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Abstract

Objective. The objective of this study was to systematically
review patient-reported outcomes of long-term macrolide
therapy, compared with any other treatment, for adults with
chronic rhinosinusitis.

Data Sources. EMBASE and PubMed databases were searched
in October 201 1.

Review Methods. A total of 1216 citations were screened ini-
tially by a single author, 23 full-text manuscripts were evalu-
ated by 2 authors using structured data abstraction forms
to assess for inclusion criteria and study quality, and 3 stud-
ies were included in the final review.

Results. This review finds that 3 prospective clinical studies
have evaluated the effect of macrolide therapy for chronic
rhinosinusitis. Based on the limited data, there is limited sci-
entific evidence to support the use of long-term macrolide
therapy for chronic rhinosinusitis.

Conclusion. Further clinical research is needed to determine
whether there may be a subgroup effect based on the
underlying inflammatory disease process.
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inusitis is one of the most common chronic conditions

in the United States, purportedly affecting up to 13%

of the adult population." Chronic rhinosinusitis (CRS)
may be treated with medical or surgical therapy, and many
patients require a combination of both. Among medical ther-
apy, treatment is selected based on the presumed pathophy-
siology. For example, chronic bacterial infection is treated
with culture-guided antibiotic therapy, whereas allergy is
treated with allergen avoidance, immunotherapy, antihista-
mines, or corticosteroids.?
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Most patients with CRS have symptoms of nasal obstruc-
tion, facial congestion, hyposmia, and rhinorrhea. These symp-
toms are caused by a chronic inflammatory process that
improves with nasal or oral corticosteroids. In addition to corti-
costeroids, another medication class with anti-inflammatory
properties is macrolide antibiotics.>> Multiple clinical trials
have studied macrolide therapy for chronic sinusitis treatment
and have reported mixed results. As a result, despite the preva-
lence of chronic sinusitis, we still do not have a clear under-
standing of the best medical treatment for the majority of
affected patients.

In this context of uncertain benefit of medical treatment
and the reportedly high prevalence of the disease, it was our
objective to answer this question: In adult patients with
chronic rhinosinusitis, what is the disease-specific quality-
of-life impact of long-term macrolide therapy compared
with any other treatment?

Methods
Objective and A Priori Inclusion Criteria

We followed the preferred reporting items for systematic
reviews and meta-analyses.® Through consensus opinion, we
developed a priori inclusion and exclusion criteria. We
included only studies in which CRS was diagnosed in a
manner consistent with either the American Academy of
Otolaryngology—Head and Neck Surgery (AAO-HNS) Task
Force criteria’ or the FEuropean Position Paper on
Rhinosinusitis and Nasal Polyps.® This included the presence
of 12 or more weeks of 2 or more of the following symptoms:
mucopurulent rhinorrhea or postnasal drainage; nasal obstruc-
tion, facial pressure, or decreased smell; and evidence of
inflammation in the middle meatus as demonstrated on physi-
cal examination, nasal endoscopy, or a radiographic study.
This definition of CRS is consistent with a recently published
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systematic review.” We restricted the intervention to studies
of oral macrolide therapy. In the interest of assessing the
potential role of “maximal medical therapy,” we did not
exclude studies that included therapies in addition to macro-
lide antibiotic. We excluded studies that did not include a
nonmacrolide comparator group, studies that did not report
disease-specific or symptom-based outcomes, studies limited
to postoperative therapy or pediatric patients, and retrospec-
tive studies. We elected a priori to exclude studies published
in non-English languages.

Information Sources and Searches

A computerized EMBASE search was performed on October
12, 2011. Subject headings for sinusitis and rhinitis with sub-
heading drug therapy or subject headings or keywords for
chronic sinusitis, chronic rhinitis, or rhinosinusitis were com-
bined with subject headings and keywords representing macro-
lides. MEDLINE records were excluded to reduce duplication.
No additional date or publication limits were applied.

A computerized PubMed search of MEDLINE 1966 to
October 14, 2011, was performed. Articles mapping to the
subject heading ‘‘macrolides” or keywords macrolides or
macrolide in the title or abstract were cross-referenced with
articles mapping to subject heading ‘sinusitis’” or ‘“‘rhinitis™
or keywords chronic rhinosinusitis or chronic sinusitis or
chronic rhinitis in the article title or abstract. No additional
date or publication limits were applied.

