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Zusammenfassung

Einleitung
Die transnasale endoskopische Dekompression des Nervus opticus ist ein

Operationsverfahren, mit dem der komprimierte Nerv entlastet und weitere Schiaden durch
Verletzungen verhindert werden konnen. Die Hauptursachen fiir eine Kompression sind
Unfille, die zu Schédelfrakturen fiihren und expansive Eingriffe, wie zum Beispiel Tumore.
Neben der konservativen Therapie, der Gabe von Steroiden und intrakraniellen Zugingen
ist die endoskopische Dekompression eine etablierte Methode. In der internationalen
Literatur divergieren die Meinungen stark, welche Parameter das postoperative
Sehvermodgen der Patientinnen und Patienten beeinflussen. Ziel dieser Studie war es,
mehrere Parameter zu analysieren und Schlussfolgerungen zu ziehen, die helfen kdnnen, die

Behandlungsmdglichkeiten fiir zukiinftige Félle zu verbessern und anzupassen.

Material und Methoden

In dieser Studie wurden Daten von Patientinnen und Patienten an der Abteilung fiir Hals-
Nasen- und Ohrenheilkunde der Medizinischen Universitit Graz gesammelt, die zwischen
dem 1.6.2001 und dem 18.11.2018 einer Optikusdekompression unterzogen wurden.
Insgesamt erfiillten 62 Personen die Einschlusskriterien und an 32 Fillen wurde eine
endoskopische Dekompression durchgefiihrt. Diese wurden fiir die Hauptanalyse
beriicksichtigt. Nach retrospektiver Erhebung der Daten folgte die statistische Analyse, um

die Parameter zu vergleichen, die eine Sehverbesserung nach der Operation begiinstigen.

Ergebnisse

Die Verwendung von Steroiden zeigte keinen Vorteil am visuellen Ergebnis. Im Gegenteil,
von den Fillen ohne Steroidbehandlung verbesserten mehr (66,67%) thr Sehvermdgen als
in der Gruppe mit Steroidbehandlung (31,25%) (p=0,049).

Die Personen, bei denen in der radiologischen Bildgebung vor der Operation eine Verletzung
des Sehnervs nachgewiesen werden konnte, hatten eine hohere Heilungsrate (66,67%) im

Vergleich zu der Gruppe mit einem unversehrten Sehnerv (28,57% verbessert) (p=0,033).

Schlussfolgerungen
In Anbetracht der Erfolgsrate der Visusrehabilitation (50%) nach endoskopischer Operation
wiére die Erstellung einer Standardleitlinie fiir Sehnervenkompressionen ein wichtiges

zukiinftiges Ziel zur Verbesserung der Erfolgsrate. Schlussfolgend aus den Ergebnissen
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konnte der radiologische Befund als Indikator fiir eine Operation dazu beitragen, nicht
vorteilhafte Operationen zu vermeiden. Auch die Verwendung von Steroiden sollte
sorgfiltiger erwogen und mit weiteren Studien zur Analyse ihrer Durchfiihrbarkeit
untersucht werden.

Uberraschenderweise wurde keine starke Korrelation hinsichtlich des Zeitpunkts der
Operation beobachtet. Da unsere Studiengruppe klein war und von mehreren Autoren ein
chirurgischer Eingriff innerhalb eines kurzen Zeitfensters empfohlen wird, sollte die

allgemeine Empfehlung fiir eine sofortige Operation giiltig bleiben.
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Abstract

Introduction

The transnasal endoscopic decompression of the optic nerve is a surgical method which can
decrease pressure on the nerve and prevent further damage after injury. The main causes for
a compression are accidents which lead to skull fractures and expansive procedures such as
tumors.

Besides conservative therapy such as steroids and intracranial approaches, endoscopic
decompression is a well-established method. In the international literature opinions on which
parameters influence the visual outcome of the patients differ a lot. The objective of this
study was to analyze several parameters and draw conclusions which may help to improve

and adapt treatment options for future cases.

Material and methods

In this study, data from patients at the Department of Otorhinolaryngology at the Medical
University of Graz were collected who underwent an optic nerve decompression between 1
June 2001 and 18 November 2018. In total, 62 patients fulfilled the inclusion criteria and 32
underwent an endoscopic decompression. They were considered for the main analysis.
Retrospectively collected data were statistically analyzed to compare parameters that favor

visual improvement after surgery.

Results

The use of steroids did not show a benefit in visual outcome. On the contrary, in the group
of patients with no steroid treatment more patients (66.67%) improved in vision as in the
group with steroid treatment (31.25%) (p=0.049).

Patients with an injury of the nerve proven in radiological imaging before surgery had a
higher recovery rate (66.67%) in comparison to the group with a normal optic nerve (28.57%

improved) in their scans (p=0.033).

Conclusion

Considering the success rate of vision recovery (50%) after endoscopic decompression
surgery, the establishment of a standard guideline for optic nerve compressions would be an
important future target to improve the success rate. As a conclusion, the radiological findings

as indicator for surgery might help to avoid non-beneficial surgeries. Moreover, the use of
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steroids should be considered more carefully and investigated with further studies analyzing
their feasibility.

Surprisingly, no strong correlation was observed regarding the timing of surgery. Since our
study group was small and immediate surgery in a short time frame is recommended by

several authors, the general recommendation for immediate surgery should remain valid.
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1 Introduction

The transnasal endoscopic decompression of the optic nerve is the gold standard method for
decompression of the optic nerve due to damages of trauma, tumors or inflammations. The
results after the operation are not always clear, as many different factors influence the visual
outcome of the patients. The aim of this study is to analyze the impact of these factors and
to determine under which preconditions the best result can be achieved. The indication and
success rates of the ENT Department of the Medical University of Graz are used to create a

treatment algorithm with the best results with patient data from 2000 to 2018.

1.1 The paranasal sinuses

1.1.1 Anatomy and development of the paranasal sinuses
The paranasal sinuses are pneumatized appendices in the human skull and are created

differently during fetal development. The maxillary sinus and the frontal sinus have a
common drainage. They develop from the ethmoid infundibulum or also from an ethmoid
cell or a frontal recess. Only the sphenoid sinus develops independently from an expansion
of the nasal mucosa. This takes place at the end of the third month. The development of the
sinuses starts within the cartilaginous structures which is called the primary pneumatization.

Later, the secondary pneumatization of the bone follows which replaces the cartilage. (1)

An adult usually has four pairs of paranasal sinuses. The ethmoid cells and the maxillary
sinus exist since birth, but the frontal sinus and the sphenoid sinus develop later and they

also show a higher variability in form and size. (1)

1.1.2 Function and physiology of the paranasal sinuses
Because of the paranasal sinuses the skull becomes much lighter due to the air-filled spaces.

They also act like a resonance body, so they have an influence on the voice. An important,
if not vital function is also the protection of nerves and vessels. Like an airbag, external force
can be buffered in the same way as in a punch or accident. Also they are important for the

regulation of temperature. (5)

The paranasal sinuses are lined by a similar epithelium as the nose has, called the Pars
respiratoria, but smaller in height. Histologically there are also not so many goblet cells and

the epithelial cells carry cilia (ciliated epithelium). With their movement, secretions and
1




foreign bodies can be transported out of the cavities. The mucus transport (mucociliary
clearance) is genetically targeted towards the natural ostia / outflow tracts of the respective

sinuses. (5)

1.1.3 The sphenoid sinus

The sphenoid sinus is located posterior to the other paranasal sinuses, above the nasopharynx
and in front of the sella turcica. In most cases the ostium of the sinus can be found medial to
the upper concha, in some cases lateral to it. (6)

Usually separated through a septum (or several), it develops between the age of 6 and 7 years
a pneumatization which also includes the corpus of the sphenoid bone. (1)

The sphenoid sinus develops as a posterior expansion in the area of the sphenoethmoidal
recess. (7)

Varying in size and shape the volume can reach between 0,3 and 11cm?®. Through the
sphenoethmoid recess, it is connected with the upper nasal meatus (demonstrated in figure
1). (1)

