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Drug-eluting implants in chronic rhinosinusitis: an evidence-based review
with recommendations

Kristine A. Smith, MD'

, Todd T. Kingdom, MD?, Stacey T. Gray, MD?, David M. Poetker, MD* and

Richard R. Orlandi, MD?®

Background: Drug-eluting implants are becoming increas-
ingly popular in the treatment of chronic rhinosinusitis
(CRS). A previous attempt to make an evidence-based
recommendation was hindered by limited evidence and ex-
perience with these implants. Since that time, the body
of literature discussing drug-eluting implants has grown
rapidly. The objective of this study was to review drug-
eluting implants designed for use in the sinonasal cavity
through an evidence-based review with recommendations.

Methods: A systematic review of the literature was per-
formed using PubMed, EMBASE, Cochrane Review, and
gray literature databases from January 1990 through Febru-
ary 2019 to examine drug-eluting implants used in CRS.
Benefit-harm assessments, value judgments, and recom-
mendations were made based on the available evidence.
Study exclusion criteria included studies unavailable in
English and non-endoscopic sinus surgeries. All authors
agreed on recommendations through an iterative process.

Results: Thirty-one studies were included in the final
analysis. Absorbable drug-eluting implants achieved a high

aggregate grade of evidence (A), with a recommendation
for their use to be considered in carefully selected patients.
Nonabsorbable drug-eluting implants were recommended
against due to minimal evidence supporting clinical efficacy.
Antibiotic and alternative drug-eluting implants lack suffi-
cient evidence for recommendations.

Conclusion: Absorbable steroid-eluting implants are rec-
ommended for carefully selected patients with CRS. Ad-
ditional research to define appropriate patient selection is
needed. © 2020 ARS-AAOQA, LLC.
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he successful management of chronic rhinosinusitis
(CRS) is centered on appropriate medical therapy in
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conjunction with endoscopic sinus surgery (ESS) for select
patients. However, there are several obstacles that may lead
to the failure of these treatment modalities. The delivery of
topical intranasal steroids into the sinonasal cavity is lim-
ited, even with high-volume delivery systems, and requires
patient compliance.! Systemic medications, such as oral
corticosteroids, reduce edema, inflammation, and decrease
polyp size, but the associated risks preclude long-term rou-
tine use.”® Following ESS, inflammation and edema can
lead to synechiae and stenosis of the sinonasal cavities,
which prevents the delivery of topical medical therapy and
can necessitate revision surgery.> Although nasal packing
and stents placed into the sinuses perioperatively may help
prevent adhesions and middle turbinate lateralization and
improve ostial patency, evidence regarding their efficacy is
mixed.?

Drug-eluting implants offer an alternative therapy that
acts as a mechanical spacer, while also providing lo-
cal medication delivery regardless of patient compliance.

Check for

updates
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Additionally, improved local delivery of medication may
reduce the need for systemic therapy, thus avoiding the
potential associated complications.? In 2016, the Interna-
tional Consensus Statement on Allergy and Rhinology: Rhi-
nosinusitis (ICAR:RS) conducted a review of drug-eluting
implants designed for use in rhinosinusitis; however, the
authors were unable to come to consensus on a recommen-
dation for use, in part due to the limited evidence and ex-
perience available at the time of publication.® In the subse-
quent years, the body of literature surrounding drug-eluting
implants has grown significantly. As such, the objective
of this study was to reassess the published literature on
drug-eluting implants developed for use in the paranasal si-
nuses using an iterative evidence-based process and provide
evidence-based recommendations where possible.

Materials and methods

An evidence-based review with recommendations (EBRR)
was prepared following the methodology described by Rud-
mik and Smith.* A systematic review of the literature was
performed using PubMed, EMBASE, and Cochrane Review
Databases from 1990 through to January 2019. Gray lit-
erature including conference abstracts was also reviewed.
Search terms included “stent,” “implant,” “drug eluting
stent,” “steroid implant,” “steroid eluting stent,” “steroid
stent,” “drug stent,” “antibiotics stent,” “sinus,” and “si-
nus surgery.” A total of 872 unique abstracts were iden-
tified and reviewed for relevance. Exclusion criteria in-
cluded works (papers, articles, etc.) unavailable in English
and non-ESS studies. Additionally, studies examining in-
ert nasal stents and packing, such as silicone spacers, were
excluded. Animal studies were included where no human
trials were available. The remainder of the studies were
included for evaluation and graded for level of evidence
using reported research methodology. This included case
reports, abstracts from conferences, and unpublished data
from the gray literature. All collected data were included
in this review. Drug-eluting implants were divided into the
following categories: steroid-eluting implants (absorbable,
nonabsorbable), antibiotic-eluting implants, and alterna-
tive drug-eluting implants.

