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Otolaryngology–Head and Neck Surgery (2008) 139, S27-S37
ORIGINAL RESEARCH

Balloon catheter sinusotomy: One-year

follow-up—Outcomes and role in functional

endoscopic sinus surgery

Frederick A. Kuhn, MD, Christopher A. Church, MD,
Andrew N. Goldberg, MD, MSCE, Howard L. Levine, MD,
Michael J. Sillers, MD, Winston C. Vaughan, MD, and
Raymond L. Weiss, MD, Savannah, GA; Loma Linda, CA; San Francisco, CA;

Cleveland, OH; Birmingham, AL; Palo Alto, CA; and Biloxi, MS
OBJECTIVE: The primary objective was to assess the long-term
effectiveness of balloon catheter sinusotomy.
METHODS: Patients who had sinus ostia dilated with balloon
catheters were prospectively evaluated 1 year after surgery with
nasal endoscopy, a CT scan, and the Sino-Nasal Outcome Test
(SNOT-20).
RESULTS: Sixty-six patients (202 sinuses) were examined.
One hundred seventy-two of 202 sinus ostia (85%) were endo-
scopically patent, 1 percent (2/202) were nonpatent, and ostial
patency could not be determined by endoscopy in 28 of 202 (14%).
In these “indeterminate” sinuses, the CT scans were normal in 13,
implying functional patency in 91.6 percent of sinuses (185/202).
Sinus CT scan scores were 1.95 at 1 year versus 8.89 at baseline
(P � 0.001), and 1-year SNOT-20 scores (0.91) were significantly
improved from baseline (2.14, P � 0.0001).
CONCLUSION: Balloon catheter sinusotomy results were du-
rable over the study period, showing long-term effectiveness.
© 2008 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

The preservation of normal structures, restoration of si-
nus ventilation, and physiologic mucous drainage are

central, time-tested principles used in treating patients with
sinusitis as reported by Nauman,1 Messerkinger,2 Stam-
berger,3 and Kennedy et al4 over the last 40 years. During
this time, many instruments have been used to open ob-
structed sinus ostia including curettes, grasping forceps,
probes, seekers, tissue-sparing forceps, and microdebriders.
Recently, a new device was introduced to accomplish this
objective, a sinus balloon catheter.5 The balloon device is
specially designed to microfracture and mold bone sur-
rounding the sinus ostia by inflating to a specific diameter
under high pressures. Recently, safety and outcomes of
balloon catheter sinusotomy were reported with 6-month
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follow-up data on durability of the ostial dilation.6 Because
it is important to monitor outcomes and safety after intro-
ducing new technology, this study was performed to pro-
vide additional data from 1-year follow-up of these original
patients.

The purpose of this study was to evaluate the durability
of ostial patency and the patients’ symptomatic improve-
ment, comparing the 1-year symptom data with the patients’
baseline preoperative and 24-week data. A secondary study
objective was to gain insight into differences in postopera-
tive debridement (Current Procedural Terminology (CPT)
code 31237) and antibiotic usage in patients treated with
balloon catheter devices as compared with those historically
achieved with endoscopic sinus surgery. An additional ob-
jective was to compare frontal sinus outcomes achieved
with balloon catheter sinusotomy to outcomes achieved by
endoscopic sinus surgery.

METHODS

This study was designed as a prospective multicenter 1 year
postsurgery analysis of balloon catheter sinus ostial dilata-
tion in patients with sinusitis. It extends analysis of the
previously reported Safety and Outcomes of Balloon Cath-
eter Sinusotomy study6 beyond the initial 24-week data-
collection period to provide analysis 1 year after treatment.
As in the original study, some patients had only the balloon
catheter used to treat the sinuses (balloon-only patients), and
in other patients balloons were used in some sinuses,
whereas other sinuses were operated on using standard
endoscopic instruments (hybrid patients).

Patient selection, study inclusion criteria, description of
the balloon catheter sinusotomy, and original study design
k Surgery Foundation. All rights reserved.
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have been previously described and reported.6 At comple-
tion of the original 24-week study, patient follow-up was
extended to 1 year at seven of nine participating institutions,
with institutional review board (IRB) approval. Regulations
regarding human subject research and safeguarding of con-
fidential patient data were followed. Two investigators
could not participate in the longer follow-up analysis. One
investigator moved and no longer had access to his patients.
The other investigator could not reapply to his IRB in time
for the 1-year follow-up study.

