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Abstract

Background One of the main drawbacks in the surgery of
large craniopharyngiomas is the presence of a prefixed optic
chiasm. Our main objective in this study is to compare the
predictive value of the optic nerve length and optic chiasm
location on large craniopharyngiomas’ extent of resection.
Method We retrospectively studied 21 consecutive patients
with large craniopharyngiomas who underwent tumor resection
through the trans-eyebrow supraorbital approach. Clinical and
radiological findings on preoperative MRI were recorded, in-
cluding the optic chiasm location classified as prefixed,
postfixed or normal. We registered the optic nerve length mea-
sured intraoperatively prior to tumor removal and confirmed
the measurements on preoperative MRI. Using a linear regres-
sion model, we calculated a prediction formula of the percent-
age of the extent of resection as a function of optic nerve length.
Results On preoperative MRI, 15 patients were considered to
have an optic chiasm in a normal location, 3 cases had a
prefixed chiasm, and the remaining 3 had a postfixed chiasm.
In the group with normal optic chiasm location, a wide range of
percentage of extent of resection was observed (75-100%). The
percentage of extent of resection of large craniopharyngiomas
was observed to be dependent on the optic nerve length in a
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linear regression model (p < 0.0001). According to this model
in the normal optic chiasm location group, we obtained an 87%
resection in 9-mm optic nerve length patients, a 90.5% resec-
tion in 10-mm optic nerve length patients and 100% resection
in 11-mm optic nerve length patients.

Conclusions Optic chiasm location provides useful information
to predict the percentage of resection in both prefixed and
postfixed chiasm patients but not in the normal optic chiasm
location group. Optic nerve length was proven to provide a more
accurate way to predict the percentage of resection than the optic
chiasm location in the normal optic chiasm location group.

Keywords Craniopharyngioma - Optic chiasm - Opticnerve -
Surgery - Trans-eyebrow supraorbital approach

Abbreviations
MRI Magnetic resonance imaging
CSF  Cerebrospinal fluid

Introduction

Surgical treatment of craniopharyngiomas is challenging owing
to their deep location, size and propensity to adherence to sur-
rounding critical structures, such as the optic chiasm, hypothal-
amus and carotid arteries. Craniopharyngioma surgery can lead
to a significant operative morbidity and mortality whose inci-
dence can increase substantially in association with specific
anatomic features, especially with the optic chiasm location.
The optic chiasm lies over the body of the sphenoid bone,
typically above the diaphragma sellae, but its relative position
over the sella is variable. This variability was first described in
the 1920s by Schaeffer [1] and later by Bergland et al. [2] in
1968 who introduced the terms “prefixed” and “postfixed”
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chiasms to designate optic chiasm location overlying either
the tuberculum sellae (prefixed) or dorsum sellae (postfixed).

The position of the chiasm with respect to the sella in pa-
tients with sellar lesions may have significance on clinical
presentation. Thereby, bitemporal hemianopia has been re-
ported to appear more likely when a sellar lesion compresses
a prefixed chiasm [2—4].

Optic chiasm position is also relevant in terms of surgical
planning for sellar and parasellar tumors, given that a prefixed
chiasm can limit surgical access to the tumoral area. This
appears to be more critical in so-called minimally invasive
or keyhole approaches, such as the trans-eyebrow supraorbital
approach [5, 6].

The usually accepted classification of optic chiasm location
in three groups, prefixed, normal and postfixed chiasm, is
mostly based on cadaveric or imaging studies (MRI studies)
in normal patients. To the best of our knowledge, there are few
published studies describing the preoperative optic chiasm
location in patients with pathological conditions (such as
sellar or parasellar tumors that can distort the optic chiasm
location) or studying the impact of optic chiasm location on
the extent of resection of tumors in the sellar area. Likewise,
optic nerve length has not been studied to date as a variable to
be considered to predict the extent of tumor resection.
However, optic nerve length is a quantitative variable, can
be less affected than optic chiasm location by interobserver
variability and may provide more accurate information than
the optic chiasm location.