Summary tables were created for the works analyzed.
Aggregate grade of evidence, benefit-hard assessment, and
value judgments were developed for each category where
>1 study was available. Recommendations were made
based on the published literature, if sufficient evidence
was available. The literature was reviewed and the initial
manuscript was prepared by 3 authors (K.A.S., T.K., and
R.R.0.). Additional authors were then asked to evaluate
the literature and provide recommendation (S.G. and D.P.)
as per the protocol developed for EBRRs.*

» <« » <«

Results

A total of 30 works were identified and included in the final
analysis. Steroid-eluting absorbable implants were the focus

of 17 of these studies: 8 examined nonabsorbable steroid-
eluting implants, 3 assessed antibiotic-eluting implants, and
2 examined alternative medical implants. The results of
these studies are summarized in Tables 1 through 3 and are
discussed in the following sections. A summary of evidence
and recommendations has been made where sufficient data
exist to support one.

Steroid-eluting implants
Absorbable implants

The majority of works identified examined absorbable
steroid-eluting implants (n = 18) (Table 1). There are cur-
rently 4 absorbable steroid-eluting implants available for
use in the sinonasal cavity, which were developed by In-
tersect ENT Inc. (Palo Alto, CA): the Propel™, Propel
Mini™, Propel Contour™, and Sinuva™.> The Propel
family of implants each contains 370 pg of mometasone
furoate embedded in a polylactide-co-glycolide polymer
matrix. The steroid is released over 30 days as the matrix
dissolves. These implants were designed to be placed into
the operated cavities of the sinuses at the time of surgery
or shortly thereafter. The Propel™ implant is approved for
use in postoperative ethmoid cavities, the Propel Mini™ is
approved for use in the ethmoid and frontal sinuses, and
the Propel Contour™ is approved for use in the maxillary
and frontal sinuses.® The Sinuva™ sinus implant was de-
veloped to treat recurrent nasal polyposis in patients who
have previously had ESS. The implant contains 1350 pg
of mometasone furoate (eluted over 90 days) and can be
placed into the ethmoid cavity in the office setting.’**

The Propel™ implant was examined in 6 of the identi-
fied studies, including 2 double-blinded randomized con-
trolled trials (RCTs) and a prospective cohort study. All 3
of these studies showed improvement in symptoms scores,
as well as endoscopic appearance with decreased rates of
adhesions and improved polyp scores.”” There was also
a reduction in postoperative interventions and the use of
postoperative corticosteroids.®’ These results were statisti-
cally significant.”® A pooled meta-analysis of the 2 RCTs
confirmed these results.'® An additional cohort study ex-
amined the feasibility and safety of an in-office insertion of
the Propel™ implant 1 week following ESS. There was a
100% insertion rate, a reduction in patient symptoms, and
an improvement in endoscopy scores.'! A recent case series
presented 2 cases of the Propel™ implant being used off-
label in the sphenoid sinus following sellar surgery, with no
adverse effects.!?

The Propel Mini'™ was examined in 3 studies and the
Propel Contour™ in a single study. The Propel Mini™
was assessed in a single, double-blinded RCT with a in-
trapatient control design. The implants were randomly
assigned to be placed in a unilateral frontal recess fol-
lowing bilateral frontal ESS, with the contralateral side
serving as a control. There was a significant reduction in
postoperative interventions and corticosteroids required,
with improvements in rates of frontal sinus patency and
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endoscopy scores.!3 A report of 2 patients examined the
feasibility and safety of in-office insertion of the Pro-
pel Mini™ into the frontal recess following balloon di-
lation; in both cases insertions were successful without
complication.'* The Propel Contour™ was examined in
a single, double-blinded RCT with methodology identi-
cal to the Propel Mini™ RCT, with similar findings.'> A
pooled meta-analysis of these 2 RCTs emphasized the sig-
nificant reductions in postoperative interventions, as well
as improved frontal sinus patency rates, ostium size, and
endoscopy scores.!?

The Sinuva™ sinus implant was developed as a poten-
tial alterative to revision ESS for patients with recurrent
nasal polyposis (> grade 2 polyps).'® The implant was de-
signed to be placed into a previously dissected ethmoid
cavity as an in-office procedure with planned expansion as
surrounding polyps recede, secondary to the effects of lo-
cal corticosteroid. An initial study of 5 patients established
the feasibility and safety of this device, with no evidence
of systemic absorption.!” A subsequent cohort study of 12
patients demonstrated a significant reduction in polyp size
and eliminated the need for revision surgery in 64% of the
participants.® Of note, the insertion rate was 87.5%. One
patient had the implants misplaced into the nasal cavity
and reported nasal and ocular irritation. In this patient,
the implants were removed before completion of the study
period without complication.!® In a subsequent RCT of
the Sinuva™, 100 patients were randomized to either re-
ceive the steroid-eluting implant or a sham procedure; out-
comes were reported at 3 and 6 months.!”?? At both 3 and
6 months, there was a significant reduction in polyp size, en-
doscopy scores, and nasal obstruction scores in the implant
group compared to controls.'”?? At 6 months, control pa-
tients were more likely to require revision surgery compared
to implant patients.!” A second RCT was performed where
300 patients were randomized to receive the Sinuva™ im-
plant as an in-office procedure or a sham procedure and
outcomes were reported at 3 months.?! A significant re-
duction in polyp size and patient symptoms was seen, with
the exception of facial pain/pressure. Additionally, there
was a significant reduction in the need for repeat surgery in
the implant group. One adverse event related to the implant
was seen, where a patient developed epistaxis that required
surgical cauterization to control.”!

