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Objectives/Hypothesis: To assess safety and efficacy of a steroid-releasing implant in improving surgical outcomes
when placed in the frontal sinus opening (FSO) following endoscopic sinus surgery (ESS) in patients with chronic rhinosinusi-
tis (CRS).

Study Design: Prospective, multicenter, randomized, blinded trial using an intrapatient control design.
Methods: Eighty adult (! 18 years) CRS patients who underwent successful bilateral frontal sinusotomy were random-

ized to receive a steroid-releasing implant in one FSO, whereas the contralateral control side received no implant. All patients
received standard postoperative care. Endoscopic evaluations recorded at 30-days postendoscopic sinus surgery (ESS) were
graded real time by clinical investigators and by an independent, blinded sinus surgeon to assess the need for postoperative
interventions in the FSO.

Results: Implants were successfully placed in all 80 frontal sinuses, resulting in 100% implant delivery success. At 30-
days post-ESS, steroid-releasing implants provided a statistically significant (P 5 0.0070) reduction in the need for postopera-
tive interventions compared to surgery alone by an independent reviewer, representing 38% relative reduction. Clinical inves-
tigators reported statistically significant reduction in this measure at 30 days (P < 0.0001) and 90 days (P 5 0.0129).
Clinical investigators also reported a 55.6% reduction in the need for oral steroid interventions (P 5 0.0015), 75% reduction
in the need for surgical interventions (P 5 0.0225), 16.7% reduction in inflammation score, 54.3% reduction in restenosis
rate (P 5 0.0002), and 32.2% greater diameter of FSO (P < 0.0001) on treated sides compared to control at 30 days. No
implant-related adverse events were reported.

Conclusion: This study demonstrates the efficacy of steroid-releasing implants in improving outcomes of frontal sinus
surgery.
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INTRODUCTION
Chronic rhinosinusitis (CRS) is characterized by

chronic inflammation of the mucosal lining of the nasal
cavity and paranasal sinuses.1 Endoscopic sinus surgery
(ESS) is largely successful in treating CRS.2 However,
frontal sinusotomy has been shown to have a lower suc-
cess rate3,4 depending on the preoperative conditions,
extent of frontal sinusotomy, and postoperative medical
management of the frontal recess.5 Reasons for failure of
frontal ESS include persistent or recurrent inflammation
and circumferential scarring at the frontal recess, lead-
ing to restenosis and occlusion of the frontal sinus open-
ing (FSO), which may lead to the need for revision.5,6

Success of frontal sinusotomy is in part dependent
on optimization of the postoperative wound-healing pro-
cess.7,8 Postoperative regimens of topical corticosteroids,
saline irrigations, oral steroids, and immunomodulators
to prevent adhesion and scarring8 and enhance mucosal-
ization9 have been advocated.

Currently approved by the U.S. Food and Drug
Administration, two steroid-releasing implants have
been shown to significantly reduce the need for postoper-
ative interventions in the ethmoid sinuses10–13 through
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physical scaffolding of the middle turbinate and local-
ized, controlled delivery of corticosteroid (370 lg of
mometasone furoate [MF]). The current study was
designed to assess the safety and efficacy of the steroid-
releasing sinus implant in reducing the need for postop-
erative interventions when placed in the FSO of CRS
patients undergoing ESS.

MATERIALS AND METHODS

Implant Description
The steroid-releasing sinus implants (PROPEL mini Sinus

Implants, Intersect ENT, Menlo Park, CA) were supplied by
Intersect ENT for investigational use. This implant is approved
for use in adult (! 18 years) CRS patients to maintain patency
of the ethmoid sinus cavity following ethmoid sinus surgery.
The implant is composed of polylactide-co-glycolide polymer and
is coated with 370 lg of the corticosteroid MF. The corticoste-
roid diffuses in a controlled manner over approximately 30 days
into surrounding mucosa.14 Once inserted, the implant is
designed to be self-expanding, allowing it to conform to the
varying size and shape of the sinus opening (Fig. 1).

Study Design
This was a prospective, randomized, blinded, controlled,

multicenter study enrolling 80 patients across 11 U.S. investiga-
tional centers, representing both academic and private
practices. Participating clinical centers obtained institutional
review board approval for the protocol and obtained written
informed consent from all patients prior to study entry. The
study was registered on ClinicalTrials.gov under identifier
NCT02266810.

