
Preclinical Therapeutic Efficacy of the Ciprofloxacin-eluting 
Sinus Stent for Pseudomonas Aeruginosa Sinusitis

Do-Yeon Cho, M.D.1,2,*, Dong-Jin Lim, Ph.D.1,*, Calvin Mackey, B.S.1, Daniel Skinner, B.S.1, 
Christopher Weeks, B.S.1, Gobind S. Gill, B.S.1, Robert W. Hergenrother Ph.D.3, William E. 
Swords Ph.D.2,4, and Bradford A. Woodworth, M.D.1,2

1Departments of Otolaryngology Head & Neck Surgery, University of Alabama at Birmingham, 
Birmingham, Alabama, United States of America

2Gregory Fleming James Cystic Fibrosis Research Center, University of Alabama at Birmingham, 
Birmingham, Alabama, United States of America

3Department of Biomedical Engineering, University of Alabama at Birmingham, Birmingham, 
Alabama, United States of America

4Departments of Medicine, Microbiology, University of Alabama at Birmingham, Birmingham, 
Alabama

Abstract

Background—The ciprofloxacin-eluting sinus stent (CSS) has unique therapeutic potential to 

deliver antibiotics to the sinuses. The objective of this study is to evaluate the efficacy of the CSS 

in eliminating Pseudomonas aeruginosa infection in a rabbit model of sinusitis.

Methods—A ciprofloxacin-eluting sinus stent was created by coating ciprofloxacin/Eudragit 

RS100 on biodegradable poly-D/L-lactic acid (2mg). After analyzing in vitro inhibition of P. 
aeruginosa (PAO1 strain) biofilm formation, a total of 8 CSSs (4 shams, 4 CSSs) were placed 

unilaterally in rabbit maxillary sinuses via dorsal sinusotomy after inducing infection for 1 week 

with PAO1. Animals were assessed 2 weeks after stent insertion with nasal endoscopy, sinus 

culture, CT scan, histopathology, and scanning electron microscopy (SEM).

Results—PAO1 biofilm formation was significantly reduced in vitro with exposure to the CSS 

(p<0.0001). Insertion of the CSS in PAO1 infected rabbits for 2 weeks resulted in significant 

improvement in sinusitis according to endoscopy scoring (p< 0.0001) and CT scoring (p<0.002). 

Histology and SEM revealed marked improvement in the structure of the mucosa and submucosa 

with no detection of biofilm structures in the CSS cohort.

Conclusion—Although the current study included a small sample size, we revealed robust 

therapeutic efficacy of the ciprofloxacin coated sinus stent by reducing bacterial load and biofilm 

formation of P. aeruginosa in a preclinical model of sinusitis after placement for two weeks.
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INTRODUCTION

Characterized by impaired mucociliary clearance (MCC) with subsequent compromised 

microbial elimination, chronic rhinosinusitis (CRS) is known as a multifactorial disease 

process in which bacterial infection or colonization play a role in the initiation or 

propagation of the inflammatory response.1–4 The bacteria that colonize the diseased sinuses 

benefit from damaged epithelium, reduced innate immune mechanisms (e.g., reduced 

expression of antimicrobial peptides), and a rich nutrient environment to proliferate.5 

Bacteria may also form antibiotic-resistant biofilms - a major factor in the refractory nature 

of CRS.5–9 In particular, recalcitrant CRS patients infected with Pseudomonas aeruginosa 
have an exuberant inflammatory process and suffer for months to years, which - from a 

public health perspective - has a tremendous impact on quality of life (many missed work 

days, need for repeat clinic visits, and continued trips to the operating room for surgical 

intervention).8,10,11

Long courses of antibiotic therapy are typically required for CRS to ensure sufficient 

antibiotic exposure to eradicate the microorganisms.5,12 Incomplete treatment with 

concentrations under the minimal inhibitory concentration (MIC) may aggravate the 

development of antibiotic resistance.13 Extended-release preparations reduce the number of 

administrations, improve compliance, and maintain a more constant plasma drug 

concentration over a prolonged period of time.14 Therefore, drug-eluting implants with 

prolonged mucosal contact time and sustained drug release may provide a suitable 

therapeutic option.13,15 Fluoroquinolone antibiotics have been frequently administered for 

sinus infections, but the U.S. Food and Drug Administration recently updated the warning 

due to safety concerns regarding tendinitis and tendon rupture with systemic administration.
16 However, topical antibiotic delivery could provide effective elimination of multi-drug 

resistant organisms by providing a drug in a concentration above its MIC at the site of 

action, while significantly abrogating serious side effects. Ciprofloxacin was chosen as a 

model drug for incorporation into the stent because of its broad-spectrum activity and potent 

elimination of P. aeruginosa. It has been used for topical drug delivery in other organ 

systems such as the, skin, eyes, and ears.17–19

We recently analyzed the in vitro release profile of ciprofloxacin-coated biodegradable poly-