The roof of the sphenoid sinus is formed by the sella turcica. The sphenoidal conchae form
a part of the anterior wall of the sinus. Its bony walls separate the sinus from the brain
(above), the pharynx (below) and the nasal cavity (in front). (7)

Boundaries of the sinus are the septum medially (with variations), the lateral wall of the
sphenoid bone (lateral border) with the carotid canal and the internal carotid artery. The
dorsal border is formed by the clivus (a part of the sphenoid bone), the upper wall by the
sella turcica and the bone of the anterior cranial fossa. Special attention during surgery
should be paid to the optic chiasm which is located above the sinus. The floor is the thickest
bone of the borders. Through the natural ostium the sphenoidal sinus is connected to the

sphenoethmoidal recess and to the upper/common nasal meatus. (5,7)
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Figure 1:The nasal cavity and the sphenoid sinus (1)

1.2 The optic nerve
The optic nerve is not a real cranial nerve, more a continuation of the brain which connects

the retina with the lateral geniculate nucleus. It consists of more than one million axons of
retinal ganglion cells. The central retinal artery and vein pass through the nerve to the bulb
of the eye. The following parts can be described: intrabulbar (approx. 1mm), intraorbital (24-
30mm), canalicular (8-10mm) and intracranial (approx. 15mm). The nerve can be
compressed especially in the canalicular section (because of bony confinement) and the
nerve cannot evade due to its attachment to the dura mater. In reverse, the intracranial part
is protected by the surrounding bone and the intraorbital part by soft tissue. In its canalicular
part, the nerve is accompanied by the ophthalmic artery (Figure 2) and parts of the
sympathetic nerve system. During surgery, special attention must be paid to this artery
because of its immediate proximity to the nerve. Both structures can pass through the sinus

without coverage if the pneumatization is well-developed. (5,7-9)

The intraorbital part is usually not straight, the nerve runs curved. The intrabulbar/intraocular
part is composed of non-myelin sized nerve fibers, so its circumference is smaller than in

the other parts and the fibers are transparent. This part is also called the optic disc, which




forms a hole in the retinal pigment epithelium and the choroid. (7,9)

Blood supply is varying between the parts, the posterior ciliary arteries with their
anastomoses, the pial and choroid plexus are covering the intraocular part followed by
branches of the cranial arteries for the intracranial and canalicular part. (7)

The optic channel is not completely covering the nerve in 4% of patients. The normal length
is about 10mm and the width 4-5mm. (10)

In coronary CT scans, the normally circular shape of the channel can be compared with the
opposite side after a trauma. (9)

If the sphenoid sinus is sufficiently pneumatized a “bulge” of the nerve’s bony channel can
be seen. Between the optic nerve bulge and the carotid bulge lies the so-called optico-carotid
recess. (11) According to several anatomical studies, this recess is an important marker for
surgical procedures in the area of the sphenoid sinus. It also helps to identify the internal
carotid artery and the optic nerve. Special attention should be paid to anatomical variations.

(11-15)
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1.2.1 The nerve sheaths
The nerve sheaths of the optic nerve originate from the meninges of the brain. A distinction

is made between an external (equivalent to the thick membrane of the brain) and an internal
sheath (equivalent to the soft membrane and arachnoid membrane). There is an intervaginal
space between those membranes. (7)

While slitting the nerve sheaths, the subarachnoid space located under the internal layer can
be opened. It has a connection to the liquor space. This can lead to a CSF leak, which could
be avoided by incising only the external layer. Connective tissue makes it difficult to separate

the membranes. (9,16)

1.2.2 The anulus of Zinn

The anulus of Zinn or common tendinous ring is the origin of the extraocular muscles at the
end of the optic nerve canal. The muscles form a cone surrounding the optic nerve with

accompanying vessels and nerves (Figure 3):

Muscles:

- Superior rectus muscle
- Inferior rectus muscle
- Medial rectus muscle

- Lateral rectus muscle

- Superior oblique muscle

Only the inferior oblique muscle originates from the floor of the orbit.

Nerves:

- Optic nerve (1)

- Oculomotor nerve (III)
- Abducent nerve (VI)

- Nasociliary nerve (Vla)

Vessel:
- Ophthalmic artery
(5,7)




This area is also the fusion point of the pia mater (soft membrane of the brain) and arachnoid
mater (thick membrane of the brain), where the nerve can get compressed easily. Usually,

the anulus gets incised too during an optic nerve decompression. (16)

Levator palpebrae o 2 2
superioris Jorbitalis muscle (of superior orbital fissure)

. frontal bone
Py

Rectus superior

Obliquus superior > ___(superior orbital fissure)

optic nerve ‘ 4
 ~~lacertus fibrosus of Rectus lateralis

~-- greafer wing of sphenoid bone

Rectus medialis

sheath of optic nerve + Lo
common fendinous ring

periorbita”

Rectus inferior ' _
infraorbital nerve

Figure 3:Scheme of the orbit, showing the common tendinous ring (3)

1.2.3 Optic nerve injuries

1.2.3.1 Traumatic injuries
A traumatic optic neuropathy (TON) is the result of direct or indirect trauma, usually an

unrecoverable condition. A differentiation is also made between primary (immediately after
injury, e.g. concussion, avulsion, contusion, transection, etc.) and secondary (after surgery,
e.g. edema, ischemia, etc.) trauma which caused the injury. latrogenic damages can be
caused by medical interventions (e.g. surgery). TON is very common with a young age and
affects around 5 of 100.000 people. Pathophysiological, the retinal ganglion cells, which are
important for the neurological transmission from the retina to the brain, may die due to
insufficient blood supply. It can happen with up to 3% of all traumatic brain injuries (TBI)
and mid-face fractures. A closed skull trauma may lead to TON in 0.5-5% cases. Two of
three head traumas go along with an optic nerve injury. The cause of an injury can be any
object from an accident (bullets, iron bars, etc.), bone fragments or a surgery close to the
optic nerve which can affect it directly. Direct traumas have a lower rate of recovery. Most
of the time, the intracanalicular and the intraorbital part may get injured, due to the tight
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fixation to the surrounding tissue (periosteum, dura mater).Other reasons leading to indirect
trauma are general accidents (traffic or domestic accidents, external force, etc.). If the optic
canal gets injured and the nerve sheath hemorrhaged, the nerve is no longer adequately
supplied with blood. Approximately one third of the patients with TON have fractures of
this canal. Blindness is often the result. Very typical are bicycle accidents with an injury of
the frontal or temporal area where the nerve gets disjointed or avulsed. Also, multiple

face/skull base fractures can affect the optic canal. (8,9,17-22)

1.2.3.2 Orbital fractures

Orbital fractures (happen with 3% of facial fractures) can lead to a damage of the optic nerve
when it gets compressed or bruised by edema or injuries of the bone. Therapeutic approaches
are steroids or a surgical decompression. Hemorrhage, transection and stretching of the nerve
can lead to blindness or progressive visual loss. Initial stabilization and treating damaged
contents of the orbit are also important (e.g. sclera, retina, lens). (23)

Those complex fractures can be classified by the damaged part of the orbit (walls, floor and
roof), mostly by the surgeons. It depends on the clinical setting and profile of the risk whether
a surgery has to be performed. There are different surgical approaches, e.g. endoscopic

surgery is especially used for medial wall fractures. (24)

1.2.3.3 Chronic injuries
A slow deterioration of vision is typical for a compression of the optic nerve. Fast vision

loss is more common with an optic neuritis or an anterior ischemic optic neuropathy (AION).
An injury in the orbital part of the nerve can lead to swelling, exophthalmos, retinal
detachment, papilledema, etc. Causes can be a tumor, Grave s Disease (typical is an
asymmetric progressive loss of vision), sarcoidosis, tuberculosis, fungal infections,
mucoceles, fibrous dysplasia, aneurysm, pseudotumor and other expansive processes.