There were 86 possible candidates for the study at seven
study sites. Sixteen patients were lost to follow-up. Each of
the 70 successfully contacted patients signed an IRB-ap-
proved informed consent for the 1-year follow-up study.
The patients were asked to have a nasal endoscopy and a CT
scan and to complete a Sino-Nasal Outcome Test (SNOT-
20). The investigator recorded the endoscopic status of each
balloon-treated sinus ostium as either patent, nonpatent, or
indeterminate. The term “indeterminate” was used if the
ostium could not be visualized with rigid endoscopy at the
postoperative office visits or if the patient did not tolerate a
complete endoscopic examination.

Fifty-six of 70 patients had CT scans at 1 year. Three of
these scans were not included because each patient had one
sinus revised, leaving 53 scans to evaluate. Twenty-three
were balloon-only patients, and 30 were hybrid patients
who had some of their sinuses treated with balloon catheters
and the remainder treated with traditional endoscopic tech-
niques.

CT scans were analyzed by the investigators using the
Lund/Mackay7 (L/M) scoring system. The presurgery and
postsurgery CT scans were analyzed by sinus as well as by
patient in order to eliminate any bias when comparing
patients with fewer diseased sinuses (balloon-only patients)
to those with more sinuses involved (ie, hybrid patients with
ethmoid sinus disease who required endoscopic ethmoidec-
tomy). Particular attention was given to the frontal sinus in

Table 1

1-year postoperative patency by sinus

Maxillary Fr

Postoperative
endoscopic
patency

90% patent (83/92) 85% pat

All 0% nonpatent 3% non
1-year patients (0/92) (2

Hybrid and
balloon only

10% (9/92)
indeterminate

12% (9/7
indete

Functional patency 3/9 stage 0 5/9 stag
CT L/M � 0
all 1-year patients

Overall patency 93.5% (86/92) 91.9% (6
(83 � 3/92) (63
 at UNIV CALIFoto.sagepub.comDownloaded from 
order to compare the outcome with published reports of
standard endoscopic sinus surgery.

A statistician analyzed the SNOT-20 scores by using a
paired t test and the L/M CT scan scores by using the
Wilcoxon signed rank test. Baseline to 1-year L/M CT
scores and baseline, 24-week, and 1-year SNOT-20 scores
were compared. All patients’ charts were retrospectively
surveyed for the number of postoperative endoscopic si-
nonasal debridements, adverse events, and use of postoper-
ative antibiotics.

Role of the Funding Source
The sponsor (Acclarent Inc, Menlo Park, CA) funded the
investigation, provided administrative support in coordinat-
ing the investigation across the various study sites, main-
tained the central database, and funded independent statis-
tical and data analysis performed by statistical consultants
Lois Kellerman, MS, and Bruce Stouch, PhD. The sponsor
did not design the study, write the paper, or make the
decision to publish it.

RESULTS

Nasal Endoscopy
Of the 70 patients (217 sinuses) in the study cohort, 66
(202 sinuses) had nasal endoscopy. Nasal endoscopy was
not performed in four patients because they could not
return in time for the study. Nasal endoscopy showed that
85 percent of sinuses were patent (172/202), 1 percent
(2/202) of visualized sinuses were nonpatent, and pa-
tency could not be determined by endoscopy in 14 per-
cent (28/202). Consequently these sinuses were classified
as indeterminate (Table 1).

Endoscopic analysis by individual sinus revealed that 74
frontal sinuses were endoscopically evaluated at 1 year.

Sphenoid Total

3/74) 72% patent (26/36) 85% patent (172/202)

t 0 nonpatent 1% nonpatent
(0/36) (2/202)

te
28% (10/36)

indeterminate
14% (28/202)

5/10 stage 0 13/28 stage 0 (46%)

86.1% (31/36) 91.6% (185/202)
) (26 � 5/36)
ontal

ent (6

paten
/74)

4)
rmina

e 0

8/74)
� 5/74
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S29Kuhn et al Balloon catheter sinusotomy: One-year . . .
Sixty-three were patent, two were nonpatent, and nine were
indeterminate. Eighty-three of 92 maxillary sinuses (90%)
were endoscopically patent, zero were nonpatent, and nine
of 92 were indeterminate. Twenty-six of 36 sphenoid si-
nuses were endoscopically patent, zero were nonpatent, and
10 were indeterminate.