D/L-lactic acid (PLLA) material and measured the in vivo drug delivery tolerance and 

pharmacokinetics of a ciprofloxacin-coated sinus stent (CSS) in a preclinical (rabbit) model.
20 Ciprofloxacin was continuously released from the stent at concentrations that exceeded 

minimum standards considered optimal for P. aeruginosa infections for up to 3 weeks in the 

rabbit maxillary sinus in vivo. The objective of the current study is to evaluate the 

therapeutic efficacy of CSS in treating P. aeruginosa infection in a rabbit model of sinusitis.

Cho et al. Page 2

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



METHODS

In Vitro PAO-1 Biofilm Assay with CSS

Biodegradable PLLA tubes were obtained from Zeus Inc (Orangeburg, SC) and laser fine 

cutting (Laserage Technology Corporation, Waukegan, IL) was employed to create porous 

stents for the experiments (Figure 1). PLLA polymers were cut to fit into the 24 well plates 

(25% of the length of the actual stent placed in the in vivo model). CSS stents for the in vitro 
study were prepared by coating the Eudragit RS 100 polymer (25% weight/volume (w/v) in 

acetone) with ciprofloxacin solution (15 mg/ml). A total of 500 μg of ciprofloxacin was 

coated in each CSS stent overnight, which was confirmed by measuring the amount of 

ciprofloxacin left in the solution after overnight-coating using spectrophotometry. For 

assessing the inhibition of PAO-1 biofilms, CSS stents were incubated in 2 ml of Luria-

Bertani (LB)-Miller broth (Fisher Scientific, Bridgewater, NJ). Ciprofloxacin (1 μg/ml) 

served as the positive control. PAO-1 bacteria were added at a seeding density of 1 × 104. 

After 72 hours at 30 °C, crystal violet staining was used to quantify the PAO-1 biofilms. Two 

ml of 0.1% (w/v) crystal violet was dispensed in each well after removing the CSS and/or 

culture media and wells were incubated for 15 minutes. The remaining crystal violet was 

extracted by 2 ml of 30% acetic acid and quantified with a spectrometer at an absorbance of 

590 nm.

Induction of PAO-1 Sinusitis in the Rabbit Model

This study was approved by the institutional animal care and use committee (IACUC) at the 

University of Alabama at Birmingham. Pasteurella-free, female, New Zealand white rabbits 

(2–4 kg) were used for the study. Before study initiation, rabbits were acclimatized to the 

animal facility for at least 1 week. Rabbits were anesthetized with [ketamine (20 mg/kg) 

(MWI, Boise, ID), dextomitor (0.25 mg/kg) (Zoetis Inc., Kalamazoo, MI), buprenorphine 

(0.03 mg/kg) (Reckitt Benckiser Pharmaceuticals Inc., Richmond, VA), and carprofen (5 

mg/kg) (Zoetis Inc., Kalamazoo, MI)] in a warm room. No rabbits were intubated or 

provided any inhalational anesthetic agents. Nasal endoscopy (1.7mm 30-degree scope, Karl 

Storz, Tuttlingen, Germany) was performed bilaterally to exclude pre-existing infection or 

abnormal lesions. A polyurethane glycol dressing (2 cm NasoPore ®,Stryker, Kalamazoo, 

MI) was inserted into the middle meatus to occlude the maxillary sinus outflow tract. The 

ipsilateral maxillary sinus was transnasally inoculated through the medial wall of the 

maxillary sinus (in front of the middle turbinate) with 0.5 mL of wild-type P. aeruginosa 
(PAO-1) using a 22-guage spinal needle (Becton-Dickinson, Franklin Lakes, NJ) (Figure 

2A). The concentration was adjusted to an OD600 = 0.6 in sterile saline (4.0 × 108 colony 

forming units (CFUs)).