The aim of the study was to compare the predictive value of
the optic nerve length and optic chiasm location on the extent
of resection of large craniopharyngiomas when using the
trans-eyebrow supraorbital approach.

Methods and materials

We included adult patients with a diagnosis of large
craniopharyngioma (defined as those occupying the
suprasellar cistern and the third ventricle) in the study;
all of them underwent surgery through a trans-eyebrow
supraorbital approach between January 2009 and January
2015 by the senior author (R.P.). The trans-eyebrow su-
praorbital approach was chosen in all cases because of the
tumor size and surgeon experience. Data were obtained
retrospectively from medical records, clinical notes and
imaging studies of all patients and included age, sex, pre-
operative visual disturbances and postoperative visual im-
provement, whether the large craniopharyngioma was
mainly cystic or solid on T2-weighted MRI and optic
chiasm location (per the literature as defined by
Schaeffer and later by Bergland: prefixed chiasm overly-
ing the tuberculum sellae, normal chiasm located above
the diaphragm sellae and postfixed chiasms above the

@ Springer

dorsum sellae) and the vertical extension of the
craniopharyngiomas in all three groups in mm above the
sella (horizontal line from anterior to posterior tubercle.
We also recorded the values of optic nerve length that
were measured routinely during surgery and the surgery-
related complications. An independent blinded radiologist
measured the optic nerve length on axial preoperative
MRI using heavily T2-weighted images. Optic nerve
length was defined as the intracranial segment of the right
optic nerve between two landmarks: the optic chiasm and
the optic nerve entrance into the optic canal (Fig. 1).

Postoperative MRI was performed in all cases approxi-
mately 6 weeks after surgery to detect residual tumor.
Resection rates were defined in terms of percentage of tumor
resection after review by an independent radiologist measured
using image fusion and volumetric software (BrainLab iPlan
Cranial 2.6; BrainLab AG, Feldkirchen, Germany).

Surgical procedure

Surgery was performed via a right supraorbital trans-
eyebrow approach in all cases. The skin incision extended
medial to the supraorbital nerve groove (usually at the
junction of the medial one third and lateral two thirds of
the eyebrow) and lateral to the eyebrow tail, 1 cm below
the superior temporal line. A neuronavigation (Medtronic
Stealth Station) system was routinely used to design the
limits of the craniotomy, mainly in the location of the
frontal sinus, to prevent sinus opening during surgery. A
2.5-cm-wide, 1.5-cm-high craniotomy was performed par-
allel to the orbital rim. The dura was incised in a curvi-
linear manner following the bone edge and retracted to-
ward the orbital roof. Following the floor of the anterior
fossa, and by using gentle retraction, the arachnoid cis-
terns were opened and frontal lobe relaxation obtained.

Fig. 1 Example of preoperative measurement of optic nerve length in a
T2 axial MRI
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Then, the tumor, both optic nerves and chiasm, both in-
ternal carotid arteries and both anterior cerebral arteries
and the anterior communicating artery were visualized.
Prior to tumor removal, the right optic nerve length was
routinely measured. We defined the optic nerve length as
the distance of the intracranial segment of the right optic
nerve between two landmarks: the optic chiasm and the
optic nerve entrance into the optic canal. The nerve was
measured using a navigation system under a microscope.
All measurements were made to the nearest 0.5 mm. The
tumor was approached through the subchiasmatic and
optico-carotid triangles, and the lamina terminalis was
opened in all cases to remove the tumor.

A 30-degree endoscope was also routinely used to confirm
adequate tumor resection. After dural closure, the bone flap
was secured with three titanium microplates and the skin
closed in two layers with absorbable sutures.

Statistical analysis

Statistical analysis was performed using a linear regression
model, with the objective of obtaining a prediction formula
of the percentage of extent of resection as a function of optic
nerve length measured intraoperatively. We used the Durbin
Watson test to detect the presence of autocorrelation.

Unpaired t-test was used to compare the optic nerve
length and percentage of resection in the three groups of
optic chiasm location.

