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Purpose: Frontal sinus fractures (FSF)havepotentially catastrophic consequences due to frontal
recess (FR) obstruction and proximity to the brain and orbit. Lack of follow-up and ability to
predict which type of fractures predispose to complications has biased surgeons toward
definitive interventions such as sinus obliteration and cranialization. These procedures carry
inherent risk and may be unnecessary in a subset of patients. This study seeks to better
characterize spontaneous ventilation in subjects with FSFs, including those involving the FR.
Materials and methods: Review of a prospectively maintained trauma database between
2009 and 2013 at a level 1 trauma center. Patients with frontal sinus fractures with follow-up
imaging (>6 weeks) available were included. The medical records and imaging were reviewed
for evidence of spontaneous ventilation of the frontal sinus.
Results: Nineteen patients sustained frontal sinus fractures in the study period with mean
imaging interval of 67.4 weeks (range, 6–188.4 weeks). Injury mechanisms included fall (32%),
assault (31%), motor vehicle accident (17%), pedestrian-versus-automobile (12%), and gunshot
wound (8%). 8/19 patients (42%) sustained FSFs involving the FR and 7/8 (87.5%) spontaneously
ventilated by time of interval imaging. The one patient with persistent radiographic sinus
opacificationwas associatedwith a naso orbital ethmoid andmedial orbital blowout fracture. 6/
19 patients (32%) sustained FSF sparing the FR, and all spontaneously ventilated by the time of
interval imaging. 5/19 patients (26%) underwent surgical intervention.
Conclusions: An expectant, sinus-preserving approach to acute FSFs involving the FR is safe
and effective. Etiology of re-ventilation failure may be due to tissue obstruction, rather than
the frontal recess fracture itself.

© 2015 Elsevier Inc. All rights reserved.

A M E R I C A N J O U R N A L O F O T O L A R Y N G O L O G Y – H E A D A N D N E C K M E D I C I N E A N D S U R G E R Y 3 6 ( 2 0 1 5 ) 8 3 7 – 8 4 2

Abbreviations: FSF, frontal sinus fracture; FR, frontal recess; NOE, naso orbital ethmoid; CSF, cerebrospinal fluid; CT, computerized
tomography; AT, anterior table; PT, posterior table; MVA, motor vehicle accident.
☆ Accepted for poster presentation to the American Rhinologic Society at the annual Combined Otolaryngology Spring Meetings (COSM),
April 22–26, 2015, Boston, MA (abstract submission #1022).
⁎ Corresponding author at: University of California San Diego, Department of Surgery, Division of Otolaryngology–Head and Neck Surgery,

200 W. Arbor Drive, #8895, San Diego, CA 92103. Fax: +1 619 516 8958.
E-mail address: adeconde@ucsd.edu (A.S. DeConde).

http://dx.doi.org/10.1016/j.amjoto.2015.04.015
0196-0709/© 2015 Elsevier Inc. All rights reserved.

Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

ScienceDirect
www.e l sev i e r . com/ loca te /amjo to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjoto.2015.04.015&domain=pdf
http://dx.doi.org/10.1016/j.amjoto.2015.04.015
mailto:adeconde@ucsd.edu
Journal logo
http://dx.doi.org/10.1016/j.amjoto.2015.04.015
Imprint logo
http://www.sciencedirect.com/science/journal/01960709


1. Introduction

Frontal sinus fractures account for 5–15% of all maxillofacial
injuries [1]. Despite the relative infrequency, these fractures
have potentially catastrophic consequences given the prox-
imity to the brain and orbit. Serious complications of frontal
sinus fractures include cerebrospinal fluid (CSF) leak, menin-
gitis, encephalitis, brain abscess and occlusion of the drainage
pathway [2,3]. Anatomic obstruction of the frontal sinus
drainage pathway, also known as the nasofrontal outflow
tract and the frontal recess (FR), can lead to potentially
devastating late complications such as persistent sinusitis,
mucocele, and mucopyocele long after initial evaluation [3,4].

Lack of patient follow-up and an inability to accurately
predict which type and pattern of fracture predisposes
patients to complications has historically biased surgeons
toward expeditious, non-specific, and definitive interventions
such as frontal sinus obliteration or cranialization [5,6]. These
surgical interventions each carry inherent risk and may be
unnecessary in a portion of patients that may achieve
spontaneous ventilation of the frontal sinus. Failed ventila-
tion of the frontal sinus manifests as persistent opacification
of the sinus on computerized tomography (CT) and may
portend the development of a frontal mucocele.