Insertion of the Ciprofloxacin Coated Sinus Stents (CSS)

As previously described, PLLA stents were fabricated using a 3D printer to conform to the 

size of the rabbit maxillary sinus, printed at 0.75 cm in length and 0.2 cm in height.16 PLLA 

stents were rotated in the aqueous ciprofloxacin solution (10 mg/mL) overnight until the 

solution was completely dry. A total of 2mg of ciprofloxacin was successfully coated on the 

PLLA stents for the in vivo assay as explained in our previous study.16 Ciprofloxacin 

coating was identical to the stents created for in vitro studies as the in vivo stents were 4× 
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larger. One week after inoculation, 8 New Zealand white rabbits were randomized to receive 

either a ciprofloxacin-loaded stent (n = 4) or sham stent (n = 4). The surgical procedure to 

insert the stent was as follows: 1) a dorsal nasal, vertical, midline incision was created, 2) the 

unilateral maxillary sinus was entered by creating a small 8mm × 8mm dorsal hole using a 

trocar, 3) the stent was inserted through the opening, and 4) the periosteum, subcutaneous 

tissue, and skin were closed with 4-0 Vicryl suture (Ethicon, Inc., Somerville, NJ). Rabbits 

did not receive any oral or parenteral antibiotics during or after the surgical procedure.

Outcome Measures

A sham version of the stent served as the control to differentiate effects related to the drug 

from the consequences related to the physical presence of the stent.

1. Endoscopic examination – 1.7mm 30-degree endoscopy was performed in the 

nasal cavity before (week 1) and after stent placement (week 3). As there is no 

validated endoscopic grading system in the animal model, we generated a visual 

analog scale (VAS) system for three categories (edema, scarring, discharge) as a 

single mark on a 10-cm visual analogue scale from 0 (none) to 10 (most severe) 

with a total possible score of 30. Endoscopic examinations from each rabbit were 

video recorded, de-identified, and aggregated and 3 investigators blinded to the 

rabbits’ history independently scored them based on a VAS system.

2. Micro computed tomography (CT) scanning - All rabbits were scanned at week 1 

to confirm the presence of sinusitis after the inoculation of PAO-1. After 

implantation, micro CT scanning was repeated at week 3. Micro CT scanning 

was performed at the UAB small animal imaging shared facility using 

SPECT/CT (X-SPECT system, Gamma Medica, Northridge, CA). CT findings of 

sinus opacification were scored as follows: 1: mild; 2: moderate; 3: severe; 4: 

very severe, based on previous radiological grading methods in experimental 

rabbit sinusitis.21 Absence of any opacification was scored as 0.

3. Bacterial counts (colony forming units) from nasal swabs – A cotton swab 

(BBL™ CultureSwab™ Plus, Sparks, MD) was inserted into the middle meatus 

to collect mucus from all rabbits at week 1 (before stent insertion) and week 3. 

The mucus was then re-suspended in LB-Miller broth overnight (37°C) and 

shaken at 200 rpm. The next day, 500 μl of the solution was transferred to each 

well of a 24-well plate. A microplate reader measured the OD at 600 nm 

(Synergy HK, BIO-TEK Instruments, Winooski, VT). An OD600 of 0.1 was 

equal to 3 × 108 CFU/ml and OD readings between 0.2 and 0.8 are considered 

reliable.

4. Histology and SEM – After micro CT scanning at week 3, rabbits were 

euthanized and heads were harvested for histologic sectioning with hematoxylin 

and eosin (H&E) staining (n = 4, 2 rabbits from each group) or SEM (n = 4, 2 

rabbits from each group). Ten representative sections of the maxillary sinus were 

selected and stained with H&E. Slides were evaluated by a veterinary pathologist 

blinded to the specimen and side. For SEM, the mucosa was extracted with the 

surrounding bone of the maxillary sinus. The mucosa from one rabbit of each 
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study arm was prepared to study biofilm identification using SEM. 4% 

glutaraldehyde-fixed mucosal specimens were dehydrated in a series of 

increasing ethanol concentrations, up to 100%. The mucosa was then critical-

point dried in CO2, mounted on aluminum stubs, and prepared with Au-Pd 

sputter coating to promote surface conductivity and reduce charging artifacts. 

The PAO-1 biofilms were imaged using a Quanta FEG 650 Scanning Electron 

Microscope (FEI, Hillsboro, OR) at an accelerating voltage of 20 kV. 

