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Utilization of frontal balloon sinuplasty in pediatric complicated acute rhinosinusitis (ARS) is demonstrated to be a safe and
expedient alternative to other procedures such as trephination or functional endoscopic sinus surgery (FESS) in this case series.
We performed a retrospective review of six pediatric cases of frontal balloon sinuplasty for ARS with intracranial complications at
a tertiary academic center. Patients underwent unilateral (n� 5) or bilateral dilation (n� 1) in addition to functional endoscopic
sinus surgery (FESS) including anterior ethmoidectomy (n� 5) and maxillary antrostomy (n� 6). �is technique e�ectively
addressed frontal sinus obstruction and served as an alternative to procedures such as trephination or functional endoscopic sinus
surgery. No immediate or short-term complications of balloon dilation were observed in these cases. A larger cohort and extended
follow-up are necessary to determine the use and long-term impact of this technique.

1. Introduction

Acute rhinosinusitis (ARS) is a signi�cant disease among
pediatric patients and a common complaint in the primary
care setting [1]. Of pediatric patients with upper respiratory
infections, 5–13% progress to a diagnosis of ARS [2]. Al-
though rare, intracranial complications of ARS including
cavernous sinus thrombosis, epidural abscess, cerebral ab-
scess, meningitis, subdural empyema, and cerebritis can be
life-threatening and require prompt intervention [3–6].
Recent studies suggest that orbital or intracranial compli-
cations occur in less than 1% of patients diagnosed with ARS
in the emergency department, while 4.3% of pediatric ARS
inpatient admissions involved intracranial complications
[7, 8]. In one institutional cohort study, 30.4% of pediatric
frontal sinusitis cases had intracranial complications [9].
�is speci�c paranasal sinus is more commonly associated
with intracranial complications and worse outcomes, in-
cluding need for surgical intervention and prolonged hos-
pital stay [9, 10].

It is established that frontal sinus involvement is com-
mon in ARS with intracranial complications, and it repre-
sents a surgical challenge [9, 11]. Traditional surgical
approaches for frontal drainage include functional endo-
scopic sinus surgery (FESS) and trephination. Frontal FESS
can be technically challenging in the setting of ARS, and
otolaryngologists may vary in level of experience with pe-
diatric frontal FESS during ARS. Trephination provides a
more expedient approach to frontal drainage but carries a
risk of cosmetically signi�cant scarring. As balloon dilation
is becoming more commonly utilized in the United States
population for frontal sinus disease, more attention is being
placed on the utilization of and outcomes following this
procedure and in speci�c subpopulations [12].

Treating complicated pediatric frontal ARS with balloon
sinuplasty has been previously described in one case report
of a patient with an intracranial abscess and in a case series of
four patients with the following complications: forehead
swelling, frontal dural enhancement, intraorbital manifes-
tation, and recurrent chronic sinusitis [13, 14]. Multiple
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studies have established that balloon sinuplasty is safe and
useful when examining short and long-term outcomes in
pediatric chronic rhinosinusitis (CRS), though a consensus
has not been reached for the indication of balloon dilation
among children with CRS [15–23]. A prospective study
which included 30 pediatric frontal dilations demonstrated
this technique to improve quality of life in pediatric CRS
[16]. Balloon sinuplasty has also been found to be effective in
adults with recurrent frontal ARS [24]. As research on the
safety and efficacy of frontal balloon dilation in the context
of pediatric ARS with intracranial complications is limited,
this subject merits further examination.

2. Case Presentation

A retrospective chart review of six pediatric cases of frontal
balloon sinuplasty for complicated ARS was performed with
approval from the Human Research Protection Office at
Washington University in St. Louis. Eligible patients were
less than 18 years of age and had an operating room charge
for a sinus balloon between January 2017 and June 2019.
Patients with CRS and/or balloon dilation of the maxillary
sinus only were excluded.

