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Reliable optic nerve monitoring is an essential requirement
for all medical disciplines dealing with problems concerning
the prechiasmatic visual pathway. For any intervention, the
major aim is not to compromise the visual system. The only
exception is surgery for malignancies if a discontinuity of the
anterior visual pathway is necessary for sufficient tumor
resection. However, in craniomaxillofacial traumatology
and reconstructive surgery, prevention of visual pathway
damage is an important goal. In fact, vision loss is the most
serious traumatic effect or complication associated with
elective orbital surgery. In severely injured patients or during
craniomaxillofacial reconstructions, tests of visual pathway
function are generally unreliable. In such cases, neuro-
ophthalmologic analyses that do not require a cooperative
patient are indispensable. Nevertheless, clinical prediction of

visual pathway injuries is currently insufficient. Here we
describe the present state of visual pathway monitoring
and highlight its clinical relevance.

Anatomical and Pathophysiologic
Considerations

The optic nerve is divided into four sections of different
lengths: the intraocular (1 mm), intraorbital (25 to 30 mm),
intracanalicular (8 mm), and intracranial (15 mm) sections.
The intraorbital section is rarely affected by direct or indirect
trauma because of its S shape and because it is embedded in
thick soft tissue.1 Damage to the intracranial section is also
unusual because in this area the nerve is well protected by the
skull.2,3 The weak point of the anterior visual pathway is the
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Abstract Orbital and anterior skull base surgery is generally performed close to the prechiasmatic
visual pathway, and clear strategies for detecting and handling visual pathway damage
are essential. To overcome the common problem of a missed clinical examination
because of an uncooperative or unresponsive patient, flash visual evoked potentials and
electroretinograms should be used. These electrophysiologic examination techniques
can provide evidence of intact, pathologic, or absent conductivity of the visual pathway
when clinical assessment is not feasible. Visual evoked potentials and electroretino-
grams are thus essential diagnostic procedures not only for primary diagnosis but also
for intraoperative evaluation. A decision for or against treatment of a visual pathway
injury has to be made as fast as possible due to the enormous importance of the time
elapsed with such injuries; this can be achieved additionally using multislice spiral
computed tomography. The first-line conservative treatment of choice for such injuries
is megadose methylprednisolone therapy. Surgery is used to decompress the orbital
compartment by exposure of the intracanalicular part of the optic nerve in the case of
optic canal compression. Modern craniomaxillofacial surgery requires detailed consid-
eration of the diagnosis and treatment of traumatic visual pathway damage with the
ultimate goal of preserving visual acuity.
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intracanalicular section. Here, the dura and periosteum form
only one tight structure, and in contrast to the intraorbital
and intracranial sections, the nerve is fixed to its bony
surroundings by fibrous adhesions.4,5 Due to the narrowness
of the canal, any deformation of the pericanalicular area can
be directly transmitted to the optic nerve.

A direct optic nerve trauma can be distinguished from an
indirect trauma on the basis of etiology. Direct trauma is
characterized by radiologically detectable compression by
bony fragments, a hematoma (►Fig. 1), penetrating foreign
bodies, or a fracture of the optic nerve canal itself. Indirect
trauma does not correlate with any radiologic findings of an
intraorbital, intracanalicular, or intracranial optic nerve inju-
ry and can be subclassified as an anterior or posterior type of
indirect trauma. An anterior trauma concerns the intraocular
part of the optic nerve with noticeable eye injuries; posterior
trauma does not show any ophthalmoscopically detectable
bulb damage immediately after trauma.6 Blunt trauma of the
viscerocranium can induce deformation with a reduction in
the diameter of the optic nerve canal without any signs of
direct or indirect fracture.7,8 Moreover, optic nerve damage
can be classified as a primary or secondary injury. Primary
damage is caused immediately by the accident itself; second-
ary damage develops posttraumatically.9

Extrinsic compression of the optic nerve by a retrobulbar
hematoma,10 edema, or emphysema11 impairs visual acuity
by a combination of modified liquor circulation, interruption
of direct axonal transport, and ischemia.12 Moreover, a direct
or indirect trauma can induce an optic nerve injury via a
contusion, torsion, strain, or shear.7 An intrinsic compression
of the optic nerve develops by inter- or intraneural edema or
internal hemorrhaging.2

In summary, traumatic damage of the intraorbital or
intracanalicular optic nerve is in most cases a multifactorial
combination of a bony lesion, ischemia due to microvascular
spasms or vessel occlusion, reactive edema, and space-
occupying hemorrhage. Damage to the visual pathway can

thus be the consequence of an extremely brief trauma or
slowly progressive compression.

