHO Grade I) and none had been previ-
ously treated. The mean tumor size was 22 mm x 19 mm x
18 mm. One patient (Case 3) suffered from both TSM and
olfactory groove meningioma. Both lesions were removed
in a single procedure. Gross-total resection was achieved
in 14 patients (93.3%). In 1 patient (6.7%) a thin tumor
layer had to be left in place, since it was infiltrating the
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carotid artery wall (Case 12); postoperative MRI did not
show residual tumor, but the resection was classified as
near total. There was no sign of tumor recurrence in this
patient or in any other during the follow-up period (mean
32 months, range 3—-34 months).

Preoperatively, visual acuity was affected in 12 patients
(80%) and 22 eyes (73.3%), and visual field deficits were
present in 11 patients (73.3%) and 18 eyes (60%). In 3 pa-
tients (20%), the TSM was an incidental finding. The pre-
operative duration of visual deficits was less than 1 year
in 9 patients, but 24, 36, and 134 months in 1 patient each.
One patient (Case 10) who had bilateral visual field deficits
and reduced visual acuity in the right eye preoperatively
suffered from a major stroke in the middle cerebral artery
(MCA) territory during surgery because of preexisting but
unknown MCA stenosis and a drop of blood pressure dur-
ing anesthesia. This patient died 6 years after surgery at
the age of 78. A cursory examination after surgery and
before discharge confirmed that he could see with both
eyes, but an accurate ophthalmological examination was
not possible anymore because of insufficient cooperation.
Therefore, this patient was excluded from further analy-
ses. No CSF leak or other further complication, such as
seizures, pulmonary embolism, deep vein thrombosis, or
pituitary dysfunction, was observed. Patient characteris-
tics are given in Table 1.

Surgical Technique

Our surgical technique for TSM has been reported pre-
viously.*® The tumors were approached via a frontolateral
craniotomy in 7 cases and via a supraorbital craniotomy
in 8. The frontolateral approach (4 x 4 cm) is our stan-
dard approach to anterior fossa lesions. The supraorbital
approach (2 x 2.5 cm) is simply a less invasive version



FIG. 1. Endoscope-assisted supraorbital approach. The endoscope is
fixed to a mechanical holding arm to enable bimanual endoscopic dis-
section. Figure is available in color online only.

of the former. The most important difference is the skin
incision (eyebrow versus behind the hairline). In TSM
surgery we usually give the choice of the approach to the
patients. In this series, the lesions were approached from
the right side in all patients except one (Case 12) in whom
it was approached from the left side. With proper patient
positioning (body elevation 10°-15°, hyperextension of the
neck, zygoma highest point) and an abundant release of
CSF, the frontal lobes fall back due to gravity and only
minor retraction is required during the tumor resection.
Tumor growth into one or both optic canals was seen in 10
patients (66.7%). Unroofing of the ipsilateral optic canal
was usually done as the first step, followed by incision of
the falciform ligament and resection of the intracanalicu-
lar dura mater. After devascularization of the tumor by
coagulation of the tumor base at the tuberculum and pla-
num, the tumor is debulked. After adequate decompres-
sion of the optic apparatus has been achieved, the tumor
is dissected away from the chiasm and optic nerves using
a bimanual technique: the tumor is grasped with a tumor
forceps and the arachnoid is peeled away from the tumor
surface. Utmost care is taken to preserve the chiasm sup-
plying vessels originating from the superior hypophyseal
artery complex. Finally, the intracanalicular parts of the
tumor are removed. The contralateral optic canal is un-
roofed as far as necessary. Since the space under the ipsi-
lateral optic nerve is a blind corner (especially in the su-
praorbital approach), endoscopes are used to inspect that
area. In this case series, we used 2.7-mm Hopkins II rod-
lens endoscopes with an angulated eyepiece (Karl Storz
GmbH & Co. KG) (Fig. 1). Endoscopes with 0°, 30°, 45°,
and 70° angles of view were available. In 6 procedures,
tumor tissue underneath the ipsilateral optic nerve was
resected using angulated instruments under endoscopic
view (Fig. 2). Without the use of the endoscopes, major
manipulations of the optic apparatus would have been
necessary to visualize and resect the appropriate tumor
tissue. Moreover, endoscopes were used to inspect the tu-
berculum and the sellar diaphragm. Due to a very steep
tuberculum in 1 patient, tumor remnants at the diaphragm
could not be seen with the microscope. Thus, only the