Frontal balloon dilation utilizes the same equipment,
positioning, and navigation systems as FESS. After nasal
mucosal decongestion and injection, limited FESS is per-
formed. )is includes middle turbinate medialization,
uncinectomy, maxillary antrostomy, and anterior ethmoi-
dectomy. )e frontal recess is identified in all patients using
image guidance, and a guidewire with a lighted tip is
inserted. Transillumination of the frontal sinus visible
through the forehead confirms successful guidewire place-
ment. A sinus balloon is then inserted over the guidewire
into the frontal recess and inflated per the manufacturer’s
specifications. )e balloon dilates the sinus ostium, and the
sinus is irrigated until drainage returns clear.

2.1. Preoperative Patient Characteristics. )e characteristics
of the study population are given in Table 1. )e median age
of patients was nine (range 7–14) with an even distribution
of males and females. )e significant medical history in-
cluded three (50%) cases of allergic rhinitis and one case of a
recent frontal bone fracture. All patients were initially im-
aged with CT and MRI. All cases involved the frontal,
maxillary, and ethmoid sinuses; only one case had sphenoid
sinus involvement. All cases included intracranial compli-
cations with either subdural empyema (50%) or epidural
abscess (50%). Other complications included frontal cere-
britis, frontal soft tissue abscess, and frontal osteomyelitis.
)ree (50%) patients were neurologically intact upon ad-
mission, while two patients reported symptoms concerning
for seizure and one patient demonstrated altered mental
status (GCS 12).

2.2. Management and Postoperative Course. Surgical man-
agement and follow-up are also given in Table 1. While all
cases were treated with frontal balloon sinuplasty, bilateral
dilation was only performed on one patient. Postoperatively,

patients were managed with oxymetazoline, nasal saline
irrigations, and topical corticosteroid sprays. Neurosurgical
procedures were required in four (67%) patients. All patients

Table 1: Demographic, clinical, and management characteristics of
complicated pediatric ARS patients (n� 6).

Median n(%)
Age

Median (range) 9 (7–14)

Gender
Male 3 (50)
Female 3 (50)

Medical history
Allergic rhinitis 3 (50)
Recent frontal bone fracture 1 (17)

Initial imaging
CT+MRI 6 (100)

Sinuses
Frontal 6 (100)
Maxillary 6 (100)
Ethmoids 6 (100)
Sphenoid 1 (17)

Laterality
Unilateral 1 (17)
Bilateral 5 (83)

Sinusitis complications
Intracranial complications 6 (100)
Subdural empyema 3 (50)
Epidural abscess 3 (50)

Extracranial complications 3 (50)
Frontal cerebritis 1 (17)
Frontal soft tissue abscess 1 (17)
Frontal osteomyelitis 1 (17)

Neurologic presentation
Intact 3 (50)
Concern for seizure 2 (33)
AMS (GCS 12) 1 (17)

Visits to operating room
Number of ENT operations
1 6 (100)

Number of neurosurgical operations
0 2 (33)
1 3 (50)
2 1 (17)

Frontal sinus balloon dilation laterality
Unilateral 5 (83)
Bilateral 1 (17)

Additional FESS performed
Maxillary antrostomy 6 (100)
Anterior ethmoidectomy 5 (83)
Neurosurgical procedures
Craniotomy and washout 3 (50)
Burr holes and washout 1 (17)

ICU admission
Yes 4 (67)
No 2 (33)

Hospital readmission
Yes 3 (50)
No 3 (50)

Median (range)
Hospital duration 13.5 (4–43)
Follow-up time (days) 91 (38–406)
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were treated with 4–8 weeks of IV antibiotics. Hospital
admission periods ranged from 4 to 43 days (median 13.5
days). Median follow-up time was 91 days. )ree (50%)
patients had hospital readmissions following their ARS
surgeries. One patient had three readmissions for unrelated
diagnoses. Two others were admitted for fever workup given
their recent hospitalizations. No diagnoses of ARS or in-
tracranial infection were made during these readmissions.
Figure 1 shows representative imaging before and after
balloon dilation of one case included in the study.
Figures 1(a)–1(c) show three frames from a preoperative
head CT that highlights multiple potential complications of
pediatric ARS patients with intracranial complications in-
cluding fluid-density opacification of the frontal sinus
(Figure 1(a)), subperiosteal fluid collection overlying the
frontal bone consistent with Pott’s puffy tumor
(Figure 1(b)), and epidural abscess (Figures 1(b) and 1(c)).
In this case, MRI six weeks after surgery demonstrates
resolution of the abscesses and aeration of the frontal sinus
(Figure 1(d)).

