IJHNS
What is the Current Place10.5005/jp-journals-10001-1332
of Endonasal Frontal Sinus Surgery?

REVIEW ARTICLE

What is the Current Place of Endonasal Frontal
Sinus Surgery?
1

Stephen Ball, 2Sean Carrie

ABSTRACT
Endonasal approaches to the frontal sinuses have evolved
rapidly over the past 40 years and with ongoing improvements
in technology continue to do so. However, clinical situations
remain where the rhinologist will be faced with pathology more
appropriately treated through open or combined approaches.
This article summarises the current approaches, both open
and endonasal.
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INTRODUCTION
Surgical approaches to the frontal sinus are some of the
more challenging rhinological procedures for the otolaryngologist due to the complex and highly variable
frontal sinus drainage pathway. Historically, surgery on
the frontal sinus has involved an open external approach
with visible scars and often associated bony deformities.1,2
The advances in endoscope technology, imaging, intraoperative navigation systems, high-definition monitors,
and anesthetic techniques have allowed the boundaries
of endoscopic frontal sinus surgery to be moved to such
an extent that they are now the mainstay. Notwithstanding this, we have not yet reached the point that the open
approach has become obsolete; far lateral lesions remain
very difficult to reach endoscopically, as is surgery complicated by extensive fibrosis typical of revision surgery.
This progression to favoring endoscopic approaches, with
open surgery held in reserve, is similar to that seen in
many surgical disciplines as our equipment, knowledge,
and close cooperation with patients facilitate it. We are
currently within the robotic surgical era. Although the
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available surgical robots are clearly too large for endoscopic
sinonasal surgery, their evolution will no doubt bring some
excellent new tools for us to investigate.
Endonasal approaches to the frontal sinus have been
popularized by pioneers, and in particular Draf, who
first described the classification system in the early
1990s,3 ranging from a more simple endoscopic frontal
sinusotomy through to median drainage procedures.
Since this time, reports of endonasal techniques have
quadrupled in the published literature with similar
complication rates and outcome data to their open counterparts.4 More recently, the balloon sinuplasty procedure
has been introduced as a theoretically more conservative
surgical option, although its role is somewhat debatable,
with arguments both for and against its effectiveness.5,6
Frontal sinus drainage procedures are typically utilized
in a stepwise ‘ladder’ approach, with the simplest feasible
option being chosen first and more complicated surgeries
being reserved for increasing pathological complexity or
in revision surgery (Table 1).

DRAF 1
The Draf 1 procedure is the simplest endonasal approach
to the frontal sinus and, as a result, preserves the most
Table 1: Indications for endonasal frontal sinus procedures
adapted from Stilianos Kountakis7
Type of drainage
Draf 1

Draf 2

Professor
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Indication
Acute sinusitis
• Failure of conservative treatment
• Orbital and intracranial complications
Chronic rhinosinusitis
• Index frontal sinus procedure
• No adverse patient mucosal factors (e.g.,
Samter’s triad)
• Revision after ethmoidectomy
• Medial frontal muco/pyoceles
• Benign tumors of the frontal sinus
• Access to the posterior table of the
frontal sinus
• Significant acute frontal sinusitis
complications
• Revision of a Draf 1 procedure
• Complex revision surgery
• Unfavorable patient mucosal factors
(Samter’s triad, etc.)
• Benign and malignant tumors—medial to
the level of the lamina papyracea
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mucosa within the frontal recess. It should be considered
and used where possible, since preservation of healthy
frontal sinus recess mucosa will reduce the risk of restenosis and subsequent more complex revision surgery.
Classically, this approach describes clearing the frontal
recess by opening the anterior ethmoidal air cells and
resecting part of the uncinate process and any cells
within the frontal recess. The agger nasi cell is typically
left alone as is the floor of the frontal sinus (Fig. 1). A
Draf 1 drainage procedure may be indicated for both
acute frontal sinusitis (failure of conservative treatment
and occasionally orbital/intracranial complications) and
chronic rhinosinusitis, index frontal sinus procedures,
revision surgery following incomplete ethmoidectomy,
and no adverse patient mucosal factors, such as Samter’s
triad (nasal polyposis, asthma, and aspirin intolerance).7

DRAF 2
Draf 2 procedures are more complex and require removal
of all cells within the frontal recess up to the natural
frontal sinus ostium. The Draf 2 classification is subdivided into 2A and 2B. A Draf 2A procedure extends the
initial steps of a Draf 1 plus resecting the cells in the
frontal recess lateral to the middle turbinate. The Draf 2B
is an extension of the 2A so that the dissection removes
the floor of the frontal sinus to clear a path between the
orbit laterally to the nasal septum inferomedially and
frontal sinus septum superomedially. Typically, the floor
of the frontal sinus is resected. The Draf 2B approach is
more commonly utilized than the 2A as frontal sinus
pathology, which requires the floor of the sinus to be
resected, often includes active mucosal inflammation and
fibrosis of the drainage pathway having a tendency to
circumferentially stenose. Therefore, the wider drainage
is recommended for the best outcome. Indications for type
II Draf procedures include medial frontal muco/pyoceles,

benign tumors of the frontal sinus, access to the posterior
table of the frontal sinus, significant acute frontal sinusitis
complications, or revision of a Draf 1 procedure.