Various treatment algorithms for the management of
frontal sinus fractures have been proposed but vary widely
and lack consensus [7]. Furthermore, the degree and nature of
FR injury as it relates to the anticipated complications have
not been clearly defined, yet remain a critical variable in the
decision to pursue surgical intervention. Ideally, through
characterization of fracture patterns on high-resolution CT,
management of FR fracturesmay be refined such that surgical
interventions are considered only for fracture patterns
associated with a failure to ventilate the frontal sinus.
Expectant management or interval imaging has been advo-
cated as a reasonable alternative treatment strategy for a
limited subset of these patients [2,8,9].

In addition, present-day frontal sinus fracture patterns
may no longer reflect those seen in prior studies. With the
advent and mandated adoption of the airbag injury mecha-
nisms have evolved from high-impact injuries associated
with automobiles to lower-energy means such as assault
[5,10,11]. Prior data are limited as frontal sinus fractures are
relatively rare and trauma patients are associated with low
rates of follow-up [2,12]. Therefore, ideally, patients that could
benefit from conservative management are identified at the
time of initial evaluation.

The present study seeks to better characterize the rates of
spontaneous ventilation in subjects with fractures of the
frontal sinus including those that involve the FR as seen on
interval imaging.

2. Materials and methods

The University of California, San Diego Hillcrest Medical Center
is a level-1 trauma center that prospectively maintains a
database of admitted patients. After institutional review board
approval, a 5-year review from January 2009 to December 2013

was performed on all patients who had sustained a skull-base
fracture, which includes all frontal sinus fractures. The
complete medical records and initial high-resolution (1-mm)
CT findingswere reviewed to identify patientswith acute frontal
sinus fractures. Associated facial fractures, demographic data,
injury mechanisms and frontal sinus interventions were
recorded. All patients were evaluated at the time of admission
and treated by either the plastic surgery or otolaryngology
services. Conservative management involved monitoring for
complications while inpatient and return precautions upon
discharge.

Patients who had sustained acute frontal sinus fracture
and received a CT scan 6 weeks or longer after date of injury
were subsequently selected for review. This interval was
selected based on expected time for clearance of intrasinus
traumatic hemorrhage if present, based on endoscopic frontal
sinus surgery literature [13]. Follow-up scans for any indica-
tion that included the frontal sinus and FR were selected,
including dedicated brain CT imaging (3-mm cuts). Two
otolaryngologists (ASD, AJ) reviewed these CT-scans. Location
of the frontal sinus fracture on admission was characterized
as involving the anterior table, posterior table and/or the FR.

Follow-up CT scans were reviewed and frontal sinus re-
ventilation was operationalized into either spontaneous re-
ventilation of the sinus or persistent opacification (Fig. 1).
Review of the medical record was performed and clinical
symptoms were recorded (Fig. 2).

2.1. Statistical analysis

For statistical analysis, the chi-square test was used for discrete
variables, and t-test was used for continuous variables. A value
of p < 0.05 was considered significant.

3. Results

A total of 669 adult trauma patients who sustained acute
traumatic skull-base fractures (ICD-9 801.00–801.99), which
include frontal sinus fractures, were identified during the
study period. A total of 102 patients (15%) had suffered acute
traumatic frontal sinus fractures involving at least one-subsite
(anterior table, posterior table, or FR). Of patients with frontal
sinus fractures, 19 (31.6%) patients had at least 6-week (67.4 ±
56.7 weeks; range 6–188.43 weeks) interval imaging available.
Compared to subjectswithout interval imaging available, age of
subjects with follow-up scans was not significantly different
(42.8 ± 16.9 vs 38.5 ± 18.7; p = .21), and was equally as likely to
have sustained the injury through an assault (47% vs 31%; p =
.18), fall (26% vs 32%; p = .60), motor vehicle accident (MVA)
(11% vs 17%%; p = .50) and gunshot wound to the head (16% vs
8%; p = .27). However 12% of patients in the group without
interval imaging had suffered a pedestrian vs. auto accident,
whereas no patient in the groupwith interval imaging available
sustained an injury with this mechanism.

3.1. Concomitant injuries

18 of 19 patients had concomitant maxillofacial (79%), ocular
(84%), or intracranial injuries (74%).
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