Data Collection Process

Prior to data collection, we established our data collection
form and pilot tested it across all 3 authors. We clarified ambi-
guities within the form and discrepancies in data collection.
Following consensus, we implemented the form for study pur-
poses. The data collection form content was as follows.

Verification of study eligibility: inclusion and exclu-
sion criteria, definition of CRS (a method consis-
tent with the Rhinosinusitis Task Force’ or
European Position Paper on Rhinosinusitis and
Nasal Polyps®), and institutional review board or
other ethics review board approval

Methods: allocation concealment (adequate, unclear,
inadequate, not used), method of concealment,
study design (parallel design randomized controlled
trial [RCT], crossover RCT, other), patient blinding
(yes, no, unclear), provider blinding (yes, no,
unclear), analyst blinding (yes, no, unclear), coin-
terventions or protocol deviations in addition to
macrolide or comparator therapy, and other poten-
tial confounders

Participants: number of subjects enrolled per group,
age, sex, dropouts, reasons for dropout, and
comorbidities

Interventions: macrolide type, dose, and duration;
comparator therapy or placebo description

Outcomes: outcome assessed (eg, individual symptoms,
overall symptom score, quality-of-life instrument),

method of assessment, timing of assessment, and
length of follow-up

Risk of bias: residual confounding, lack of blinding,
reporting bias, attrition bias, absence of an a priori
treatment protocol, and absence of an a priori anal-
ysis protocol

Statistical Analysis

We compared Sinonasal Outcome Test—20 (SNOT-20) change
scores between groups using a 2-group ¢ test and patient-level
data using STATA 12.0 (StataCorp, College Station, Texas).
We performed meta-analysis with formulas provided by
Review Manager, version 5.1 (Copenhagen, Denmark).' We
used a fixed-effects inverse variance model to compare stan-
dardized mean differences in 2 versions of the SNOT (SNOT-
20 and SNOT-22). We used this same model to compare ordi-
nal patient response scales across studies.

We assessed heterogeneity. Heterogeneity indicates the
treatment effect is different across studies and is detected
when the variation between studies is greater than the amount
of variation expected by chance. We calculated a Cochrane’s
O test (which follows a x* distribution) and the I statistic
(which measures the proportion of inconsistency in individual
studies that cannot be explained by chance). For Cochrane’s O
test, 0% indicates minimum heterogeneity and 100% maxi-
mum heterogeneity. For the I statistic, a small P value indi-
cates greater likelihood of heterogeneity. "’

Results
Search Results and Study Selection

The EMBASE search yielded 646 references and the
PubMed search of MEDLINE yielded 570 references. The
searches were combined.

On the basis of a review of titles and available abstracts, a
single author (M.A.P.) excluded 1192 articles because they
were either duplicates or did not meet a priori inclusion cri-
teria. Twenty-three articles remained for which we obtained
the complete articles. Each study was reviewed in its entirety
by 2 authors who screened the study for inclusion based on a
priori criteria described above. We compared notes between
the authors during the data abstraction process. Disagreements
were settled through discussion to reach consensus. We
excluded a further 17 studies. Articles were hand-searched for
additional references for inclusion, but none met a priori cri-
teria. Six studies were then reviewed and data collection forms
were completed by all 3 authors. Two additional studies were
excluded because they were deemed out of scope,'*'* and 1
additional study was excluded because it used a definition of
CRS that was not consistent with either the Rhinosinusitis
Task Force or European Position Paper on Rhinosinusitis and
Nasal Polyps.'"* Three studies were included in the final sys-
tematic review (Figure ).

Study Characteristics

Characteristics of the included studies are listed in Table I.
The 3 studies were similar in size (59-64 subjects) and in
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Citations initially identified (n=1216)
PubMed MEDLINE (570)
EMBASE (646)

Title/abstract review

Included per a priori criteria (n= 23)

Complete article review

Excluded per a priori criteria (1192)

Excluded per a priori criteria
Non-standard CRS definition (8)
Review/letter (5)

Considered for inclusion in the final
systematic review based on a priori
criteria (n= 6)

Group discussion

Out of scope (2)
Post op (2)

Excluded after group discussion

Included in final systematic review (n= 3)

Figure |. Flowchart of study selection. CRS, chronic rhinosinusitis.