CT Scan Results
Fifty-six patients had 1-year postoperative CT scans. Of the
14 patients who did not have a CT scan, four did not return
for outpatient follow-up, eight had endoscopically patent si-
nus ostia, and the surgeon felt a scan was not indicated (n � 7)
or the patient had already had a scan done before the 1-year
follow-up visit (n � 1 at 9 months). The last two patients who
did not have a 1-year CT scan had one indeterminate sinus
each on endoscopy but were asymptomatic and not clini-
cally indicated for a CT scan.

CT scores are reported for each group by the average
L/M patient score (Table 2) and by the average L/M sinus
score (Table 3) to remove any bias caused by more sinuses
being involved in the hybrid patients (ie, those with ethmoid
sinus disease). The hybrid patients’ average preoperative
CT scores were higher than in the balloon-only patients
because the ethmoid sinuses were involved in the hybrid
patients but not in the balloon-only patients. In addition, all
ballooned frontal, maxillary, and sphenoid sinuses are reported
(Table 4), which shows that CT scan evidence of improvement
is similar regardless of which sinus is treated.

The mean balloon-only preoperative patient L/M CT
score of 5.96 decreased (�4.83) to a mean postoperative
score of 1.13 at 1 year (P � 0.001). The mean hybrid

Table 2

L/M mean patient CT scores

CT score

Balloon only
patients
(n � 23)

Hybrid patients
(n � 30)

Preoperative 5.96 11.33
Postoperative 1.13 2.66
Change �4.83 �8.67
P value �0.001 �0.001

Table 3

L/M mean sinus CT scores

CT score

Balloon patient
by sinus
(n � 64)

Hybrid patients
by sinus
(n � 125)

Preoperative 1.09 1.01
Postoperative 0.17 0.33
Change �0.92 �0.68
P value �0.001 �0.001
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preoperative patient L/M CT score of 11.33 decreased
(�8.67) to a mean postoperative patient score of 2.66 at 1
year (P � 0.001).

The balloon-only patients’ mean preoperative sinus CT
score of 1.09 decreased (�0.92) to a postoperative score of
0.17 per sinus (P � 0.001). The hybrid patients’ mean
preoperative sinus CT score of 1.01 decreased (�0.68) to
0.33 per sinus (P � 0.001). This includes the standard
endoscopic surgery–treated sinuses. All groups showed sig-
nificant improvement.

One-year postoperative CT scans were obtained on 26 of
28 indeterminate sinuses, which showed that 13 of 26 were
completely normal aerated sinuses. Three of the 13 nor-
mally aerated indeterminate sinuses were maxillary sinuses,
five were frontal, and five were sphenoid sinuses (Table 5).
Ten sinuses had partial opacity or mucous membrane thick-
ening, and three were totally opacified; however, two of the
opaque sinuses were in one patient who was acutely in-
fected at the time of the CT scan.

Symptom Assessment
The 1-year follow-up SNOT-20 scores were significantly
better than preoperative scores and showed additional im-
provement over the patients’ 6-month scores (Table 6). All
70 patients who participated completed the SNOT-20 form.
Only 65 of 70 are reported because three patients had their
ballooned sinuses revised and two patients did not have
complete datasets (ie, did not have all questionnaires com-
pleted at baseline, 24 weeks, and 1 year). The overall mean
preoperative score for 65 patients was 2.14 compared with
1.01 at the 24-week follow-up and 0.91 at the 1-year follow-
up. The 1-year decrease from baseline (�1.23) represents a
clinically meaningful (�0.8) decrease7 and a statistically
significant change (P � 0.0001). As can be seen, there is a

Table 4

L/M score: all balloon-treated sinuses

Frontal
(n � 64)

Maxillary
(n � 76)

Sphenoid
(n � 32) P value

Preoperative 1.03 1.05 0.97 �0.001
Postoperative

1 year 0.22 0.34 0.19 �0.001
Change �0.81 �0.71 �0.78 �0.001

Table 5

L/M CT scores for all indeterminate sinuses (N � 28)

Sinus L/M 0 L/M 1 L/M 2 No scan

Frontal 5 3 1 0
Maxillary 3 2 2 2
Sphenoid 5 5 0 0
Totals 13 10 3 � 26 � 2 � 28
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continued downward trend in their symptom score from
baseline to 24 weeks to 1 year.

Similar SNOT-20 results were obtained for the balloon
dilatation–only subset of 31 patients. Their preoperative
score was 2.01, the 24-week score was 0.97, and the 1-year
score was 0.95, a clinically meaningful and statistically
significant change from baseline to 1 year (�1.06, P �
0.0001).