Photomicrographs were then evaluated for morphological evidence of 

appropriate-sized (0.5–2 mm diameter) rod-shaped bacteria existing in towers 

with intertwining water channels.12 Representative pictures, blinded to the study 

group, were then analyzed by the veterinary pathologist (Trenton R. Schoeb) for 

the presence of biofilms.

Statistical Analysis

Statistical analyses were conducted using Excel 2016 and GraphPad Prism 6.0 software (La 

Jolla, Ca) with significance set at P < 0.05. Statistical evaluation utilized unpaired Student t 

tests. Data is expressed +/− standard error of the mean.

RESULTS

In Vitro PAO-1 Biofilm Assay with CSS

To assess biofilm formation inhibition of CSS against the PAO-1 strain, PAO-1 biofilms 

were grown for 72 hours in the presence of CSS (coated with 500 μg of ciprofloxacin, n = 3) 

and 1 μg/ml of ciprofloxacin (positive control, n = 3) (Figure 3). The CSS significantly 

reduced biofilm mass compared to controls (relative biofilm value compared to control at 

OD590, CSS = 0.11+/− 0.03, p < 0.0001).

Nasal Endoscopic Examination

Nasal endoscopies were performed in all rabbits (n = 8) on week 0, week 1 (induction of 

acute sinusitis with PAO-1, before the placement of stents), and week 3 (after insertion of 

the stents) (Figure 2). The inferior, middle and superior meati were inspected bilaterally. 

There was no evidence of purulent drainage or signs of infection on week 0. All rabbits 

demonstrated significant purulent drainage from the nostril where PAO-1 was inoculated by 

week 1 (Figure 2B). By week 3, a marked difference was noticed between the 2 groups. For 

those rabbits who had CSS at week 1 (n = 4), purulent drainage from the middle meatus was 

almost cleared in the CSS cohort when compared to the sham stent cohort (n = 4) by week 3 

(Figure 2C and 2D). Substantial improvement was also noticed on the nasal endoscopic 

examinations after placement of the CSS. Rabbits who had insertion of the CSS at week 1 

demonstrated significantly lower VAS scores at week 3 compared to week 1 (week 1 = 28.7 

+/− 0.38, week 3 = 16.3 +/− 0.88, p < 0.0001). However, there was no difference in rabbits 

who received the sham stent (week 1 = 28.5 +/− 0.45, week 3 = 27.6 +/− 0.43, p = 0.08).

Micro CT

Micro CT examination was also performed in rabbits (n = 8) before and after insertion of the 

sham stents and CSS (Figure 4) at week 1 and week 3. All rabbits demonstrated complete or 
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near-complete opacification of the ipsilateral sinuses at week 1. The CSS group had marked 

improvement of opacification by week 3 compared to the sham group at week 3 (Figure 4B 

and 4C). Rabbits in the CSS cohort demonstrated significantly lower CT scores at week 3 

compared to week 1 (week 1 = 3.8 +/− 0.37, week 3 = 1.0 +/− 0.41, p < 0.002). There was 

no difference in the CT scores of the sham cohort (week 1 = 3.3 +/− 0.41, week 3 = 3.0 +/

− 0.41, p = 0.47).

Bacterial load

To determine PAO-1 bacterial load within the middle meatus, quantities were calculated 

using a spectrometer (that reads absorbance at 600 nm) from a swab culture. There was a 

statistically significant decrease in PAO-1 growth at week 3 for the CSS cohort (OD600 of 

CSS rabbits (n = 4): Week 1 = 0.83 +/− 0.01, Week 3 = 0.54 +/− 0.08, p = 0.047). However, 

there was no difference in the PAO1 bacterial load at week 3 for the sham group (OD600 of 

sham rabbits (n = 4): Week 1 = 0.86 +/− 0.00, Week 3 = 0.98 +/− 0.09, p = 0.25).