Table |. Characteristics of Included Studies

Non-standard CRS definition (1)
Out of scope (2)

Treatment

Author, Year Study Design Sample Size Treatment Comparator Duration, wk
Amini et al, 2009'? RCT 59 Clarithromycin XL 500 mg Amoxicillin/clavulinic acid 3

daily, pseudoephedrine, 625 mg tid, pseudoephedrine,

bromhexine, beclomethasone spray  bromhexine, beclomethasone

spray

Videler et al, 2011"7 RCT 60 Azithromycin 500 mg daily Placebo 12

for 3 days; 500 mg weekly

for || weeks
Wallwork et al, 2006'¢ RCT 64 Roxithryomycin 150 mg daily Placebo 12

for 3 months

Abbreviations: RCT, randomized controlled trial; tid, 3 times daily.

the patient populations included. Two studies excluded
patients with nasal polyps,'>'® and 1 study excluded patients
with massive polyposis.'® The frequency and duration of
macrolide treatment varied across the 3 studies. Amini et al'
treated patients with clarithromycin daily for 3 weeks.
Videler et al'” treated patients with azithromycin for 3 days

during week 1, then weekly for 11 weeks. Wallwork et al'®
treated patients with roxithromycin daily for 12 weeks.
Comparator treatment also varied. Amini et al'® provided the
comparator group with amoxicillin/clavulinic acid 3 times
daily for 3 weeks; Videler et al'” and Wallwork et al'® both
provided the comparator group with placebo.
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Table 2. Outcomes of Included Studies
Author, Year Outcome Measure Between-Group Comparison
Amini et al, 2009'° Nasal symptoms Nasal symptoms
“Improved, unchanged, or worsened.” No difference for any symptom
Symptoms assessed: postnasal drip, at 8 weeks (P >.05)
headache, cough, rhinorrhea,
epistaxis, facial pain or pressure,
nasal congestion
8-week follow-up
Videler et al, 2011"7 Patient response scale Patient response scale
“Desperately worse, worse, No benefit to macrolide treatment at
same, improvement, cured” 6, 12, or 14 weeks (P = .323, P = .788,
P=10.671)
24-week comparison
favored macrolide group (P = .017)
Nasal symptoms Nasal symptoms
Rated with visual analog scale. 12-week comparison for facial pain
Headache, obstruction, rhinorrhea, favored placebo (P = .047)
postnasal drip, fullness, hyposmia,
facial pain, general health, tiredness,
cough, nasal crusts, epistaxis, tears,
tooth pain, nausea, vomiting, diarrhea
Short Form-36 Short Form-36
Assesses 8 domains: physical function, 6-week comparison for bodily pain
role physical, bodily pain, general favored macrolide treatment (P = .004)
health, vitality, social functioning,
role emotional, and mental health
SNOT-22 SNOT-22 mean (SD) change scores
Negative change score indicates Treatment Placebo P Value
improvement 6 weeks 5.7 (15.6) -2.7 (12.8) .378
24-week follow-up 12 weeks 3.6 (21.7) -8.1 (16.8) .192
14 weeks -3.7 (16.7) -8.9 (15.6) .298
24 weeks -8.5(20.3) -5.2(189) .528
Wallwork et al, 2006' Patient response scale Patient response scale, mean (SD)
“Completely improved, much improved, Treatment Placebo P Value
slightly improved, not improved, 12 weeks 3.11 (0.17) 3.84 (0.12) <.0l
slightly worse, much worse”
SNOT-20 SNOT-20 mean change scores
Negative change score indicates Treatment Placebo Difference 95% ClI
improvement 6 weeks  —0.11 0.052 0.17  —0.12 to 0.45
24-week follow-up 12 weeks —0.41 —0.18 023 —0.17 to 0.62
24 weeks —0.22 0.39 0.61 0.15 to 1.07

Abbreviations: Cl, confidence interval; SNOT-20, Sinonasal Outcome Test—20; SNOT-22, Sinonasal Outcome Test—22.

Outcomes assessed varied across the studies (Table 2).
Amini et al'® assessed 7 individual nasal symptoms at the
conclusion of the 8-week study and found no statistically
significant difference for any of the symptoms.