Clinical Appearance of a Traumatic Optic
Nerve Injury

Many attempts have been made to define characteristic
clinical findings that commonly correlate with optic nerve
damage. These includewounds of the lateral eyebrow (97%), a
reduction in visual acuity, respectively, relative or absolute
afferent disorder associated with the ipsilateral trauma side
in combination with functioning consensual light reaction of
the affected eye (100%), and epistaxis (80%).13,14 Most fre-
quently, frontonasoethmoidal fractures are associated with
afferent disorders of the visual pathway.15 Unfortunately, the
severity of any assumed optic nerve damage cannot often be
assessed by clinical examination immediately after trauma.16

As an alternative, a score based on clinical findings (but not on
functional testing of the visual pathway) was developed to
estimate possible damage to the visual pathway.17 However,
this score did not yield the desired results.

Verification of visual acuity is a basic principle of any
clinical examination of an injured patient. However, such
routine checks are often not possible because of the state of
awareness of the patient or because of his or her injuries.18

For an orienting functional test of the visual pathway, differ-
ent pupillary signs have to be assessed. Apart from pupillary
shape and diameter, direct and indirect pupillary reflexes
have to be evaluated. Anisocoria is not a consequence of
damage to the anterior visual pathway. Even after unilateral
cutting of the optic nerve, the pupils remain symmetrical, and
0.4% of patients with head injuries who are examined in
emergency rooms show transient cortical loss of sight be-
cause of an occipital injury, without any pathologic changes in
pupillary signs. In case of pathologic pupillary function,
further examination is required. A malfunction of the pupil
does not have to be initiated by damage to the optic nerve or
other sections of the visual pathway. Apart from an injury to
the iris sphincter itself, a pupillary malfunction can be the
result ofmedications (especiallymorphines) or damage to the
efferent limb of the visual pathway (e.g., bilateral paresis of
the oculomotor nerve). Therefore, an evaluation of pupillary
function alone may not constitute a sufficient assessment of
visual acuity. A reliable test for primary diagnosis of optic
nerve damage is the swinging flashlight test.19,20 However,
clinical experience suggests that this method is often not
applicable during the first hours after a trauma because of
massive periorbital swelling and the influence of medications.

The same problem is encountered in fundoscopy because
an acute evaluation of intraocular bleeding or retinal lesions
is often impossible in cases of severe skull injury. Pallor of the
optic disk, which is a posttraumatic effect occurring after
optic nerve damage, cannot be detected until 6 weeks after
injury. Atrophy of the papilla can be recognized earlier when
optic nerve damage occurs close to the bulb. Identification
and differentiation of the type of optic nerve damage is very
important, and testing the visual field is useful in this regard.
Unfortunately, such investigations are only possible several

Figure 1 Axial computed tomography view showing typical radiologic
signs of a retrobulbar hematoma: globe-shaped bulb, axial proptosis,
and retrobulbar fluid accumulation (marked with asterisk).
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days after a serious trauma. In addition, the cooperation of the
injured patient is necessary even for exploratory screening.
Pathognomonic disorders of the visual field do not exist in the
case of traumatic optic nerve damage.21

In summary, all neuro-ophthalmologic analyses are limit-
ed by the severity of the injury, the patient’s state of aware-
ness, and the influence of medications. Additionally,
reversible optic nerve damage as a consequence of edema
or perineural hematoma cannot be differentiated from irre-
versible injury on the basis of clinical examination.22

Electrophysiology of the Visual Pathway

The retina is negatively charged whereas the cornea is posi-
tively charged. Therefore, the bulb represents an electrical
dipole. The electrical activity of the first and second neurons
of the visual pathway is measured by electroretinography; the
function of the retinal ganglion cells (third neuron of the visual
pathway) is not included in the electroretinogram (ERG).23

Variations in the ERG are caused by refracting changes in the
eye as well as by pathologic changes in the retina itself.
Disorders of the visual system from the refracting media to
the visual cortex can be registered by cortical records of visual
evokedpotentials (VEPs). Thus, functional localization of visual
pathway damage between retinal ganglion cells and the visual
cortex is possible by combining ERGs and VEPs.