This study used an intrapatient control design wherein
after a successful bilateral frontal sinusotomy, one sinus side
was randomly assigned using the envelop method to receive
one steroid-releasing sinus implant (treatment side), whereas the
contralateral side received surgery alone (control). The surgical
technique used for frontal sinusotomy was required to be the
same on both sides. Endoscopies at baseline and at 7, 21, 30, and
90 days postimplant placement were performed by clinical inves-
tigators and video recorded. The 30 day video-endoscopies were
reviewed by the blinded independent reviewer.

Inclusion Criteria
The study population included adult (! 18 years of age)

patients diagnosed with CRS based on American Academy of
Otolaryngology–Head and Neck Surgery guidelines1 who were
scheduled to undergo primary or revision bilateral ESS and had
evidence of bilateral frontal sinus disease based on computed
tomography (Lund-Mackay score of ! 1 on each side). Frontal
sinus surgery was required to be performed using Draf IIa or
IIb procedure by traditional instrumentation, balloon, or a com-
bination of both, as long as the same instrumentation was uti-
lized on both sides. Septoplasty to access the ostiomeatal
complex was permitted, as was treatment of other paranasal
sinuses. The ESS procedure had to be successfully completed
without complication, result in a minimum of 5-mm opening on
both sides, and still be amenable to placement of the steroid-
releasing sinus implant in both FSO for the patient to be
enrolled in the study. Patients who had known history of
immune deficiency or insulin-dependent diabetes, clinical evi-
dence of acute bacterial or invasive fungal sinusitis, or any
oral-steroid dependent condition were excluded from the study.

Prior and Concomitant Medications
Leading up to ESS there were no restrictions for oral or

intranasal steroid use. No hemostatic packing materials of any
kind were allowed to be placed within the study implants
unless deemed medically necessary. Packing materials, includ-
ing nasal splints, were allowed to be placed in the ethmoid cav-
ity, if necessary.

Beginning at ESS (6 1 day), a 10-day course of antibiotics
was required. Patients were maintained on standard medical
regimen during the study. Intranasal steroid sprays were
allowed starting 14 days post-ESS, and oral steroids were pre-
scribed, if warranted, based on the investigator’s discretion.
Orally inhaled steroids for control of asthma were permitted.
Patients were encouraged to use saline sprays or irrigation as
needed during the follow-up period. All medications taken by
the patient were documented throughout the study. Oral steroid
interventions for sinus-related reasons were captured and were
delineated from nonsinus-related reasons.

Efficacy Outcomes
The primary efficacy outcome of the study was the reduc-

tion in need for postoperative interventions at 30 days post-ESS
based on video-endoscopic evaluation by an independent,
blinded reviewer. Postoperative intervention was a composite
endpoint defined as either surgical intervention required to
debride obstructive adhesions or scar tissue formation in the
frontal recess/FSO (defined as grades 2 or 3 on the adhesion/
scarring scale), and/or oral steroid intervention warranted to
resolve recurrent inflammation or polypoid edema in the frontal
recess/FSO. To maintain blinding of the independent reviewer,
the implants were removed at day 21, and the day 30 video-
endoscopies were edited to remove patient identifying informa-
tion. The files were then randomly ordered and provided to the
independent reviewer for grading without any additional clini-
cal information. The 30-day time point was selected because it
is beyond the acute phase of crusting and bleeding and repre-
sents the second phase of wound healing, which is characterized
by edematous swelling of the residual mucosal tissue8 and is
often a key decision point for commencement of postoperative
interventions, as shown in previous studies.12

Endoscopic evaluation was performed using the following
grading scales: Adhesion/scarring is defined as 0 5 no visible
granulation/scarring in the FSO; 1 5 minimal amount of granu-
lation, scarring, or contraction observed but not obstructing the

Fig. 1. Steroid-releasing sinus implant in the right frontal recess
immediately following surgery. [Color figure can be viewed in the
online issue, which is available at www.laryngoscope.com.]

Laryngoscope 00: Month 2016 Smith et al.: Steroid-Releasing Implant in the Frontal Sinus

2

http://ClinicalTrials.gov
http://www.laryngoscope.com


FSO (intervention not warranted); 2 5 moderate amount of
obstructive granulation, scarring, or contraction present in the
FSO (intervention is warranted); and 3 5 significant amount of
scarring or contraction causing obstruction of the FSO requiring
intervention (likely to compromise patency if not removed). Pol-
ypoid edema is defined as 0 5 normal mucosa, no visible polyps
at the frontal recess or FSO; 1 5 minimal amount of mucosal
edema at the frontal recess or FSO; and 2 5 expanded amount
of polypoid edema at the frontal recess or FSO. Patency of the
FSO is defined as 0 5 patent; 1 5 restenosed/partially occluded;
and 2 5 occluded. In addition, clinicians visually estimated the
diameter of the FSO and the degree of inflammation using a
100-mm visual analog scale.