Overall, these implants have a very favorable safety pro-
file. No significant systemic absorption or ocular compli-
cations were reported in clinical trials,611:13-15,17,19,20,22,23
The most common side effects reported were sinusitis,
headaches, and epistaxis.”* There have also been concerns
about the implant matrix being potentially proinflamma-
tory without the impregnated corticosteroid.®> There has
been a single report of a Propel™ implant misplaced
through an iatrogenic skull-base defect in the frontal recess.
Following emergent removal of the implant and repair of
the skull-base defect the patient recovered with no long-
term sequelae.”’ Other than this case, there are no other
significant adverse events reported in the literature.

There have been two Level 1 economic analyses that
have reported on the cost effectiveness of the Propel™
implants.?®2” The first found that the Propel implant was a
cost-effective method to avoid postoperative synechiae and
corticosteroid use at the willingness to pay threshold of
$10,000.%7 In other words, due to the potential costs of pe-
rioperative complications and associated care, the implant
was considered cost-effective at this payout threshold. The
second study examined the budget impact of the Propel ™
implants and found that the upfront cost had a negligible
effect on costs due to the long-term reductions in medi-
cation use, synechiae, and polyp recurrence.”® When con-
sidering the results of these studies, it is important to note
that neither study accounted for the removal of the implant.
Although this was not reported in the RCTs, it has been de-
scribed in clinical practice. This would increase the costs of
a Propel™ strategy and may decrease the likelihood that
this is a cost-effective approach. Additionally, both stud-
ies were based on the data from the RCTs, which were
restricted to tertiary care centers and may not be general-
izable to the average rhinology or otolaryngology practice.
Finally, the primary outcome or driver of cost effectiveness
in these analyses is the avoidance of complications, with an
associated increase in cost. With this in mind, the cost ef-
fectiveness of the Propel™ implants is highly dependent on
the potential for avoided complications, which will be dis-
cussed further below. The overall evidence for absorbable
steroid-eluting implants is summarized below.

e Aggregate Grade of Evidence: A (Level la: 2 studies;
Level 1b: 7 studies; Level 1 [economic studies]: 2 studies;
Level 2b: 1 study; Level 4: 6 studies)

e Benefit:

o Propel™: Improved postoperative outcomes
(synechiae, polyps, endoscopy), improved symp-
tom scores, reduction in postoperative interventions
and corticosteroids, increased ostial patency

o Sinuva™: Improved symptom scores, reduced
polyp size, reduction in the need for revision surgery

e Harm: Misplacement, local inflammation/irritation
Cost: Approximately $1195 USD per Propel™, $1275
USD per Sinuva™

e Benefit-Harm Assessment: Preponderance of benefit over
harm

e Value Judgments: Despite the significant upfront cost as-
sociated with absorbable steroid-eluting implants, long-
term results have displayed significant benefit. Recent
economic analyses also suggest the added upfront cost is
balanced by avoidance of complications. However, the
potential value is highly dependent on the potential for
improved outcomes. As such, absorbable steroid-eluting
implants should be reserved for use in patients or prac-
tices where there is room for significant improvement in
patient outcomes. Further research will help define the
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parameters where absorbable steroid-eluting implants
are most beneficial.
o Recommendation Level:

o Propel™: Recommendation for patients at higher
risk for postoperative complications

o  Sinuva™: Recommendation for patients where re-
vision surgery may put patients at higher risk

e Intervention: Absorbable steroid-eluting implants should
be considered in patients undergoing ESS who have a
higher risk of postoperative complications and patients
where revision surgery may be higher risk. Careful pa-
tient selection is needed to ensure the added costs are
offset by the potential benefits.

Nonabsorbable implants

Nonabsorbable stents and spacers are commonly used in
routine ESS to prevent middle turbinate lateralization and
synechiae formation, as well as to improve the postop-
erative patency of stenotic ostia, primarily in the frontal
recess. There have been attempts to utilize these stents
in a multipurpose fashion by adding corticosteroids with
the goal of improving postoperative outcomes (Table 2).
In 1 study, researchers impregnated ethyl vinyl acetate
(EVAc), a substance with similar handling properties to
silastic sheets, with dexamethasone. In a case series involv-
ing 3 patients undergoing revision frontal sinus surgery, the
dexamethasone-impregnated EVAc sheets were fashioned
into rolled implants and placed into the frontal recess fol-
lowing a complete dissection. The implants were removed
2 to 4 weeks postoperatively with persistent ostial patency.
Although the results of this study were encouraging, the
preparation of the implant was time-consuming and labor-
intensive, and there was no comparison group. No further
research on this specific type of implant has been completed
to date.!®

The remaining studies on nonabsorbable steroid-eluting
implants involve the Relieva Stratus™ MicroFlow Spacer
(Acclarent, Inc., Menlo Park, CA), which was developed in
the 2000s and introduced into the United States in 2009.
This spacer was approved for use in the sinuses, with a
reservoir that could be filled and used to eluted substances
via a micropore system for approximately 2 to 4 weeks. The
implant was designed for insertion into an undissected eth-
moid cavity using a trocar, under fluoroscopic guidance.
In the United States, the implant was only approved for
use with saline, not corticosteroids, and was used in an
off-label capacity.?® Studies examining this implant have
resulted in mixed data. A few small cohort studies were
performed using this spacer, primarily focusing on the fea-
sibility and safely of delivery.?>??3? A cadaveric study of
12 heads displayed the feasibility of the delivery device with
no adverse placements.”> An additional study of 52 place-
ments displayed increase ease of use and confidence when
image guidance was used to guide the placement.?’