Primary Diagnosis with Visual Pathway
Testing of Patients with Head Injuries

A mandatory component of any clinical primary diagnosis of
patients with head injuries is an orientating analysis of the
visual pathway, including pupillary response, visual acuity,
visual field, and bulbmotility. The swinging flashlight test is a
clinical test for a relative afferent pupillary defect: light
flashing into the nonaffected eye leads to a direct and
consensual reaction. Afterward, the light reaction of the
affected eye has to be assessed. An afferent pupillary defect
is apparent when the affected eye reacts with a mydriasis.
This test is a relative procedure and therefore is not applicable
for bilateral optic or oculomotor nerve damage. If a clinical
functional diagnosis of the visual pathway is not possible or is
doubtful due to unconsciousness, morphine interference, or
massive swelling, an electrophysiologic examination by
means of flash VEPs and ERG is the only remaining option
for objectively assessing visual pathway function in the early
posttraumatic stage. In the case of intraoperative assess-
ments, for example, directly after orbital reconstruction or
after optic nerve decompression, electrophysiologic meas-
urements are obtained from a narcotized patient. According-
ly, it has to be considered that VEP records can be affected
strongly by several anesthetics.24–26 If VEP monitoring is
performed under general anesthesia, an additional postoper-
ative electrophysiologic examination is beneficial if the pa-
tient is still unconscious. For such examinations, a mobile
neurophysiologic measuring station is practical for perform-
ing single and parallel ERGs and VEPs; 100 single potentials of
the retina (ERG) or visual cortex (VEPs) are averaged. Both

ERGs and VEPs are repeated immediately to verify the results.
Afterward, a diagnosis is made by assessing the amplitude
and latency of the electric signals. The VEP is detected in a
standard position in the midline 5 cm above the occipital
protuberance against the median frontal reference point.
Needle electrodes are used with connecting resistances not
> 5 kΩ (►Fig. 2). For recording, a frequency window of 1 to
100 s�1 is chosen, and the duration of the evaluation period is
500 milliseconds. The standard limit for the VEP latency is
defined as the average (arithmetic mean, 108.71 millisec-
onds; minimum, 69.5 milliseconds; maximum, 143 milli-
seconds; standard error, 2.46 milliseconds) plus 2.5 times
the standard deviation (16.7 milliseconds) of a normal group:
150 milliseconds. The amplitude fluctuates within a small
range in a control group. Therefore, only side-to-side differ-
ences > 50% are rated as pathologic. For recording an ERG, a
very thin electrode is inserted in the conjunctiva of the lower
eyelid (►Fig. 2). Median frontal reference point is used as a
reference electrode. Further conditions are in accordance
with the values mentioned earlier. The involvement of the
ERG is particularly important in the case of a missing or
pathologic ipsilateral VEP to ensure that a signal interruption
of the visual stimulus is not due to refracting changes in the
eye or damage to the retina (►Fig. 3).

The stimulation is performed separately for each eyewith a
red stroboscopic light; a double stimulus (2 s�1) with a
duration of 1 millisecond is used. The flashlight stimulus on
each side consists of six simultaneously flashing LEDs inte-
grated in LED goggles.

In addition to the clinical and electrophysiologic results, a
spiral computed tomography (CT) scan is obtained with a
scan field from the teeth of the upper jaw to the cranial border
of the frontal sinus (slice thickness, 1 mm; table advance,
2 mm; increment, 1 mm). Apart from the axial images, three-
dimensional reconstructions from the sella turcica to the
nasal bone are necessary. Finally, a decision for or against
treatment of a visual pathway injury is made by analyzing the
clinical, electrophysiologic, and CT results. With regard to
traumatic damage of the optic nerve, the following findings
have to be considered for each side:

1. Primary signs: fracture of the optic nerve canal; fracture in
the retrobulbar region; hematoma, swelling, or disconti-
nuity of the optic nerve; hematoma in the posterior third
of the orbit

2. Secondary signs: shading of the sphenoidal sinus or of the
posterior ethmoidal cells; air–fluid level in the maxillary
sinus; epidural hematoma of the temporobasal region