Histology and SEM

Histologic analysis was performed at identical sites in all rabbits (n = 4) at the lateral wall of 

the maxillary sinus (Figure 5A). Compared to control sides, significant submucosal edema 

with massive hyperplasia of submucosal glands and infiltration of inflammatory cells were 

noted in the rabbits who received non-drug eluting stents at week 3 (Figure 5D). In contrast, 

mild submucosal edema with mild hypertrophy of submucosal glands was noted in rabbits in 

the CSS group at week 3 (Figure 5C). The mucosa of 4 rabbits with either CSS (n=2) or 

sham stent (n=2) for 2 weeks were analyzed with SEM (Figure 6). Bacterial biofilms were 

only identified in the sham cohort. No bacterial biofilm towers were observed in the CSS 

group of rabbits. However, rods consistent with P. aeruginosa were attached to the sinus 

mucosa. Ciprofloxacin-mediated inhibition of the PAO-1 biofilm mass is reflected in the 

SEM micrographs. When analyzing the PLLA stents, sham stents were fully coated with 

inflammatory cells and biofilms while no bacterial colonization or biofilms were observed 

on the CSS matrix (n = 2).

DISCUSSION

This is the first study to evaluate the in vivo efficacy of an antimicrobial coated sinus stent 

for the treatment of sinonasal bacterial biofilms. Biofilms are structured communities of 

bacterial cells that exist in a self-produced polymeric matrix that are adherent to an inert 

foreign body or living surface, including damaged epithelium.7 Once present, biofilms are 

difficult to eradicate even with antibiotics, in part because the bacteria at the center of a 

biofilm are less metabolically active secondary to hypoxia and nutrient limitation and 

become unresponsive to the cellular mechanisms driving the action of antibiotics.5 Drug-

eluting implants with prolonged mucosal contact duration and sustained drug release could 

provide a suitable therapeutic alternative in treating recalcitrant bacterial biofilms by 

delivering high doses of drug directly to the site of the disease while minimizing systemic 

exposure and toxicity.13,15,22,23 The CSS in the present study had clear therapeutic efficacy 

in reducing the clinical appearance, bacterial load, and biofilm formation of P. aeruginosa in 

a preclinical model of sinusitis.
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Recent improvements in polymer science have led to the development of implants made of 

bioabsorbable materials for use in the human body, including the sinonasal cavities.22 

Implant materials, such as PLLA, are attractive because of their biocompatibility, 

biodegradability and capability of encapsulating various drugs.13,24 As a foreign body, there 

is a risk related to insertion in infected sinus cavities – primarily bacterial colonization or 

biofilm formation on the stent itself.25 One effective way to prevent bacterial colonization is 

by using antimicrobial-biocompatible polymers or by forming coatings on the polymeric 

surface.26 Their presence causes the reduction of initial microbial adhesion to surfaces and 

inactivation of microorganisms already adherent to a surface. Nanotechnology is a promising 

tool for the preparation of antimicrobial-treated polymers in its various forms, such as, 

nanoparticles, nanolayers, nanowires.26–28 Data in the current study suggests that antibiotic 

coated stents prevent bacterial adhesion and inhibit colonization (preclusion of biofilm 

formation) in this preclinical model. This is well demonstrated in SEM images of the drug-

coated PLLA stents when compared to sham stents.

Robust therapeutic efficacy was observed in this study with the CSS as measured by nasal 

endoscopy, histology and CT scanning. However, planktonic P. aeruginosa was still present 

on culture and SEM despite previous pharmacokinetic data indicating local tissue levels of 

ciprofloxacin persisted at levels sufficient to eradicate them. Therefore, the CSS at the 

current dose (2 mg of ciprofloxacin) did not completely resolve the infection in this 

experiment. Higher doses of ciprofloxacin may be necessary to eradicate the infection when 

delivered topically. Chiu et al. found PAO1 was only eradicated when sinuses were irrigated 

with tobramycin at 400× the MIC for tobramycin for 7 days.29 Based on our previous high-

performance liquid chromatography analysis, the CSS coated with 2 mg ciprofloxacin 

continuously released drug at a concentration approximately 20 times higher than the MIC 

for PAO1 strain for up to 3 weeks – 20-fold lower than what was observed with topical 

tobramycin delivery.

The presence of planktonic P. aeruginosa on culture and SEM after CSS placement could be 

related to the large initial burst of ciprofloxacin with lower sustained delivery demonstrated 

in our previous pharmacokinetic experiments.20 The initial drug release from the stent is 

likely related to the water-soluble properties of ciprofloxacin HCL. This phenomenon was 

present in other sinus stents as well.30 Antibiotic delivery requires a loading dose that is 

available for later sustained release. Recent understanding regarding the mechanisms 

underlying burst release have allowed identification of several strategies to control burst.31 

Double (two layer) coating, dual coating with additional antimicrobial compounds (for 

synergism), or complex formation delivery (liposomal delivery) are techniques that may 

enhance the effectiveness of the stent and, thus warrant further investigation.