Chronic compression of the nerve leads to a venous congestion - the blood supply to the

nerve and retina through the capillaries decreases and may cause blindness. (19,25-27)

An injury to the optic nerve can lead to complete ablation or necrosis. This can result in
permanent blindness. Rehabilitation depends on the severity of the injury.(8)
Orbital hematoma which are a frequent condition can cause an orbital department syndrome

(OCS). Local injections and trauma are the main reasons, but also infections can raise the




orbital pressure. Lateral canthotomy is the first treatment option but if this is not sufficient,
an optic nerve decompression might also be necessary. Applying acetazolamide and

elevating the head can be a try for a conservative approach. (8,19,28,29)

1.2.3.4 Tumor compression
The most frequent tumors compressing the optic nerve are gliomas,: there are anterior

(affecting the nerve) and posterior optic nerve tumors (affecting the chiasm). Usually, the
posterior tumors cause more symptoms. Prognosis is better for young people than for older
patients. In general, there is a high variability in tumors and there is a frequent association
with neurofibromatosis type 1. Most of the time, children or adolescents are affected. Typical
symptoms are a progressive loss of vision and depending on the localization, a unilateral
anopsia or e.g. a bitemporal hemianopsia (chiasm is affected). If the hypothalamus or the
suprasellar region above are involved, behavioral changes and endocrine manifestations are
possible and the ICP can rise. The nature of these tumors varies from slowly growing and
high aggressive. In general, the prognosis is good if the tumor is not extending to other
structures of the brain. (30)

Meningiomas can also affect the visual structures and are related to the dura. They are more
frequent with women and can also originate from the optic nerve sheath. Other origins are
the optic foramen, the planum sphenoidale or the tuberculum sellae. They may also affect
the hypothalamic function and extent to the cavernous sinus. Prognosis is worse than for
optic nerve gliomas. (30)

Other tumors affecting the optic nerve are craniopharyngiomas which develop from
remnants of Rathke’s Pouch. Typical of the tumor, besides a vision loss, are growth
disturbance with children and endocrine disturbance (amenorrhea, galactorrhea,
hypopituitarism) with women and men. Frequently those tumors have calcifications which
can be detected by means of CT scans or even X-rays. (30)

The optic nerve can also develop tumors, the most frequent one is the optic nerve glioma.
Those mostly benign tumors are also associated with NF 1 and cause symptoms like visual
deterioration, changes of the optic nerve head (swollen, pale), vascular pathologies,
strabismus or they are asymptomatic. Usually, the tumor is slowly growing and not
intracranially expanding. Opinions diverge, whether they should be excised or observed
because the risks of these tumors are still unclear. (31)

Malignant optic nerve gliomas are more likely in adulthood. Depending on the location of

the tumor, proximal tumors can cause a bilateral visual loss and distal tumors typically affect




only one side. Unlike benign tumors, the treatment options are not highly effective. Other
tumors of the optic nerve are gangliogliomas, medulloepitheliomas and hemangioblastomas.
There are primary nerve sheath tumors from the arachnoid and secondary tumors which are
of intracranial origin.

Symptoms of the primary tumors vary depending on the location of their origin. They may
cause a vessel obstruction, can grow intracranially and surround the optic nerve. Optic
neuropathy, vision loss, proptosis and strabismus are possible signs in patients. Typical
radiological findings are calcifications, an expanded nerve and hypodense tissue encircled
by a hyperdense structure. Due to the difficult location and connection to the optic nerve,
radiation therapy is more often recommended than surgery. Craniotomies can be performed
for primary and secondary optic nerve sheath meningiomas to remove intracranial

components. (31)

1.2.4 Diagnostics

After an injury, a detailed examination by an ophthalmologist should be carried out. A
problem with these patients is the survey of medical history and the visual examination
which is limited by comatose conditions, analgesics, injuries in the surroundings of the eye
or injuries of the pupil (due to lesions of the 3™ cranial nerve). The reason is very often a
serious accident. (8,16,18)

Diagnosis includes measurement of the visual acuity, pupillary light reaction, fundoscopy
and perimetry. The capacity of vision should be frequently determined to see changes during
the hospital stay. Usually, the central visual acuity is decreased when there is an
inflammation or compression of the optic nerve. This is an important parameter for the
diagnosis, as well as the missing pupillary reaction. In the unconscious patient, the presence
of the afferent pupillary reaction is a sign that there is remaining visual function. RAPD is a
sign for an injury. If both eyes are affected, the sign may not be there. The swinging-flash-
light-test is a sensitive test for evaluation, the promptness of the pupillary reaction is a
measurement for the extent of the damage. The examination of the visual field helps to
localize the injury to a region along the optic tract (e.g. optic chiasm) which can be performed
with perimetry or by a confrontation test for a less precise assessment. Typical of a tumor
are bitemporal or homonymous hemianopia by compressing the optic nerve or chiasm.

In addition, imaging of the skull (CT, MR) should be performed. Slices of the axial plane
are obligatory (Figure 3 is showing an axial MRI of the eyes). A coronal scan can detect

injuries of the anterior skull base. (8,9,16,18,27)




Preoperative CT scans may also help to identify the exact location of the optic nerve, defects
of the bone and the relationship to the sphenoid and ethmoid sinus to avoid injuries of the
optic nerve. (12) Further, the detection of anatomical landmarks, such as the optico-carotid

recess can be useful for surgery. (11)

A CT scan is favored to detect optic canal fractures, which is important to plan surgery.

Other advantages of CT scans are: they can be used with foreign bodies (ferromagnetism is
a contraindication for MRI), they are fast and they show lesions interior and exterior to the
orbit. CT scans are considered as the best option to detect orbital fractures, the radiologist
should examine the anterior and posterior chamber of the orbit and the position of the lens.

The orbital veins and nerves should also be evaluated. (32,33)

Fundoscopy can help to assess the injury of the nerve. If an atrophy is detected, there is no
indication for surgery. To examine the optic disc, direct or indirect ophthalmoscopy is
performed. Normally, it is sharply limited, with a rosy color (because of capillaries) and with
a central excavation (Figure 4 shows a healthy optic disc). Four to six weeks after a trauma
an atrophic optic nerve leads to a pale optic disc. If a tumor is the cause, the damage is less
visible in fundoscopy despite a severe vision deterioration. The compression inhibits the
conduction of axons but does not destroy them quickly. The measurement of color vision
can also show a decrease when the optic nerve is affected. To evaluate this, both eyes or the
visual fields get assessed in their perception of an object of intensive color. Another, more
precise option is the Farnsworth-test. It is also important to measure the intraocular pressure
of the eye to detect edemas or hemorrhages which come with high pressure and an open

globe (low pressure). (8,9,16)

Visual evoked potentials (VEP) belong to advanced diagnostics. They allow to read reactions
of the visual tract by recording an EEG from the occipital lobe and are therefore an objective
measurement for visual acuity. They are useful especially in unconscious patients.
Reductions of more than 66% of VEP favors the indication of surgery. In general, patients
with a TON due to a trauma have multiple injuries and need to be examined by an
interdisciplinary (trauma) team. With a carotid sinus fistula or an aneurysm of the intern
carotid artery, angiography must be performed. Ultrasound can help to determine a

hematoma of the orbit or the optic nerve sheath. (8,9,16,18)
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Figure 4: Fundoscopy showing a normal optic disc (4)

1.3 Surgery

The transnasal approach for optic nerve decompressions is considered “gold-standard” and
has been the preferred method at the ENT University Hospital of Graz since 1991.
Benefits include reduced mortality, faster recovery of patients and the minimal invasive

approach (which results in a better cosmetic outcome). (16)

1.3.1 Indications
Surgery should be performed when there is a decrease in visual acuity after an injury (which

usually shows that the afferent optic nerve is affected) when the optic nerve is still intact.(16)
This surgery allows to avoid further damage to the nerve which is caused by edema.