3. Concomitant injuries: lamina papyracea; frontal sinus;
zygomatic bone; orbital floor; orbital roof; air collection
below the frontonasal region, optic chiasm, cavernous
sinus, or posterior of the big wing of the sphenoid bone;
contusions; subarachnoid or subdural hemorrhage

Traumatology

Extracranial neurologic complications after midface fractures
occur in approximately 50% of all cases.27Damage to the optic
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nerve is thus the third most common cranial nerve injury
after olfactory and facial nerve lesions. Traumatic optic nerve
damage is normally an acute problem. Almost 2% (0.7 to 5.0%)
of all closed head injuries and 20% of all frontobasal traumas
are associated with damage to the visual pathway.2,28–30 In
most cases, the intracanalicular section is affected. The most
common injuries occur in combination with frontal (72%) or
frontotemporal (12%) craniocerebral injuries.6 Bicycle and car
accidents and falls are the most common causes.31,32 Usually,
patients do not present with isolated damage of one or both
optic nerves but rather display complex injuries after damage
to the cranio-orbital transition zone.33 Irreversible optic
nerve damage cannot be differentiated from reversible inju-
ries through clinical examination. Therefore, the use of
electrophysiologic techniques has been established. Although
clinical electrophysiologic assessments such asflashVEPs and
ERGs have been described for diagnosing traumatic visual
pathway damage, there is no systematic use of such methods
for posttraumatic acute phase assessment of patients with
head injuries.34–36 Most studies of electrophysiologic techni-
ques have not combined the diagnostic aspects with the
traumatic or therapeutic aspects.31,37,38 Thus, many electro-

physiologic studies refer only to checkerboard-pattern VEP
examinations.39 However, this technique requires a coopera-
tive patient with a minimum visual acuity because of the
distance of the screen from the sitting patient. Many patients
with head injuries who are in the early posttraumatic stage
are excluded from such examinations.40 Flash-evoked ERG
has great prognostic value in terms of recovery of visual
acuity. This implies that visual acuity does not return in the
case of an absent ERG.41

In summary, the checkerboard-pattern VEP is not suitable
for standard examination of head injury during the acute
posttraumatic phase. In this context, flash VEP remains the
only valid independent technique for assessing visual path-
way functioning. It has been proven to be specific (97%) and
sensitive (100%) for diagnosing afferent damage to the visual
pathway.18,42 A large study (n ¼ 128) on the early diagnosis
of traumatic optic nerve damage demonstrated the value of
flash VEPs for the detection of afferent visual pathway inju-
ries in uncooperative patients (n ¼ 50). Additionally, it
highlighted the importance of flash VEPs for predicting the
outcome after afferent visual pathway damage.38 Classifica-
tion of VEP records as “normal,” “abnormal,” and “not

Figure 2 Clinical images of single and parallel electroretinogram and visual evoked potential performed using a mobile neurophysiologic
measuring station with a dual-channel lead: position of the needle electrodes including grounding (A) and a threadlike electrode (marked with
arrows; B), overview of the examination protocol (C).
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reproducible” is generally sufficient. In cases of acute head
trauma, VEPs have been rated as more reliable than the
mostly limited neuro-ophthalmologic examination for the
diagnosis of retrobulbar damage.43

Our strategy for the early diagnosis of traumatic optic
nerve damage uses an interdisciplinary approach with flash
VEP and ERG examination. This approach enables determina-
tion of the appropriate therapy (surgical decompression
or conservative treatment) in the acute posttraumatic
phase.

Diagnostic Imaging

The aim of diagnostic imaging is to show the precise level of
visual pathway damage.44 Today, conventional radiographs
are not very important for the analysis of bone injuries near
the visual pathway. Ultrasonography is considered to be of
value in the diagnosis of retrobulbar hematoma, especially for
patients with multiple traumas. Nevertheless, ultrasonogra-
phy too is not part of the standard diagnosis for traumatic
injuries. However, only an individual with extensive experi-
ence is capable of providing a significant evaluation using this
method.45

Multislice spiral CT is currently the method of choice for
assessing radiologic signs of traumatic optic nerve dam-
age.46,47 CT scans are of great importance for indicating

surgery. Occasionally, only cases of direct constriction of
the optic canal are classified as surgical emergencies, but
subsequently, this condition can result in transethmoidal
decompression of the optic nerve.48,49