Targeting biofilms is a critical aspect of antibiotic delivery in recalcitrant CRS. SEM 

provides high-resolution images of the mucosal surface and is a well-accepted method to aid 

the identification of biofilms adherent to sinus mucosa.29 Bacterial biofilms in this study 

were identified by SEM in the sinus mucosa of rabbits with sham stents, but no similar 

structures were observed in the CSS cohort. Only small areas of tissue (10-20 mm) were 

analyzed at any one time so these tissue samples may not truly represent overall findings 

within the rabbit sinus. Importantly, the exact same location was analyzed in every rabbit.
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Limitations of the current study include a small sample size and use of an animal model 

rather than human subjects. The rabbit sinusitis model may not reflect the human in vivo 
situation in recalcitrant CRS. Microbiota studies using animal models have also shown inter-

study variations due to confounding factors (e.g. origin, maternal effects, and environmental 

conditions).32 However, the advantages of the rabbit model are numerous in that it enables 

us to control for a number of variables that are inherent in human samples, including 

genetics, medical history, environmental allergies/pollutants, and medication use. Future 

studies using the CSS at higher concentrations or dual coating with other antibacterial agents 

are planned.

CONCLUSION

Although the current study included a small sample size, we revealed robust therapeutic 

efficacy of the ciprofloxacin coated sinus stent by reducing bacterial load and biofilm 

formation of P. aeruginosa in a preclinical model of sinusitis after placement of two weeks.
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Figure 1. 
PLLA stent measured 0.9 cm in length and 0.25 cm in height, which was trimmed to 0.75 

cm in length and inserted into the rabbit’s maxillary sinus.
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Figure 2. Nasal Endoscopic Examination
A: Transnasal inoculation of PAO-1 into the left maxillary sinus using a 22-gauge spinal 

needle after placement of nasal packing (*: Septum, MMS: Medial wall of maxillary sinus, 

MT: Middle turbinate)

B: Rabbit nasal cavity (left) on week 1 (*: Septum, #: Purulent drainage)

C: Rabbit nasal cavity (left) on week 3 after placement of CSS for 2 weeks (MT: Middle 

turbinate)

D: Rabbit nasal cavity (left) on Week 3 after insertion of sham stent for 2 weeks (MT: 

Middle turbinate, *: Septum, #: Purulent drainage from middle meatus)
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Figure 3. 
Effect of ciprofloxacin-coated sinus stent on Pseudomonas aeruginosa PAO-1 biofilms: CSS 

(coated with 500 μg of ciprofloxacin) and 1 μg/ml of ciprofloxacin (positive control) 

significantly reduced biofilm mass. #: Statistical significance when compared to control (p < 

0.0001) in reducing PAO-1 biofilm formation (n = 3, respectively).
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Figure 4. Micro CT
A: Induction of acute sinusitis with PAO-1 on week 1 – Complete opacification in the left 

maxillary sinus.

B: Post-implantation of the ciprofloxacin coated sinus stent at week 3 – Clearance of 

opacification in the left maxillary sinus.

C: Post-implantation of the sham sinus stent at week 3 – Complete opacification in the left 

maxillary sinus.
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Figure 5. Histology at Week 3 (Scale shown in right upper)
A. Schematic drawing of histologic analysis site - Lateral wall of rabbit maxillary sinus.

B: Control (Contralateral) side of maxillary sinus.

C: Post-implantation of ciprofloxacin coated sinus stent – Mild submucosal edema with mild 

infiltration of inflammatory cells.

D: Post-implantation of sham sinus stent – Significant submucosal edema with massive 

hypertrophy/hyperplasia of submucosa glands and infiltration of inflammatory cells.
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Figure 6. Scanning Electron Microscopy
A: Ciprofloxacin coated sinus stent at week 3 – No evidence of bacterial colonization or 

biofilms.

B: Sham stent at week 3 - Completely coated with inflammatory cells and biofilms.

C: Sinus mucosa covered with biofilm-forming P. aeruginosa.
D: Sinus mucosa infected with biofilm: Pseudomonas bacillus embedded within a tower 

matrix.
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