The statistical program SPSS, version 16.0 (SPSS, Inc.,
Chicago, IL), was used to evaluate our results with signifi-
cance set at p <0.05.

Results

Our series (Table 1) included 21 patients with large
craniopharyngiomas; 12 were males and 9 females (mean
age: 51.6 years; range: 22—67 years). Preoperatively, 14 pa-
tients showed some deficit in anterior pituitary hormone: 11
deficit in adrenal function, 10 deficit in thyroid function, 7
deficit in somatotroph function, and 2 deficit in gonadal func-
tion. Seven patients had diabetes insipidus preoperatively. All
patients had visual disturbances, with 14 suffering bitemporal
hemianopia and 7 unilateral visual deficit. On MRI, 11 patients
had predominantly cystic lesions, whereas in 10 cases appeared
mainly solid. On preoperative MRI 15 patients were considered
to have an optic chiasm in normal location, 3 cases had a
prefixed chiasm, and the remaining 3 had a postfixed chiasm.

Optic nerve length measurement obtained during surgery
(Table 2) gave a mean length of 10.6 mm (+2.4) with a range
between 14.1 and 5.7 mm.

Optic nerve length was significantly shorter in patients suf-
fering preoperative hemianopia (9.8 mm + 2.4) than in

patients presenting with unilateral visual acuity deficit
(12.1 mm =+ 1.3) (p=0.032). Optic nerve length measure-
ments obtained during surgery were confirmed in all cases
by an independent blinded radiologist on preoperative MRI.

Extent of resection

Eleven (52.3%) patients had complete resection, three patients
had a resection of 80% or less (two patients 80%, one patient
75%), and the remaining 7 (33.3%) had a percentage of resec-
tion between 80 and 90%. Anatomically residual tumor was
usually intrasellar and under the chiasm.

A normally positioned chiasm was associated with a
mean percentage of resection of 93.6% + 7.6, prefixed
chiasm 78.3 + 2.8 and postfixed chiasm 100% in all three
cases. All three groups of optic chiasm location presented
statistically significantly different optic nerve lengths:
prefixed chiasm, mean optic nerve length 7.4 mm + 1.7;
normal chiasm, 10.6 mm =+ 1.8; postfixed chiasm,
13.6 mm = 0.5 (unpaired #-test p <0.05).

We found a statistically significant different percentage of
resection between cases with a prefixed and normal chiasm
(unpaired #-test p=0.0041) and prefixed and postfixed chi-
asms (unpaired #-test p =0.002), but we did not find signifi-
cant differences in the percentage of resection between normal
and postfixed cases (p =0.18).

In all patients with postfixed chiasms, 100% resection was
obtained, but no patient with prefixed chiasm had complete
resection (range 75-80%). In the group of normal position of
the optic chiasm a wide range of percentages of resection was
observed (75-100%). In all patients presenting an optic nerve
length >11 mm complete resection was achieved.

As aresult of a linear regression model (Fig. 2), we obtain-
ed a prediction formula of the percentage of extent of resection
as a function of optic nerve length (p <0.0001).

Yresection = 56.923 + 3.338 * optic nerve length

The coefficient of determination of this linear regression
model was R*=0.77.

The calculated Durbin-Watson statistic of 1.71
discarded any autocorrelation: there were no other vari-
ables (including whether the craniopharyngiomas was
cystic or solid or had vertical extension) that could affect
the percentage of resection.

No differences due to any variable were observed to affect the
postoperative visual improvement. We did not find preoperative
MRI appearance of large craniopharyngiomas (cystic or solid on
T2 weighted images) to be related with the extent of resection.