The pathomechanism of optic nerve compression in the
optic canal does not require a clearly identifiable fracture.
Traumatic bone deformation in the sense of a “whiplash
injury” can show no fracture or only an occult fracture due
to the elasticity of the bone.7,50 Furthermore, edema can
result in optic nerve compression.51 In 31% of cases, a
sphenoethmoidal hemorrhage is combined with a fracture
of the optic canal.52 In one study, 47 of 50 patients presented
with a radiologic hint of anterior visual pathway damage;
skull fractures were registered in 50% of the cases, and
fractures of the optic canal were identified in 14% of cases.53

The own group of patients shows that all patients with an
afferent disorder have a fracture of the optic canal or a
fracture of the retrobulbar orbit, but not every fracture in
this location implies an afferent disorder of the visual
pathway.18

Magnetic resonance imaging (MRI) is not suitable as a
standard method for primary diagnosis of optic nerve dam-
age. MRI is more time-consuming than CT, and bony struc-
tures are not sufficiently represented.54 The importance of
MRI lies in secondary evaluation of visual pathway
pathologies.55,56

Figure 3 Posttraumatic ERG (A1 right eye, A2 left eye) and VEP (B1 right eye, B2 left eye). Note the physiologic VEP with a clear amplitude (blue bar)
for the right eye (B1) and the pathologic VEP with a missing amplitude for the left eye (B2); ERG on both sides without pathologic findings.
Abbreviations: ERG, electroretinogram; VEP, visual evoked potential.
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Optic Nerve Monitoring with Regard to
Craniofacial Reconstructions

Especially in craniofacial reconstructive surgery, interven-
tions associated with the midface and skull base can be
accompanied by potential damage of the visual system. In
principle, all the earlier-mentioned aspects of traumatic optic
nerve damage also apply to craniofacial reconstructive sur-
gery. In these mostly elective cases, optic nerve damage
represents a serious complication. Particular focus is placed
on orbit reconstructions that involve the posterior orbital
region. Disorders of visual acuity ranging up to blindness are
rare after such interventions. Nevertheless, these disorders
can be reduced by using standardized procedures. The use of
modern navigation systems enables exact preoperative plan-
ning with virtual contouring of the selected orbital structures
(►Fig. 4). Subsequently, these preformed orbital structures
can be controlled intraoperatively with the help of three
infrared cameras and can be synchronized with the surgical
field (►Fig. 5). Thus, the risk of incorrect positioning of

autogenous or allogeneic orbital transplants and implants
can be reduced. The optic nerve can already be controlled
preoperatively in terms of transplant or implant positioning.
In particular, it can be specifically located intraoperatively.
During surgery, testing of pupils is very important. To deter-
mine whether light reaction is intact, an intraoperative ERG/
VEP control is recommended. Only the use of this procedure
can help determine the requirement of immediate intra-
operative revision.

Therapy for Traumatic Optic Nerve Damage

Apart from wait-and-see strategies, there are two therapeutic
options for traumatic optic nerve damage: conservative thera-
py and surgical treatment.57 Conservative therapy primarily
involves treatment with glucocorticoids.49,58,59 The effect of
glucocorticoids is seen in their antiedematous, anti-inflamma-
tory, and antioxidative activity, in addition to their prevention
of vasospasm, reduction of nerve cell necrosis, and inhibition
of gliofibrous scarring of the traumatized optic nerve.60,61 The

Figure 4 Posttraumatic secondary reconstruction of the left orbit: preoperative planning. The unaffected right side (red) is reflected onto the
affected left side (blue), creating a virtual template for reconstruction of the left orbit. The orbital floor fracture is marked with a green arrow.
Abbreviation: CT, computed tomography.
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most common conservative therapeutic approach ismegadose
methylprednisolone therapy, which should not be initiated
more than 8 hours after trauma; initially, 30 mg Urbason
(Aventis Pharma GmbH, Germany) per kilogram body weight
is administered intravenously, and a maintenance dose of
5.4 mg Urbason per kilogram body weight is administered
for the subsequent 48 hours. This protocol is derived from a
spinal cord trauma study (NASCIS).62,63 Often, the use of
corticoids is considered a wait-and-see approach. Some au-
thors recommend intravenous megadose corticoid adminis-
tration over 12 hours; subsequently, if visual acuity is not
restored, surgery is indicated.61,64 Spoor et al recommended
termination of megadose methylprednisolone therapy when
the relative afferent pupil defect, the VEP, or visual acuity was
not restored within 24 to 48 hours.49 Combinations of cortico-
ids with acetazolamide and mannitol have also been used, but
these protocols have not been validated.48,65