The initial cohort study in live patients also examined
the impact of the triamcinolone impregnated implant on
computed tomography (CT) scores and 20-item Sino-Nasal
Outcome Test (SNOT-20) scores. The authors noted a re-
duction in SNOT-20 scores as well as an improvement in
CT scores.’® The mean preoperative SNOT-20 score was
2.18, falling to a mean score postoperatively of 1.16.3°
A recent randomized controlled trial also reported an im-
provement in postoperative symptoms in patients with al-
lergies and CRS, though the extent of the improvement is
unclear.3! A retrospective chart review assessing the effec-
tiveness of this spacer in the frontal recess following balloon
catheter dilation showed no added benefit over dilation
alone.*? There have also been 2 case studies reporting seri-
ous complications secondary to the misplacement and the
retention of the implant.333* One resulted in permanent di-
lation of a patient’s pupil following violation of the lamina
papyracea and placement of the implant against the medial
orbit.>3 The second involved accidental retention of bilat-
eral implants for 7 months, necessitating surgical removal
and treatment of an associated sinonasal infection.*

In summary, the majority of the studies examining the
off-label use of this nonabsorbable steroid-eluting implant
have limited evidence supporting its efficacy. In 2013, the
Relieva Stratus™ MicroFlow Spacer was removed from the
U.S. market, secondary to illegal marketing of the implant
as a drug-delivery device (steroid-eluting spacer) rather than
as an inert spacer in the absence of U.S. Food and Drug
Administration (FDA) approval.>* The evidence summary
and recommendations below are specific to the Stratus™,
because the EVAc dexamethasone implant has only been
examined in a single study (Level 4).

e Aggregate Grade of Evidence: D (Level 1b: 1 study; Level
4: 6 studies [1 cadaver study])

e Benefit: Avoidance of total ethmoidectomy, prolonged
local delivery of corticosteroids

e Harm: Potential injury to skull base, reported injury to
the orbit, accidental retention
Cost: Unavailable in Canada and the United States.
Benefit-Harm Assessment: Possible balance of benefit vs
harm; however, available evidence is limited

e Value Judgment: Limited evidence of minimal clinical
benefit with documentation of harm. Off-label use, be-
cause implant was never approved for the delivery of
corticosteroids by the FDA.
Recommendation Level: Recommend against

e Intervention: Recommend against the use of nonab-
sorbable steroid-eluting spacer due to lack of evidence
supporting benefit.

Antibiotic-eluting implants
Antibiotics remain 1 of the most commonly prescribed med-
ications for patients with CRS. Although anti-inflammatory
therapies are the mainstay of medical therapy for CRS,
there are several situations where antibacterial therapy can
be beneficial in CRS. Additionally, the anti-inflammatory
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effects of macrolide antibiotics and doxycycline may be
beneficial in appropriately selected patients. However,
as with systemic corticosteroids, recurrent systemic an-
tibiotic therapy is associated with potential risks and
complications.?® Antibiotic-eluting implants are at an ear-
lier stage of development than steroid-eluting implants.
There have been 3 studies examining potential antibiotic-
eluting implants in the sinuses, 1 involving human patients
and 2 involving rabbits (Table 3).3”3° The first study as-
sessed the effects of a ciprofloxacin implant in a rabbit,
compared to a control contralateral side. There was no
evidence of any adverse effects on sinonasal endoscopy
scores, histopathology, or radiology.*” In follow-up to this
study, the authors performed a prospective controlled trial
in rabbits, where the sinuses were infected with Pseu-
domonas aeruginosa. The sinuses were treated with either
a ciprofloxacin implant or a control implant. A signifi-
cant improvement was seen in the sinuses treated with the
ciprofloxacin implant in all domains examined, including a
reduction in biofilm formation.?® The human study that ex-
amined antibiotic-eluting implants assessed a doxycycline-
eluting frontal sinus implant. In this study, 10 patients who
required revision ESS had a doxycycline-eluting implant
placed unilaterally, with a control implant in the contralat-
eral frontal recess. The study found an anti-inflammatory
effect in the doxycycline side, with an overall reduction in
matrix metalloproteinase-9 (MMP-9) and improved frontal
sinus patency.>’

The research on antibiotic-eluting implants in the sinuses
is in its infancy. Two of the 3 studies are animal studies
and all have small sample sizes with limited follow-up (ag-
gregate grade of evidence: D). There are many unknowns
as to the potential benefits, harms, and costs. As such, no
recommendation regarding the use of antibiotic-eluting im-
plants can be made at this time. However, these studies have
established proof of concept supporting antibiotic-eluting
implants in sinonasal disease. Given the potential to reduce
systemic antibiotic therapy, additional research into these
therapies is required.