Videler et al'” assessed outcomes at 3 time points during
active treatment phase (weeks 6, 12, and 14) and once follow-
ing treatment conclusion (week 24). They used 4 patient-
oriented outcome measures: an unvalidated patient response
scale (desperately worse, worse, no change, improvement, and
cured), visual analog scales for 17 symptoms, Short Form—36

(SF-36) for general health status, and the SNOT-22 (scale
0-110) for disease-specific quality of life. They reported a
statistically significant difference in the patient response scale
at week 24 favoring the macrolide group. They reported only
1 difference in assessment of 17 symptoms, favoring the pla-
cebo group at week 12 for facial pain. The only difference in
SF-36 scores was in bodily pain at 6 weeks. They reported
no difference in SNOT-22 scores at any time point.
Wallwork et al'® assessed outcomes twice during the
12-week active treatment phase (weeks 6 and 12) and once
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Table 3. Mean SNOT-20 Change Scores by IgE Level'®

Low IgE Subgroup

Low IgE Placebo Difference 95% Cl
6 weeks —0.31 0.052 0.362 0.055 to 0.67
12 weeks —0.70 —0.18 0.52 0.077 to 0.97
24 weeks —0.56 0.39 0.96 0.45 to 1.47
High IgE Subgroup
High IgE Placebo Difference 95% Cl
6 weeks 0.10 0.052 —0.48 —0.39 to 0.29
12 weeks —0.085 —0.18 —0.095 —0.59 to 0.40
24 weeks 0.18 0.39 0.21 —0.37 t0 0.78
Abbreviations: Cl, confidence interval; SNOT-20, Sinonasal Outcome Test—20.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Videler -5.7 15.6 29 2.7 1238 31 50.7% -0.21[-0.72, 0.30]
Wallwork -0.11 0.63 27 0.05 0.44 32 49.3% -0.30 [-0.81, 0.22]
Total (95% Cl) 56 63 100.0% -0.25 [-0.61, 0.11]
Heterogeneity: Chi? = 0.06, df =1 (P =0.81); = 0% _=4 _=2 ('] é i

Test for overall effect: Z=1.36 (P = 0.17)

Favors experimental  Favors control

Figure 2. Sinonasal Outcome Test change scores at 6 weeks. Cl, confidence interval.

following treatment conclusion (week 24). They used 2
patient-oriented outcome measures: the SNOT-20 and an
unvalidated patient response scale (completely improved,
much improved, slightly improved, not improved, slightly
worse, much worse). They reported outcomes by treatment
group, macrolide vs placebo. They also reported outcomes
based on subgroup analysis by low (<200 pg/L) and high
(>200 pg/L) serum IgE level.

The authors reported a significant difference in the
patient response scale at 12 weeks (P < .01) favoring the
macrolide group. They also reported that the subgroup with
low IgE levels improved significantly more than patients
with high IgE levels.

The authors did not report between-group differences in
SNOT-20 change scores (ie, how the macrolide group compared
with the placebo group). However, we were able to obtain
patient-level data and calculate between-group differences in
SNOT-20 change scores (B. Wallwork, personal communica-
tion, 2012). We found a statistically significant difference at
week 24 favoring the macrolide group. We also compared
SNOT-20 change scores by IgE subgroups (Table 3). Among
the low IgE subgroup, we found statistically significant differ-
ences at all 3 time points favoring the macrolide group.
However, given that the minimum clinically significant change
in the SNOT-20 is believed to be 0.8, the SNOT-20 changes
within the macrolide group (week 24, —0.22) and the low IgE
subgroup (6 weeks, —0.31; 12 weeks, —0.70; 24 weeks,
—0.56) are likely not clinically significant.'®

Two studies, by Videler et al'” and Wallwork et al,'®
reported SNOT scores and patient response scale measures per-
mitting meta-analysis (W. J. Videler, personal communication,
2012). One hundred nineteen patients were randomized into
these 2 studies. We compared SNOT scores at 6, 12, and 24
weeks, calculating standardized mean differences. We identi-
fied a statistically significant difference favoring macrolide
therapy at 24 weeks with a standardized mean difference of
—0.43, P = .03 (Figure 2). The standardized mean difference,
when multiplied by the standard deviation, provides an estimate
of expected change for an average patient. Thus, a standardized
mean (SD) difference of —0.43 (0.8) on the SNOT-20 (0-5
scale) equates to a 0.34-point decrease in SNOT score.'® Once
again, this is likely clinically insignificant. Heterogeneity was
moderate and not significant (P = 45%, x> test, P = .18).
Comparisons of the SNOT scores at 6 and 12 weeks found no
significant differences between macrolide therapy and placebo
(Figures 3 and 4). Comparison of the patient response scale
found a statistically significant difference at 12 weeks (P <
.001) but with extreme and statistically significant heterogene-
ity (P = 98%, x* test, P < .001) that is difficult to interpret
(Figure 5).