3. Discussion

In our practice, frontal balloon sinuplasty in pediatric ARS
with intracranial complications allows for relatively ex-
pedient source control with limited instrumentation of the
frontal recess. While this may be achieved with traditional
frontal FESS techniques, this is technically challenging in
setting of inflamed, bleeding mucosa and may increase
operative time and risk. Unlike trephination, frontal bal-
loon sinuplasty can address anatomic obstruction of the
frontal sinus without any external scarring. In 2011, 11.8%
of pediatric frontal sinus procedures utilized balloon
catheter dilation in the United States; while balloon sin-
uplasty carries additional equipment cost when compared
to traditional FESS alone, it is still unclear whether this cost
might be mitigated by decreased surgical time using this
technique [25, 26].

Similar to a pediatric case reported in 2016, no short-
term complications of balloon dilation were observed in
these six patients [13]. )ough half of our patients had a
hospital readmission, none were diagnosed with sinusitis or
intracranial infections. Half the patients in this series pre-
sented without neurologic symptoms. Neurological deficit
from epidural abscess is often delayed due to its insidious
spread, and intracerebral abscesses can present without
neurological symptoms [27]. Moreover, previous studies
have shown that 63–72% of pediatric sinusitis patients with
intracranial empyema or abscess require at least one neu-
rosurgical intervention during their treatment similar to our
cohort in which 67% of the cases required a neurosurgical
procedure [3, 27]. Another case series examining the efficacy
of frontal balloon sinuplasty in four pediatric patients with
complicated acute frontal sinusitis demonstrated sustained
symptom resolution 1–3 years following the procedure in
three of the cases [14]. Although a larger patient cohort and
extended follow-up are needed to establish the overall safety
of frontal balloon sinuplasty in this population, our data
adds to the literature as it demonstrates that frontal balloon
dilation does not influence the need for additional neuro-
surgical procedures and is both safe and effective in treating
complicated pediatric ARS.

4. Conclusion

In this case series, frontal balloon dilation is determined to
be a safe and expedient approach in complicated pediatric
ARS. Frontal balloon sinuplasty avoids the external scarring
of trephination and the technical challenges associated with
frontal FESS.While this study demonstrates the potential for
utilizing frontal balloon sinuplasty in the context of com-
plicated ARS in children, it is limited to a single institution
and a small patient sample. A larger cohort and extended
follow-up are required to determine the long-term efficacy
and safety of this technique compared to other surgical
modalities.

(a) (b) (c) (d)

Preoperative CT Postoperative MRI

Figure 1: Imaging findings before and after balloon dilation. (a)–(c) Preoperative head CT slices with contrast of one case included in the
study: (a) fluid-density opacification of the frontal sinus; (b) contrast-enhancing subperiosteal fluid collection overlying the frontal bone,
consistent with Pott’s puffy tumor; (b)-(c) contrast-enhancing intracranial fluid collection consistent with epidural abscess. (d) T2 MRI six
weeks after surgery revealing resolution of abscesses and aeration of the frontal sinus.
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ARS: Acute rhinosinusitis
CT: Computerized tomography
MRI: Magnetic resonance imaging
AMS: Altered mental status
GCS: Glasgow Coma Scale
ICU: Intensive care unit
FESS: Functional endoscopic sinus surgery.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

)e content does not necessarily represent the official views
of the National Institutes of Health.

Conflicts of Interest

)e authors declare that there are no conflicts of interest.

Acknowledgments

)e authors would like to acknowledge Lauren H. Yaeger,
MA,MLIS, medical librarian atWashington University in St.
Louis, for her support with literature review for this case
series. Dr. Wahle was supported by the National Institute of
Deafness and Other Communication Disorders within the
National Institutes of Health through the “Development of
Clinician/Researchers in Academic ENT” training grant
(T32DC000022) and Ms. Chidambaram was supported by
the National Center For Advancing Translational Sciences of
the National Institutes of Health (TL1TR002344).

