Frontal Sinus Fractures
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ABSTRACT

The management of frontal sinus fractures has changed over the past 20 years.
Whereas the indications for an invasive procedure had been much broader in the past, it has
become more common to treat these fractures conservatively, due to improved imaging
modalities, the advent of endoscopic surgical treatment of the nasofrontal outflow tracts,
and the improved understanding of frontal sinus physiology. A variety of algorithms have
been proposed for the management of frontal sinus fractures; however, we present a
simplified treatment algorithm, which uses cranialization, obliteration, reconstruction,
observation, and endoscopic sinus surgery.
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Frontal sinus fractures account for 5 to 15% of all
craniofacial fractures related to trauma.'™ However, over
the past 20 years, frontal sinus fractures have undergone a
transformation in terms of management. Generally
speaking, management has become much more conser-
vative due to the better understanding of frontal sinus
fracture management and the advent and expertise de-
veloped in endoscopic sinus sulrgery.“_8 Increasingly,
many fractures that were previously operated on are
now followed radiographically and treated endoscopically
only if complications arise.”” 1 Tt is critical to evaluate
these fractures properly and have a firm grasp on how to
apply the correct surgical intervention to manage these
injuries. Although other algorithms have been proposed
for the management of frontal sinus fractures,'>> we
present a simplified algorithm based on the available
treatment modalities, addressing our cranialization,
obliteration, reconstruction, and observation criteria.

EVALUATION
Most patients presenting with frontal sinus fractures
have sustained substantial craniofacial trauma. Motor

vehicle accidents were once the most common source of
these injuries“’”; with the advent of airbags, however,
they are much less frequent.18 Severe aggravated assaults
are much more commonly seen now as the underlying
cause, as are motor vehicle—pedestrian accidents.”
Because of the significant underlying forces involved,
many of these patients will have also sustained intra-
cranial injuries,20 requiring a multidisciplinary approach
to the patient’s overall management.

It has become routine practice for patients pre-
senting with severe facial trauma to undergo a computed
tomography (CT) scan of the face, head, and neck.
Because of the high-energy mechanisms associated
with frontal sinus fractures, it is not uncommon to see
concomitant intracranial injuries and cervical spine
injuries; therefore, the neurosurgical service is usually
involved in the patient’s care.

Any CT scan done to evaluate the brain will also
adequately evaluate the anterior and posterior tables of
the frontal sinus as well as the nasofrontal outflow tract.
In looking at the CT scan, three elements must be
critically evaluated: the anterior table, the posterior table,
and the nasofrontal outflow tracts. Specifically, when
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assessing the anterior and posterior table, the degree of
displacement must be noted. Along these lines, one
should also take particular note of any pneumocephalus
that is seen, as it is indicative of the severity of the injury
and may push the surgeon toward a more immediate
operative intervention. The third critical element is the
inferomedial component of the fracture, as this fre-
quently involves the outflow tracts of the sinus. Severe
fractures in this area are of a greater degree of con-
cern,>*! as the risk for impaired sinus drainage increases.

On physical exam, one should carefully evaluate
the overlying soft tissue trauma. Many of these injuries
will have severe lacerations overlying the fractures them-
selves and elsewhere over the face. In the central region
of the forehead, the supraorbital and supratrochlear
nerves are likely to have been injured, which would
manifest as numbness or paresthesias of the forehead.??
This must be carefully documented in this initial eval-
uation to prevent confusion with respect to the outcome
of operative management and its complications.

MANAGEMENT

There are several indications for surgical intervention
with frontal sinus trauma. The first, and perhaps the
most obvious, is severe displacement of the anterior
table. The potential for postoperative contour deform-
ities warrants reduction and stabilization of these frac-
ture fragments.

Posterior table involvement is perhaps more con-
troversial. Occasionally, one will see relatively mild
anterior table involvement with more displacement of
the posterior table. The question of how much posterior
table displacement is acceptable then arises. The concern
with displacement is twofold. First, displaced posterior
table fragments may cause a cerebrospinal fluid (CSF)
leak through a tear in the dura. One may be able to
detect this on physical exam by seeing fluid leaking from
the nose. This can be sent for a B-2 transferrin for
confirmation, but it should be presumed to be CSF until
proven otherwise. Many patients, however, do not have
this and instead simply have what they refer to as a
postnasal drip. They can often be heard clearing their
throats because of the constant fluid leak. If confirmation
is needed, a CT myelogram is helpful in localizing the
leak.