Furthermore it is possible to liberate the nerve from bony pieces. (34)

In general, a traumatic injury, mucoceles, pseudotumor cerebri, fibrous dysplasia, ischemic
optic neuropathy, endocrine orbitopathy, meningiomas and others are indications for an optic
nerve decompression. (16)

There are different opinions on the timing of surgery. On the one hand, Yang et al. achieved
in 96 patients suffering from TON the best results within a time frame of less than 3 days
between injury and surgery. (35) On the other hand, Tandon et. al recommend 1-2 weeks as

an interval. (18) Levin et al. could not find a benefit from treating an optic nerve lesion
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immediately after accident in their interventional study with 133 patients. (36) In their
prospective case study of 20 patients, Gupta et. al observed the best results within a time
frame of 72 hours to perform surgery. (17) Sarkies et. al could not find any association
between vision recovery and time of surgery. (29,37)

Dhaliwal et al. sum up the controversial findings in a review of 24 articles regarding the
timing of intervention. According to them, no specific point of time is favored, but even late
interventions may help to improve vision. (38)

If the intracranial portion is affected, most of the time a craniotomy is indicated. (16)

1.3.2 Contraindications and limitations
Surgery should not be performed if the optic nerve is completely avulsed, (because the nerve

will not recover) if the shape of the bulb has changed distinctly, if anatomical difficulties do
not permit surgery or if the patient is not amenable for surgery in general. (8,16)

With the endoscopic method, only the medial and inferior part of the optic nerve canal can
be reached (which are closely located to the sphenoid sinus). If the superior or lateral part is
affected, a craniotomy is indicated. (39)

Contraindications for endoscopic sinus surgery (FESS) are infections like acute sinusitis,

orbital abscess or frontal osteomyelitis. (6)

1.3.3 Technique
At the University Hospital of Graz, the Stammberger and Messerklinger method is used.

Before starting surgery, anesthesia (general anesthesia is preferred) is necessary.

As initial step the middle turbinate may be injected with a mixture of lidocaine and
epinephrine (1:100 000, 1%). Decongestive patties are deposited in the nasal cavity and in
the middle meatus. A complete spheno-ethmoidectomy is performed in most cases.
Alternatively, a paraseptal approach may be chosen depending on the anatomy and /or if an
additional orbital decompression is required. The position of the superior turbinate helps to
identify the natural sphenoid ostium. The ostium gets opened and enlarged with special
attention to the internal carotid artery and the optic nerve to avoid injuries. After identifying
the optic nerve canal, a diamond drill is used to thin out the bone which then can be gently
removed by dissectors. The incision of the optic nerve sheath and the annulus of Zinn is

performed afterwards, but not in every case. (6,16)

12




This procedure can reduce a compartmental syndrome after an injury. (40,41)

According to Luxenberger et al., the incision is indicated for patients with close injuries to
the optic nerve channel (e.g. fractures of the bony canal, intrasheath hematoma, swelling of
the nerve). Sometimes, an orbital decompression follows in the same procedure. At the end

of the surgery the nostrils get a tamponade. (6,16)

1.3.4 Decompression for tumors
Tumors affecting the optic nerve, e.g. gliomas also lead to a deterioration of vision. If the

optic chiasm is compressed, a bitemporal hemianopsia can often be diagnosed. Further, a
raised ICP and the involvement of the hypothalamus are common. There may also be
behavioral and endocrine abnormalities in patients. Usually a biopsy is performed to clarify
the tumor entity. When debulking suprasellar craniopharyngiomas which are affecting the
optic nerve, the hypothalamus and the third ventricle, a complete resection can cause
damages to those structures. The qualities of the tumor (solid, cystic, calcifications or it
enlarges the sella turcica) have an impact on the decision whether a complete removal should
be performed. Remaining parts can be treated with radiation. (30)

Fibrous dysplasia, which has a low incidence, can also cause optic nerve decompression
where surgery is the only curative intervention. Sometimes only a subtotal

debulking/decompression can be achieved endoscopically (15)

1.3.5 Complications
There is always a risk of damaging the internal carotid artery (if it is not covered by bone)

and the ophthalmic artery (when it is medial to the optic nerve; 15.5%). A mild CSF leak
may occur because of the optic nerve slitting. Fibrin glue is usually applied to avoid this
complication. (8,16)

If a CSF fistula occurs, it can be repaired by a re-operation. (6)

The optic nerve may be injured (during the opening of the sphenoid bone), as well as other
bordering structures (apex of the orbit, cranial structures) and there is also a risk of infections

of the sinus and meningitis. (16,42)

1.4 Conservative treatment
High spontaneous recovery rates are reported with patients who initially had a good vision

after injury. (33) Also, if the compression is caused by a trauma. (39)
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According to Carta et al, there are some parameters such as low visual acuity, hemorrhaged
posterior ethmoid cells, older patients (>40 years) and unconsciousness after injury, which

favor performing the surgery. (43)

1.5 Use of steroids
First tested in animal studies, corticosteroids are one of the main treatment options for optic

nerve injuries. They can be given in combination with surgery or as a single therapy. Visual
improvement was seen in patients who were treated within a short time frame after injury.
In general, steroids should bring neuroprotection, be antioxidative and decrease edema.
(22,44,45)
According to literature, steroids should achieve the best results when they are given within
a time frame of 8 hours after an injury. Methylprednisolone is favored, because of its
neuroprotective effects. (21,46,47)
An experimental study of Lew et al showed that a high-dose steroid therapy can increase the
blood flow of the optic nerve in rabbits. (48)
For the use of steroids, there is a distinction between the dosages (methylprednisolone) per
day:

- Low (less than 100 mg)

- Moderate (100 - 499 mg)

- High (500 - 1999 mg)

- Very high (2000 - 5399 mg)

- Megadose (more than 5400 mg)

The last two dosages are mainly considered for the treatment of traumatic optic neuropathy.
(45)

The retrospective study about spinal cord injuries recommends the use of 30mg/kg
methylprednisolone as a bolus and then 5.4mg/kg/h for 24 or 48 hours, which is considered
as high-dose. (46,49)

Possible positive effects of steroids are suppression of immunological mediators, shorter
hospitalization and a better recovery time. (50)

Reported harmful effects, especially due to high doses, are increased mortality, a worse

survival rate and increased axonal loss. (28,44,49)
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2 Material and methods

2.1 Patients and data

This study used data from 84 patients who underwent optic nerve decompression at the
Department of Otorhinolaryngology at the Medical University of Graz between 1 June 2001
and 18 November 2018. The data were collected from MEDOCS system in an Excel file and
pseudonymized by using a number code. Thus, no third party has access to sensitive data
and the patients’ identity remains secure.

84 patients fulfilled the criteria “optic nerve decompression” (which also include patients
from the Department of Neurosurgery of the University Hospital of Graz) in the beginning,
but those with insufficient data (n=9) and patients who underwent orbital decompression due
to Grave's disease (n=7) were excluded from the study. Six patients underwent more than
one optic decompression (endoscopic and/or craniotomy), they were also not considered in
the closer analysis. In the group of the 62 remaining patients, 30 had a craniotomy (33 in
total, 30 with sufficient data) and 32 an endoscopic decompression. Only those 32 were used
for the main analysis. A comparison of the outcome regarding visual improvement was made
between the craniotomy and endoscopic cases.

By means of statistical analyses we wanted to show which parameters influence the visual
outcome of patients in order to improve the current treatment algorithm of the ENT Clinic
of Graz and to achieve even more positive results in the future.

The main analysis focuses on visual acuity. For this purpose, data from the eye clinic were

collected since all the patients were examined by an ophthalmologist.

2.2 Limitations of data collection
Data collection for parameters regarding height and weight were partially incomplete, as

well as visual acuity was not measured in a standard way: There are two different data
systems available, one from the eye clinic and one from the main hospital, thus not every
ophthalmological record was available. In many cases pre- and postoperative visual acuity
was not available, only subjective improvement reported by the patients could be considered.
It was not possible to determine the exact strength of visual improvement and therefore any

reported improvement in visual acuity was evaluated as positive.
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2.3 Statistics and parameters
For the statistical analysis, Microsoft Excel (2016) for descriptive frequencies as mean value

and standard abbreviation and SPSS (IBM SPSS Statistics 25) for statistical tests as chi-
squared, Fisher’s Exact and Man-Whitney U test were used.

Standard parameters such as age, height and weight were analyzed regarding their
maximum, minimum, mean value, median and standard abbreviation as well as gender
distribution and mean follow-up period (time of hospitalization until the last day of an
examination which was related to surgery (by the ENT clinic or department of neurosurgery
at the University Hospital of Graz).

