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Objective/Hypothesis: Endoscopic sinus surgery
is an accepted treatment for medically recalcitrant
chronic rhinosinusitis. Effective saline douching may im-
prove long-term outcomes of chronic rhinosinusitis but is
often impaired by postoperative ostial stenosis. The aim
of this study is to determine a critical ostial size at which
douching solution reliably enters the sinus cavities.

Study Design: Prospective study of consecutive pa-
tient cohort.

Methods: Seventeen preoperative or well-healed
postoperative endoscopic sinus surgery patients were ir-
rigated with 5 mL blue food coloring mixed with 200 mL
buffered saline from a squeeze bottle. The degree of sinus
penetration, sinus ostial patency, and ostial size were
endoscopically determined.

Results: Sinuses penetrated by blue dye had a sig-
nificantly larger minimal ostial dimension (7.31 mm; 95%
confidence interval 5.54–9.08) than those that had no
blue dye penetration (1.26 mm; 95% confidence interval
0.86–1.66) as determined by Student t test. Chi-square
analysis showed that operated sinuses were more likely
to be penetrated than nonoperated sinuses (P � .0016)
and obstructed sinuses (P � .0325). Logistic regression
showed a 95% probability of penetration when the mini-
mum ostial dimension is 3.95 mm or greater.

Conclusions: Unoperated sinuses or cases with
gross sinus ostial obstruction will not be reliably
penetrated by sinus irrigant. A 3.95-mm ostial diam-
eter seems to be the minimum size to guarantee
penetration in paranasal sinuses to maximize the
potential for topical sinus treatment.
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tion, sinus ostia stenosis, nasal douche.
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INTRODUCTION
There is a growing interest in topical treatments of

sinus mucosa to improve healing and treat recalcitrant
sinus infections especially in the postoperative period.
There may also be a role for topical treatments for
patients with chronic rhinosinusitis. However, a careful
review of the literature shows that existing nasal deliv-
ery techniques do not consistently penetrate the para-
nasal sinuses in both the preoperative and postopera-
tive setting.1–3 In fact, current experimentation has not
established any basic physical constraints for reliable
sinus penetration. Establishment of a good understand-
ing of the constraints necessary to predict sinus pene-
tration from a nasal delivery system is a necessary
preliminary step before experimenting with topical si-
nus treatments.

The aim of this study is to determine the physical
requirements necessary for delivery of nasal douching ir-
rigant into the paranasal sinuses. Establishing this prin-
ciple has wider implications for determining critical con-
straints to predict a method of reliable topical medical
treatment to the paranasal sinuses.

METHODS
A total of 17 patients were included in the study. Patients

were excluded if they were unable to perform douching because of
mobility or musculoskeletal limitations. After obtaining informed
consent, patients were observed while douching both nostrils
with a total of 150 to 200 mL of irrigant just before functional
endoscopic sinus surgery or at greater than 3 months postopera-
tive follow up. A 200-mL commercially available plastic squeeze
bottle (NeilMed Pharmaceuticals, Australia) was used for irriga-
tion while the patient leaned over a sink placing the forehead in
a dependent position. The irrigant consisted of 200 mL water, 5
mL blue food coloring (Queen Essence Food Colors, Australia),
and a packet of NeilMed buffered saline salt mixture. A similar
technique was previously described and found to be effective for
identifying sinus penetration of irrigant.4 No decongestant med-
ication was used before douching as this may have altered the
penetration pattern.

A standardized video-endoscopy5–8 was then performed af-
ter the induction of general anesthesia (preoperative patients) or
after topical administration of Cophenylcaine forte spray (ENT
Technology, Australia) in the postoperative group to search for
the presence of blue dye in each sinus. The presence of blue dye,
regardless of the extent of staining, was recorded as a penetrated
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sinus. Expert rhinologists measured minimum and maximal os-
tial size dimensions using an instrument of known tip size as a
measuring device. The minimum ostial dimension was judged to
be the smaller of the two measurements used in determining the
ostial size. Additionally, intranasal obstructions that would pre-
vent irrigant from reaching the ostia were noted including mas-
sive polyps, large synechiae, or severe turbinate lateralization.
Thereafter, routine endoscopic sinus surgery was performed and
any dye noted in sinus cavities during the procedure was re-
corded. The surgical ostial enlargement permitted intrasinus vi-
sualization in the cases when ostia were smaller than the tip of
the endoscope (�4 mm). The surgical procedure was not influ-
enced or altered by participation in the trial.

Statistical analysis was performed using the R statistical lan-
guage [R Development Core Team (2007). R: A language and envi-
ronment for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-
project.org]. Logistic regression was used in nonobstructed ostial
data to predict penetration at specified ostial dimensions. Student
t- test was used to compare the penetrated and nonpenetrated
groups for significant dimension differences. Chi-square analysis
was used to detect significant differences in penetration between the
preoperative, obstructed, and postoperative groups.

