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Introduction

Cerebrospinal fluid (CSF) rhinorrhea is being managed by
endoscopic approaches in most cases these days and hence
has come under the armamentarium of otolaryngologists.
Recent advances in nasal endoscopic surgery in anterior skull
base area have made it the procedure of choice for the repair
of CSF rhinorrhea. The results of the repair verymuch depend
on the site of the leak, localization of the site, and materials
used for repair. Trauma to thehead is one of themost common
reasons for CSF rhinorrhea; often the site of defect in the bone
and the dura is situated in the cribriform area and the frontal
sinus. CSF repair from the lateral part of the frontal sinus or
from posterior table defects are challenging if endoscopic

repair is being contemplated. Intranasal access to these sites is
difficult and hence leads to unsatisfactory repair and higher
failure rates.

In our experience, repair of CSF rhinorrhea of frontal sinus
origin can almost always be addressed endoscopically if the
defect is not very large. Defects of the posterior table up to
0.5 cm can be repaired with the help of an endoscope with
minimal morbidity. In our experience, cranialization of the
frontal sinus is not required in most of the cases for manage-
ment of the CSF leak due to posterior table fractures. The
frontal sinus is opened by making a small stab incision just
below the brow. The defect site is localizedwith the help of an
endoscope introduced through the opening in the frontal
sinus. Repair is then performedwith fat, fibrin glue, bone, and
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Abstract Objective Cerebrospinal fluid (CSF) leaks from the frontoethmoid and sphenoid
region can be easily dealt with endoscopic approaches, but CSF rhinorrhea due to
frontal sinus fractures are difficult to treat solely by the nasal endoscopic approach and
may require external repair. The technique described targets defects of the posterior
table of the frontal sinus where conventional osteoplastic approach of obliteration is
usually done. This technique is minimally invasive and involves repair using an
endoscope via a frontal trephine.
Methods We have treated five cases of traumatic CSF rhinorrhea with this technique,
and the mean follow-up is 1 year (range: 10–14 months). The frontal sinus is opened by
making a small stab incision (frontal trephine), and the defect site is localized by
visualization via endoscope through the trephine. The repair is then performed with fat,
bone graft, and fibrin glue.
Results Closure of the defect was achieved in a single stage in all the patients, and
none of them had a recurrence of leak in the 1-year follow-up period.
Conclusion This is a good technique for superiorly and laterally placed posterior table
defects of the frontal sinus with minimal morbidity and excellent closure rates.
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fascia. Adequate repair can most often be achieved by this
minimally invasive route.

Materials and Methods

We treated five cases of traumatic CSF rhinorrhea of the
frontal sinus origin in the last 3 years with a mean follow-up
of 1 year (range: 10–14 months). These patients were post
head injury cases with a fracture of the posterior table of the
frontal sinus (►Figs. 1 and 2). Bone chips were seen in the
frontal sinus in all the cases, and brain herniation was
encountered in two cases. One patient had accompanying
pneumocephalus as well (►Fig. 3). All these patients had
posttraumatic CSF rhinorrhea where conservative treatment
had failed. Our main surgical aim was to prevent further CSF
leak and to maintain the frontal sinus outflow tract.

Surgical Steps
All these patients were subjected to diagnostic endoscopy
before the surgical procedure. Leakage from the frontal sinus

areawas confirmed. Because all these patients were post head
injury cases, frank CSF leakage was seen from that area. Before
proceeding to the procedure, we classified the defects of the
frontal sinus radiologically as small and large defects, with a
cut-off of 0.5 cm. Defects located inferiorly in the frontal sinus
and near the frontonasal duct area are usually repaired
endoscopically, and those located higher up in the posterior
table are dealt with using a conventional extracranial obliter-
ation method. At our center we mainly target defects of the
posterior table that cannot be adequately approached via the
nasal endoscopic route and would require extracranial repair.
The size of the posterior frontal table defect taken on for
endoscopic repair was approximately up to 0.5 cm.

The frontal sinus was opened by making a small stab
incision halfway between the medial canthus and brow
(frontal trephination) (►Fig. 4). The opening was further
enlarged with a cutting burr large enough to accommodate

Fig. 1 Coronal computed tomography scan cut showing site of frontal
sinus cerebrospinal fluid leak.

Fig. 2 Axial cut of computed tomography scan showing large defect in
the posterior table of the frontal sinus.

Fig. 3 Coronal computed tomography scan showing pneumocepha-
lus due to frontal sinus cerebrospinal fluid leak.