The other concern regarding posterior table
displacement is entrapment of mucosa within the intra-
cranial space. Trapped mucosa here can lead to muco-
celes and cause serious complications. Although some
previous algorithms have advocated surgical intervention
for posterior table involvement greater than one table
width, it is increasingly common practice to intervene
only for much more severe posterior table injuries.

The third source of concern in these injuries is the
status of what sometimes is called the nasofrontal duct.

This is perhaps more appropriately termed the nasal
frontal outflow tract, as it is rarely a distinct duct. This
area is most frequently in the inferomedial portion of the
frontal sinus and allows it to drain into the ethmoid
region. Theoretically, the more severe the trauma in this
region, the more likely that the sinus will not drain
properly, resulting in a mucocele. Severe injury to any of
the above three areas (medial portion of the frontal sinus,
frontal sinus floor, anterior ethmoid air cells) should
prompt the surgeon to consider operative management
in the short term.

As was stated above, management has become
increasingly nonoperative in many of these cases due to
the ability of surgeons to manage complications endo-
scopically. Should one elect to not operate on the frontal
sinus, the patient should be followed with CT scans at
various intervals in the postinjury period. The interval of
these scans is not set in stone and should be dictated by
the severity of the injuries. In many cases, we will not
obtain the first follow-up scan until 3 to 6 months after
the injury and will schedule subsequent follow-ups
depending upon the findings of that first scan. However,
should the patient complain of frontal headaches or nasal
drainage, this follow-up interval should be shortened.??
Patients should also be encouraged to use nasal decon-
gestants as this certainly helps in promoting drainage of
the sinus.

Should a patient present with a small CSF leak
and a very small fracture with no other operative in-
dications, time can be given to allow this leak to resolve.
It has been reported in the literature that anywhere from
53 to 95% of CSF leaks will resolve spontaneously.24_26
If one is going to manage the CSF leak conservatively,
one should counsel the patient that maintaining the head
in the elevated position is critical. Keeping the head at or
below the level of the heart increases the pressure at the
site of the dural tear and decreases the chance that this
leak will ever spontaneously seal. In recalcitrant cases,
one can consider a lumbar drain to further decrease the
pressure at the level of the tear. In any case, persistent
leaks beyond 1 to 2 weeks should prompt consideration
for surgical intervention.

Should one choose surgery for these injuries,
beware of attempting to use existing soft tissue lacer-
ations and their exposure. Rarely are overlying lacera-
tions sufficient to allow visualization and access to repair
the injuries, despite some authors’ beliefs.”>?*7 In
essentially every case, a coronal incision should be
used. How to perform this is beyond the scope of this
article; however, zigzag coronal incisions are generally
much better concealed within the hairline. As one takes
down the coronal flap, this should be done in the
subgaleal plane, preserving the periosteum as potential
graft or filler material for harvest if necessary. This also
allows one to later harvest a galeal flap from the coronal

flap should this be thought necessary.
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Figure 1 (A) Nondisplaced anterior table fracture with severe displacement of the right lateral supraorbital rim. (B) The frontal
sinus is well aerated; therefore, the concern for nasofrontal outflow tract involvement was low. (C, D) The mucosa was left
intact, and the anterior table and the supraorbital rim were plated.

Once the level of the fracture is reached, manage-
ment depends upon the indications for the surgery. For
severe isolated anterior table fractures, the fragments
need to be reduced and stabilized (Fig. 1). This is
sometimes quite difficult as the fragments may be very
small. We have found it helpful to make a small template
with the fracture fragments on the back table as we
remove them. This will aid in replacing them in their
anatomic position for subsequent plating. Taking out
fracture segments in a piecemeal fashion and simply
placing them in a cup makes accurate reconstruction
troublesome. When fixating these anterior table frag-
ments, one should consider using a piece of overlying
mesh.?® If individual plates are used, we have found that
postoperative bone resorption can result in small defects
of the anterior table and subsequent overlying contour
deformities. By placing a mesh on top of the fracture
fragments, one can stabilize the bony pieces and prevent
soft tissue prolapse, if resorption does occur.