Discussion

Medical treatment for CRS is often directed at the underlying
chronic inflammatory process. Macrolide antibiotics are often
used in this capacity. The anti-inflammatory properties®> of
macrolides are believed to occur through downregulation of
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Experimental Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Videler -3.6 21.7 27 -8.1 16.8 29 49.0% 0.23[-0.30, 0.76]
Wallwork -0.41 0.85 27 -0.18 0.67 32 51.0% -0.30 [-0.81, 0.22]
Total (95% CI) 54 61 100.0% -0.04 [-0.41, 0.33]

Heterogeneity: Chiz = 1.99, df =1 (P = 0.16); I = 50%
Test for overall effect: Z=0.22 (P = 0.83)

S 2 0 2 4
Favors experimental  Favors control

Figure 3. Sinonasal Outcome Test change scores at 12 weeks. Cl, confidence interval.

Experimental Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Videler -8.5 20.3 26 -52 189 25 49.3% -0.17 [-0.72, 0.38]

Wallwork -0.22 0.97 26 0.39 0.76 30 50.7% -0.70 [-1.24, -0.15] i

Total (95% CI) 52 55 100.0% -0.43 [-0.82, -0.05] &

Heterogeneity: Chiz = 1.82, df =1 (P =0.18); I = 45%
Test for overall effect: Z=2.21 (P = 0.03)

} } 1 } }
-4 -2 0 2 4
Favors experimental Favors control

Figure 4. Sinonasal Outcome Test change scores at 24 weeks. Cl, confidence interval.

Experimental Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Videler 27 1.03 27 269 0.76 29 77.3% 0.01[-0.51, 0.54]

Wallwork 3.11 0.17 26 3.84 0.17 30 22.7% -4.23 [-5.20, -3.27] u

Total (95% CI) 53 59 100.0% -0.95 [-1.41, -0.49] f

Heterogeneity: Chi? = 57.12, df = 1 (P < 0.00001); I* = 98%
Test for overall effect: Z = 4.05 (P < 0.0001)

Figure 5. Patient response scale at 12 weeks. Cl, confidence interval.

proinflammatory cytokines, including interleukin-8 (IL-8), a
potent neutrophil chemoattractant.'® As a result, inhibition of
IL-8 may suppress inflammatory pathways that contribute to
CRS. Indeed, many publications, particularly in the Japanese
literature, attest to the benefit of macrolide therapy for the
treatment of nasal manifestations of ‘‘sinobronchial syn-
drome.”** Nonetheless, in this meta-analysis of English-
language studies, we do not find convincing evidence of
clinically significant symptom improvement with macrolide
therapy compared with placebo.

In this review, we found statistically significant, but likely
clinically insignificant, improvement in a validated outcome
measure—the SNOT scale—at a single time point only
(24 weeks). Analysis using a second outcome measure, an
unvalidated patient response scale, does not allow us to make
any conclusions because of the substantial heterogeneity
between studies. The heterogeneity may be related to a
couple of factors that should be accounted for in subsequent
clinical research on this topic. First, a subgroup effect may
be present with greater response to macrolide therapy in
patients with low IgE levels. This was suggested by the sub-
group results in Wallwork et al.'® Such a subgroup effect is
consistent with the macrolide mechanism of action.

2100 -50 0 50 100
Favors experimental ~ Favors control

Macrolides suppress promoters of neutrophilic inflammation
such as IL-8. As a result, patients in the high IgE subgroup—
with eosinophilic-dominated CRS—may be less likely to
benefit from macrolide therapy compared with those in the
low IgE subgroup. Unfortunately, this analysis was unable to
tease out a significant subgroup effect because we lacked a
sufficient number of studies with subgroup data. Future stud-
ies of macrolide therapy should collect and report inflamma-
tory markers to permit a priori subgroup analysis.

A second factor that may have contributed to extreme
heterogeneity on the patient response scale is potential bias
within these unvalidated instruments. The scale used by
Wallwork et al'® was biased. It included 3 points to describe
improvement, a neutral point, and 2 points to describe wor-
sening. In contrast, the scale used by Videler et al'’ was
unbiased. It included 2 points to describe improvement, a
neutral point, and 2 points to describe worsening. These 2
scales effectively highlight the value of unbiased and vali-
dated outcome measures.