Two cases of superficial infection were recorded and
were solved with a course of antibiotics. No CSF leak or
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Table 1  Patient demographics and preoperative clinical and MRI features (Gd: gadolinium)
Case Gender Age Visual disturbances Anterior pituitary Diabetes insipidus T1 Gd MRI Vertical extension
hormonal dysfunction (in mm)
1 Male 22 Hemianopia Dysfunction Present Solid 17
2 Female 46 Unilateral visual deficit Solid 18
3 Female 62 Hemianopia Dysfunction Present Solid 21
4 Male 60 Hemianopia Present Solid 24
5 Male 38 Hemianopia Dysfunction Solid 15
6 Male 35 Hemianopia Dysfunction Cystic 32
7 Male 61 Unilateral visual deficit Dysfunction Solid 21
8 Female 48 Unilateral visual deficit Solid 17
9 Male 23 Hemianopia Solid 19
10 Male 64 Unilateral visual deficit Dysfunction Present Solid 25
11 Female 22 Hemianopia Cystic 32
12 Female 55 Hemianopia Dysfunction Cystic 27
13 Female 65 Hemianopia Cystic 26
14 Female 48 Unilateral visual deficit Dysfunction Present Cystic 27
15 Female 67 Hemianopia Dysfunction Cystic 19
16 Male 66 Hemianopia Dysfunction Cystic 25
17 Male 55 Hemianopia Dysfunction Solid 16
18 Male 65 Unilateral visual deficit Dysfunction Present Cystic 28
19 Female 60 Hemianopia Dysfunction Cystic 17
20 Male 58 Unilateral visual deficit Cystic 19
21 Male 64 Hemianopia Dysfunction Present Cystic 32
Table 2 Intraoperative
measurements of optic nerve Case ONL(mm) OC loc Postop APH dysfunction ~ Postop DI~ %resection V1
length (ONL), optic chiasm
location (OC loc), postop anterior 1 10 Normal Dysfunction Present 80 Improvement
pituitary hormonal dysfunction 2 9.5 Normal 85 No improvement
(Postop AI.’H dysﬁlncti.on?, . 3 14 Postfixed  Dysfunction Present 100 Improvement
postoperative diabetes insipidus
(Postop DI), percentage of 4 9 Normal Present 85 Improvement
resection (%resection) and 5 12 Normal Dysfunction 100 Improvement
postoperative visual improvement 6 5.5 Prefixed Dysfunction Present 75 Improvement
D 7 7 Normal Dysfunction Present 90 No improvement
8 13 Normal 100 Improvement
9 14 Postfixed Present 100 No improvement
10 12 Normal Dysfunction Present 100 Improvement
11 8 Normal 90 Improvement
12 11 Normal Dysfunction Present 100 Improvement
13 7.5 Prefixed Dysfunction 80 No improvement
14 13 Normal Dysfunction Present 100 Improvement
15 10 Normal Dysfunction 80 Improvement
16 8.5 Normal Dysfunction Present 75 No improvement
17 8 Normal Dysfunction 100 No improvement
18 13 Postfixed  Dysfunction Present 100 Improvement
19 9 Prefixed Dysfunction 100 Improvement
20 12.5 Normal 100 Improvement
21 11.5 Normal Dysfunction Present 90 Improvement
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Fig. 2 Linear regression model. We obtained a prediction formula of the
percentage of extent of resection (%resection) as a function of optic nerve
length (ONL)

opening of the frontal sinus during surgery occurred in any
case in our series.

Postoperatively, 15 patients (71.4%) had improvement of
visual acuity. Postoperatively, 15 patients received replace-
ment of anterior pituitary hormone and 12 patients had diabe-
tes insipidus.

Discussion

Craniopharyngiomas are generally slow-growing tumors
with a propensity to adherence to adjacent structures, such
as the optic chiasm. Accordingly, it has been accepted that
craniopharyngioma patients, and mostly if they harbor
large craniopharyngiomas, tend to present prefixed optic
chiasms due to the tumoral effect [7]. Although this as-
sertion could be intuitively accepted, to our knowledge a
detailed study on this topic has not been published. In our
series of large craniopharyngiomas, we did not observe
this trend: only three patients harbored a prefixed chiasm,
with most of the patients presenting a normal optic chiasm
location (15 patients, 71.4% of cases).

