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Abstract Background There is no consensus exists regarding which reconstructive approach, if
any, should be used after performing transcranial lateral orbital wall resections. Rigid
reconstruction is often done to prevent enophthalmos; however, it is not clear if this is a
risk with extensive orbital wall resections for transcranial surgery.

Objective To assess globe position dynamics in patients that underwent transcranial
lateral and superior orbital wall resections without rigid reconstruction to determine if
enophthalmos is a significant risk.

Methods Preoperative (PO) and postoperative data were retrospectively collected
from the electronic medical records of 55 adult patients undergoing lateral and
superior orbital wall resections as part of a skull base approach. The globe positions
were assessed radiologically at all available time points and used to track relative globe
displacements over time.

Results An evaluation of PO variables identified a relationship between maximum
lesion diameters and globe positions dynamics. The composition of globe position
presentations in the population remained relatively stable over time, with only 1 out of
55 patients (1.81%) developing postoperative enophthalmos. An assessment of mean
globe displacements revealed improvements in the patients presenting with PO
exophthalmos, and stability in the patients presenting with normal PO globe positions.
Conclusions Excellent results in long-term postoperative globe position dynamics
can be achieved without the use of rigid reconstruction after transcranial lateral and
superior orbital wall resections, regardless of the PO globe positioning.
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an array of delicate structures housed within the orbit. As
reviewed by Boulos et al, orbital involvement has been
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Orbital lesions, such as spheno-orbital meningiomas, present
unique surgical challenges because of the relationships with
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related to a clinical presentation that may include vision
loss, optic disc changes, exophthalmos, diplopia, headaches,
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nausea, and vomiting.! Surgical interventions for orbital
lesions stand to dramatically improve the quality of life by
addressing related disruptions in the visual system. Accord-
ingly, it is essential to optimize the surgical approaches that
are implemented. These approaches may be influenced by
several case-specific factors like lesion size, or region of
origin. A transorbital approach is generally favored for orbital
lesions that are restricted to the anterior orbit, while a
transcranial approach is favored for orbital lesions with
significant intracranial involvement.! There are several
routes of access associated with each approach which require
an orbitotomy to address the underlying pathology. None-
theless, there is still no consensus regarding which form of
orbital reconstruction, if any, should be used following
resection of orbital walls.? In the present study, we aimed
to assess long-term globe position dynamics in patients who
underwent transcranial lateral and superior orbital wall
resections without rigid reconstruction to determine if the
development of enophthalmos was a significant risk.

Methods

Patient Population and Data Collection

The patient population consisted of adult patients undergoing
transcranial lateral and superior orbital wall resections
without rigid reconstruction between September 2013 and
December 2017 at Mayo Clinic, Rochester, MN, United States.
The electronic medical records of patients were retrospec
tively reviewed. Data were collected with regard to patient
population factors including patient age at diagnosis, surgery,
sex, lesion classification, and lesion size. Additionally, patient
globe positions were calculated from preoperative (PO) and
postoperative radiological images as described below in the
Globe Position Assessment subsection. Patients who pre-
sented preoperatively with either normal globe positions or
exophthalmos were included in the study. The postoperative
calculations were based on radiological images obtained at the
3-month postoperative follow-up, 12-month postoperative
follow-up, and/or last postoperative follow-up.

Globe Position Assessment

Globe positions were quantitatively assessed using magnetic
resonance images (MRIs), or computed topography (CT) scans
when MRI series were not available. The calculations were
made on axial image series by first measuring the distance
in mm from the most anterior aspect of each globe to an
interzygomatic line that was drawn between the most anterior
aspects of each zygomatic frontal process (=Fig. 1). Landmarks
including the ethmoid sinuses, lateral rectus muscles, medial
rectus muscles, and optic nerves were used to identify the
ideal plane for analysis in each image series. The resulting
values were then used to calculate the relative anterior globe
displacement (Ap) by taking the distance measured on the
transcranial lateral and superior orbital wall resection side and
subtracting the distance measured on the contralateral side. A
similar approach was utilized to calculate the relative posterior
globe displacements (P5) which were based on distances to the
most posterior aspect of each globe. All calculations were
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performed in technical triplicates to identify the mean A,
and P, for each individual case in the series, which could be
used to classify the cases into three groups. Patients with either
an Ay < —2 mm or a Py > 2 mm were classified as having
enophthalmos, patients with either an Ay > 2 mm or a Py <
—2 mm as having exophthalmos, and patients with an —2 mm
< Ap < 2 mmand a -2 mm < Py < 2 mm as having normal
globe positioning. These criteria were used to partition
patients into groups based on PO presentations of either
normal globe displacement (normal PO) or exophthalmos
(exophthalmos PO) and to evaluate the subsequent postopera-
tive presentations.