When specific symptom changes are examined for the 65
hybrid and balloon patients whose SNOT-20s were evalu-
ated (Table 7), several even more dramatic changes are
noted than is represented in the overall score (ie, postnasal
drainage, facial pain/pressure, reduced productivity, lack of
a good night’s sleep, fatigue, and frustration). Each of these
individual symptom decreases and the overall symptom score
decrease are clinically meaningful and significant (P �
0.0001).8

Antibiotic and Debridement Data
Antibiotic and debridement data were obtained on 70 of 70
patients. Thirty-nine of seventy patients (56%) had no post-
operative antibiotics. The other 31 patients received antibi-
otics as deemed appropriate by their treating physician,
ranging from 5 days to 2 weeks. One investigator treated all
of his patients with antibiotics (N � 28, 21 hybrid and 7

Table 6

Mean SNOT-20 scores by week (all evaluated patients

All patients treated Ball

Week N Mean
� from

Baseline
P

value N

Preoperative
baseline 65 2.14 — — 31

Postoperative
week 24 65 1.01 �1.13 .0001 31

Postoperative
week 52 65 0.91 �1.23 .0001 31

Table 7

Individual symptom scores (all evaluated patients N �

Symptom n Preoperative m

Postnasal drainage 5 64 3.03
Thick nasal drainage 6 63 2.22
Facial pain/pressure 10 65 3.02
Cough 4 64 1.88
Reduced productivity 16 64 2.41
Lack of good night’s sleep 13 65 2.43
Fatigue 15 65 2.65
Frustration 18 65 2.45
Depression/sad 19 65 1.29
 at UNIV CALIFoto.sagepub.comDownloaded from 
balloon only), another treated two of 11 patients (both
balloon only) for specific infections, and the third treated
one of one (hybrid, no infection). The other 4 investigators
did not use any antibiotics in their 30 patients.

Thirty-five balloon-only patients had 15 debridements
(0.43/patient), and the 35 hybrid patients had 63 debride-
ments (1.8/patient). Three patients had only balloon frontal
sinusotomy and one had endoscopic frontal sinusotomy
only; none had postoperative debridement.

Revision Surgery
Revision treatment was required in a total of three of 342
(0.7%) sinuses in the first 24 weeks and one additional sinus
in the second 6 months (1/203, 0.5%). If only the revised
sinuses are added to the 202 available to evaluate at 1 year,
the revision rate is four of 206 (2%) over the 1-year period.
No adverse events were reported between 24 weeks and 1
year.

DISCUSSION

Chronic sinusitis is primarily a symptom-based disease. Its
evaluation requires the combined use of clinical impression,

65)

ilation patients only Hybrid patients only

� from
baseline

P
value N Mean

� from
Baseline

P
value

— — 34 2.26 — —

�1.04 .0001 34 1.22 �1.04 .0001

�1.06 .0001 34 0.87 �1.39 .0001

Postoperative mean
Change from

baseline P value

1.66 �1.38 �0.0001
1.16 �1.06 �0.0001
1.26 �1.75 �0.0001
0.89 �0.98 �0.0001
0.88 �1.53 �0.0001
0.94 �1.49 �0.0001
1.11 �1.54 �0.0001
0.86 �1.58 �0.0001
0.45 �0.85 �0.0001
, N �

oon d

Mean

2.01

0.97

0.95
65)

ean
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symptom assessment, radiographic sinus evaluation, and
nasal endoscopy with rigid diagnostic telescopes.

An important aspect of sinus surgery is the restoration of
physiologic sinus function (ie, mucous clearance, which
requires a patent, functioning sinus ostium). Therefore, os-
tial patency is an important criterion by which we judge the
success of any sinus surgical method, technique, or instru-
ment. Additional criteria by which we judge success are (1)
the clarity of the sinus on CT scan (ie, is sinus aeration
improved postoperatively) and (2) whether the patient’s
symptoms are relieved. Unfortunately, we know that symp-
toms do not correlate as well as we would like with objec-
tive evidence of sinus health, as noted by Senior et al,9 who
found no correlation between symptoms and CT stage at
either 1.5 years or 7.8 years after endoscopic sinus surgery.
Interestingly, they report that long-term symptom improve-
ment at an average 7.8 years is correlated to results at 18
months, indicating that intermediate-term results are dura-
ble over the long-term.