The terms prefixed and postfixed were first applied to
the optic chiasm location in 1924 [1] in a study by
Bergland et al. in 1968 [2]. They defined as prefixed
those chiasms overlying the tuberculum sellae and
postfixed those overlying the dorsum sellae. Occurrence
of prefixed and postfixed chiasm varies between 5 to 15
and 11 to 17%, respectively [3, 8, 9].

However, the classical classification of optic chiasm
location as prefixed, normal and postfixed presents some
limitations [10]: it is based on cadaveric measurements
and could not correctly reflect the real situation in vivo
(e.g., some anatomical studies, compared to data collected
in MRI studies, showed that the proportion of prefixed

optic chiasms was underestimated in cadaveric measure-
ments) [11, 12], and also most of the MRI studies using
this classification have been performed in healthy volun-
teers without studying cases with tumors.

Complete removal of large craniopharyngiomas has
been reported in 31 to 100% of cases [11, 13-20].
Knowing whether the chiasm is normal, prefixed or
postfixed has been previously reported to be of great val-
ue in this surgery in order to predict the surgical anatomy
and consequently select the most appropriate surgical ap-
proach to obtain a greater resection [21-23].

In the surgery of large craniopharyngiomas, optic chi-
asm location is usually of less concern in the
transsphenoidal approach than in the subfrontal or
pterional approaches, but in the trans-eyebrow supraorbit-
al approach, where most of the resection is obtained from
the prechiasmatic area and the opticocarotid triangle, the
position of the chiasm can be critical to obtain enough
surgical working space [7, 9, 24-26] and an increased
percentage of tumor resection.

The trans-eyebrow supraorbital approach provides a mini-
mally invasive subfrontal approach through which a wide va-
riety of pathologies (from vascular to tumoral cases) can be
approached [27-31].

However, when using the trans-eyebrow supraorbital
approach, particularly in patients with a prefixed chiasm,
gaining access to the infraoptic and subchiasmatic regions
as operative windows can be difficult and challenging,
and surgical handling of these areas during tumor resec-
tion can lead to a significant increase in operative mor-
bidity and mortality [15, 32].

In our study, we found significant differences in the extent
ofresection of large craniopharyngiomas between the prefixed
chiasm group of patients and the two other groups (postfixed
and normal optic chiasm location). However, no differences in
the extent of resection were observed between patients with
normal and postfixed chiasm.

A possible displacement of the optic chiasm by the tumor
should be taken into consideration because it in turn may
influence the length of the optic nerves, e.g., if the chiasm is
lifted upwards it may appear prefixed, yet the optic nerve
length could be greater than in some normal chiasms.
However, the optic nerve length directly correlates with
whether the chiasm is prefixed or post-fixed. As could be
expected, shorter nerves are associated with prefixed chiasms
and longer nerves with post-fixed ones, but in our study we
observed there was a large number of cases with normal optic
chiasm locations that needed to be studied more in depth to
decide whether they might benefit from surgery.

A thorough study of the normal optic chiasm location
patients (15 out of 21 patients of our series) showed a
great range of percentages of resection (75-100%) in
this group. We considered it relevant to find an
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anatomic variable that could explain such a variety in
the percentage of resection in this group. Due to the
retrospective nature of the study, we obtained limited
information of each case from the clinical and imaging
records, but we found that the optic nerve length had
been intraoperatively measured and recorded in all cases
because of the interest for a different study. Thus, we
used these measurements to calculate a linear regression
formula of the extent of resection as a function of optic
nerve length.

When we compared the optic chiasm location and optic
nerve length in our series; all three groups of optic chiasm
locations presented statistically significantly different optic
nerve lengths, revealing a good correlation between both pa-
rameters. However, optic nerve length measurements in the
normal optic chiasm location group (ONL = 10.6 mm =+ 1.8)
allowed us to refine our prediction of the extent of resection
according to the linear regression model obtained. According
to this model, and using optic nerve length in the normal optic
chiasm location group, we obtained an 87% resection in 9-mm
optic nerve length patients, 90.5% resection in 10-mm optic
nerve length patients and 100% resection in 11-mm optic
nerve length patients. In our opinion, optic nerve length ap-
pears to be a more accurate tool than optic chiasm location to
predict the extent of resection in normal optic chiasm location
patients, and other surgical approaches should be considered
especially when the optic nerve is short.