In the event it is believed that the outflow tract is
involved, the surgery becomes more complex. In these
cases, one needs access to the interior of the frontal sinus
for more complete evaluation. This frequently requires
removal of the remainder of the anterior table. The safest
way to remove this without resorting to a craniotomy is

simply to place one prong of a bayonet forceps within the
sinus and to mark out the limits of the sinus using
the outer prong as a guide. One may also turn down the
lights in the room and shine a light source within the
sinus and see which portions transluminate. The outer
table can then be taken off with an osteotome or saw.

Management at this point depends on the status
of the outflow tract. Although many have advocated
filling the sinus with dye and determining whether or
not it drains to pledgets placed within the nose, this is
not a terribly sensitive or specific test. Rather, it is
preferable for the surgeon to use clinical judgment as
to whether or not the outflow tract is adequately pre-
served despite the fracture. If it is, the anterior table can
simply be plated in its correct position as discussed
earlier. If not, the sinus should be obliterated. This
involves removing all of the mucosa from within the
sinus, plugging the nasofrontal outflow tract, and plating
the anterior table.

Sinus mucosa should be removed using either a
burr or a CO, laser. It is very helpful to instill methylene
blue dye within the sinus so that the surgeon can
determine which areas have been burred and which areas
have not. Use of a burr or laser is necessary as there are
small invaginations within the mucosa that go within the
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Figure 2 The patient sustained a depressed anterior table fracture involving the nasofrontal outflow tracts. After the removal
of the frontal sinus mucosal lining, a pericranial flap was elevated (A) and used to obliterate the frontal sinus (B).

substance of the bone. Simply scraping the mucosa out
does not address these anatomic features.

After this, the nasal frontal outflow tract must be
obstructed. In many cases, it is quite sufficient just to
raise a pericranial ﬂang_31 and seal this down into the
outflow tract using fibrin glue (Fig. 2). However, any
autogenous substance is acceptable including bone,

B

muscle, or fascia. A greater controversy is the need to
fill the remaining empty space of the sinus. There are
many advocates for using fat grafts, bone, or other soft
tissue to obliterate completely the sinus space itself.
Radiographic studies of the fate of this material are
variable. Some have shown retention of the material
and others have not. However, it is counterintuitive to

Figure 3 The preoperative (A, B) and postoperative (C, D) images of the patient of Fig. 2, who underwent frontal sinus
obliteration with a pericranial flap. The postoperative images demonstrate adequate placement of the pericranial flap and

anterior table reconstruction with miniplates.
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Figure 4 (A, B) A patient with a severely comminuted fracture of the anterior and posterior table of the frontal sinus with
involvement of the nasofrontal outflow tracts. (C) A craniotomy was performed removing the remaining anterior and posterior
table. A pericranial flap was then placed over the dural repair. (D) The anterior table fragments were assembled on the back
table. (E) The reconstructed anterior table was then inset over the pericranial flap.

think that nonvascularized graft material placed in a
large cavity will necessarily revascularize and be retained
over time. It is our opinion that simply leaving the sinus
empty once the outflow tract is plugged is more than
sufficient (Fig. 3).

If the posterior table is severely injured, a craniot-
omy is necessary. Once the forehead fragment including
the sinus is removed, it is taken to the back table, and the
posterior table is simply taken off. Just as with sinus

obliteration, the mucosa on the posterior aspect of the
anterior table is also thoroughly removed. At this point,
great care must be taken to obliterate the nasofrontal
outflow tract. Again, it is acceptable to do so with graft
material, such as pericranium and fibrin glue. Some
surgeons prefer a well-vascularized flap such as the galeal
flap. This certainly provides sufficient tissue to seal the
duct. In cases of obliteration, it may even fill the
remaining sinus space. The patient should be counseled,
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Frontal Sinus Fracture

'

1. Cranialization Criteria
a  Severe posterior wall fx
b.  CSF leak >1-2 weeks
c Craniotomy o/w indicated

NO

A 4

Yes +

A J

Cranialization

2. Obliteration Criteria
4. NFOT obstruction suspected
b. Severe medial sinus fx
¢, Severe sinus floor fx
d Severe ethimoid fx