The main parameters which are relevant for the study were collected from each patient and

include:

-Visual improvement (yes/no):

Any improvement of vision after surgery.

-Steroid use preoperatively (yes/no):

If the patient was additionally treated with steroids before surgery.

-Steroid use postoperatively (yes/no):

If the patient was additionally treated with steroids after surgery.

-CRP level (mg/1), CRP <1mg/l, CRP >1mg/l:

Last lab parameter before surgery, total level and distributed into the groups <Ilmg and
>1mg.

-Complications (yes/no):

Any complication during or after surgery such as bleeding, cerebrospinal fluid fistula (CSF),
secretion, pneumocephalus externus.

-Radiological evidence (yes/no):

If the imaging used (CT/MR) shows a compressed or injured optic nerve (by an edema, bone
fragment, hematoma, etc.)

-Time injury-surgery (<lday, 1-3days, 3days-1week, >1week):

Time which passed between the anamnestic point of time of the injury/vision deterioration
and surgery, distributed in four groups.

-Fractures of the skull (yes/no):

Mid-face fractures, fracture of the frontal sinus, sphenoid sinus, orbital cavity and optic

nerve canal.
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-Progressive course (yes/no):

Worsening of the patient’s vision after surgery.
-Major cause (tumor/trauma):

Cause of the optic nerve’s compression.
-Nerve sheath incision (yes/no):

Incision of the optic nerve sheath during surgery.

CRP levels were distributed in values “<Img/lI” (normal levels) and “>1mg/l” (elevated
levels). The time between injury and surgery was stratified into the following four groups:
“less than one day”, “between one day and three days”, “between three days and one week”
and “more than one month”. As a progressive course was considered, if the patient’s
outcome had worsened again after surgery.

The main question was if there was a relation between visual improvement and those
parameters. For this aim, a chi-squared test was used. Some parameters required the Fisher’s
Exact test, because the counts in the crosstabulations were less than five. If p-value was
<0.05 (the level of significance was defined by o= 0.05), the result was considered as
significant.

A Mann-Whitney U test was used to determine whether there is a difference in CRP level

between the groups “visual improvement” and “no visual improvement”.

This study was approved by the institutional review board of the Medical University of Graz

(approval number: 30-216 ex 17/18)
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3 Results
3.1 Standard parameters of the study population

In the group of 32 patients considered in the main analysis, 20 (62.5%) were male and 12
(37.5%) female. Their age on the day of surgery was considered, which was on average
45.34 years (SD: £19.37), with a range between 6 and 79 years.

The minimum height was 1.50 meters, the maximum 1.98 meters. The average height was
170.07 + 9.96 and the average weight 71.81 £15.5. The maximum weight was 118kg and
the minimum weight 35kg.

The follow-up period ranges from 0.1 months to 88 months, the median is 1.18 months.

In the 32 cases, 30 had a unilateral affection of the nerve, two had both sides affected.

3.2 Main parameters

The main parameter of this study was visual improvement (yes/no). The results showed an
equal distribution in 16 out of 32 (50%) persons who had visual improvement, the other 16
(50%) did not improve.

To see which parameters influence the visual outcome of patients, all of the following
parameters were analyzed with the help of a crosstabulation and Pearson’s chi-squared test
or Fisher’s exact test to evaluate differences and a statistical association between the groups.

A p-value of <0.05 was considered statistically significant.

3.2.1 Gender distribution

Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=32)
Male (n;%) 20 9 11
(62.5%) (28.13%) (34.4%)
Female (n,%) 12 7 5
(37.5%) (21.88%) (15.63%)
0.465

Table 1: Gender distribution

9 (45%) of the male patients (n=20) and 7 (58.33%) of the females (n=12) had visual
improvement.
Chi-squared test was used in order to establish a statistical relationship between the gender

and the visual improvement. The p-value was 0.465.
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Of 12 female patients, 3 (25%) got steroids before surgery and 6 (50%) after surgery. 5
(41.67%) patients had complications during surgery.

The time between injury and surgery was less than 1 day in 3 females , between 1 and 3 days
in 1 patient between 3 days and 1 week in 2 patients and more than 1 week in 5 (45.45%).
Four had a CRP level less than 1 mg/l, 3 between 1 and 10 mg/l and 2 had more than 10
mg/l. The major cause was equally distributed, 6 (50%) had a trauma and 6 a tumor. 4 female

patients had fractures, 5 a progressive course and 5 a nerve sheath incision.

Of 20 male patients, 6 (30%) got steroids before and 10 (50%) after surgery. 4 (20%) had
complications during surgery. 5 had surgery in less than 1 day after the injury/visual
deterioration, 2 between 1 and 3 days, 5 between 3 days and 1 week. 7 persons had surgery
after 1 week.

CRP levels were in 6 patients less than 1mg/l, in 4 persons between 1 and 10 mg/l and 4 had
more than 10 mg/1.

14 (70%) patients had a trauma as major cause and 6 a tumor. A radiological evidence was
found in 11 (55%) male patients. 13 (65%) had fractures, 3 (15%) a progressive course and
10 a nerve sheath incision.

The cases with a bilateral affection (n=2) were both male.

3.2.2 Use of steroids preoperatively

Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) | Exact, 2-
sided)
(n=29)
Preop. Steroids | 9 2 7
(n; %) (31.03%) (6.9%) (24.14%)
No preop. 20 13 7
Steroids (68.97%) (44.83%) (24.14%)
(n; %)
0.050

Table 1: Use of steroids preoperatively

In 9/32 cases (31.03%), steroids were used before surgery, 20 persons (68.97%) were not
treated (e.g. with prednisolone).
The results showed that 2 patients out of 9 (22.22%) who got steroids, had visual

improvement. In the group without steroids (n=20), 13 (65%) showed improvement.
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For the statistical analysis we used a chi-squared test to evaluate a statistical relationship

between the use of steroids preoperatively (yes/no) and visual improvement (yes/no) which

was statistically significant (p=0.05).

3.2.3 Use of steroids postoperatively

Characteristics Total Vision No vision p-value (2- p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=31)
Postop. 15 5 10
Steroids (48.39%) (16.13%) (32.26%)
(n; %)
No postop. 16 11 5
Steroids (n; %) | (51.61%) (35.48%) (16.13%)
0.049

Table 2: Use of steroids postoperatively

This parameter was analyzed to see if there is a difference in visual outcome (yes/no)

between steroids before and after surgery (yes/no).

15 of 31 cases got steroids after surgery and 16 did not.

From a total count of 16, who showed visual improvement, 11 (68.75%) did not get steroids

and in the group of patients who got steroids (n=15), visual improvement was achieved in

5 persons (33.33%). The result of Fisher’s exact test showed a p-value of 0.049 which is

considered as significant.
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3.2.4 Use of steroids in general

Characteristics Total Vision No vision p-value p-value
improvement | improvement | (2-sided, | (Fisher’s
chi- Exact, 2-

squared) sided)

(n=31)
Steroids were 16 5 11
used (n;%) (51.61%) (16.13%) (35.48%)
No steroids 15 10 5
were used (48.39%) (32.26%) (16.13%)

(n;%)

0.049

Table 3:Use of steroids in general

To see if it makes a difference if steroids were used in general, this parameter was analyzed.
In total, 16 patients got steroids , 5 of these patients (31.25%) showed visual improvement
and 11 (68.75%) did not. When no steroids were used, 10 out of 15 patients (66.67%)
achieved improvement in vision and 5 (33.33%) did not.

A chi-squared test was performed with a p-value of 0.049.

3.2.5 CRP level

The highest count of CRP measured before surgery was 143.9 mg/I, the lowest 0.1 mg/1. The

median was 1.1mg/l. To test for a significant relationship, three groups were formed:

a) CRP <1 mg/l
b) CRP 1 <x<10mg/l
c) CRP>10mg/l

In 23 analyzed cases, 40% of the patients in Group A (n=10) showed vision improvement,

71.43% in Group B (n=7) and 50% (n=3) in Group C (n=6).
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Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=23)
CRP (mg/l)<1 | 10 4 6
(n; %) (43.48%) (17.39%) (26.09%)
CRP (mg/) 7 5 2
1 <x <10 (30.43%) (21.74%) (8.7%)
(n;%)
CRP (mg/l) >10 | 6 3 3
(n;%) (26.09%) (13.04%) (13.04%)
0.500

Table 4: CRP levels

Since the p-value (p=0.500) of Fisher’s exact test was more than 0.05, no significance and
relationship between CRP levels and vision improvement could be asserted.