Balloon catheter sinusotomy affords increased tissue
preservation over standard endoscopic techniques but pre-
sents a challenge in the postoperative endoscopic follow-up
examination. Patency cannot always be determined by using
current sinus endoscopes in an awake patient whose unci-
nate process, turbinates, and ethmoid bulla have been pre-
served because of the narrow confines of the preserved sinus
structures. This, of course, is not a problem in properly
performed FESS, in which these structures have been re-
moved, thereby allowing more room for rigid endoscopy.
Consequently, a new paradigm is needed to evaluate the
postoperative outcome of these more minimally invasive
procedures. Therefore, the posttreatment CT scan was used
to gain insight into the health of sinuses that we could not
visualize with endoscopy.

In this present study, ostial patency could not be deter-
mined by endoscopy in 28 sinuses. Ten of 28 indeterminate
ostia were sphenoid sinus ostia, nine of 28 were maxillary
sinus ostia where visibility was blocked by an intact unci-
nate process, and nine of 28 were frontal sinus ostia inac-
cessible because of intact uncinate processes and ethmoid
bullae. We reasoned that a completely aerated sinus on a CT
scan suggests a patent functional ostium. Therefore, “inde-
terminate” sinus ostia with an L/M score of 0 on a postop-
erative CT scan were considered to be patent because their
sinuses were functioning. These sinuses are termed “func-
tionally patent.” A CT scan obtained on 26 of 28 indeter-
minate sinuses showed completely normal aeration in 13 of
26 sinuses (L/M score 0), inferring “functional” ostial pa-
tency. If the normal CT scan in these 13 sinuses is consid-
ered evidence of ostial patency, the overall patency rate
from balloon dilatation 1 year after treatment can be calcu-
lated at 91.6 percent (172 endoscopically confirmed, 13 by
CT analysis � 185/202) (Table 1).

In addition to the 13 indeterminate sinuses that were
normal on a postoperative CT scan, 10 indeterminate bal-

loon-treated sinuses had mucosal thickening or partial
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opacification on CT scan (L/M score of 1). To provide a
conservative analysis, we only considered a completely
normal CT scan as evidence of ostial patency. Therefore, it
is possible that more patients than we have indicated may
have realized benefit after treatment with the balloon cath-
eter devices. A 91.6 percent patency rate for all ballooned
sinus ostia at the 1-year follow-up compares very well with
the patency reported for endoscopic sinus surgery using
standard tissue removing instruments at 18 months10 and at
12 months.11 This suggests that balloon catheters now have
a place in sinusitis management.

Seventy-four frontal sinuses evaluated at 1 year showed
that 85.1 percent (63/74) were visually patent, two were
nonpatent, and nine were indeterminate. Five of nine inde-
terminate frontal sinuses were aerated and had no mucous
membrane thickening. If the five indeterminate L/M score 0
frontal sinuses (Table 1) are added to the 63 visually patent
sinuses, endoscopic patency � functional patency is 91.9
percent (68/74) after one procedure (Table 1) and 92.1%
(70/76) when the two revised frontal sinuses (2.6%) are
included.

The patency rate of standard endoscopic frontal sinus
surgery is reported as 82.3 percent in 107 of 130 frontal
sinuses after one endoscopic procedure and 90 percent (117/
130) after revising 10 (7.7%) of the frontal sinusotomies.10

The average follow-up was 8.3 months for successes and
10.7 months for failures.

Friedman et al11 reported 90 percent patency in 298
frontal sinuses at an average 12.2 month follow-up. In-
terestingly, they report no difference in postoperative
stenosis between 68 patients with polypoid disease
(10.3%) and 132 without polypoid disease (10.6%). An-
other interesting finding was that 95 frontal sinuses with-
out preoperative CT evidence of disease had a stenosis
rate of 3.2 percent. Two hundred three sinuses with CT
evidence of disease had a stenosis rate of 10.3 percent,
and 14 percent of the 99 sides with previous ethmoidec-
tomy developed frontal ostium stenosis.

This current study’s comparable frontal sinus patency
rate (92.1%) was accomplished with fewer revisions (2.6%
vs 7.7%) and fewer postoperative antibiotics and debride-
ments than reported by endoscopic sinus surgeons, who use
an average of four to six weekly debridements per patient
and 2 to 3 weeks of postoperative antibiotics per patient.10

Symptom Improvement
This analysis suggests that symptom improvement of bal-
loon-treated patients compares very favorably with medical
treatment–only patients. The 65 patients whose completed
SNOT-20 questionnaires were evaluated had mean scores of
2.14 before surgery, 1.01 at the 24-week follow-up, and
0.91 1 year after surgery. The 1-year change from baseline
(�1.23) is a clinically meaningful decrease (��0.8) and a
statistically significant change (P � 0.0001) (Table 6).