References

[1] E. R. Wald, K. E. Applegate, D. H. Darrow et al., “Clinical
practice guideline for the diagnosis and management of acute
bacterial sinusitis in children aged 1 to 18 years,” Pediatrics,
vol. 132, no. 1, pp. e262–280, 2013.

[2] S. E. Brietzke, J. J. Shin, J. T. Lee et al., “Clinical consensus
statement: pediatric chronic rhinosinusitis,” Otolaryngology -
Head and Neck Surgery, vol. 151, no. 4, pp. 542–553, 2014.

[3] Y. F. Kou, D. Killeen, B. Whittemore et al., “Intracranial
complications of acute sinusitis in children: the role of en-
doscopic sinus surgery,” International Journal of Pediatric
Otorhinolaryngology, vol. 110, pp. 147–151, 2018.

[4] M. K. S. Waseem and S. Khan, “Subdural empyema com-
plicating sinusitis,” Journal of Emergency Medicine, vol. 35,
no. 3, pp. 277–281, 2008.

[5] N. A. Patel, D. Garber, S. Hu, and A. Kamat, “Systematic
review and case report: intracranial complications of pediatric
sinusitis,” International Journal of Pediatric Otorhinolaryn-
gology, vol. 86, pp. 200–212, 2016.

[6] S. R. Chorney and A. Buzi, “Frontal sinus drainage in acute
pediatric sinusitis with intracranial complications,” American
Journal of Rhinology & Allergy, vol. 35, no. 6, pp. 732–738,
2021.

[7] A. R. Sedaghat, C. O. Wilke, and S. L. Ishman, “Socioeco-
nomic disparities in the presentation of acute bacterial si-
nusitis complications in children,”0e Laryngoscope, vol. 124,
no. 7, pp. 1700–1706, 2014.

[8] D. A. Levy, P. P. Pecha, and R. J. Schlosser, “Trends in
complications of pediatric rhinosinusitis in the United States
from 2006 to 2016,” International Journal of Pediatric Oto-
rhinolaryngology, p. 109695, 2020.

[9] H. E. Hakim, A. C. Malik, K. Aronyk, E. Ledi, and
R. Bhargava, “)e prevalence of intracranial complications in
pediatric frontal sinusitis,” International Journal of Pediatric
Otorhinolaryngology, vol. 70, no. 8, pp. 1383–1387, 2006.

[10] A. J. Schupper, W. Jiang, M. J. Coulter, M. Brigger, and
J. Nation, “Intracranial complications of pediatric sinusitis:
identifying risk factors associated with prolonged clinical
course,” International Journal of Pediatric Otorhinolaryngol-
ogy, vol. 112, pp. 10–15, 2018.

[11] J. Stokken, A. Gupta, and S. Anne, “Rhinosinusitis in children:
a comparison of patients requiring surgery for acute com-
plications versus chronic disease,” American Journal of
Otolaryngology, vol. 35, no. 5, pp. 641–646, 2014.

[12] M. R. Chaaban, J. G. Baillargeon, G. Baillargeon, V. Resto, and
Y. F. Kuo, “Use of balloon sinuplasty in patients with chronic
rhinosinusitis in the United States,” International Forum of
Allergy and Rhinology, vol. 7, no. 6, pp. 600–608, 2017.

[13] L. T. Roland, A. M. Wineland, and D. S. Leonard, “Balloon
frontal sinuplasty for intracranial abscess in a pediatric acute
sinusitis patient,” International Journal of Pediatric Otorhi-
nolaryngology, vol. 79, no. 3, pp. 432–434, 2015.

[14] S. K. Maurrasse, T. P. Hwa, E. Waldman, A. Kacker, and
A. N. Pearlman, “Early experience with feasibility of balloon
sinus dilation in complicated pediatric acute frontal rhino-
sinusitis,” Laryngoscope Investigative Otolaryngology, vol. 5,
no. 2, pp. 194–199, 2020.