Alternative drug-eluting implants

One of the primary functions of sinus stents is to prevent
synechiae and ensure patency of the sinuses following ESS.
In pursuit of this goal, 2 studies have examined alterative
drug-eluting implants (Table 4). Paclitaxel is a chemother-
apy agent that also exhibits strong antifibroblastic and
antiangiogenic qualities, suggesting it may inhibit the
formation of scar tissue. One study assessed the effects
of paclitaxel on sinonasal mucosa using a sheep model.
Following sinus surgery, the implants with varying drug
dosages were secured in place for 4 weeks. The sinus
mucosa was then assessed for histological differences
and no differences were seen between the groups.*’ A
recent study assessed the effects of low-dose brachytherapy
on postoperative ostial patency in a rabbit model.*!
Ionizing radiation has been used to treat hyperproliferative

disorders, such as scarring, and was previously utilized in
cardiac stenting. Half of the animals received a unilateral
phosphorous-32—-implanted implant designed to emit 15
Gy and a unilateral control implant. This dose is similar
to the dose used to treat keloid scarring in dermatological
procedures.*> The other half received a unilateral control
implant and no implant on the contralateral side. The
sinus ostia that were treated with the phosphorous-32
implants had increased in size, compared to the control
sinuses which had a 50% reduction in size. Histopathology
showed no adverse effects on the sinonasal mucosa.*!

Novel approaches and interventions such as these may
prove to be beneficial; however, further study is needed be-
fore any recommendation can be made regarding the use
of ionizing radiation or chemotherapy agents in the treat-
ment of inflammatory sinonasal disease (aggregate grade of
evidence: D).

Discussion

Four types of drug-eluting implants were identified in this
EBRR: absorbable steroid-eluting implants, nonabsorbable
steroid-eluting implants, antibiotic-eluting implants, and
alternative drug-eluting implants. A total of 30 studies were
included, with the vast majority focused on absorbable
steroid-eluting implants. Absorbable steroid-eluting im-
plants accrued the highest aggregate grade of evidence (A)
with a preponderance of benefit over harm. Despite the
significant costs associated with these implants, the value
judgment of the authors supports the conclusion to recom-
mend absorbable steroid-eluting implants in patients where
significant improvements in outcomes are possible. None
of the other drug-eluting implants identified were recom-
mended based on the currently available literature and the
nonabsorbable steroid-eluting implant Relieva Stratus'™
MicroFlow Spacer was recommended against because of
lack of supporting evidence, potential risk, and the with-
drawal of the implant from the U.S. market due to illegal
marketing as a drug delivery device without FDA approval.

Absorbable steroid-eluting implants combine the me-
chanical benefit of a spacer with the local delivery of cor-
ticosteroids. They offer a theoretical advantage over non-
absorbable spacers because they do not require removal,
which can reduce patient discomfort and eliminate the con-
cern for an accidentally retained foreign body. In the au-
thors’ experience; however, absorption is incomplete and
fragments must often be removed with a debridement post-
operatively. The controlled and continuous release of cor-
ticosteroids may remove the necessity for topical intranasal
steroid sprays or irrigations, which could address issues
of patient compliance. Additionally, the direct placement
into areas such as the frontal recess overcomes the chal-
lenges of low corticosteroid distribution into these regions
with nasal sprays and rinses. The evidence supporting the
benefits of these implants is growing—the double-blinded
RCTs examining the Propel™, Propel Mini™, and Propel
Contour™ all show significant benefit on the stented side
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compared to the control side.®%!3!5 There is a significant
reduction in postoperative polyposis, adhesions, corticos-
teroid requirements, and revision surgical interventions as-
sociated with use of these steroid-eluting implants.®%1315
Additionally, there was an improvement in frontal sinus
patency and size when the implants were placed into the
frontal recess.!'315:23

The Sinuva™ sinus implant is the first implant of its
kind, designed to be placed into the ethmoid cavity of pa-
tients with recurrent nasal polyps. This implant, which
elutes steroids over 90 days, has been shown to signif-
icantly reduce recurrent polyps as well as the need for
revision surgery and this benefit persists at 6 months
postimplantation.'®?° This is significant, because it avoids
the risk, complications, and costs associated with revision
ESS. Additionally, when comparing the Sinuva™ to the ef-
fects of pulsed systemic corticosteroids, typically the benefi-
cial effects of corticosteroids last approximately 3 months,
vs the prolonged benefit seen in the initial RCT examining
the Sinuva™.* Thus far, this implant has only been ex-
amined in patients with recurrent nasal polyposis, but this
may also be an alternative to continued medical therapy for
other patients with CRS, where compliance with topical in-
tranasal corticosteroids is essential for long-term control of
sinonasal inflammation.