The balloon dilatation–only subset (31/65 patients) av-
erage preoperative SNOT-20 score was 2.01, the 24 week

score was 0.97, and the 1-year score was 0.95. The change
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from baseline (�1.06, P � 0.0001) was also clinically
meaningful and statistically significant (Table 6).

Hessler et al12 reported on symptom improvement of 84
chronic rhinosinusitis patients treated with medical therapy,
who all had at least two major chronic sinusitis criteria. The
mean posttreatment SNOT-20�1 score decrease was �0.61
(P � 0.0001). They report that although the change was
statistically significant, it was not clinically meaningful (ie,
��0.8). In other words, the medical treatment made no
meaningful change in symptoms.

It is apparent that better symptom results were obtained
with balloon catheter ostial dilatation than in Hessler et al’s12

medical treatment group (�1.23 and �1.06 vs �0.61). It
should be noted that the comparison is not perfect because
some of this series’ patients received postoperative antibi-
otics. The groups had similar degrees of sinusitis on pre-
treatment CT scan. The pretreatment L/M CT scores were
5.96 for balloon-only patients, 8.3 for Hessler et al’s pa-
tients, and 11.3 for the hybrid patients. It is difficult to make
a direct comparison with Senior’s study9 because different
criteria were used to evaluate the symptom outcomes; how-
ever, their conclusion regarding the long-term durability of
symptom improvement is encouraging.

In this current study, we found stable, slightly improved
results comparing 6- to 12-month data. It is encouraging that
Senior et al9 found that their results at 18 months were
maintained at 7.8 years and concluded that initial symptom
improvement can be maintained in the long-term.

Postoperative Antibiotics and Debridements
Postoperative antibiotic and debridement data were ob-
tained in this study on 70 of 70 patients. Thirty-nine of 70
study patients had no postoperative antibiotics, and the
other 31 had durations of treatment varying from 5 days to

Figure 1 The right maxillary ostium 12 months postopera-
tively. Anterior to Posterior (AP) diameter �10 mm. Cutting
instruments were not used to create this ostium. The 7-mm balloon
used to dilate the ostium split the membranous posterior fontanel,
resulting in an antrostomy larger than the balloon diameter.
2 weeks based on the surgeon’s judgment. Because one

 at UNIV CALIFoto.sagepub.comDownloaded from 
investigator used antibiotics on all of his patients and others
used them only when patients became infected, one might
conclude that antibiotic usage could be even less if the same
approach were used by all.

Debridements (CPT code 31237-50) overall averaged 1.1
per patient, including 0.43 per patient in the balloon-only
group and 1.8 per patient in the hybrid group. This is
consistent with previously reported data of 1.2 debride-
ments per patient (0.8 for balloon-only patients and 1.4 for
hybrid patients) in a registry of 1,036 balloon sinusotomy
patients.13 This represents a significant reduction relative to
previously reported Functional Endoscopic Sinus Surgery
(FESS) debridements; some report an average of two to
three debridements per patient,14,15 whereas others recom-
mend weekly debridement until the nasal cavity is healed,
which may translate to six to eight debridements per pa-
tient.8 The cost savings in debridements when using the
balloon as an instrument can be substantial. Further cost
analyses, such as that provided by Friedman16 will help us
understand the costs in more detail.

Applications
Patients in this study with moderate chronic frontal, maxil-
lary, and sphenoid sinusitis including fungus ball responded
well to balloon catheter management, as shown by this
cohort’s average single-ballooned sinus preoperative CT
score of 1.02, which was reduced to 0.27 with a 1-year
functional patency rate of 91.6 percent. This was accom-
plished with the removal of less tissue, fewer ethmoidecto-
mies, fewer postoperative antibiotics, and fewer postopera-
tive debridements. Observed frontal sinus endoscopic
patency (85%) and functional patency (91.9%) of balloon-
dilated frontal sinus drainage pathways compare well with
reported frontal sinus patency after endoscopic surgery with
ethmoidectomy (82.3%10 and 90%11). The issue is not so

Figure 2 The right maxillary ostium, different patient, upper
uncinate removed to facilitate ethmoidectomy. The maxillary os-
tium has been dilated with a balloon. The posterior fontanel is
intact. The lower part of uncinate was left in place to protect the

posterior infundibulum and drainage pathway for maxillary sinus.
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much why balloon catheters are better than standard instru-
mentation rather what they can do that standard instruments
cannot. Furthermore, what techniques and applications will
they allow that standard instruments will not?