In order to find out if there are differences in the absolute values of CRP levels between the
group with visual improvement and without, a Mann-Whitney U test was calculated. The
distributions did not differ between the groups (Kolmogorov-Smirnov p>0.05).
No significance could be evaluated between both groups (U=57.000 mg/l, Z=-0.559,

p=0.576).

3.2.6 Complications

Characteristics Total Vision No vision p-value (2- p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=31)
Complications | 9 4 5
(n;%) (29.03%) (12.9%) (16.13%)
No 22 11 11
complications | (70.97%) (35.48%) (35.48%)
(n;%)
1.0

Table 5: Complications

Complications during surgery, or because of it, occurred in 29.03 % (n=9) of the patients

(n=31). 44.44% of the patients (n=4), who had a complication showed visual improvement
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and 55.55% (n=5) did not. In the other group with no complications (n=22), half of the

patients had vision improvement and the other half did not have any.

To test a relationship between complications and visual improvement, a Fisher’s exact test

was performed (due to an expected count less than 5 in some cells of the cross table) with

statistical significance (p=1).

The most frequent complication was a bleeding (3 male patients and 1 female patient), the

second most frequent was a CSF fistula (2 females).

Complications Frequency Percentage (n=31)
Bleeding 4 12.9%

Nasal liquorrhea 1 3.22%

Secretions 1 3.22%

CSF fistula 2 6.45%
Pneumocephalus 1 3.22%

Total 9 29.03%

None 22 70.97%

Table 6: Distribution of complications
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3.2.7 Time between injury and surgery

The time between injury/vision deterioration and surgery ranged between less than 1 day
and more than 6 months. Therefore, to test a statistical relationship, the cases were divided

into four groups.

a) <lday
b) 1-3 days
c) >3 days
d) >1week
Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=30)
Time injury — 8 3 5
surgery <1 day | (26.67%) (10%) (16.67%)
(n;%)
1-3days (n;%) | 3 1 2
(10%) (3.33%) (6.67%)
>3days (n;%) 7 3 4
(23.33%) (10%) (13.33%)
>1lweek (n;%) | 12 7 5
(40%) (23.33%) (16.67%)
0.799

Table 7: Time between injury and surgery

Among all groups, Group D showed the most visual improvements with n=7 cases (23.33%)).
But Group D also had the most patients (n=12)
For the statistical analysis, Fisher’s exact test was used. Due to a p-value of 0.799 there is

no significance.
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Figure 5: Time between injury and surgery; comparison

3.2.8 Radiological evidence
Preoperative imaging was used for all patients.

An affected optic nerve (compression, edema, hematoma, tumor compression, fracture of
the optic channel, gas accumulation around the nerve) in CT or MRI scan leading to a
compression could be seen in 18 cases (56.25%). 12 of those patients showed visual
improvement (66.67%) and 6 (33.33%) did not improve.

Without the radiological evidence (n=14), 4 persons (28.57%) had better vision after surgery
and in 10 (71.43%) no improvement was achieved

A chi-squared test was performed to evaluate whether there is a statistical relationship
between radiological evidence and visual improvement.

With a p=0.033 there is a significance between the groups.
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Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) | Exact, 2-
sided)
(n=32)
Radiological 18 12 6
evidence (n;%) | (56.25%) (37.5%) (18.75%)
No radiological | 14 4 10
evidence (n;%) | (43.75%) (12.5%) (31.25%)
0.033

Table 8: Radiological evidence

3.2.9 Optic nerve lesions

According to the radiological records the optic nerve was in affected in 18 out of 32 cases.

This table lists the frequency and distribution of the findings. A compression (38.89%) was

the most frequent injury.

Optic nerve Frequency Percentage
Compressed 7 38.89%
Edema/ hematoma 3 16.67%
Tumor contact 4 22.22%
Thickening/swelling 1 5.56%
Fracture (optic canal/foramen) 2 11.11%
Gas accumulation 1 5.56%

Table 9: Etiology of optic nerve lesions

26




3.2.10 Fractures
Fractures of the orbit or the skull could be detected in 17 cases (53.13%). 8 (47.06%) of them

showed vision improvement and 9 (52.94%) did not.

To test the level of significance, a chi-squared test was performed with p=0.723.

Characteristics Total Vision No vision p-value (2- p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=32)
Fractures (n;%) | 17 8 9
(53.13%) (25%) (28.13%)
No fractures 15 8 7
(n;%) (46.88%) (25%) (21.88%)
0.723

Table 10: Fractures

3.2.11 Progressive course
A progressive course could be observed in 8 patients. 5 of them (62.5%) had visual

improvement and 3 (37.5%) did not have.
To test if there is a statistical association, a Fisher’s exact test (due to an expected count of

less than 5 in cells of the cross table) was performed. The result was a p-value of 0.685.

Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=32)
Progressive 8 5 3
course (n;%) (25%) (15.63%) (9.38%)
No progressive | 24 11 13
course (n;%) (75%) (34.38%) (40.63%)
0.685

Table 11: Progressive course

3.2.12 Major cause
The study group was divided into patients with a traumatic injury, which led to surgery and

those who had a tumor or other expansion in the area of the optic nerve.
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Most of the time, traffic accidents or accidents at work (e.g. construction sites) are reported

in the medical records.

Regarding the tumor entities, which are listed in Table 12, we have many different cases.

The most frequent were fibrous dysplasia (3) and meningiomas (3) with an incidence of 25%

Tumor entity Frequency Percentage
Fibrous dysplasia 3 25%
Inflammatory sinonasal 1 8.33%
polyps

Meningioma 3 25%
Papillary endothelial 1 8.33%
hyperplasia

Sinonasal carcinoma 1 8.33%
Sphenoid wing meningioma | 1 8.33%
Unknown malign neoplasm |1 8.33%
Sphenoid sinus osteoma 1 8.33%
Total 12 100%

Table 12: Distribution of tumor entities

In total, we had 20 cases (62.5%) who had a traumatic

improvement, 11 (55%) did not show any improvement.

injury, 9 (45%) had visual

In the group of the 12 tumor patients, 7 (58.33%) improved in vision and 5 (41.67%) did

not.

Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=32)
Major cause: 20 9 11
trauma (n; %) (62.5%) (28.13%) (34.38%)
Major cause: 12 7 5
tumor (n;%) (37.5%) (21.88%) (15.63%)
0.465

Table 13: Major cause
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A chi-squared test was performed to evaluate if there is a difference in visual improvement

between both groups with a p-value of 0.465.

3.2.13

Nerve sheath incision

During surgery, there had been a nerve sheath incision in 15 cases, 16 did not have one and

1 patient was not documented (=excluded).

In the group of patients with an incision (48.39%), 6 (40%) had vision improvement, 9 (60%)

did not.

With no nerve sheath incision (51.61%), we have a result of 9 patients (56.25%) who

improved and 7 (43.75%) who did not improve.

A chi-squared test showed a p-value of 0.366.