Safety assessment was based on all adverse events
reported throughout the study.

Statistical Analysis
Randomization was stratified by clinical center and fol-

lowed a block scheme of varying sizes. The ratio of left-to-right
sinus randomization assignments was 1:1. Data were entered
into a validated electronic database and analyzed by independ-
ent biostatisticians.

The primary efficacy hypothesis of the study was that the
steroid-releasing sinus implant would reduce the need for

postoperative interventions in the FSO at 30 days compared to
control sides. Only discordant pairs favoring the treatment side
contributed to evidence of a treatment effect. Utilizing data
from a previous study,12 a 35% discordance with 80% of the dis-
cordant pairs favoring the treatment side was assumed. A total
of 80 patients was required to achieve 20 discordant pairs with
a two-sided a of 0.05 and 80% power. An exact version of McNe-
mar’s test was used, wherein the proportion of discordant pairs
favoring the treatment side (out of all discordant pairs) was
compared against a null value of 0.50. Categorical data that
could be localized to a treatment or control side were analyzed
using McNemar’s test for correlated proportions. Continuous
variables were compared using the two-sided t test with P val-
ues < 0.05 considered statistically significant.

Because interventions performed by clinical investigators
prior to day 30 could potentially confound the primary efficacy
outcome, an additional sensitivity analysis was performed after
the primary analysis was conducted in order to test the robust-
ness of the primary efficacy conclusion to interventions given
for the treatment of the frontal recess/FSO. Data imputations
were performed according to the following prespecified rule: if
at day 7 or 21 a clinical investigator indicated that oral steroids
or surgical intervention were warranted for any reason, and if
that intervention was actually received, then the grades given
by the independent sinus surgeon-reviewer at day 30 were

Fig. 2. CONSORT diagram.
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replaced with the grades given by the clinical investigator at
the preceding visit (day 7 or day 21) at which such intervention
was given.

RESULTS
From September 2014 through June 2015, a total of

89 patients were consented for screening; of those, 80

met final eligibility criteria and were randomized
(Fig. 2). Seventy-nine (99%) patients completed the
follow-up visits through 90 days.

Baseline Characteristics
The mean (6 standard deviation [SD]) age of

patients randomized in the study was 49.9 years (13.9),
and 57.5% were male (Table I). Of the 80 patients, 41
(51.2%) had undergone prior ESS. The study was well
balanced in that similar proportion of sinuses had poly-
poid edema of grade 0 (control: 5 [6.5%] vs. treatment: 5
[6.5%]), grade 1 (control: 16 [20.8%] vs. treatment: 19
[24.7%]), and grade 2 (control: 56 [72.7%] vs. treatment:
53 [68.8%]) in the FSO at baseline. The mean total
Lund-Mackay score at screening was 15.8 (4.8), with
mean frontal (1.4 [0.5]) and ethmoid Lund Mackay
scores (anterior [treatment: 1.5 [SD: 0.55]; control: 1.6
[SD: 0.55]] and posterior [treatment: 1.3 [SD: 0.61]; con-
trol: 1.4 [SD: 0.60]]) being comparable between the treat-
ment and control sides.

All patients underwent frontal sinusotomies: 63.8%
were performed with traditional rigid surgical instru-
ments, 1.3% using only balloon dilation, and 35.0% using
a combination of the two. Over ninety-seven percent
(97.5%) of surgeries included bilateral ethmoidectomy.
The implant was delivered in all 80 treated frontal
sinuses, resulting in a 100% implant delivery success.

Efficacy Outcomes
Assessment of the primary efficacy outcome demon-

strated that the proportion of patients needing postoper-
ative interventions in the FSO on the treatment side
was 38.8% compared to 62.7% on the control side, as
judged by the independent reviewer (Table II) (Fig. 3).
This difference was statistically significant (P 5 0.0070)
and represented a 38.1% relative reduction in the need
for postoperative interventions on the treated sides.

TABLE I.
Demographic and Baseline Characteristics.