RESULTS
A total of 75 ostia and sinuses were analyzed estab-

lishing the power at 0.988 given an alpha of 0.05. Those
sinuses that were penetrated by blue dye had a signifi-
cantly larger ostial area (maximum � minimum dimen-
sions) than those that weren’t penetrated (96.81 mm2;
95% CI 57.12–136.5 vs. 2.85 mm2; 95% CI 1.54–4.16; P �
.001). The minimum ostial dimension showed a similar
relationship (7.31 mm; 95% CI 5.54–9.08 vs. 1.26 mm;
95% CI 0.86–1.66; P � .0001) (Fig. 1). For the maxillary
sinus alone, a mean minimum dimension of 9.2 mm (95%
CI 7.54–12.46) was seen in sinuses penetrated by irrigant

whereas a mean minimum of 1.9 mm (95% CI 0.32–4.924)
was seen in the unpenetrated sinuses (P � .0174). The
dimension for the frontal sinus was 3.6 mm (95% CI
2.504–4.496) vs. 0.7 mm (95% CI �0.650–1.650) (P �
.0001) and the sphenoid sinus was 4.7 mm (95% CI 3.022–
6.644) vs. 1.31 mm (95% CI �0.32–3.034) (P � .0038).

By chi-square analysis, operated ostia were more likely
to be penetrated than preoperative unobstructed (Pearson �2

12.01, P � .0016) and obstructed ostia (Pearson �2 4.57, P �
.0325). Likewise, preoperative unobstructed (classified as
“Normal”) ostia were more likely to be penetrated than ob-
structed ostia (Pearson �2 29.67, P � .0001) (Fig. 2).

From the logistic regression, a predicted probability
of 95% for irrigant penetration of sinus ostia is attained
when the minimum dimension is 3.95 mm (Fig. 3).

Logistic regression was also performed for maxillary,
frontal, and sphenoid sinuses individually. For the sphe-
noid sinus, a minimum dimension of 4.84 mm has 95%
probability of penetration, but there were no statistically
significant regression results for the maxillary and frontal
ostia individually.

DISCUSSION
Our results suggest that there is a critical sinus ostial

dimension of 3.95 mm that would guarantee irrigant pen-
etration in at least 95% of cases. Increasing the sinus
dimension will in turn increase the likelihood of penetra-
tion even further. Below this dimension, penetration di-
minishes in a characteristic logistic regression fit. This is
true for all the sinuses, although the sphenoid sinus min-
imum ostial dimension is slightly larger, likely due to its
anatomical position in the paranasal sinuses and the ef-
fect of gravity during douching. A larger sample size may
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Fig. 1. Minimal ostial dimension (in mm)
is noted to be significantly larger in
those sinuses that were penetrated.
The y-error bars represent 95% confi-
dence intervals.
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allow predictions to be made for each individual sinus,
with 3.95 mm being the overall critical dimension. Post-
operative sinuses have greater penetration of irrigant
secondary to surgical ostial enlargement whereas ob-
structed sinuses have less chance of successful irrigant

penetration. Although this has been suggested in mod-
eling experiments,9 the results have never been verified
in humans. It is possible that the 3.95 mm dimension is
the smallest that would overcome surface tension of
buffered saline, but further studies are required to con-
firm this finding.

Our results indicate that obvious intranasal obstruc-
tions that would prevent irrigant from reaching an ostium
are associated with poor penetration regardless of ostium
size. The obstruction status was predicted before the re-
sults were collected, thus it was the surgeon’s impression
that suggested a blockage, be it a polyp, severe synechiae,
or a lateralized turbinate, would prevent blue dye from
penetrating. Our statistics suggest that the surgeon’s
opinion was usually valid (88%, n � 26).

Irrigation of the nasal cavity and sinuses has been
widely accepted as part of the treatment of chronic rhino-
sinusitis and also in the postoperative period to remove
blood clots and mucus from the sinus and nasal cavities.
One of the aims of endoscopic sinus surgery is to enlarge
the natural sinus ostia and remove obstruction to allow
adequate ventilation and drainage of the diseased sinuses.
Irrigation of the sinuses and the new sinus ostia is
thought to be beneficial for healing and prevention of
scarring and adhesions after surgery and many tech-
niques have been described.1–4 Most authors state that
douching of the nose is more effective than nasal sprays or
nebulized medications,1,4 but there is no literature on the
effectiveness of nasal douching in particular on the pene-
tration of sinuses before and after surgery. These douches
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Fig. 3. Minimum ostial dimension of sinus
ostia (mm) is shown on the x-axis. The prob-
ability of sinus penetration by irrigant shown
on the y-axis is determined by logistic re-
gression. A probability of penetration of 0.95
corresponds to a minimum dimension of
3.95 mm. Only nonobstructed ostia were
used in determination of this figure.
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Fig. 2. Frequency histogram of penetration grouped by ostial status.
Preoperative ostia were classified as either “Normal” if unob-
structed or “Obstructed.” Surgically enlarged ostia were frequently
penetrated whereas the normal and obstructed ostia were much
less likely to be penetrated.
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may contain corticosteroids, antihistamines, or antibiotic
medications but effectivity is dependant on sinus and os-
tial penetration of these solutions.4,10,11

CONCLUSION
Intranasal irrigation is effective at penetrating non-

obstructed sinuses with a minimum ostial dimension of
3.95 mm.
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