Although the results of these studies are promising,
there are concerns surrounding the cost effectiveness of
these implants.** The costs of the Propel™ and Sinuva™
implants are significant and, as health care costs con-
tinue to rise exponentially in North America, the value
proposition—change in outcome over cost—must be taken
into account. Although the 2 economic analyses performed
on the Propel™ implant suggest it is cost-effective, there are
several factors that must be considered.?®?” Although not
necessarily a limitation, it must be acknowledged that all of
the published RCTs examining the Propel™ and Sinuva™
implants were funded by the implant developer, Intersect
ENT. Moreover, many clinicians remove the implants prior
to complete resorption and remnants of the implant can
be challenging to remove. There have also been concerns
that the matrix of the implants, which can take up to 60
days to completely resorb, may be proinflammatory after
the steroid has completely eluted.> Removal of the implant
requires additional cost, which may also affect the value.
Additionally, given the significant cost associated with the
implants, they have the most value in cases with the most
potential for improved outcomes. There is little utility using
these implants in routine cases with a low risk of recurrence,
stenosis, or synechiae. However, based on current evidence,
identifying cases where the implants can be the most use-
ful may be challenging. There is significant variation in the
patient cohorts included in the RCTs, including variable
polypoid disease and variable surgical dissection (specif-
ically in the frontal recess). The extent of inflammatory
disease is not clear. Additional research is needed to clarify
selection criteria for the use of absorbable steroid-eluting
implants.

It is also worth noting that the majority of the literature
on these stents is the result of industry-sponsored trials, and
many of the authors of the works included in this review are
consultants for these companies.** Although this raises the
concern for potential bias, the majority of these trials use
a blinded or double-blinded methodology. There is also
no evidence of publication bias in the literature, with no
conference abstracts or gray literature presenting negative
results that were not published at a later date. Bias is al-
ways possible in scientific research; however, transparency
around methodology, funding, and author consultation can
help inform the reader of these potential biases. The inclu-
sion of the funding sources in the tables can help inform the
readers of this review of the potential biases in these works.
To address potential biases in this review, the authors of
this review had no consultation, affiliation, or funding with
the stent companies. Only 1 of the authors (D.M.P.) has
been involved in 1 of the included publications.?’ All other
authors have not been involved in the literature reviewed in
this work. The inclusion of the funding sources in the tables
can help inform the readers of this review of the potential
biases in these works.

An additional limitation of this study should be ac-
knowledged. The methodology used here is an EBRR. This
methodology was chosen because of the significant hetero-
geneity of the data, which makes systematic review and
meta-analysis challenging. EBRRs allow for heterogenous
data to be aggregated through an assessment of the liter-
ature based on expert consensus rather than a systematic
assessment of the quality of each study included or ex-
cluded. Although this approach has its unique strengths,
including using the aggregate evidence to create a recom-
mendation, it does diverge from the rigorous methodology
of a systematic review and meta-analysis. Despite assigning
each study an overall level of evidence, the EBRR approach
does not report every possible methodological concern of
the studies included. For example, the study published in
2018 by Luong et al.'* on the Propel Contour™ does not
include a minimum amount of disease in the frontal recess
for inclusion, nor does it include the number of polyp pa-
tients in the study, as highlighted by Gray et al.** Many
of the studies had variable perioperative medical therapy
regimes, including the 2011 Forwith et al.” and Murr et al.”
Propel™ studies, which allowed for saline sprays and rinses
“as needed” in the postoperative period and only reported
that the use varied based on physician preference. These
types of details are not captured in the summary tables, but
are important to consider. As such, it is important to ac-
knowledge that an EBRR is not a systematic review or meta-
analysis, and consider this when weighing the results of this
article.

With these issues in mind, evidence-based medicine
not only involves aggregating the best available evidence,
but also considers patient values and expectations and
individual clinical expertise. There is a significant body
of literature that consistently highlights the benefits
of absorbable steroid-eluting implants over traditional
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medical therapy. Here, individual clinical expertise is

paramount to ensuring absorbable steroid-eluting im-
plants are utilized in a high-value way. Clinicians should
consider their particular patient population and their
own surgical outcomes when considering using these
implants. Where they are likely to result in improved
outcomes, absorbable steroid-eluting stents are a valuable
tool in the care of patients with CRS. Further research is
needed to clarify the most appropriate selection criteria
for absorbable steroid-eluting implants, which may help
increase their overall value. These implants also provide a
potential delivery mechanism for other medical therapies,
such as antibiotics, an area where future research is

needed.

References

1.

2.

10.

11.

13.

15.

16.

Smith KA, Rudmik L. Delivery of topical therapies.
Adv Otorhinolaryngol. 2016;79:114-120.

Poetker DM, Reh DD. A comprehensive review of the
adverse effects of systemic corticosteroids. Otolaryn-
gol Clin North Am. 2010;43:753-768.

Orlandi RR, Kingdom TT, Hwang PH, et al. Inter-
national Consensus Statement on Allergy and Rhi-
nology: Rhinosinusitis. Int Forum Allergy Rbinol.
2016;6(Suppl 1):522-5209.

Rudmik L, Smith TL. Development of an evidence-
based review with recommendations using an on-
line iterative process. Int Forum Allergy Rhinol.
2011;1:431-437.

Intersect ENT. https:/www.intersectent.com/. Ac-
cessed May 7, 2020.

Lavigne F, Miller SK, Gould AR, Lanier BJ, Romett JL.
Steroid-eluting sinus implant for in-office treatment of
recurrent nasal polyposis: a prospective, multicenter
study. Int Forum Allergy Rhinol. 2014;4:381-389.