[15] P. J. )ottam, M. Haupert, S. Saraiya, J. Dworkin, R. Sirigiri,
and W. M. Belenky, “Functional endoscopic sinus surgery
(FESS) alone versus balloon catheter sinuplasty (BCS) and
ethmoidectomy: a comparative outcome analysis in pediatric
chronic rhinosinusitis,” International Journal of Pediatric
Otorhinolaryngology, vol. 76, no. 9, pp. 1355–1360, 2012.

[16] Z. M. Soler, J. S. Rosenbloom, D. Skarada, M. Gutman,
M. J. Hoy, and S. A. Nguyen, “Prospective, multicenter
evaluation of balloon sinus dilation for treatment of pediatric
chronic rhinosinusitis,” International Forum of Allergy and
Rhinology, vol. 7, no. 3, pp. 221–229, 2017.

[17] H. G. Zalzal, C. A. Makary, and H. H. Ramadan, “Long-term
effectiveness of balloon catheter sinuplasty in pediatric
chronic maxillary sinusitis,” Ear, Nose, & 0roat Journal,
vol. 98, no. 4, pp. 207–211, 2019.

[18] J. Liu, Z. Zhao, Y. Chen, B. Xu, J. Dai, and Y. Fu, “Clinical
curative effect and safety of balloon sinuplasty in children with
chronic rhinosinusitis,” International Journal of Pediatric
Otorhinolaryngology, vol. 100, pp. 204–210, 2017.

[19] L. Jia, C. Cao, B. Jing et al., “3-year follow-up after balloon
sinuplasty in children with chronic rhinosinusitis,” Interna-
tional Journal of Pediatric Otorhinolaryngology, vol. 136,
p. 110084, 2020.

[20] S. Torretta, C. Guastella, T. Ibba, M. Gaffuri, and L. Pignataro,
“Surgical treatment of paediatric chronic rhinosinusitis,”
Journal of Clinical Medicine, vol. 8, no. 5, p. 684, 2019.

[21] Z. Chandy, E. Ference, and J. T. Lee, “Clinical guidelines on
chronic rhinosinusitis in children,” Current Allergy and
Asthma Reports, vol. 19, no. 2, p. 14, 2019.

4 Case Reports in Otolaryngology



[22] H. H. Ramadan, “Safety and feasibility of balloon sinuplasty
for treatment of chronic rhinosinusitis in children,” Annals of
Otology, Rhinology & Laryngology, vol. 118, no. 3, pp. 161–165,
2009.

[23] H. H. Ramadan and A.M. Terrell, “Balloon catheter sinuplasty
and ’adenoidectomy in children with chronic rhinosinusitis,”
Annals of Otology, Rhinology & Laryngology, vol. 119, no. 9,
pp. 578–582, 2010.

[24] P. F. Bowles, S. Agrawal, andM. A. Salam, “Efficacy of balloon
sinuplasty in treatment of frontal rhinosinusitis: a prospective
study in sixty patients,” Clinical Otolaryngology, vol. 42, no. 4,
pp. 908–911, 2017.

[25] E. H. Ference, J. W. Schroeder Jr., H. Qureshi et al., “Current
utilization of balloon dilation versus endoscopic techniques in
pediatric sinus surgery,” Otolaryngology - Head and Neck
Surgery, vol. 151, no. 5, pp. 852–860, 2014.

[26] G. )ong, N. D. Dombrowski, K. Kawai, M. J. Cunningham,
and E. A. Adil, “Balloon sinuplasty utilization in the pediatric
population: a national database perspective,” Otolaryngology -
Head and Neck Surgery, vol. 161, no. 4, pp. 683–687, 2019.

[27] J. A. Germiller, D. L. Monin, and L. W. C. Tom, “Intracranial
complications of sinusitis in children and adolescents and
their outcomes,” Archives of Otolaryngology - Head and Neck
Surgery, vol. 132, no. 9, pp. 969–976, 2006.

Case Reports in Otolaryngology 5