This minimally invasive technology affords techniques not
previously possible, such as maxillary sinus surgery without
uncinate process removal, sphenoid sinus surgery without eth-
moidectomy or partial superior turbinate resection to gain ac-
cess to the sphenoid ostium,17 and isolated frontal sinus sur-
gery without ethmoidectomy and frontal recess dissection. The
following are examples of these techniques.

Figure 1 is the 1-year follow-up photograph of a patient
presented in the original 24-week Safety and Outcomes of
Balloon Catheter Sinusotomy study, which shows the dura-
bility of the antrostomy. The patient had an isolated right
maxillary sinusitis resistant to 6 weeks of culture-directed
antibiotic therapy for Staphylococcus aureus. Contrary to

Figure 3 (A) The chronic right sphenoid sinusitis in an antico-
agulated, symptomatic stroke patient. After prolonged medical
treatment, the right sphenoid ostium was dilated and the sinus
irrigated. The patient’s coumadin was not discontinued, and the
patient was discharged 3 hours after a 20-minute surgery. Pathol-
ogy: fungal debris. (B) The right sphenoid sinus, the same patient
as Fig 3A, at 1 year after balloon dilatation with sphenoid sinus
irrigation. The sinus is clear, and the patient is asymptomatic.
skeptics of the original image, no cutting instruments were

 at UNIV CALIFoto.sagepub.comDownloaded from 
used to create the antrostomy. A 7-mm balloon was used to
perform a right maxillary sinusotomy without uncinate re-
moval, which resulted in a �10-mm ostium that has re-
mained patent at 1 year. The opening is larger than the
balloon expansion because the membranous posterior fon-
tanel split during the procedure as the balloon expanded
further than the natural maxillary ostium diameter.

Figure 2 represents a patient (different from that in
Figure 1) who has had a balloon dilatation of the right
maxillary ostium but has had the upper uncinate process
removed to facilitate an ethmoidectomy. The posterior
fontanel is intact, unlike the example in Figure 1. The

Figure 4 (A) Chronic right frontal and anterior ethmoid disease
in a 74-year old treated with three courses of antibiotics. The
patient’s septum was deviated to the right, decreasing the airway to
�4 mm width. The patient was treated with a right balloon frontal
sinusotomy and irrigation; no septoplasty, ethmoidectomy, or
maxillary antrostomy were performed; and no antibiotics were
given. (B) One-year postoperative CT sagittal reconstruction of the
patient in 4A. Right frontal sinus is clear. Right ethmoid sinus has

cleared with no other treatment.
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lower uncinate remnant has not been removed in order to
keep the posterior infundibulum intact, which facilitates
early postoperative maxillary sinus mucous clearance.
This is another alternative method of maxillary sinus
surgical management to restore physiologic function.

The patient in Figure 3A and B is a hemiplegic anticoagu-
lated stroke patient who developed a partially opaque, symp-
tomatic right sphenoid sinus. He was very agitated over con-
stant coughing and throat clearing, possibly related to the
visible drainage from his sphenoid sinus. He was medically
treated for 12 weeks but did not clear. His right sphenoid sinus
ostium was dilated and the sinus contents irrigated out, without
stopping his anticoagulation. The procedure required 20 min-
utes, there was no bleeding, and he was discharged 2 hours
after surgery. Fungus was found on pathology.

The patient in Figure 4 had been treated for acute sinus-
itis on three occasions with 10- to 14-day courses of anti-
biotics. The CT scan obtained on referral showed an opaque
right frontal sinus and anterior ethmoid sinus disease as well

Figure 5 (A) Preoperative sagittal CT reconstruction, right side
1-year sagittal CT reconstruction, right side, comparable to 5A. (D
to 5B.
as a severely deviated nasal septum to the right. It was
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elected to treat him with balloon frontal sinusotomy rather
than a septoplasty and right-sided endoscopic ethmoidec-
tomy, maxillary antrostomy, and frontal sinusotomy. His
frontal sinus was treated with a 5-mm balloon and frontal
sinus irrigation, which yielded 5.5 mL of thick white mu-
cous. The 1-year postoperative sagittal reconstruction re-
veals the clear frontal sinus, the tract out of it, and the clear
ethmoid sinuses. The ethmoid sinus, the maxillary sinus,
and the extreme right nasal septum deviation were not
operated, and he was not treated with antibiotics. The re-
markable thing about this patient is that his ethmoid sinus
cleared without any treatment other than resolving the fron-
tal sinusitis.