DRAF 3
The final procedure in the Draf classification is to establish a median drainage pathway between both frontal
sinuses essentially by performing bilateral Draf 2B
operations and removing the frontal sinus septum and
a superior portion of the nasal septum. By performing
these steps, a wide drainage pathway is established from
the common frontal sinus (Fig. 2). Similarly, by utilizing
approaches through each of the nasal cavities, inspection
and manipulation of the lateral aspects of the sinus can be
performed. The Draf 3 has a number of synonyms (“endoscopic modified Lothrop” and “frontal sinus drill out”),
which can make frontal sinus surgery nomenclature
confusing, though they are essentially the same operative
steps. A Draf 3 drainage procedure would be indicated
for complex revision surgery, where there are unfavorable
patient mucosal factors, such as Samter’s triad, primary
ciliary dyskinesia, and for some benign and malignant
tumors provided the tumor is medial to a line extended
vertically upward from the lamina papyracea.

FRONTAL SINUS RESCUE PROCEDURE
The frontal sinus rescue operation was first described in
the late 1990s as a potential alternative endonasal procedure to a Draf 3 approach, especially where there is
scarring of the frontal sinus ostia from previous surgery.8
The operative steps include rotating a middle turbinate
remnant flap into the cleared frontal sinus ostium to introduce new mucosal flaps and reposition the circumferential scar into a longitudinal pattern, with a similar effect
to a z-plasty in conventional scar revision.9 To perform a
frontal sinus rescue procedure, an incision is made along
the length of the remaining middle turbinate, removing
thebony lamella and associated medial mucosa to create
a laterally based flap. The remaining lateral middle turbinate mucosa is then rotated out of the frontal ostium
with the aim to prevent circumferential restenosis of the
frontal drainage pathway.

SURGICAL ADJUNCTS

Fig. 1: Postoperative view of an endonasal Draf 1 procedure
looking into the frontal sinus via its ostium anteriorly
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Due to the nature of inflammatory sinonasal mucosal
disease, functional endoscopic sinus surgery alone is
often not possible to provide a complete cure from chronic
rhinosinusitis. Careful postoperative care, primarily with
topical corticosteroids and saline irrigation, is the current
mainstay of treatment to maintain sinus ventilation.10
As the mucosal immunology and pathophysiology of
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Figs 2A and B: (A) Postoperative view of an endonasal Draf 3 procedure and views into the common frontal sinus cavity;
(B) postoperative coronal computed tomography scan

sinonasal inflammation are being uncovered, novel
monoclonal antibody biological treatments are being
tested in clinical trials11-14 that may offer therapeutic
breakthroughs for this group of patients with upper respiratory and sinonasal diseases. In addition to medical
treatments, there is debate surrounding the use of drugeluting stents with proponents, who suggest that they
help establish healthy mucosa and prevent restenosis
of the frontal sinus. Similarly, there are surgeons who
find their use detrimental. At present, there is no level
1 evidence in place to support their application, and use
is, therefore, determined by local expertise.15 It is highly
likely that as newer anti-inflammatory agents come along,
there will be trials of such drug-eluting stents and similar
surgical adjuncts.

BALLOON SINUPLASTY
Balloon sinuplasty is a relatively recent addition to the
endonasal surgical treatment options of the frontal
sinus.16-18 Similar to coronary artery angioplasty, a
balloon catheter is directed into the area of stenosis and
inflated to attempt to dilate the frontal sinus drainage
pathway. It is technically less demanding than conventional endoscopic endonasal approaches to the frontal
sinus and has both advocates and critics. Supporters of
balloon sinuplasty suggest it is a conservative, mucosapreserving procedure that can be quickly performed.19
However, critics have reported that it is often not effective
and one feasibility trial planned for 200 patients had to
be aborted early, after only 45 patients, once a 65 to 66%
failure rate was identified.20