The limitations of this meta-analysis reflect limitations of
the individual studies, the limited number of individual
studies available for inclusion, and the absence of funding
to pay for translation of Japanese publications.
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In summary, Amini et al'> found no difference between

groups; Videler et al'” and Wallwork et al'® each found lim-
ited evidence of benefit with macrolide therapy. Meta-analysis
of SNOT scores demonstrated statistically significant but
clinically insignificant benefit to macrolide therapy at a
single time point. Altogether, the 3 studies included in this
review do not demonstrate evidence for a clinically signifi-
cant impact of long-term macrolide therapy for CRS.
Future studies should include a priori subgroup analysis
based on inflammatory marker profiles, to determine whether
there may be a clinically important subgroup effect favoring
patients with low serum IgE.

Description of Excluded Studies

Three studies passed initial selection criteria but were subse-
quently excluded from the final review through group dis-
cussion. We will discuss those studies briefly. The study by
Ragab et al'* was an RCT containing 2 arms of treatment.
All subjects were exposed to a run-in period during which
time they were treated medically. Subjects who failed to
improve with medical therapy were subsequently enrolled in
the RCT. Subjects were randomized to either medical treat-
ment with macrolide therapy or surgical treatment. This
study was excluded because the authors used a definition of
CRS that, upon careful reflection, did not meet our a priori
criteria. This study defined CRS as the presence of 8 weeks
of symptoms—not the 12 weeks needed to meet the AAO-
HNS Task Force criteria’ or the European Position Paper on
Rhinosinusitis and Nasal Polyps for diagnosis of CRS.®
Two additional studies were deemed to be out of scope
because there was no nonmacrolide comparator group.'*!'?
The retrospective study by Haruna et al'®> compared roxi-
thromycin with clarithromycin and sought to differentiate
the clinical effect of macrolide therapy based on the pres-
ence of allergic rhinitis, nasal polyposis, or tissue eosino-
phila. The study by Majima et al'> was an RCT comparing
clarithromycin therapy with combination therapy of clari-
thromycin and S-carboxymethylcysteine, a mucolytic. Both
of these studies were deemed to be out of the scope of this
review because there was no nonmacrolide comparator arm
and no opportunity to evaluate the effects of macrolide
treatment.

Conclusion

In conclusion, the current evidence demonstrates there is
no clinically significant improvement in patient-oriented
quality-of-life measures with long-term macrolide therapy
for CRS. However, there may be an effect among the sub-
group of patients with low serum IgE. Further studies in this
area should be designed and adequately powered for a priori
subgroup analysis based on IgE and other inflammatory
marker profiles.

Acknowledgments

We would like to acknowledge Ward J. M. Videler, MD, PhD, W.
J. Fokkens, MD, PhD, and Ben Wallwork, MBBS, FRACS, PhD,
for providing patient-level data to us; Martin J. Burton, DM,

FRCS, for use of the Cochrane ENT Disorders Group data collec-
tion form; Marisa L. Conte, BA, MLIS, for her assistance in data
searching and study identification; Heather M. Hussey, MPH, for
assistance with assessment of bias; and Peter Robertson, MPA, for
assistance with obtaining studies. The content is solely the respon-
sibility of the authors and does not necessarily represent the offi-
cial views of the National Institutes of Health.

Author Contributions

Melissa A. Pynnonen, substantial contributions to conception and
design, acquisition of data, analysis and interpretation of data,
drafting the article, and final approval of the version to be pub-
lished; Giri Venkatraman, substantial contributions to acquisition
of data, analysis and interpretation of data, revising the article criti-
cally for important intellectual content, and final approval of the
version to be published; Greg Davis, substantial contributions to
conception and design, acquisition of data, and analysis and inter-
pretation of data, revising the article critically for important intel-
lectual content, and final approval of the version to be published.

Disclosures

Competing interests: Melissa A. Pynnonen has provided 1 hour
of consulting for K Storz. Greg Davis was an educational speaker
for Stryker in 2011.

Sponsorships: None.