Fig. 4 Operative picture of the incision used for frontal trephination.
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a 0 degrees nasal endoscope and an endoscopic instrument.
The size of this opening in the bone was � 4 cm. The frontal
sinuswas entered directly and the defect site visualized under
greater magnification.

In all five cases we could visualize the defect and CSF was
seen leaking through a bony defect in the posterior table of
the frontal sinus in a pulsatile manner. Having localized the
defect, we stripped the frontal sinus mucosa around the
defect and removed loose bony fragments around the defect
site that were often seen piercing the dura.

In three patients where the defect was � 0.5 cm and not
associated with an encephalocele, fat secured with a suture
was used to plug the defect completely by pushing it through
the defect and then pulling it out slightly so it would fit snugly
into the defect (bath-plug technique). It was fixed in this
position by layering it with fibrin glue. In two patients where
the bony defect was associated with encephalocele, the edges
of the defect were made raw and a piece of septal cartilage
was introduced into the defect and engaged between the
bonyedges and the dura. Finally, the defect was layeredwith a
fascia lata graft and layered with fibrin glue, thus ensuring a
good seal of the defect. After ensuring that the leak site was
well plugged above, an endoscope was introduced into the
nasal cavity. Angulation of the scope was changed to 70
degrees, and the frontal sinus opening was localized. The
drainage of the frontal sinus at the frontonasal duct area was
evaluated and any leakage of CSF checked from there. It is
important to evaluate the frontonasal duct area postopera-
tively so that any residual leakage site can be repaired by an
overlay/onlaymethod. Thismethod ensures both “above” and
“below” repair of frontal sinus origin CSF leakage. In four of
our patients, the leakage sitewas primarily from the posterior
frontal table, and the frontonasal pathway was intact. One
patient had leakage from the cribriform area as well that was
repaired using fascia lata graft in an onlay method.

Using an endoscope for defects up to 0.5cm in this manner
not only gives a better visualization of the leakage site but also
carries minimal morbidity because craniotomy is avoided. It
is a good technique for moderate size defects of the posterior
table of the frontal sinus.

Results

All five patients who had been operated on with this proce-
durewere followed up for amedian duration of 1 year. In all of
themweused the technique just described to localize and seal
the defect. Single-stage repair was performed in all these
patients using fat, cartilage, fascia lata, and fibrin glue. In two
of the patients there was accompanying encephalocele in
which septal cartilagewas used to seal the defect. This helped
prevent further prolapse of the intracranial component into
the frontal sinus. In one patient therewas an associated defect
of the cribriform area that was repaired using fat, fascia lata,
and fibrin glue by the overlay method. The frontal sinus was
not obliterated in any of these patients, and the frontal
outflow tract was kept intact. We have followed up these
patients for an average of 1 year, and none of them had any
recurrence of CSF leak. One patient complained of neuralgic

pain at the operative site that wasmanaged conservatively by
analgesics. Cosmetic considerations have been the mainstay
of this approach, but one patient of the five developed a small
hypertrophic scar at the incision site.

Discussion

Frontal sinus fractures comprise between 5% and 15% of
maxillofacial traumas.1,2 The incidence is � 9 per 100,000
adults per year. A third of frontal sinus fractures affect the
anterior table alone; isolated fractures of the posterior table
are rare. Fractures of the frontal sinus most commonly occur
as the result of blunt trauma occurring during amotor vehicle
accident. Gross CSF rhinorrhea occurs in � 20% of patients.
Approximately 60% of these patients may also present with
some type of orbital trauma.3,4 The use of high-resolution 1.5-
mm thin-cut computed tomography (CT) scanning is current-
ly the gold standard for evaluating the sinuses. CT provides
essential information regarding frontal sinus anatomy, in-
volvement of the anterior and/or posterior wall, as well as
details of the degree of comminution and displacement of the
fractures. It also provides visualization of any associated
craniofacial and cerebral injuries.4,5 In all the cases presenting
to us, CT scan was the investigation of choice. Bony defect of
the posterior table was clearly seen in these cases. Brain
herniation was seen in two. CT cisternography was routinely
done in all our cases to see the exact site of the egress of CSF in
the frontal sinus and the nasal cavity.

The main goals of treatment of frontal sinus fractures are6

the protection of intracranial structures, cessation of CSF
leakage, prevention of posttraumatic infection, and restora-
tion of facial aesthetics.

Thehistory of frontal sinus surgery dates back to as early as
1870 when Wells operated on mucopyocele of the frontal
sinus. Many surgeons have addressed the pathology of the
frontal sinus using ablative or obliterative methods devel-
oped by Reidel-Schenke7 and Rohrich.8 Bergara and Itoiz
devised the osteoplastic flap procedure in an attempt to
improve cosmesis and surgical exposure.9 Cranialization of
the frontal sinus developed by Donald and Bernstein10 has
been used very frequently to treat frontal sinus fractures.