N 80

Age (years), mean (SD) 49.9 (13.9)

Male 46 (57.5%)

Race

White 62 (77.5%)

Black or African American 12 (15.0%)

Asian 6 (7.5%)

Number of prior ESS

0 39 (48.8%)

! 1 41 (51.4%)

Medical history

Asthma 30 (37.5%)

Aspirin exacerbated respiratory
disease

6 (7.5%)

Expanded amount polypoid edema
in frontal recess/FSO

61 (76.3%)

Control side 56 (72.7%)

Treatment side 53 (68.8%)

Total CT stage (Lund Mackay Score),
mean (SD)

15.8 (4.8)

Frontal CT stage, mean (SD) 1.4 (0.5)

Control side 1.4 (0.5)

Treatment side 1.4 (0.5)

Values represent counts (percentage), unless specified otherwise
CT 5 computed tomography; ESS 5 endoscopic sinus surgery;

FSO 5 frontal sinus opening; SD 5 standard deviation.

TABLE II.
Endoscopic Efficacy Results at 30 Days.

N Evaluable§* Treatment Control
Relative

Change (%) P Value£†

Independent Reviewer¥‡

Need for postoperative interventions, n (%) 67 26 (38.8%) 42 (62.7%) 238.1 0.0070

Clinical Investigators

Need for postoperative interventions, n (%) 79 13 (16.5%) 33 (41.8%) 260.6 < 0.0001

Need for oral steroid interventions, n (%) 79 12 (15.2%) 27 (34.2%) 255.6 0.0015

Need for surgical interventions, n (%) 75 3 (4.0%) 12 (16.0%) 275.0 0.0225

Inflammation (100 mm VAS), mean (SD) 77 24.7 (27.0) 41.3 (29.3) 216.7 < 0.0001

Occlusion/restenosis, n (%) 76 16 (21.1%) 35 (46.1%) 254.3 0.0002

Mean FSO diameter (mm), mean (SD) 75 5.9 (2.8) 4.4 (2.4) 32.2 < 0.0001

Relative change is calculated as a percentage of the mean difference between treatment and control groups divided by mean of control group.
*Seventy-nine patients returned for the day 30 visit and had their endoscopy recorded for grading by independent reviewer. Data were considered miss-

ing if the independent reviewer could not grade a video due to suboptimal video quality or inadequate imaging of the relevant anatomy. Because the planned
statistical test required patients with an observed pair of outcomes, 12 patients could not be included in the test.

†McNemar’s exact binomial test was employed to obtain the two-sided P-value at alpha level of 0.05 for the primary efficacy endpoint and other cate-
gorical efficacy endpoints. T tests were performed for all continuous efficacy data on the side-to-side difference in scores.

‡Number of patients with evaluable sinuses on both sides.
FSO 5 frontal sinus opening; SD 5 standard deviation; VAS 5 visual analog scale.
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To assess the potential confounding effect of other
interventions, the primary endpoint was then analyzed
following the prespecified data imputation rules for
three patients who received oral steroids for the frontal
recess/FSO prior to the 30 day follow-up. The results of
the imputation demonstrated that the need for postoper-
ative interventions remained significantly lower on the
treatment sides compared to the control sides (P 5
0.0107; 34.9% relative reduction).

The proportion of patients needing postoperative
interventions on the treatment side (16.5%) was signifi-
cantly (P < 0.0001) lower compared to the control side
(41.8%), representing a 60.6% relative reduction as
judged by clinical investigators. This reduction in the
need for postoperative interventions on the treatment
sides persisted through 90 days, demonstrating a sus-
tained treatment effect (P 5 0.0129).

Based on clinical investigator judgment, the reduc-
tion in need for postoperative interventions was driven
by both components of the composite endpoint, with a
55.6% relative reduction in need for oral steroid inter-
vention (P 5 0.0015) and a 75.0% relative reduction in
need for surgical intervention (P 5 0.0225) (Table II).
The treated sides showed a significantly lower inflam-
mation score (P < 0.0001; 40.4% relative reduction); sig-
nificantly lower number of restenosed or occluded
sinuses (P 5 0.0002; 54% relative reduction), and a sig-
nificantly greater FSO diameter (P < 0.0001; 32.2% rela-
tive increase) compared to the control sides.

Additionally, the endoscopic assessments showed
that the treated sides had a significantly lower fre-
quency of adhesion and scarring warranting surgical

interventions (P 5 0.0225; 75% relative reduction) and a
significant reduction in expanded polypoid edema com-
pared to the control sides at day 30 (P 5 0.0226; 60%
relative reduction) by clinical investigators.

Safety Outcomes
There were no implant-related adverse events in

the study. Five adverse events (headache, left upper eye-
lid swelling, epistaxis, recurrent chronic sinusitis, and
increased sinus pressure) were judged by the clinical
investigators to have an indeterminate relationship to
the implant. A total of four serious adverse events
(diverticulitis, pulmonary fungal infection, two events of
deep vein thrombosis) were reported among three
patients in the study and were not related to the study
implant.