Statistical Analyses

All statistical analyses were performed using JMP software
(SAS Institute Inc., Cary, NC, United States). Descriptive statis-
tics were used when appropriate to assess factors including
measures of frequency (i.e., number of males and number of
females), or measures of central tendency and variation
(i.e., mean patient age at diagnosis + standard error of the
mean). Pearson’s correlation coefficient was used to examine
linear relationships of variables. Paired t-tests were used to
examine relationships between the A, mean and the P, mean
of all patients at each time point. Two-sample t-tests were used
to examine relationships between the A, mean or the P, mean
of the normal PO and exophthalmos PO groups at each time
point, using two tails and assuming unequal variances. Multi-
ple comparisons were accounted for by applying Bonferroni’s
corrections to an a level of 0.05.

Surgical Approach

All neurological surgeries were performed by the service of
the senior author (J.J.V.G.). Zygomatic sparing tailored pter-
ional craniotomies were performed with resection of the
lateral and superior orbital walls as well as the anterior
clinoid with decompression of the optic canal. In all cases,
Dolenc’s dural openings or dural resection was performed,
reconstruction was done in the same way in all patients,
an inlay of DuraGen (Integra LifeSciences, Plainsboro, NJ,
United States) was done to cover the dural opening to
several mm past the dural opening. The substitute inlay
was placed over the optic nerve and care was taken not to
pack the decompressed optic nerve. The dura was then
approximated, however, due to the opening and dural resec-
tions, this was never water tight. Then a second piece of
DuraGen was placed extradurally over the dural opening, this
could all typically be accomplished with one 3 x 3 cm implant.
The bone flap was replaced, and the wound was closed, how-
ever, interfacial sutures were placed between the galea and
bone to prevent a painful pseudomeningocele. The head was
always wrapped after the procedure and was kept wrapped for
at least a day, and if the patient tolerated it out to 2 days.

Results

The patient population consisted of 55 cases including males
(n = 22) and females (n = 33). In 42 of the cases, the orbital
wall resections were meningioma-associated, while a variety
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A Normal globe position
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Fig. 1 Representative radiological assessments of globe position. (A) The relative anterior globe displacement (A,) was calculated on a
preoperative T2-weighted MRI by taking the right anterior globe displacement (Ag) measured on the orbitotomy side (+orbitotomy) and

subtracting the left anterior globe displacement (A|) measured on the contralateral side (—orbitotomy). The calculated value for A5 of 0.5 mm is
representative of a normal globe position (—2 mm < Ax < 2 mm). (B) The relative posterior globe displacement (P,) was calculated on a
preoperative T2-weighted MRI by taking the right globe displacement (Pg) measured on the orbitotomy side (+orbitotomy) and subtracting the
left globe displacement (P,) measured on the contralateral side (—orbitotomy). The calculated value for P, of —0.5 mm is representative of a
normal globe position (—2 mm < P, < 2 mm). (C) The relative anterior globe displacement (A,) was calculated on a preoperative T2-weighted
MRI by taking the left anterior globe displacement (A;) measured on the orbitotomy side (+orbitotomy) and subtracting the right anterior globe
displacement (Ag) measured on the contralateral side (—orbitotomy). The calculated value for A5 of 4.4 mm is representative of exophthalmos
(Ap > 2 mm). (D) The relative posterior globe displacement (P,) was calculated on a preoperative T2-weighted MRI by taking the left globe
displacement (P) measured on the orbitotomy side (+orbitotomy) and subtracting the right globe displacement (Pg) measured on the
contralateral side (—orbitotomy). The calculated value for P, of —4.6 mm is representative of exophthalmos (P, < —2 mm). MRI, magnetic

resonance imaging.