With the advent of newer instrumentation and techniques,
the treatment of frontal sinus fractures and CSF leak have
undergone many changes. Nasal endoscopes have added to
our current armamentarium of surgical treatment. Treatment
of frontal fractures associated with CSF leak differs according
to the site of injury. Fractures of the posterior table of the
frontal sinus that are nondisplaced and have a CSF leak are to
be managed conservatively, keeping open the option of sinus
exploration when the CSF leak does not subside. Current
protocols state that if there is a defect more than one table
width of the frontal sinus wall, the sinus has to be explored
and obliteration or cranialization done accordingly.

Although the gold standard of treatment of CSF rhinorrhea
by extracranial technique is obliteration, there are definite
drawbacks to this procedure such as facial scarring, frontal
bone embossment, frontal neuralgia, donor site morbidity,
and loss of physiologic function of the frontal sinus.6 In the
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technique described here, the incision used to approach the
frontal sinus is very small; the opening made in the sinus is
also minimal. Hence the complications just described are not
encountered.

Endoscopic repair of frontal sinus CSF leaks and encepha-
loceles otherwise can be an effective method if meticulous
attention is directed toward preservation of the frontal sinus
outflow tract, thus avoiding an osteoplastic flap and obliter-
ation. The major limiting factor for an endoscopic approach is
extreme extension superiorly or laterallywithin the posterior
table beyond the reach of current instrumentation.11 The
unilateral endoscopic approach for repair of frontal sinus CSF
leak in four cases was described by Roehm and Brown in
which single-stage repair could be performed in three
cases.12 Endoscopic-assisted trephination approach for repair
of frontal sinus cerebrospinal fluid leaks has been described
where a frontal trephine was made and the endoscope was
introduced through it. CSF leak of frontal sinus origin was
then repaired.13

We approached the frontal sinus by creating a small
window (frontal trephination), and then adequate visualiza-
tion was made possible with an endoscope. The endoscopic
view is magnified to improve visualization of the defect.
Because the endoscope is placed directly inside the frontal
sinus, posterior table defects can be identified and the dural
defects better repaired. Thus this procedure is useful for
managing even superiorly or laterally placed posterior frontal
table defects with better results in comparison with endo-
scopic repair done solely via the intranasal route. After
ascertaining the site of leak on the CT scan, it is easier to
place the incision accordingly. Use of an endoscope and one
instrument is possible via a comparatively small opening, and
surgical dexterity is possible through that opening. One
important aspect worth mentioning here is the need to strip
the whole mucosa of the frontal sinus to avoid mucocele
formation in the near future. When the defect is localized,
mucosa around the defect is stripped and the repair is site
specific. The fact that the site is well delineated and visualized
with an endoscope makes it possible to close the defect
precisely, and then there is no need to obliterate the sinus
at all. Our mean follow-up range has been 1 year (range: 10–
14 months), and we have not encountered any cases of
mucocele formation to date. We also make sure that the
frontal sinus draining pathway is not compromised in any
way so stenosis at that level is avoided. In one patient whohad
a cribriform leak in association with the posterior frontal
table leak, we used fascia lata using an overlay technique. The
opening of the frontal sinus was not compromised and
drainage was not hampered. Because this procedure entails
only a small frontal trephination, it thus has less morbidity
associated compared with extra- and intracranial repair that
involves osteoplastic flap elevation and obliteration. Cosmet-
ically our procedure is well accepted by patients. In cases
where there is a comminuted fracture involving the posterior
frontal table and the frontal drainage area, this method may
be inadequate because wewould then have to block the sinus

at its opening and obliterate the sinus as awhole, which is not
possible via this minimally invasive route.

Conclusions

This technique is minimally invasive and offers a good
approach to the difficult frontal sinus. It is advantageous in
comparison with both the intracranial and nasal endoscopic
method. It can deal with superiorly and laterally placed
posterior frontal defects that are currently not accessible
with current nasal endoscopic methods. There is an added
advantage of better visualization of the bony as well as the
dural defect. In comparisonwith the intracranial method, the
complications and morbidity are much less. This method
involves only a small stab skin incision,making it cosmetically
more acceptable to the patient. This trephination technique is
slowly being used experimentally at different centers for the
repair of CSF leaks of frontal sinus origin. Their long-term
results can be studied once more patients are treated by this
approach and further research is performed with a larger
sample size.
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