Differentiation between retrobulbar hematoma, edema,
and bony causes of damage to the optic nerve is essential for

the indication of surgical decompression of orbital structures.
A clinically clearly identifiable protrusion of the bulb as a
consequence of a retrobulbar hematoma requires an emer-
gency opening of the orbital compartment if ipsilateral
afferent damage of the visual pathway is proven or even
suspected (►Fig. 6).66,67 This procedure is important for
treating the hematoma. In addition, opening the orbital
septum prevents nerve damage, because the prolapse of
the orbital fat leads to decompression of the optic nerve. A
restriction for this treatment is pulsating exophthalmos,
which is the classical symptom of a carotid-cavernous sinus
fistula.68,69 In such cases, an angiographic diagnosis should be
obtained preoperatively.

Surgical optic nerve decompression results in the mechan-
ical relief of the visual pathway by uncovering the nerve from
its bony surroundings, especially the optic nerve canal. Surgery
may be performed with the intention of relieving absolute
constriction of the optic nerve canal caused by dislocated bony
fragments. Surgery may also be necessary to relieve a relative

Figure 5 Posttraumatic secondary reconstruction of the left orbit: intraoperative navigation. Intraoperative multiplanar display shows pointer-
based surface matching after titaniummesh insertion for left orbital reconstruction. Correct implant position is checked by comparing the pointer
tip (green line) with the virtual reconstruction template (blue segmentation). Abbreviation: CT, computed tomography.
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constriction resulting from increased volume in the canal or
the nerve sheath due to edema or hematoma. Discussions
regarding surgical treatment for traumatic optic nerve damage
deal with the extent (cutting of the annulus of Zinn, additional
sheath slitting),70,71 the surgical approach,72,73 and the time
point for surgery.74,75 Slitting of the optic nerve sheath cannot
be considered a standard procedure for the treatment of
traumatic optic nerve damage. The requirement of transeth-
moidal or transcranial extradural optic nerve decompression is
assessed differentlywithin thevarious disciplines dealingwith
head surgery.76,77 Other surgical approaches include sublabial
transsphenoidal access and microsurgical endonasal
access.78–80

Conclusive recommendations for surgical therapy of trau-
matic optic nerve damage are very rare. A probable explana-
tion for this is the problem of indication, because indication,
in particular, is based on clinical experience, despite modern
advances in high-quality imaging.81However, the decision for
or against a conservative and/or surgical approach to therapy
for visual pathway injuries should not be made only on the
basis of morphological criteria (imaging). Such a decision
should rather be made on the basis of combined diagnostic
criteria involving shape and, in particular, function. This
implies that neuro-ophthalmologic and neurophysiologic
findings are important;82,83 in the case of pathologic findings,
therapy should be initiated immediately. Data on expectant
therapy with postponement of optic nerve decompression
and subsequent improvement of visual acuity cannot be a
guideline for a successful therapeutic regime. Most probably,
such individual cases are select examples of the natural
variance associated with afferent optic nerve damage.10 In
contrast, optic nerve decompression is an invasive treatment
that requires a careful indication despite low morbidity.84–86

Therefore, preoperative CT scans of the retro-orbital section
and the optic nerve canal should be mandatory.87–89 Com-

puter-assisted surgical techniques are very helpful and also
reduce morbidity associated with the operation.90 Moreover,
a surgical revision of the skull base in the region of the optic
nerve canal enables treatment of combined injuries of the
paranasal sinuses and the dura.85 An important part of
the surgical treatment of traumatic optic nerve damage is
the postoperative identification of surgical performance us-
ing CT with axial and coronary thin-layer reconstructions.

Apart from sole conservative or surgical therapy, com-
bined therapy is also recommended. The common factor in all
approaches is the lack of experimental proof of a positive
therapeutic effect on the traumatized optic nerve or the
peripheral visual pathway. Recommendations for therapy
are generally based on findings in small numbers of patients
and are often inconsistent in terms of etiology and intensity of
traumatic optic nerve damage. The best type of therapy for
traumatic optic nerve damage and the best time for surgical
decompression to ensure the most benefit to the optic nerve
remain uncertain.