Transcranial approaches in tuberculum sellae meningioma surgery

FIG. 2. Case 5. Microscopic and endoscopic images demonstrating the
value of endoscope assistance during transcranial TSM surgery. The
microscopic view shows the tumor (T) and the right optic nerve (A). The
optic canal has not been opened since the patient had no visual distur-
bances and the tumor was of soft consistency. The tumor is resected
under microscopic view (B). The microscopic visualization after micro-
surgical tumor resection shows no residual tumor (C). The endoscopic
inspection with a 30° endoscope reveals residual tumor underneath the
ipsilateral optic nerve without any optic nerve retraction (D). Figure is
available in color online only.

endoscopic view allowed full visualization and resection
of the residual tumor tissue. In 9 patients, the endoscopic
view did not lead to further tumor removal but was useful
to verify the extent of resection.

Postoperative Visual Outcome

The postoperative ophthalmological results presented
in this paper were obtained between 3 and 6 months after
surgery in 12 of 15 cases. The exceptions were Cases 1, 3,
and 12. In these cases, no appropriate examinations were
performed during this time period, and the presented oph-
thalmological results were obtained 15, 16, and 23 months
after surgery, respectively. Long-term ophthalmological
results from up to 110 months after surgery (mean 52.4
months) did not show any significant further changes in
comparison with the presented short-term results.

Ophthalmological examination during the postopera-
tive course revealed an improvement of visual acuity in
10 (90.9%) of 11 patients and in 18 (85.7%) of 21 eyes.
(The patient who had the stroke was excluded.) Visual
field deficits improved in 9 (90%) of 10 patients and 13
(81.3%) of 16 eyes. No deterioration of visual acuity or
visual field was seen in any patient. The patient in Case
12 had suffered from left-sided amaurosis for 134 months,
but declined surgery until the visual acuity of the right
eye decreased to 0.4. Postoperatively, the visual function
did not improve in this patient, but was stable. If the data
from this patient with exceptionally delayed surgery after
diagnosis were to be excluded, an improvement of the vi-
sual acuity and the visual field would have been seen in
all patients (100%). The postoperative visual outcome per
patient is given in Fig. 3.

Postoperative visual outcome was quantified by means
of the modified logMAR scale for visual acuity and an
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Visual Acuity (VA)

3 patient with normal VA

surgery surgery

11 patients with reduced VA |

Improved Stable Deteriorated Stable Deteriorated
90.9% 9.1% 0% 100% 0%

Visual Field (VF)

10 patients with VF deficits I | 4 patients with normal VF I

J surgery surgery

Improved Stable Deteriorated Stable Deteriorated
90% 10% 0% 100% 0%

1 patient extremely
delayed surgery

virtual exclusion

13 patients
3 patient with normal VA

10 patients with reduced VA |

Improved Stable Deteriorated Stable Deteriorated
100% 0% 0% 100% 0%

1 patient extremely
delayed surgery

virtual exclusion

9 patients with VF deficits |

| 4 patients with normal VF |

Improved Stable  Deteriorated Stable Deteriorated
100% 0% 0% 100% 0%

FIG. 3. Visual outcome after endoscope-assisted transcranial TSM surgery. Postoperative results (improved, stable, deteriorated)
for visual acuity (VA, left) and visual field (VF, right) are shown per patient.

ordinal scale for the graduation of visual field deficits. The
patient in Case 4 could not be included in this analysis,
since data from comparable ophthalmological examina-
tions from the pre- and postoperative course were not
available, and the patient in Case 10 was excluded because
a thorough postoperative assessment was not possible, as
explained above. The median logMAR for the right eye
improved from a preoperative value of 0.4 to a postopera-
tive value of 0.1. The median logMAR for the left eye im-
proved from a preoperative value of 0.5 to a postoperative
value of 0.1. The median visual field score for the right eye
improved from a preoperative value of 3 to a postoperative
value of 5. The median visual field score for the left eye
improved from a preoperative value of 4 to a postopera-
tive value of 6. The logMAR and visual field score results
are shown in Table 2 and Fig. 4. As examples of excellent
recovery of visual field, the pre- and postoperative visual
field examinations of the patients in Cases 2 and 7 are
shown in Figs. 5 and 6, respectively.