DISCUSSION
This study was the first multicenter, randomized,

controlled, blinded clinical trial that assessed the safety
and efficacy of a steroid-releasing implant when placed
in the frontal sinus opening following ESS. The study
demonstrated that implant placement was safe and
resulted in a statistically significant reduction in the
need for postoperative interventions in the FSO at 30
days post-ESS, as judged by an independent, blinded
reviewer. This statistically significant reduction in favor
of the steroid-releasing implant was corroborated by
clinical investigators who reported significant reductions
in the need for postoperative and oral steroid interven-
tions, adhesions and scarring, polypoid edema, inflam-
mation, and restenosis rate.

The significant reduction in need for postoperative
intervention in the FSO is consistent with previously
reported efficacy outcomes in randomized controlled tri-
als on steroid-releasing implants in the ethmoid
sinuses.12,13 A meta-analysis of the 30-day results of
these trials showed a 35% significant reduction in post-
operative interventions (P 5 0.0008), 51% significant
reduction in adhesion and lysis (P 5 0.0016), and 40%
significant reduction in need for oral steroids (P 5
0.0023) in treated sinuses that received a steroid-
releasing implant compared to control sinuses that
received a nondrug implant.10 Use of nondrug implants
on control sinuses has been subject to criticism in the
previous clinical trials. To address this question, the
present study compared results of the steroid-releasing
implant to sinusotomy alone while patients were main-
tained on a typical postoperative medical regimen.
Despite this difference in study design, similar outcomes
in the frontal sinuses were observed as previously
reported in the ethmoid sinuses.10,12,13

Topical steroids are known to promote early mucos-
alization and reduce edema, granulation tissue forma-
tion, and fibrin deposition after ESS; they are widely
used postoperatively.8 However, studies have reported
that topical nasal steroid sprays do not reach the frontal
recess15–17 and hence are not effective in post-ESS man-
agement of patients with frontal sinusitis. Oral steroids,
although beneficial in combating inflammatory response,

Fig. 3. Proportion of sinuses needing postoperative interventions
in the frontal sinus opening (FSO) at day 30 following placement
of a steroid-releasing sinus implant as determined by an inde-
pendent, blinded sinus surgeon based on review of video-
endoscopies. Postoperative intervention is a composite endpoint
including surgical intervention required to debride obstructive
adhesions/scarring formation in the FSO (defined as grade 2 or 3
on the adhesion/scarring scale), and/or oral steroid intervention
warranted to resolve recurrent inflammation or polypoid edema in
the frontal recess/FSO. P-values were obtained from a McNemar’s
test for correlated proportions, where only discordant pairs of
observations contribute to evidence of a treatment effect. Arrow
represents the percent relative reduction between treatment sides.
FSO 5 frontal sinus opening.
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have been shown to have systemic risks to the patient
and hence are prescribed with caution.18 Use of a
steroid-releasing sinus implant provides localized topical
steroid delivery to the frontal sinus opening and
addresses the limitations of topical or oral steroid use.
Patients in the present study remained on standard
medical therapy19 wherein topical steroid sprays were
allowed as early as 14 days postoperatively and oral ste-
roids were permitted, if warranted, at any time during
the study. Also, patients were encouraged to use saline
sprays or irrigations as needed during the entire study
follow-up. This allowed for comparison of steroid-
releasing implants to the standard medical regimens
typically employed in clinical practice. A limitation of
the study is that the intrapatient design precludes eval-
uation of the effect of treatment on patient symptoms
and other quality-of-life assessments. However, the
intrapatient design was chosen to help minimize
between-subject variability that is inherent in a parallel
design, including concomitant medication usage or vary-
ing surgical techniques. The study implants or their
remnants were required to be removed on day 21 to
allow for blinded assessment of day-30 video-endoscop-
ies. This implant removal procedure may have caused
additional trauma to the adjacent mucosa; thereby hin-
dering normal healing on the treatment sides. However,
such implant removal is not obligatory in clinical prac-
tice. This study demonstrates that steroid-releasing
implants improve surgical outcomes in the challenging
area of frontal sinus surgery.

CONCLUSION
Placement of steroid-releasing sinus implants in the

frontal sinus opening significantly reduces the need for
postoperative interventions in CRS patients undergoing
frontal sinus surgery and optimizes wound healing by
reducing the potential for inflammation and scarring.
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