of lesions were involved with the other 13 cases (=Table 1).
The mean maximum lesion diameter in this patient series
was 37.1 mm + 2.3. There was a positive correlation
between the maximum lesion diameter and the degree of
PO relative anterior globe displacement (Aa; [r(54): 0.4054;
p = 0.0035; CI: 0.1432-0.6144]). Similar correlations invol-
ving the A, were observed across the 3-month follow-up
(3M), 12-month follow-up (12M), and last follow-up (LFU)
postoperative time points (3M: r{51]: 0.3486,p = 0.0131,Cl:
0.0715-0.5750; 12M r{38]: 0.5585, p = 0.0002, CI: 0.2817-
0.7495; LFU: r[24]: 0.5797, p = 0.0024, CI: 0.2093-0.8047).
There was a negative correlation between the maximum
lesion diameter and the degree of PO relative posterior globe
displacement (P,; [r(54): —0.4266, p = 0.0020, CI: —0.6301
to —0.1682]). Similar correlations involving the P, were
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observed across the 3-month follow-up (3M), 12-month
follow-up (12M), and last follow-up (LFU) postoperative
time points (3M: r[51]: —0.4120, p = 0.0030, CI: —0.6232
to —0.1448; 12M r[38]: —0.5779, p = 0.0001, CI: —0.7618 to
—0.3079; LFU: r[24]: —0.6438, p = 0.0005, CI: —0.8380 to
—0.3050). Additionally, the maximum lesion diameters were
depicted in the context of primary lesion locations and globe
position statuses for each individual case (~Supplementary
Tables S1 and S2; available online only).

Subsequently, the compositions of globe position presen-
tations in the patient population were quantitatively eval-
uated over time (=Figs. 1 and 2). Among the 42 patients
presenting with a meningioma, normal PO globe displace-
ment was observed in 31 of the cases and exophthalmos
PO globe displacement was observed in 11 of the cases.
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Table 1 Indications for lateral and superior orbital wall
resections

Lesion type Number of cases

Adenoid cystic carcinoma (grade Il) 1

Aneursym; basilar caput

1
Eperimoid cyst 1
1

Fibrous dysplasia;
McCune-Albright syndrome

—_

IgG4-related disease

N
N

Meningioma

o

Meningothelial (grade 1)

Secretory (grade 1)

Transitional (grade 1)

Unspecified (grade 1)

Atypical (grade II)

Unspecified (grade Il)

Neurosarcoidosis

Pituitary adenoma

Corticotroph
Null cell

Pleurihormonal

Sarcoma

Chondrosarcoma (grade 1)

Chondrosarcoma (grade I1)

Al s lw=m]=mINA] =, RN N =

Ewing’s sarcoma (metastatic)

Abbreviation: 1G, immunoglobulin.

Note: A complete list of lesions in the patient population that were
associated with lateral and superior orbital wall resections. When
available, the World Health Organization (WHO) classification of lesion
grade was included.

Among the 13 patients presenting with other lesions, normal
PO globe displacement was observed in 11 of the cases and
exophthalmos PO globe displacement was observed in two of
the cases. The patient presenting with a basilar caput aneur-
ysm accounted for the single instance of postoperative
enophthalmos that developed. The globe position dynamics
were then further assessed by evaluating the Ay means and
the P, means of all patients over time (=Fig. 3A). Significant
differences were initially observed between the A, and P, at
the PO (t[54]: —2.800, p = 0.0071), 3M (t[51]: —4.770,
p < 0.0001), and 12M (t[38]: —3.426, p = 0.0015) time
points; however, no significant differences were observed
at the LFU (t[24]: —1.307, p = 0.2036) time point.