Funding source: Research reported in this publication was supported
by the National Center for Advancing Translational Sciences of the
National Institutes of Health under award number UL1RR0249864
(Pynnonen) and the National Center for Research Resources and the
National Center for Advancing Translational Sciences, National
Institutes of Health, through grant KL2 RR025015 (Davis).

References

1. Pleis JR, Ward BW, Lucas JW. Summary health statistics for
U.S. adults: National Health Interview Survey, 2009. Vital
Health Stat 10. 2010;(249):1-207.

2. Rosenfeld RM. Clinical practice guideline on adult sinusitis.
Otolaryngol Head Neck Surg. 2007;137:365-377.

3. Cervin A, Wallwork B. Anti-inflammatory effects of macro-
lide antibiotics in the treatment of chronic rhinosinusitis.
Otolaryngol Clin North Am. 2005;38:1339-1350.

4. Harvey RJ, Wallwork BD, Lund VJ. Anti-inflammatory effects
of macrolides: applications in chronic rhinosinusitis. /mmunol
Allergy Clin North Am. 2009;29:689-703.

5. Martinez FJ, Simon RH. Clinical implications of macrolide
therapy in chronic sinopulmonary diseases. Curr Pharm Des.
2004;10:3095-3110.

6. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred report-
ing items for systematic reviews and meta-analyses: the
PRISMA statement. BM.J. 2009;339:b2535.

7. Rosenfeld RM, Andes D, Bhattacharyya N, et al. Clinical prac-
tice guideline: adult sinusitis. Otolaryngol Head Neck Surg.
2007;137(3)(suppl):S1-S31.

8. Fokkens W, Lund V, Mullol J. European position paper on rhino-
sinusitis and nasal polyps 2007. Rhinol Suppl. 2007;(20):1-136.

9. Piromchai P, Thanaviratananich S, Laopaiboon M. Systemic
antibiotics for chronic rhinosinusitis without nasal polyps in
adults. Cochrane Database Syst Rev. 2011;(5):CD008233.

Downloaded from oto.sagepub.com at CILEA Bibliosan on August 18, 2013


http://oto.sagepub.com/

Pynnonen et al

373

10.

11.

12.

14.

15.

Review Manager (RevMan) [Computer program]. Version 5.1.
Copenhagen, Denmark: The Nordic Cochrane Centre, The
Cochrane Collaboration; 2011.

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med. 2002;21:1539-1558.

Majima Y, Kurono Y, Hirakawa K, et al. Efficacy of combined
treatment with S-carboxymethylcysteine (carbocisteine) and clari-
thromycin in chronic rhinosinusitis patients without nasal polyp
or with small nasal polyp. Auris Nasus Larynx. 2012;39:38-47.

. Haruna S, Shimada C, Ozawa M, Fukami S, Moriyama H. A

study of poor responders for long-term, low-dose macrolide
administration for chronic sinusitis. Rhinology. 2009;47:66-71.
Ragab SM, Lund VI, Scadding G. Evaluation of the medical
and surgical treatment of chronic rhinosinusitis: a prospective,
randomised, controlled trial. Laryngoscope. 2004;114:923-930.
Amini M, Yarmohammadi M, Izadi P. A comparing study of
clarithromycin XL with co-amoxiclav for treatment of

16.

17.

18.

19.

chronic sinusitis: a clinical trial. [ranian J Clin Infect Dis.
2009;4:197-201.

Wallwork B, Coman W, Mackay-Sim A, Greiff L, Cervin A.
A double-blind, randomized, placebo-controlled trial of macro-
lide in the treatment of chronic rhinosinusitis. Laryngoscope.
2006;116:189-193.

Videler WJ, Badia L, Harvey RJ, et al. Lack of efficacy of
long-term, low-dose azithromycin in chronic rhinosinusitis: a
randomized controlled trial. Allergy. 2011;66:1457-1468.
Piccirillo JF, Merritt MG Jr, Richards ML. Psychometric
and clinimetric validity of the 20-item Sino-Nasal Outcome
Test (SNOT-20). Otolaryngol Head Neck Surg. 2002;126:41-
47.

Suzuki H, Shimomura A, Ikeda K, Furukawa M, Oshima T,
Takasaka T. Inhibitory effect of macrolides on interleukin-8
secretion from cultured human nasal cells.
Laryngoscope. 1997;107:1661-1666.

epithelial

Downloaded from oto.sagepub.com at CILEA Bibliosan on August 18, 2013


http://oto.sagepub.com/