Discussion
Summary of the Key Results

The present study reflects a single-center experience
with endoscope-assisted transcranial TSM surgery. Func-
tional improvement was demonstrated postoperatively in
all patients with preoperative visual deficits who under-
went surgery within 3 years after the onset of their visual
symptoms. No postoperative deterioration of visual func-
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tion was seen. Use of the endoscope allowed us to avoid
major manipulation of the optic apparatus. With the ex-
ception of 1 major stroke during surgery, no complications
were seen in this series. The major limitation of this study
is the small number of patients.

Visual Outcome After TSM Surgery

Diminished visual function is the leading clinical sign
for TSM, and a rate of 80% in the present series is in
concordance with the rates reported in the literature.>*!"
13172223 Gross-total resection and improvement of visual
function are the major goals of surgery for TSM. There
has been an evolution of microsurgical techniques lead-
ing to improved visual outcome after transcranial TSM
surgery.” While series from the early 1990s reported rates
of visual deterioration after TSM surgery of about 19%,
more recent series have reported postoperative improve-
ment or stabilization of visual function in more than 90%
of patients.>'*?"-2* The frontolateral approach, however,
seems to be superior to other transcranial approaches for
TSM surgery.??24

Over approximately the past decade, the endonasal ap-
proach has been highlighted for TSM surgery by several
authors,”'>® and rates for postoperative improvement of
visual function have been reported in early and small se-
ries at between 66% and 100%.373 A recently published
large series demonstrated an improvement rate of 85.7%.'8
These results are comparable to those obtained in the
present study. The use of endoscopes helps to minimize
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TABLE 2. Quantification of preoperative and postoperative visual acuity and visual field deficits in 13 patients

Visual Field Score*

Case Visual Acuity (logMAR)
No. Right Eye Left Eye Right Eye Left Eye
Preop Postop Preop Postop Preop Postop Preop Postop

1 0.22 0.1 0.3 01 3 5 6 6
2 2.3 0.15 1 0 0 3 4 6
3 0 0 0.5 0.3 6 6 2 3
5 0 0 0 0 6 6 6 6
6 0.5 0.2 0.5 0.2 1 5 3 6
7 0.4 0.1 1.86 01 1 6 1 6
8 1 0.4 0.2 01 3 5 6 6
9 0.2 0.1 0.5 01 1 5 3 5
" 1 0.3 2.7 27 3 5 1 1
12 04 04 3 3 3 3 0 0
13 14 0.1 0.7 0 1 3 6 6
14 0 0 0 0 6 6 6 6
15 0 0 0 0 6 6 6 6

The patient in Case 4 had to be excluded because no comparable ophthalmological examinations were obtainable from the pre- and postopera-
tive course. The patient in Case 10 was excluded because postoperative testing could not be completed due to an intraoperative stroke.

* Based on ordinal scale.

manipulation of the optic apparatus and helps to preserve
its vascular supply. Thus, the use of endoscopes, either in
transcranial or in endonasal approaches to TSM, is likely
to contribute in important ways to excellent visual out-
come.

Clinical and Surgical Factors That Predict Visual Outcome
After TSM Surgery

In the present series, improvement in function was
documented postoperatively in every eye that could be ex-
amined except for both eyes in Case 12 and the left eye in
Case 11. Independently of the surgical approach, several
factors might affect the visual outcome after TSM sur-
gery. Of these, only a few are amenable to influence by
the surgeon. Intraoperatively, the left optic nerve in Case
11 was found to be parchment-like, and accordingly, post-
operative recovery of its function was not expected. The