Characteristics Total Vision No vision p-value (2- | p-value
improvement | improvement | sided, chi- | (Fisher’s
squared) Exact, 2-
sided)
(n=31)
Nerve sheath 15 6 9
incision (n;%) (48.39%) (19.35%) (29.03%)
No nerve 16 9 7
sheath incision | (51.61%) (29.03%) (22.58%)
(n;%)
0.366

Table 14: Nerve sheath incision
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3.2.14 Statistical association
As a summary, Figure 7 is showing the statistically interesting parameters. When using

steroids in general, the number of visual improvements was lower than without.
If there was a radiological evidence, more vision improvement (38.71%) was detected and

if the evidence was missing, the visual outcome was worse (12.9%).

p=0.050
50,00% £=0.049
44.83%
45,00% ’ ‘ p=0.033
40,00% 37.50% { \
35.48%
15,00%
' 32.26% 31.25%
30,00%
24.14% 4.14%
25,00%
20.00% 18.75%
' 16.13% 16.13%
15,00% 12.50
10,00% 6 90%
SJDO% I
0,00%

Steroids preop.  No steroids preop.  Steroids postop. Mo steroids postop. Radiclogical No radiclogical

B Vision improvement M No vision improvement  €vidence evidence

Figure 6: Statistical association of relevant parameters

3.3 Comparison to craniotomy
With the diagnosis “optic nerve decompression”, 33 patients had a craniotomy and were

excluded from the main analysis, which only concerns patients with an endoscopic surgery.
To see if there is a difference in visual outcome, this group was also studied. 30 patients with
a craniotomy had enough data to evaluate their visual improvement.

The patient population differs from the endoscopic population. Except for 2 patients, all had
a tumor. The time span between visual reduction and surgery ranged from at least 10 days
up to several years. Some patients were operated multiple times due to recurrences. The first
surgery with optic nerve decompression was used for the evaluation.

To compare the visual outcome of both groups (craniotomy and endoscopic), a chi-squared
test was performed with a p-value of 0.184.

In the group of the patients with a craniotomy, 20 (66.66%) had visual improvement, 10

(33.33%) did not have.
30




Characteristics | Total Vision No vision | p-value p-value
improvement | improvement | (2-sided, | (Fisher’s
Chi- Exact, 2-
Square) sided)
(n=62)

Craniotomy 30 20 10

(n;%) (48.39%) (32.26%) (16.13%)

Endoscopic 32 16 16

patients (n;%) | (51.61%) (25.81%) (25.81%)
0.184

Table 15: Comparison to craniotomy
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4 Discussion
In this study, we wanted to analyze different parameters which influence the outcome of

patients who underwent an endoscopic optic nerve decompression. The aim was to find
positive influences on visual acuity to optimize the treatment process for patients and
potentially achieve better postoperative results in the future.

There are many approaches to treat a compression of the optic nerve and every method has
benefits and disadvantages. (51,52) We focussed on the transnasal endoscopic method,
which is performed according to the method of Messerklinger and Stammberger at the
Medical University of Graz. (16)

With consideration of our small case number (32 patients for the main analysis) we could
identify two parameters which caused a significant difference in the visual outcome: the use
of steroids and the radiological evidence of an affected / injured optic nerve. The aim was to
optimize the treatment algorithms for future patients by considering these parameters.

In general, in our group of 32 patients, 16 (50%) benefitted from surgery with visual
improvement. As a comparison, the prospective study of Gupta et al. showed an
improvement of 80% (16/20 patients) after endoscopic nerve decompression, Rajiniganth et
al. with 25% (11 of 44 patients). (17,53) Indications for surgery which are not clearly
determined could be a reason for different results in improvement rates. (33)

In literature, there are also worse results reported: in the retrospective study of Zhen-Hua He
et al. with 11 patients suffering from TON only 45.5% of the patients (after three months)
had visual recovery. (54)

Surgery was performed on our patients because of vision deterioration after a trauma or due

to a tumor.

4.1 Conservative treatment
We did not include conservatively treated patients in our study but according to the

International Optic Nerve Trauma Study of Levin et al., steroid therapy or surgery do not
bring a significant benefit in comparison to watchful-waiting. (18,36)

In general, a residual visual ability is considered as a good prognostic factor for a better
outcome. Also, other studies show similar results in visual improvement in comparison to
cases treated with steroids or surgery. But many patients who recover spontaneously usually

have good baseline vision. This fact could bias the results. (18,33,38)
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In our study, we did not analyze whether the residual visual ability influenced the outcome
because the baseline vision was not properly reported in the medical records at the time of

admission.

4.2 Gender differences

According to literature, traumatic optic neuropathies are more frequent in young male
patients. Lee et al. described 121 patients including 79% male patients of an average age of
31 years. (18,55)

Also, orbital fractures which can lead to optic neuropathy are common with young men. (24)
In our study, 20 persons (62.5%) were male and 12 (37.5%) female. We could not find a
significant difference in outcome related to gender, but we also had a higher percentage of
male patients. This group may be exposed to more risks of a skull injury (motorcycles,

construction sites, physical injuries, etc.)

4.3 Steroids

Corticosteroids for the treatment of traumatic optic neuropathy are used to improve or avoid
edemas, swellings, vasospasm and to regain function. (17,56)

In this study, 16 of 31 patients (one was not documented) were treated with steroids, 5 of
them showed improvement. In the group of 15 patients who did not get steroids, 10 patients
improved in vision. Our results showed a significant difference between these groups, thus
steroids may also have a negative effect on the recovery of vision.

We could not analyze the dosage of the corticosteroids, but Levin et al. could not show a
benefit from steroids with a different dosage or timing in their interventional study. (36)
Saxena et al. mentioned two studies which examined the outcome of severe spinal cord and
head injuries after treatment with steroids. In comparison to placebo, the study with spinal
cord injuries stated a significant improvement due to steroids and the other study observed
increased mortality with megadose treatment of corticosteroids. In their article, Saxena et al.
pointed out the difficulty to compare the impacts on the spinal cord to the optic nerve. Since
the difference between the studies was also the condition of severe head injuries with the
second group, they have come to the conclusion that patients with brain injuries do not

benefit from steroid treatment. (46,57,58)
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Steinsapir et al. wanted to find out if there was a difference in visual outcome with a certain
dosage of methyprednisolone and thus treated 38 rats with steroids or placebo after induced
optic nerve injury. Results showed more axonal decline in the group treated with steroids.
The theory was that methylprednisolone inhibits mechanisms that would normally prevent
secondary injury to the nerve. (44)

Xu et al. reported one patient that might have died due to a fulminant intracranial infection
after a mega-dose corticosteroid therapy. They stated that the surgery was not the reason for
the infection so they related it to the steroids. (40)

Entezari et al performed a double-masked RCT in 31 patients who suffered from an indirect
traumatic optic neuropathy. Sixteen received a steroid therapy, 15 a placebo. They could not
show a significant difference in visual improvement between these groups (p=0.38). (59)
Yu-Wai-Man concluded in their sytematic review that steroids do not act beneficially in
treatment. According to them, the possible disadvantages of those medications should be
considered. They report that spontaneous improvement is also possible and therapy is not
always necessary. (22)

In the study about optic nerve injuries in the UK, poor initial visual acuity is considered as
a predictor for a worse visual outcome. (55)

Carta et al. recommend that patients should undergo surgery if they did not improve after
receiving corticosteroids during 48h after injury. (43)

In a retrospective review of Ropposch et al., no beneficial effect of steroids could be found
when they were given in addition to surgery. (60)

Since we do not include any cases with spontaneous recovery, our results could be biased
because we could not compare those unknown patients to our surgically treated patients.
Overall, we agree that it should be considered in each individual case whether steroid therapy
is appropriate. Further studies including a larger number of patients should be carried out to

see whether steroids have an advantage.

4.4 CRP level

The last CRP level measurement before surgery was analzyed to see whether there is an
impact on the postoperative result. Divided into three groups (CRP <Ilmg/l, 1<x<10 mg/I,
>10mg/1), we could not show a significant difference regarding vision improvement of the
patients. So the hypothesis has to be rejected that higher CRP levels before surgery have

negative effects on the visual outcome.
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4.5 Complications
We had a total complication rate of 29.03 % but with no significant relation to visual

improvement. In comparison to that, Suzuki et al report a complication rate of 0.50% after
FESS for chonic sinusitis / nasal polypes in Japan. According to them, complications are
rare in general and the numbers vary a lot between studies. So they analyzed more than
50.000 cases who underwent one ore more sinus surgeries. Our higher rate can be explained
by the small study group and the greater expansion of the surgery including the sphenoid
sinus, since a key fact mentioned by Suzuki et al was the higher probability of complications
with ethmoidectomy and sphenoidotomy. (67) Since we also included minor bleedings
(unlike Suzuki et al) which did not require another surgery or blood transfusions, our rate is

also higher.