Noticeably, optic nerve length only could be consid-
ered a real predictive variable if it could be measured
before surgery on preoperative MRI. However, conven-
tional MRI has limitations in obtaining reliable optic
nerve length in large suprasellar tumors [11]. This possi-
bly is due to optic nerve atrophy or little intensity differ-
ence between the optic nerve and tumor, perhaps due to
edematous changes of the optic pathways caused by
chemical irritation of the tumor or cyst content [33].

Although some studies [22, 25] have evaluated the
location of anterior optic pathways in patients with sellar
and parasellar tumors, on preoperative MRI, using heavi-
ly T2-weighted images with 95% positive identifications,
they have included different types of tumors (pituitary
tumors, craniopharyngiomas and meningiomas) with dif-
ferent surgical approaches. Besides, no quantitative anal-
ysis of resection was performed according to preopera-
tive MRI measurement of optic nerve length. Although
in our analysis preoperative MRI measurement of optic
nerve length was only recorded after intraoperative data
had been obtained, we may suggest that optic nerve
length measurement on preoperative MRI can provide a
more precise prediction of large craniopharyngiomas’ ex-
tent of resection.

The position of the chiasm with respect to the sella is
also of clinical significance since a suprasellar lesion is
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more likely to compress a prefixed chiasm than a
postfixed one [34]. In our study, we did not observe
differences in clinical presentation among the three
groups of optic chiasm location. When we studied the
clinical effect according to intraoperative optic nerve
length values, we observed that optic nerve length was
significantly shorter in patients suffering preoperative
hemianopia (9.8 mm + 2.4).

Two cases of superficial infection were recorded and
were solved with a course of antibiotics. No cerebrospinal
fluid (CSF) leak or opening of the frontal sinus during
surgery occurred in any case in our series, although this
complication has been reported in up to 4% of patients
operated on via the supraorbital craniotomy [30]. This
absence of CSF leakage cases can be attributed to the
use of neuronavigation systems during the preoperative
planning of craniotomy, which helped us to avoid the
frontal sinus during surgery.

Postoperatively, 15 of our patients (71.4%) had im-
provement of visual acuity to a functional level although
some series report improvement of visual function in all
patients. All patients in our series had persistence or in-
crease of preoperative hormonal deficit data comparable
with that reported in the literature [23].

Although we are aware of the small number of patients
included in this series and its retrospective nature, we
consider that according to our data, optic nerve length
can emerge as a valid and easy tool to be used preopera-
tively to predict the extent of resection of large
craniopharyngiomas operated on through the trans-
eyebrow supraorbital approach. However, despite the pre-
dictive value of optic nerve length, the extent of tumor
resection has also been described to depend on the ana-
tomical location of craniopharyngiomas [35, 36], leading
to recommendations on surgical resection. The results ob-
tained from this methodology can only be applied to pa-
tients operated on through the trans-eyebrow supraorbital
approach; however, similar studies could be performed to
validate the optic nerve length’s role in predicting the
extent of resection of large craniopharyngiomas in the
most commonly used surgical approaches.

Conclusion

According to the results observed in our series, classification
of the optic chiasm location as prefixed, normal and postfixed
remains a useful tool to predict the extent of resection of large
craniopharyngiomas in patients operated on via the trans-
eyebrow supraorbital approach. However, direct preoperative
measurement of optic nerve length was more accurate in
predicting the percentage of resection, especially in cases with
normal optic chiasm location.



Acta Neurochir (2017) 159:873-880

879

The derived prediction formula of the percentage of extent of
resection as a function of optic nerve length could be useful in
estimating the extent of resection of large craniopharyngiomas
operated on via the trans-eyebrow supraorbital approach.
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