OUTCOMES—ENDONASAL APPROACHES
Traditional external frontal sinus drainage procedures
historically provided reasonable short-term success rates,

though over time approximately a third would stenose
and fail. The longer term outcomes of these procedures
increased the popularity of more extensive open procedures, such as the osteoplastic flap and frontal sinus
obliteration surgeries.21 More extensive open procedures
are not without risk and the developments in endoscopic
surgery provided possible newer more functional alternatives. The outcomes of endonasal frontal sinus surgery
have typically been reported in single-surgeon or singleinstitution case series over the last two decades.22-26
The evidence has been recently reviewed by DeConde
and Smith,27 who have identified data that support that
Draf 2 drainage procedures provide both lasting frontal
sinus patency in clinic endoscopy and patients’ qualityof-life outcomes. Outcomes for Draf 3 procedures show
a similar improvement at least up to 2 years postoperatively in 85% of patients. Higher patency rates up to 97%
(221 out of 229 patients) have been reported in those who
have larger frontal drainage pathways measuring up to
20 × 20 mm.28

OPEN APPROACHES—THE
OSTEOPLASTIC FLAP
Over the past three decades, endonasal approaches have
revolutionized the management of frontal sinus disease.
However, it is widely recognized that there are a number
of instances where open approaches are still required.
It is essential that the rhinologist is familiar with open
techniques; otherwise, there is a risk that patients will not
be offered the appropriate options in the management of
their underlying condition (Fig. 3).
Goodale and Montgomery1 popularized the osteoplastic anterior wall approach to the frontal sinus (Fig. 4)
in the 1950s. While this had been described at the beginning of the 19th century, concerns about the extent of the
procedure and risks of osteomyelitis meant that it was
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Figs 3A and B: Coronal computed tomography scan images demonstrate a far lateral mucocele of the frontal sinus with intraorbital
extension and inferior displacement of the globe within the orbit (A) preoperatively and (B) postoperatively. There is a rolled silastic stent to
maintain the patency of drainage of the mucocele into the lateral frontal sinus, approached externally through an osteoplastic flap procedure

Fig. 4: Intraoperative photo of an osteoplastic flap procedure via a
bicoronal incision. The sucker and malleable retractor are inserted
into the edges of the frontal sinus with the outer table bone having
been removed with intraoperative navigation guidance. The anterior
bone segment will be inserted to the defect with miniplates and
screws at the end of the procedure once the mucosa has been
removed from its posterior wall and the flap replaced. The blue
Raney scalp clips are applied for hemostasis intraoperatively

rarely performed. However, these concerns were largely
dismissed in the 1960s as the procedure gained popularity and failure rates of less than 10% were described.
The advent of an increasing experience with endonasal minimally invasive procedures led to a recognition
that many pathologies previously treated through open
approaches could now be performed endoscopically. The
osteoplastic flap increasingly fell out of regular use in
many centers as rhinologists became less familiar with
this technically challenging procedure.
The osteoplastic flap may be combined with obliteration of the frontal sinus by fat or other material. Traditionally, obliteration was the technique of choice in an attempt
to ensure that there was no recurrence of symptoms from
the treated pathology. However, complications, such as
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postoperative mucocele formation are such that long-term
follow-up is required and subsequent “unobliteration”
procedures may be necessary. Care must be taken at the
primary open operation to ensure that all frontal sinus
mucosa is removed by drilling it away and ensuring
the frontal sinus exit is sealed from the frontal recess.
Ideally, obliteration should be restricted to those procedures where communication with the frontal drainage
pathway cannot be ensured. In the author’s experience,
the majority of frontal sinus osteoplastic flap cavities can
be combined with endonasal frontal sinus outflow procedures, e.g., Draf type III, to enable ongoing mucociliary
drainage and regular endonasal inspection of the frontal
sinus.

OUTCOMES—EXTERNAL APPROACHES
Ochsner and DelGaudio29 reported on 73 procedures in
57 patients over a 15-year period. They highlighted the
benefit of this approach to treat endoscopically inaccessible areas or for refractory pathology. However, they
noted 17% required further procedures/revisions, particularly if the open procedure had been performed for
inflammatory causes. Smaller series are also reported by
Hahn et al30 and Silverman et al.31 Overall, the osteoplastic flap procedure still has a valuable place to play in the
contemporary management of challenging frontal sinus
condition. However, its selection should be based upon
the nature of the pathology, and its use is dependent upon
appropriate anatomical factors.

CONCLUSION
Endonasal surgery of the frontal sinus is technically
demanding, and has evolved since its introduction in the
late 20th century. This is due to advances in both available
surgical equipment and techniques. Careful analysis of the
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technical and patient symptom outcomes has provided
useful information to help guide surgeons choose the
best approach to the frontal sinus. For each patient, thought
should be given to the least invasive approach to address
pathology of the frontal sinuses. Currently, for the majority
of frontal sinus surgery indications, we would recommend
endonasal surgery with open approaches held in reserve.
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