Forwith KD, Chandra RK, Yun PT, Miller SK,
Jampel HD. ADVANCE: a multisite trial of bioab-
sorbable steroid-eluting sinus implants. Laryngo-
scope. 2011;121:2473-2480.

Marple BF, Smith TL, Han JK, et al. Advance II: a
prospective, randomized study assessing safety and
efficacy of bioabsorbable steroid-releasing sinus im-
plants. Otolaryngol Head Neck Surg. 2012;146:1004-
1011.

Murr AH, Smith TL, Hwang PH, et al. Safety and ef-
ficacy of a novel bioabsorbable, steroid-eluting sinus
stent. Int Forum Allergy Rhinol. 2011;1:23-32.

Han JK, Marple BF, Smith TL, et al. Effect of steroid-
releasing sinus implants on postoperative medical and
surgical interventions: an efficacy meta-analysis. [nt
Forum Allergy Rhinol. 2012;2:271-279.

Matheny KE, Carter KB Jr, Tseng EY, Fong K]J.
Safety, feasibility, and efficacy of placement of steroid-
eluting bioabsorbable sinus implants in the office set-
ting: a prospective case series. Int Forum Allergy Rhi-
nol. 2014;4:808-815.

Tamaki A, Shammassian B, Ray A, Selman WR,
Rodriguez K. Utilization of sinus stents as a novel
approach for benign cystic lesions of the sella. Am |
Otolaryngol. 2017;38:645-647.

Smith TL, Singh A, Luong A, et al. Randomized
controlled trial of a bioabsorbable steroid-releasing

implant in the frontal sinus opening. Laryngoscope.
20165126:2659-2664.

. Janisiewicz A, Lee JT. In-office use of a steroid-eluting

implant for maintenance of frontal ostial patency af-
ter revision sinus surgery. Allergy Rhinol (Providence).
2015;6:68-75.

Luong A, Ow RA, Singh A, et al. Safety and effective-
ness of a bioabsorbable steroid-releasing implant for
the paranasal sinus ostia: a randomized clinical trial.
JAMA Otolaryngol Head Neck Surg. 2018;144:28-
35.

Meltzer EO, Hamilos DL, Hadley JA, et al. Rhinos-
inusitis: developing guidance for clinical trials. | Al-
lergy Clin Immunol. 2006;118(5 Suppl):S17-S61.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ow R, Groppo E, Clutter D, Gawlicka AK. Steroid-
eluting sinus implant for in-office treatment of recur-
rent polyposis: a pharmacokinetic study. Int Forum
Allergy Rhinol. 2014;4:816-822.

Hosemann W, Schindler E, Wiegrebe E, Gopferich
A. Innovative frontal sinus stent acting as a local
drug-releasing system. Eur Arch Otorhinolaryngol.
2003;260:131-134.

Forwith KD, Han JK, Stolovitzky JP, et al. RESOLVE:
bioabsorbable steroid-eluting sinus implants for in-
office treatment of recurrent sinonasal polyposis after
sinus surgery: 6-month outcomes from a randomized,
controlled, blinded study. Int Forum Allergy Rbinol.
2016;56:573-581.

Han JK, Forwith KD, Smith TL, et al. RESOLVE:
a randomized, controlled, blinded study of bioab-
sorbable steroid-eluting sinus implants for in-office
treatment of recurrent sinonasal polyposis. Int Forum
Allergy Rhinol. 2014;4:861-870.

Kern RC, Stolovitzky JP, Silvers SL, et al. A phase 3
trial of mometasone furoate sinus implants for chronic
sinusitis with recurrent nasal polyps. Int Forum Al-
lergy Rhinol. 2018;8:471-481.

Melroy CT, Kuhn FA. Safety of ethmoid sinus drug-
eluting catheter insertion. Ann Otol Rhinol Laryngol.
2009;118:708-713.

Singh A, Luong AU, Fong KJ, et al. Bioabsorbable
steroid-releasing implants in the frontal sinus os-
tia: a pooled analysis. Int Forum Allergy Rbinol.
2019;9:131-139.

Unsal AA, Gregory N, Rosenstein K. Current opin-
ions in office-based rhinology. Curr Opin Otolaryngol
Head Neck Surg. 2018;26:8-12.

Tang DM, Roxbury CR, Sindwani R, Kshettry VR,
Recinos P, Woodard TD. Multiple bioabsorbable
corticosteroid-eluting stent placement with associ-
ated skull base injury. Laryngoscope. 2018;129:1494-
1496.

Rizzo JA, Rudmik L, Mallow PJ, Palli SR. Budget
impact analysis of bioabsorbable drug-eluting sinus
implants following endoscopic sinus surgery. | Med
Econ. 2016;19:829-835.

Rudmik L, Smith TL. Economic evaluation of a
steroid-eluting sinus implant following endoscopic si-
nus surgery for chronic rhinosinusitis. Otolaryngol
Head Neck Surg. 2014;151:359-366.

Santarelli GD, Han JK. Evaluation of the PRO-
PEL((R)) mini sinus implant for the treatment of
frontal sinus disease. Expert Opin Drug Deliv.
2016;13:1789-1793.