06

0.4

0.2

Median logMAR

right eye

® preoperative B postoperative

Median Visual field score
LS

preoperative duration of symptoms is a strong predictor
of visual outcome.?*** Chronic compression of the optic
nerve leads to diminished vascular supply and consequent
demyelization.!® Even after operative decompression, re-
covery of the optic nerve and its function may not be pos-
sible, as seen in Case 12 in our series. Unfortunately, delay
of diagnosis after the beginning of visual disturbances is
often seen in patients with TSM.° The results of the pres-
ent study underscore the significance of the short-term vi-
sual outcome after TSM surgery.>>>2¢ Of note, long-term
ophthalmological follow-up might be biased due to the
natural decrease of visual function with increasing age.
Fastidious preservation of chiasm-supplying vessels
is indispensable for optimal visual outcome in TSM sur-
gery.” Careful dissection of the arachnoid plane around
the tumor with preservation of the branches of the su-
perior hypophyseal artery complex is of the utmost im-
portance, and it is essential to avoid coagulation close to

right eye left eye

FIG. 4. Visual outcome after endoscope-assisted transcranial TSM surgery. Preoperative and postoperative results for the median
logMAR (left) and median visual field score (right) are shown per eye. Case 4 had to be excluded from this analysis, because the
patient’s pre- and postoperative ophthalmological examinations were not comparable.
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FIG. 5. Case 2. Preoperative (A and B) and postoperative (C and D) sagittal (A and C) and coronal (B and D) contrast-enhanced
MR images and results of visual field testing (E) obtained in a representative case in which TSM surgery was performed via a
frontolateral craniotomy with a skin incision behind the hairline. The improvement of the visual field can be seen from preoperative
testing (pre) to testing performed 3 days after surgery (3d post) and 4 months after surgery (4m post).

these branches. Unfortunately, in transcranial microscopic
inspection there is a blind corner underneath the ipsilat-
eral optic nerve, requiring increased manipulation of this
structure and its vascular supply if gross-total resection
is warranted.'*32 With the angled view of an endoscope

(Fig. 6), however, this problem can be avoided, as shown
in the present series and by others.!!

Unroofing of the ipsilateral optic canal and incision of
the falciform ligament must usually be performed before
the tumor can be addressed. This is especially important

FIG. 6. Case 7. Preoperative (A and B) and postoperative (C and D) sagittal (A and C) and coronal (B and D) contrast-enhanced
MR images and results of visual field testing (E) obtained in a representative case in which TSM surgery was performed via a
supraorbital craniotomy with an eyebrow skin incision. The improvement of the visual field can be seen from preoperative testing
(pre) to testing performed 3 days after surgery (3d post) and 4 months after surgery (4m post).
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in patients who are presenting with visual loss and/or vi-
sual field deficit as well as in all cases in which the tumor
is extending into the optic canal. In small and soft tumors
that do not cause visual problems and do not extend into
the optic canal, unroofing is not necessary. However, early
decompression of the optic nerve is frequently mandato-
ry,'7222 and unroofing of the optic canal in these patients
is an independent factor for a favorable postoperative visu-
al outcome.”” Whether the severity of preoperative visual
symptoms and the tumor size influence the postoperative
visual outcome is still controversial, but seems to be less
relevant.!”23-25

Pros and Cons of the Endoscope-Assisted Frontolateral
and Supraorbital Approach in TSM Surgery

The present series confirms a low rate of CSF leaks
after frontolateral or supraorbital approaches to TSM.
Furthermore, no anosmia or anterior or posterior pituitary
dysfunction was observed postoperatively. Compared with
other transcranial approaches in TSM surgery, the fronto-
lateral approach has the lowest rate of postoperative anos-
mia.’ Using an eyebrow or hairline skin incision, favorable
cosmetic results are achievable in transcranial TSM sur-
gery.” The patient may have a swollen eye for several days,
but no special postoperative care is needed. Frontal lobe
retraction is claimed to be a disadvantage in transcranial
approaches to TSM.!89:13.18:32 However, with proper patient
positioning and early release of CSF, frontal lobe retrac-
tion can be kept to a minimum.

Gross-total resection is not a matter of approach,61317
but of tumor characteristics. If any neurovascular structure
is found to be invaded or firmly adherent, resection should
be stopped so that the structure can be preserved,'??328 as
done in Case 12 in the present series. Vascular injuries and
perioperative strokes have been described in association
with transcranial and other approaches to TSM.!622

Conclusions

The present series confirms a high gross-total resection
rate, a low complication rate, and a favorable visual out-
come after TSM surgery via a supraorbital or frontolateral
endoscope-assisted approach. The use of the endoscope
allows for less manipulation of the optic apparatus and
seems to favor a good visual outcome that is comparable
with outcomes reported for TSM resection via an endona-
sal approach.
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