The PO radiological measurements of globe positions
were then used to partition the patient series into either
the “Normal PO” or the “Exophthalmos PO” groups, as
defined in the Methods Globe Position Assessment subsec-
tion. The Ay means of the normal PO and exophthalmos PO
groups were then assessed over time (=Fig. 3B). Significant
differences were initially observed between the normal PO
and exophthalmos PO groups at the PO (t{13.51]: 4.710,
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p = 0.0004) and 3M (t[12.82]: 3.583, p = 0.0034) time
points; however, no significant differences were observed
by the 12M (t{10.53]: 1.664, p = 0.1256) or LFU (t[6.574]:
0.9649, p = 0.3687) time points. Additionally, the P, means
of the normal PO and exophthalmos PO groups were assessed
over time (=Fig. 3C). Significant differences were initially
observed between the P, of the normal PO and exophthal-
mos PO groups at the PO (¢[12.96]: —4.085, p = 0.0013) and
3M (t{12.65]: —3.327, p = 0.0056) time points; however, no
significant differences were observed by the 12M ([10.61]:
—1.563, p = 0.1475) or LFU (t[6.505]: —0.9763, p = 0.3638)
time points.

Discussion

Developing standardized surgical approaches to orbital wall
resections is imperative to ensure optimal postoperative
outcomes for patients, including those outcomes related to
visual system function and cosmetic satisfaction. An array of
materials have been utilized for structural reconstruction of
orbital defects; however, there is still controversy regarding
which yield ideal long-term results, whether there is an
increased risk of complications, such as infection or post-
operative exophthalmos with rigid reconstruction, and if
rigid reconstruction is a necessity.3'4 In recent years, several
studies have specifically focused on assessing postoperative
outcomes of meningioma-associated transcranial lateral
orbital wall resections that were completed with or without
rigid reconstruction.>*~"! Both surgical approaches have
been associated with a host of postoperative neurological
and ophthalmological improvements. One improvement
that has been consistently observed in the majority of
patients is postoperative improvements in exophthalmos,
otherwise known as proptosis. Notably, these improvements
were documented in patient populations where significant
exophthalmos presented preoperatively in most, if not all, of
the cases. To our knowledge, no studies have focused on long-
term postoperative outcomes in a patient population that
predominately presented with normal PO globe positions, or
assessed how the outcomes may differ from a population
subset with PO exophthalmos.

In the present study, none of the patients that presented
with a meningioma developed enophthalmos following the
surgical intervention. Similar outcomes have been pre-
viously documented in studies where patients presented
with PO exophthalmos; however, little is known about the
expected outcomes in patients preoperatively presenting
with normal globe positions.>>%8-10 The results of this
study suggested that there is not a significant risk for the
development of postoperative enophthalmos in patients
undergoing meningioma-associated transcranial lateral
and superior orbital wall resections without rigid recon-
struction, regardless of PO globe position status. Similarly,
enophthalmos did not develop postoperatively in most
patients that presented with nonmeningioma lesions. How-
ever, in one case that involved a basilar caput aneurysm, the
development of postoperative enophthalmos was observed.
There was no direct involvement of the orbit by this lesion;
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Fig.2 Composition of globe position presentations in the patient population over time. (A) The percent of patients in the population presenting
with either normal global positions, exophthalmos, or enophthalmos. The compositions were assessed by analyzing preoperative (PO), 3-month
postoperative follow-up (3M), 12-month postoperative follow-up (12M), and last postoperative follow-up (LFU) radiological images. (B) The
number of patients in the population presenting with either normal global positions, exophthalmos, or enophthalmos. The compositions were
assessed by analyzing preoperative (PO), 3-month postoperative follow-up (3M), 12-month postoperative follow-up (12M), and last post-

operative follow-up (LFU) radiological images.

the orbital wall resections were indicated to access and clip
the aneurysm. The pathology of this lesion is markedly
different from that of the other lesions in this case series,
and thus it is quite possible that unique reconstructive
approaches to the orbital wall may need to be utilized in
such instances. Nonetheless, we are reticent to draw con-
clusions based on this isolated case given that favorable
postoperative globe position outcomes were achieved in
most patients with nonmeningioma lesions. Future studies
are undoubtedly warranted to clarify the optimal recon-
structive approaches that should be employed when orbital
wall resections are indicated for access to aneurysms, and to
elucidate the potential roles that lesion locations may have
influencing surgical outcomes.