Taulu R, Numminen J, Bizaki A, Rautiainen M.
Image-guided, navigation-assisted Relieva Stratus Mi-
croFlow Spacer insertion into the ethmoid sinus. Eur
Arch Otorhinolaryngol. 2015;272:2335-2340.

Catalano PJ, Thong M, Weiss R, Rimash T. The
MicroFlow Spacer: a drug-eluting stent for the eth-
moid sinus. Indian | Otolaryngol Head Neck Surg.
2011;63:279-284.

Businco LD, Mattei A, Laurino S, et al. Steroid-eluting
ethmoidal stent versus antero-posterior ethmoidec-
tomy: comparison of efficacy and safety in allergic
patients. Otolaryngol Pol. 2016;70:6-12.

Conclusion

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

There is increasing evidence available to support the use
of drug-eluting implants in patients with CRS. A high level
of evidence combined with documentation of significant
benefits and value support a recommendation to consider
absorbable steroid-eluting implants in select patients, where
significant improvements in outcomes are likely. Additional
research is required to further define appropriate criteria.
Nonabsorbable steroid-eluting implants are recommended
against, because of a lack of evidence supporting potential
benefits. Antibiotic and alternative drug-eluting implants
are being developed but lack sufficient evidence for
recommendations to be made at this time. €

Minni A, Dragonetti A, Sciuto A, et al. Use of balloon
catheter dilation and steroid-eluting stent in light and
severe rhinosinusitis of frontal sinus: a multicenter ret-
rospective randomized study. Eur Rev Med Pharmacol
Sci. 2018;22:7482-7491.

Villari CR, Wojno TJ, Delgaudio JM. Case report
of orbital violation with placement of ethmoid drug-
eluting stent. Int Forum Allergy Rhinol. 2012;2:89-92.

Sjogren PP, Parker NP, Boyer HC. Retained drug-
eluting stents and recalcitrant chronic rhinosinusitis: a
case report. Allergy Rhinol (Providence). 2013;4:e45-
e48.

United States Department of Justice. U.S. Attor-
ney’s Office. District of Massachusetts. Former
Acclarent, Inc. executives charged with securities
fraud and crimes related to sale and distribution
of medical devices [press release]. Boston, MA:
United States Department of Justice. U.S. Attorney’s
Office. District of Massachusetts; 2016. https:/www.
justice.gov/usao-ma/pr/former-acclarent-inc-executi
ves-convicted-crimes-related-sale-medical-devices.
Accessed May 7, 2020.

Poetker DM, Smith TL. What rhinologists and aller-
gists should know about the medico-legal implications
of antibiotic use: a review of the literature. Int Forum
Allergy Rhinol. 2015;5:104-110.

Cho DY, Hoffman K, Skinner D, et al. Tolerance
and pharmacokinetics of a ciprofloxacin-coated sinus
stent in a preclinical model. Int Forum Allergy Rhinol.
2017;7:352-358.

Cho DY, Lim D], Mackey C, et al. Preclinical thera-
peutic efficacy of the ciprofloxacin-eluting sinus stent
for Pseudomonas aeruginosa sinusitis. Int Forum Al-
lergy Rhinol. 2018;8:482-489.

Huvenne W, Zhang N, Tijsma E, et al. Pilot study
using doxycycline-releasing stents to ameliorate post-
operative healing quality after sinus surgery. Wound
Repair Regen. 2008;16:757-767.

Herrmann BW, Citardi MJ, Vogler G, et al. A
preliminary report on the effects of paclitaxel-
impregnated stents on sheep nasal mucosa. Am | Rbi-
nol. 2004;18:119-124.

Oestreicher E, Bartsch H, Mayr D, et al. Preclini-
cal study investigating the potential of low-dose-rate
brachytherapy with (32)P stents for the prevention
of restenosis of paranasal neo-ostia. Brachytherapy.
2017;16:207-214.

Lee SY, Park J. Postoperative electron beam radiother-
apy for keloids: treatment outcome and factors associ-
ated with occurrence and recurrence. Ann Dermatol.
2015;27:53-58.

Poetker DM, Jakubowski LA, Lal D, Hwang PH,
Wright ED, Smith TL. Oral corticosteroids in the
management of adult chronic rhinosinusitis with
and without nasal polyps: an evidence-based review
with recommendations. Int Forum Allergy Rhinol.
2013;3:104-120.

Gray ST, Sedaghat AR. Frontal sinus drug-eluting
implants-effective, but for which patients and at
what cost? JAMA Otolaryngol Head Neck Surg.
2018;144:35-36.

870

International Forum of Allergy & Rhinology, Vol. 10, No. 7, July 2020


https://www.intersectent.com/
https://www.justice.gov/usao-ma/pr/former-acclarent-inc-executives-convicted-crimes-related-sale-medical-devices
https://www.justice.gov/usao-ma/pr/former-acclarent-inc-executives-convicted-crimes-related-sale-medical-devices
https://www.justice.gov/usao-ma/pr/former-acclarent-inc-executives-convicted-crimes-related-sale-medical-devices