The patient in Figure 5 presented with a history of three
episodes of acute frontal pain treated with antibiotics over a
4-month period. A CT scan performed at consultation re-
vealed bilateral chronic/subacute frontal sinusitis. It was
decided to enroll him in the original CLEAR study, and both
frontal sinuses were treated with balloon catheter dilation

reoperative sagittal CT reconstruction, left side. (C) Postoperative
toperative 1-year sagittal CT reconstruction, left side comparable
. (B) P
) Pos
and irrigation. He was not treated with postoperative anti-

ORNIA IRVINE on December 18, 2012

http://oto.sagepub.com/


inus d

S35Kuhn et al Balloon catheter sinusotomy: One-year . . .
biotics. He required no debridements. His 1-year postoper-
ative CT scan revealed that both anterior ethmoid sinuses as
well as his frontals had cleared.

Given the previously described two patients, one must
begin to question why the anterior ethmoid sinuses cleared
without standard treatment. What is it about the inflamma-
tory disease process that we do not understand that has
allowed the ethmoid sinuses to clear without performing an
ethmoidectomy?

The patient in Figure 6 in whom a hybrid procedure was
performed had the right frontal sinus outflow tract ob-
structed by a very large-type IV frontal cell. The medial
wall of this cell can be seen lying against the interfrontal
sinus septum in preoperative Figures 6A and C, which are
separated by 2.5 mm. The matched postoperative Figures
6B and D show how the medial-type IV frontal cell wall has
been moved and remodeled by the balloon into a more
lateral position away from the interfrontal sinus septum. As

Figure 6 (A) The right frontal sinus with massive type IV fr
Six-month postoperative CT scan comparable to 5A. The type
interfrontal sinus septum. (C) Right frontal sinus drainage pathwa
scan comparable to 5C. Images B and D, 2.5 mm apart, show t
millimeters (anterior to posterior), which has opened the frontal s
a result, the frontal drainage pathway has been opened.
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The patient in Figure 7 has had a hybrid procedure. The
images show that although the appearance of the frontal os-
tium at surgery is not maintained at 3 weeks, frontal sinus
patency is maintained and agger nasi cell patency is restored.
The agger nasi cell was actually crushed closed at surgery and
now has reestablished itself at 3 weeks but does not compro-
mise frontal sinus patency as was found at surgery. The last
figure confirms the durability of both frontal sinus and agger
nasi cell patency as well as the stability of the remodeled
medial agger nasi cell wall 9 months after surgery.

In addition to the preceding examples, the balloon
catheter is very useful in the morbidly ill intensive care
patient who has acute sinusitis as a complication or cause
of their primary problem. These patients need minimally
invasive surgery with quick resolution of their sinus
disease. This is exemplified by a moribund intensive care
unit patient who was found to have bilateral acute sphe-
noid sinusitis as the etiology of meningitis. The patient’s

cell obstructing frontal sinus; see arrows (preoperative CT). (B)
ntal cell medial wall has been moved laterally away from the
arrows (preoperative CT scan). (D) Six-month postoperative CT
medial frontal cell wall has been moved laterally over several

rainage pathway.
ontal
IV fro
y; see
hat the
sphenoid sinuses were dilated with a balloon catheter and
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irrigated under general anesthesia in a 25-minute proce-
dure. She was conscious in 48 hours and discharged in 1
week.

CONCLUSION

This study shows that sinus ostial patency and symptom im-
provement 1 year after balloon catheter sinusotomy are dura-
ble. Therefore, the 1-year 91.6% overall sinus ostial patency,
the 92.1% frontal ostium patency, and the clinical and statis-
tically significant symptom improvement for balloon catheter
sinusotomy compare favorably with standard endoscopic sinus
surgical results11 for the management of moderate chronic
sinusitis. This indicates that balloon catheters now have a place

Figure 7 (A) The left frontal ostium opened by a 7-mm balloo
on the middle turbinate was pushed laterally against medial orbital
ostium (30° view) 3 weeks after surgery. The medial agger nasi c
frontal drainage pathway and the agger nasi cell open. (C) Left fr
remodeled medial agger nasi cell wall and durability of the frontal
is open and functional. Extensive frontal recess dissection with it
in sinusitis management.
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