Yes B NO
Obliteration

3. Reconstruction Criteria
a. Severely displaced anterior
table fracture
b, Comminuted fx

Yes . g NO

Y h 4

Reconstruction: Observation

ORIF/Mesh

Figure 5 Frontal sinus fracture treatment algorithm.

however, that there will be a contour deformity of the
forehead with use of this flap. In the case of cranializa-
tion, once the duct is sealed, the forehead should be
plated back into position. Once this is done, the brain is
simply allowed to expand into the site of the previous
frontal sinus, and the craniotomy flap is plated back into

position over the pericranial flap or galeal flap (Fig. 4).

TREATMENT ALGORITHM
A simple treatment algorithm for surgical intervention is
illustrated in Fig. 5 and represents a three-step thought

process that can be used to effectively manage frontal
sinus fractures.>?® As illustrated, the first step in assess-
ing frontal sinus fractures involves assessment of the
posterior table of the frontal sinus and determining the
need for cranialization. Criteria for cranialization in-
clude severe posterior table fracture, CSF leak greater
than 1 to 2 weeks, or in any situation where a craniotomy
is otherwise indicated. Any patient who meets these
criteria. would undergo a cranialization of the frontal
sinus, obliteration of the nasofrontal outflow tracts, and
reconstruction of the anterior table.

In the absence of these indications for cranializa-
tion, one next assesses the likelihood of nasal frontal
outflow tract obstruction, which is demonstrated by
either gross obstruction or the presence of severe infer-
omedial frontal sinus fractures. Patients meeting the
criteria for nasofrontal outflow tract obstruction would
then undergo obliteration of the frontal sinus and
nasofrontal outflow tracts followed by reconstruction of
the anterior table.

Without the presence of cranialization or oblit-
eration criteria, one lastly assesses the need for anterior
table reconstruction. The presence of significant contour
deformity or comminution signifies the need for recon-
struction of the anterior table with plates or mesh
placement.

Barring all of these criteria, observation is appro-
priate as illustrated by other authors.?° With observa-
tion, patients need close follow-up and serial CT scans
looking for signs of subacute or chronic nasofrontal
outflow tract obstruction. If noted, endoscopic sinus
surgery is a viable initial option in many cases.

COMPLICATIONS

Complications with frontal sinus fractures tend to be
seen late, and most of these center around the develop-
ment of a mucocele due to retained sinus mucosa.
Presentation years after the injury and treatment is the
norm. These patients return with complaints of pain or
tullness in the region of the supraorbital rim. Scanning
will often reveal a sinus filled with mucous (Fig. 6). In
some cases, this has eroded through the anterior or
posterior tables, making the situation much more seri-
ous. Infected mucoceles, or mucopyoceles, are even more
serious and may present with sepsis, seizures, or other
intracranial manifestations. Management of these de-
pends upon the status of the overlying anterior and
posterior tables. If the posterior and anterior tables are
intact and the problem is confined to the mucosa,
endoscopic drainage of the sinus with enlargement of
the outflow tract is an acceptable form of treatment.>
However, if the anterior or posterior table has been
eroded substantially, consideration must be given to
open treatment.>> In cases such as this, the anterior table
may require autogenous bone grafting to reconstitute its
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Figure 6 A patient presenting with a mucocele after previous repair and inadequate removal of the frontal sinus mucosa. The
anterior table has partially resorbed (A), and the sinus is filled by the mucocele (B).

contour, and for posterior table erosion, craniotomy with
galeal flap isolation of the intracranial space.

CONCLUSION

The management of frontal sinus fractures has transi-
tioned to a more conservative approach over the past few
decades due to better imaging modalities, the accessi-
bility of endoscopic sinus surgery, and a better under-
standing of the frontal sinus treatment options. It is
important to have a logical approach to the management
of frontal sinus fractures given the number of clinical
features that can affect management and the number of
treatment options available. To limit the morbidity
associated with the invasive nature of these procedures
(cranialization, obliteration, reconstruction, observa-
tion), our algorithm systematically compartmentalizes
the treatment modalities to offer a simplified algorithm
for the management of frontal sinus fractures.
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