In addition to considering the qualitative composition of
globe position presentations in this patient population, we
also quantified the dynamics of these presentations. When
the population was considered as a whole, the mean post-
operative relative anterior globe displacement (A,) and
mean postoperative relative posterior globe displacement
(Pa) remained relatively stable over the entire postopera-
tive time course. However, disparate trends were noted
when these dynamics were considered in the context of PO
globe position presentations. Within the group that pre-
sented with PO exophthalmos, the mean relative globe
displacements exhibited a postoperative shift toward nor-
mal positioning. To that end, by the last follow-up, the
mean globe positions in this group no longer met criteria
for exophthalmos and were statistically indistinct from the
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group that presented with normal PO globe positions.
Similar shifts toward normal globe positions have been
observed in previous studies, and are typically deemed
favorable for both visual system function and cosmetic
satisfaction. Correlations of maximum lesion diameter
with either A, or P, however, implied that increased lesion
size may portend a long-term risk for residual postopera-
tive exophthalmos. In contrast, no such posterior shifts
were observed in the mean A, and P, of the group with
normal PO globe positions; the mean postoperative values
of this group remained normal throughout the entire time
course.

Taken together, these data revealed that posterior post-
operative shifts in the relative globe displacements after
transcranial lateral and superior orbital wall resections with-
out rigid reconstruction may be limited to patients present-
ing with PO exophthalmos. This finding has important
implications for the safety of utilizing this surgical approach
in patients that present with normal PO globe positions. If a
similar shift had been observed in this group, it would have
resulted in the unfavorable postoperative presentation of
enophthalmos, and thus warranted an investigation into
alternative approaches to orbital reconstruction. Although
additional research is needed to establish a link between our
findings related to globe positions dynamics and satisfactory
postoperative improvements in visual function, we believe
that nonrigid reconstruction can be safely utilized in a
variety of scenarios. Indeed, the results of this study ulti-
mately indicated that excellent results in long-term
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Fig. 3 Globe position dynamics in the patient population over time. (A) The mean relative anterior (As) and posterior (P,) globe displacements
of all patients are represented over time. The means were calculated by analyzing preoperative (PO), 3-month postoperative follow-up (3M), 12-
month postoperative follow-up (12M), and last postoperative follow-up (LFU) radiological images. All means are depicted with the associated
standard error of the mean. Statistically significant differences between the A, and P, means at any given pre-/postoperative time are indicated
with an asterisk (*; paired t-test, Bonferroni’s corrected p < 0.05). (B) The mean relative anterior globe displacements (A,) of patients that
preoperatively presented with either normal globe positions (Normal PO) or exophthalmos (Exo PO) are represented over time. The means were
calculated by analyzing preoperative (PO), 3-month postoperative follow-up (3M), 12-month postoperative follow-up (12M), and last
postoperative follow-up (LFU) radiological images. All means are depicted with the associated standard error of the mean. Statistically significant
differences between the Ay PO Normal and A, PO Exo means at any given pre-/postoperative time are indicated with an asterisk (*; two-sample t-
test, Bonferroni’s corrected p < 0.05). (C) The mean relative posterior globe displacements (P,) of patients that preoperatively presented with
either normal globe positions (Normal PO) or exophthalmos (Exo PO) are represented over time. The means were calculated by analyzing
preoperative (PO), 3-month postoperative follow-up (3M), 12-month postoperative follow-up (12M), and last postoperative follow-up (LFU)
radiological images. All means are depicted with the associated standard error of the mean. Statistically significant differences between the P,
PO Normal and P, PO Exo means at any given pre-/postoperative time are indicated with an asterisk (*; two-sample t-test, Bonferroni’s corrected
p < 0.05).
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postoperative globe position dynamics can be achieved
without the use of rigid reconstruction during transcranial
lateral and superior orbital wall resections, regardless of the
PO globe positioning.

Conclusion

There is still no consensus about what approaches to
reconstruction should be utilized after accessing lesions
that have involved the orbit. We described a case series of
55 patients that underwent transcranial lateral and super-
ior orbital wall resections without rigid reconstruction.
We concluded that excellent results in long-term post-
operative globe position dynamics can be achieved with-
out the use of rigid reconstruction during transcranial
lateral and superior orbital wall resections, regardless of
the PO globe positioning.
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