A meta-analysis (n ¼ 244) revealed that compared to
nontreated patients with traumatic optic nerve damage,
patients who received therapy benefited from it and had
improved visual acuity.91 No significant difference was found
between the different treatments (decompression, corticoids,
and decompression combined with corticoids). A limiting
factor for all therapies is early diagnosis of traumatic nerve
damage. In the acute posttraumatic phase, early detection can
be accelerated by systematic use of clinical electrophysiology
techniques.92,93 Therefore, a mobile neurophysiologic mea-
suring station for VEP/ERG recording is necessary to verify
visual acuity during shock or in the early stabilization phase
for unconscious patients. This will facilitate the earliest
possible initiation of therapy.35,94

Due to the complexity of traumatic optic nerve damage in
conjunction with different injury patterns, cases are never
identical or even directly comparable. It is thus not justified
to select one special technique for the recovery of visual
acuity. Physicians should attempt to determine the precise
pathomechanism of individual injuries on the basis of the
actual posttraumatic clinical state to select a specific therapy.
Combinations of injuries also have to be included in the
decision process. In this context, the benefit of clinical
electrophysiology techniques such as flash VEP and, if nec-
essary, ERG has been proven.18 Apart from definite identifi-
cation of visual pathway damage, electrophysiologic
examination also detects the absence of optic nerve injuries,
which is an equally important result because it prevents
unnecessary treatments.

Recommendations for the Treatment of
Traumatic Optic Nerve Lesions

1. The integrity of the visual pathway should be tested
immediately in every patient with midface or skull base
trauma. If clinical examination is not reliable, VEP and ERG
recordings should be performed (►Fig. 7). This applies also
in craniofacial surgery with orbital involvement.

Figure 6 Decompression of the orbital compartment: surgical
procedure. Four incisions are placed in natural creases directly above
the supra- and infraorbital rim. After dissecting the orbicularis muscle
and the orbital septum (palpebral ligament), the four incisions are
elongated into the orbit behind the globe securely in contact with
bone. Elastic drainage tubes are inserted to release extraconal and
intraconal hematomas from the orbit. Illustration reproduced by kind
permission of the AO Foundation, Davos, Switzerland.
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2. In emergency cases, a normal light reaction is a reliable
parameter for an intact visual pathway. However, in primary
diagnosis of patientswithhead injuries, pupillary function is
often disturbed (e.g., by opioids, injury to the iris sphincter
itself, or bilateral damage of the oculomotor nerve).

3. Classification of VEP records as “normal,” “abnormal,” or
“not reproducible” is generally sufficient to grade visual
pathway function. In cases of deficient neuro-ophthalmo-
logic findings, the decision for or against treatment of a
visual pathway injury is based on VEP records together
with clinical and radiologic findings. With pathologic
findings in particular, but also reproducible VEP records,
immediate treatment is recommended to avoid additional
secondary optic nerve damage.

4. If an afferent disorder of the visual pathway is clinically
proven or cannot be excluded, or, in cases of a pathologic
VEP record, megadose methylprednisolone therapy should
be applied. Contraindications have to be considered.

5. Prompt surgical optic nerve decompression is indicated in
cases of retrobulbar hematoma, provided pulsating exoph-
thalmos and cerebrospinal fluid leak are ruled out.

6. Regarding conscious patients, immediate decompression
of the optic canal is indicated in the case of afferent
disorders with progressive loss or absence of visual acuity
together with direct or indirect radiologic signs of trauma
in the retrobulbar region or direct vicinity of the optic
nerve canal. In these cases, return of visual acuity was not
achieved if VEP records were not reproducible before
decompression. Nevertheless, surgical intervention is rec-
ommended until studies consisting of large numbers of
patients show that recurrence of visual acuity is impossi-
ble after finding extinct VEPs.

7. Concerning unconscious patients, decompression of the
optic canal is also recommended with direct or indirect
radiologic signs of trauma in the retrobulbar region or
direct vicinity of the optic nerve canal. If the afferent
disorder of the visual pathway cannot be clinically proven,
surgical intervention is recommended in the case of a
pathologic VEP record (reproducible or not).

8. In the case of optic canal decompression, postoperative
evaluation of surgical outcome by using CTwith axial and
coronal thin-layer reconstructions is mandatory.
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