4.6 Time

There are many different opinions regarding the right timing of surgery. Several studies
suggest performing surgery within 3 days (72h) to get the most benefit. By keeping to this
time frame, fewer long-term damages of the nerve (ischaemia, oedema) are reported.
(17,35,38) Tandon et al recommend to undergo surgery between one and two weeks. (18)
As a comparison, Emanuelli et al showed a significant difference for beginning of medical
or surgical treatment within 12h after injury. (47)

An animal study with mice reports about damages and changes on the molecular base of the
nerve within 72h after an injury. (38,61)

In their systematic data review, Dhaliwal et al. analyzed more than 24 articles and concluded
that more than 50% of the patients benefitted from surgery regardless of timing. (38)

We devided our patients in four groups: surgery in less than 1 day (3 of 8 improved), between
1 and 3 days (1 of 3 improved), between 3 days and one week (3 out of 7 improved) and
more than one week (7 out of 12 improved). No significant impact of the timing of surgery
could be observed.

On average, the tumor patients had a longer time span between their visual deterioriaton and

surgery, but also after excluding the tumorgroup there was no relevant difference.
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4.7 Radiological evidence and fractures
In a study of Gupta et al, they recommend to use CT scans, since it is easier to detect injuries

of the bony optic canal. According to their results, if a fracture of the bony canal or a
hematoma is causing the injury, the benefit of decompression can be high. (17)

Our study showed the following: 18 patients had an affected/injured optic nerve
(compression, edema/hematoma, tumor contact, thickening, fracture of the optic
channel/foramen, gas accumulation around the nerve) in their CT or MRI scans. 12 of them
showed visual improvement after surgery. If there was no sign in the imaging, only 4 out of
14 improved. This is a significant difference, so we can conclude that surgery may bring
more benefit if there is radiological evidence that the nerve is injured. It is possible that the
nerve is not affected if the imaging is normal and the problem of visual loss is located
elsewhere. In such cases, a wait- and- see strategy could be considered instead of immediate
surgery.

Chen et al. reported in a retrospective review about case histories of 18/72 patients with a
fibrous dysplasia who had an affected optic nerve channel in their CT scan. All of the 18
persons had clinically reduced (12/18) or absent vision (6/18). (26)

This is closely related to fractures, because Gupta et al. could show in their prospective study
(including 20 patients) that in every case with a fracture (11/20) there was improvement in
visual acuity after surgery. (17) The probability of recovery is 40% higher if there is a
fracture of the optic channel or the bony orbita. Injuries due to blunt force and mid-facial
fractures should also benefit more from surgery. (17)

Han et al. recommend to perform an early intervention, if any bone fragments or fractures
are close to the optic nerve. (62)

On the contrary, Levin et al. mention in their study that optic canal fractures and resulting
damages of the optic nerve will decrease the chance of recovery. Also, they could not
observe that radiological evidence in a CT scan was in a relationship with visual outcome
(under consideration that they did not have larger numbers of CT findings) (36).

In another study, Lee et. al state that orbital fractures are associated with poor visual
outcome. (55)

In this study, we found no difference in the groups with or without fracture (we considered
fractures of the orbit, optic canal fractures , mid-face fractures, frontal sinus and sphenoidal
fractures). But if the fracture is obviosly affecting the optic nerve in the imaging, surgery

should be considered immediately.
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4.8 Progressive course
We analyzed the progressive course (if the outcome worsened after surgery or a revision was

necessary) to compare the success of the study. 25% (n=8) of our patients had a deterioration
during or after the hospital admission. We tested if there is an association with vision
improvement, e.g. if the non-successful cases worsen more. The results were not significant.
The follow-up time was very different between the patients (it ranged from 0.1 to 88 months)
or they changed hospital and therefore not registered, so the progressive course is not a

parameter which was exactly determined.

4.9 Major cause
Lee et al. mentioned domestic accidents, physical and traffic injuries as the most frequent

causes of optic nerve compressions. (55) The majority of our patients, (62.5%) also had a
trauma as cause.

In our patients, we could not show a significant difference in visual outcome after surgery
between the tumor-group and the trauma-group. According to our results, we cannot take the

main cause as a prognostic factor for better vision.

4.10 Nerve sheath incision
15 (48.8%) of 31 patients had a nerve sheath incison and 6 of them (40%) had visual

improvement. Our results indicate that there is no statistical relationship between nerve
sheath incision and visual improvement.

In literature, Xu et al (40) had a better visual outcome of 61.2% in the group with nerve
sheath incision and 65.1% in the group without incision (p>0.05). This study claims that
nerve sheath incision is not implicitly necessary for optic nerve decompression.

They analyzed 74 patients with traumatic optic neuropathy while comparing a group with
surgery and nerve sheath incision (41.89%) and the other group without incision (58.11%).
Since it does not improve the visual outcome, Xu et al. mention the higher risk of damaging
a vessel or causing a CSF-leak. In the group of patients who had a residual visual acuity
before surgery, they found better outcome in patients without nerve sheath incision (64.2
and 74.1%, p>0.05). (40)

Thaker et. al. could show a controversial result: In their prospective study of 57 patients the
improvement rate was significantly higher when nerve sheath decompression was performed
additionally (improvement rate 46.6% with vs. 32.8% without incision, p=0.10). (63)

Two patients in our study had a CSF fistula as a complication but none of them had a nerve

sheath incision, which should be considered as a possible cause, according to literature. (16)
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We could not see any benefit from a nerve sheath incision, but also no disadvantages. Further

studies with more patients would be necessary to obtain definite results.

4.11Craniotomy

After our initial search, we had to exclude 30 patients because they underwent an open
craniotomy in order to decompress the optic nerve. We could not compare them directly to
our main group. The two groups (craniotomy and endoscopic cases) had different conditions:
pre-existing diseases, cause of compression (only two of 30 patients had a trauma), time
between surgery and occurrence of visual deterioration, multiple optic nerve
decompressions.

We made a comparison of the main visual outcome, but the result is less conclusive due to
the unequal groups. 32 patients underwent an endoscopic decompression, 16 patients (50%)
improved, in the craniotomy group 20 of 30 patients (66.66%) showed improvement .No
significant result was seen.

In order to obtain reasonable results it would be necessary to create very similar
preconditions with both patient groups. However, the endoscopic method is considered as
the less invasive method with faster recovery. (64)

Alokby et al report about several studies which tried to compare endoscopic and transcranial
approaches. Although they also mention that results are influenced by unequal groups, the
endoscopic method is considered as a safe alternative if patients are precisely chosen. (65)
In another study, Krischek et al mention a review of Kometor et al where they compared 47
studies with 453 patients treated for an esthesioblastoma with craniofacial, endoscopic or
combined surgery. Their results where also biased by different malignancies of the tumors
(more/less aggressive tumors where not equally distributed). But in general, they could not

state a disadvantage in the outcome for endoscopic treated cases. (66)

5 Conclusion

Summarizing our results, we strongly recommend an exact documentation of visual acuity
before and after surgery. The use of steroids should be evaluated carefully and individually
for each patient. Disadvantages of these medications should be taken into account to avoid
unnecessary use and overdoses.

A CT scan or MRI should be performed in every patient and the decision for surgery should
be made according to the radiological findings. The therapy process should be more oriented
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towards the extent of the damage and also the baseline vision should be included as a relevant
factor for further treatment. Without signs for an injury a conservative approach might be a
better option. As a conclusion from our results, taking the radiological finding as indication
for surgery might help to avoid non-beneficial surgeries.

Other than expected, no strong correlation was observed regarding the timing of surgery.
Since our study group was small and immediate surgery within a short time frame is
recommended by several authors, the general recommendation for immediate surgery should
remain valid, unless a conservative treatment is approached.

Further, the results about nerve sheath incision do not show a strong correlation with a
potential benefit. Since there is a risk for CSF leaks, a potentially lower complication rate
could be achieved if more studies show the missing benefit.

Considering the general outcome of patients (their vision recovery) (50%) after endoscopic
decompression surgery, the establishment of a standard guideline for optic nerve

compressions would be an important future target to improve the success rate.
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