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Chronic rhinosinusitis (CRS) is a chronic condition affecting 14% to 16% of the United
States population.1 Patients with CRS have been shown to have a significant decre-
ment in their quality of life, including domains of physical and social functioning.2

Although well-established therapeutic options are available for the treatment of CRS,
there remains a subset of patients with this disorder who fail to demonstrate symptom-
atic improvement following conventional therapy. For the patients who have failed to
achieve relief of symptoms of CRS after both medical and surgical treatment, often
there is a need for some kind of continuing care and usually the otolaryngologist is
the member of the health care team to whom the responsibility falls for providing this
continuing care, especially for those patients who have already had sinus surgery. In
a sense, perhaps unwittingly, the otolaryngologist is providing palliative care when con-
tinuing to care for the patient who is having symptoms of CRS after medical and surgical
management has been tried. By definition, palliative care attempts to help a patient live
reasonably well with a medical condition that cannot be completely eradicated. To pro-
vide such care to the CRS patient, the otolaryngologist needs to be creative in devising
treatment regimens customized to the unique needs of each patient.
THE SINUSITIS SPECTRUM

CRS has been defined by the Sinus and Allergy Health Partnership as a group of dis-
orders characterized by inflammation of the nasal and paranasal sinus mucosa of at
least 12 consecutive weeks’ duration.3 This chronic disorder can be viewed as a spec-
trum of pathology, ranging from localized processes to systemic disorders. Under-
standing this ‘‘sinusitis spectrum’’ may be helpful in identifying those patients at
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increased risk for failing conventional therapies, and in tailoring the treatment ap-
proach to fit a patient’s individual needs.

At one end of the sinusitis spectrum is the patient with ‘‘local’’ disease. These pa-
tients tend to have clear anatomic factors predisposing toward sinus infection. Ana-
tomic obstructions, such as conchae bullosae and septal deviations, are examples
of local factors that may obstruct normal mucociliary flow. Additionally, patients
with an isolated polyp or neoplasm may be classified as having local disease. Such
local factors can usually be readily identified on nasal endoscopy or sinus imaging,
and can be routinely addressed with conventional endoscopic surgical approaches.

At the other end of the sinusitis spectrum are those patients with ‘‘systemic’’ dis-
ease. These patients have an underlying systemic disorder leading to diffuse inflam-
mation of the sinonasal mucosa, often with polyp formation, which places them at
heightened risk for recurrent sinus infections. Individuals who may be classified in
this category include those with triad asthma, granulomatous disease, cystic fibrosis,
immunodeficiency, and primary ciliary dyskinesia. These systemic patients are at
highest risk for failing conventional medical and surgical therapies used to treat CRS.

Within this sinusitis spectrum, there are a large number of patients who fall some-
where in the middle, between locals and systemics. This group of patients is referred
to as ‘‘intermediates.’’ They may have a combination of localized and systemic dis-
ease. Many of these patients, however, when treated with standard medical and sur-
gical therapies, fare quite well (Fig. 1).

PATHOPHYSIOLOGY

Traditionally, CRS was understood to be the end stage of a disease process
characterized by multiple acute bacterial infections. This theory, however, has been
supplanted by the recognition that CRS is characterized by an aberrant inflammatory
response in the sinonasal mucosa.3 Although initiating events may vary, it is well
understood that inflammation causing mucosal obstruction at sinus ostia triggers
a cascade of events including impaired mucociliary clearance with stasis and bacterial
overgrowth. In the absence of systemic disease, such as cystic fibrosis or an immune
deficiency, a number of different paradigms have been postulated to explain the
heightened sinonasal inflammatory response seen in CRS.

Although controversy exists as to whether bacteria play a direct or indirect role in the
pathophysiology of CRS, antibiotic therapy remains a mainstay of treatment. Theories
to explain how the presence of bacteria within the paranasal sinuses may trigger a non-
infectious inflammatory process include the superantigen and biofilm theories.

It has long been recognized that certain bacteria secrete proteins called exotoxins,
which are damaging to the host organism. A superantigen is a highly potent exotoxin
that has been associated with dramatic disease processes, such as the toxic shock
syndrome triggered by Staphylococcus aureus’ production of superantigen. Recent
Fig.1. The sinusitis spectrum.
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interest has focused on the potential role of superantigens in triggering sinonasal
inflammation. A recent study by Bernstein and colleagues4 demonstrated
toxin-producing S aureus in the nasal mucus adjacent to polyps in 55% of patients
with chronic hyperplastic sinusitis and nasal polyposis. The corresponding variable
b T-cell receptor site was also noted to be up-regulated. Although an understanding
of the superantigen link to CRS continues to evolve, it seems that microbial superanti-
gens bind to T-cell receptors and major histocompatibility complex II molecules in
a fashion that bypasses the typical route of antigen presentation, resulting in an en-
hanced activation of the host T-cell population.5 This cascade results in massive cyto-
kine release and eosinophilic activation with consequent mucosal insult and
inflammation.

The biofilm theory has also been postulated to explain the pathologic role of bacteria
in the CRS process. Biofilms are created when bacteria bind to a surface and generate
a community of microorganisms in a matrix attached to a surface. Bacteria in a biofilm
state have a reduced metabolic state and do not provoke the exuberant systemic
response elicited by free-floating bacteria. They demonstrate decreased susceptibility
to systemic and local antibiotic therapy. In addition, they intermittently release free-
floating bacteria that can serve as a continuous nidus of infection. Although biofilms
have been identified on the surface of sinus mucosa of patients with CRS, the signif-
icance of these biofilms remains a subject of continued investigation.6,7

Atopic disease is also recognized as playing a key role in the pathophysiology of
CRS. Although the epidemiologic association between CRS and allergy is well estab-
lished, a causal relationship remains more elusive. In one study that examined the
presence of allergy among patients undergoing functional endoscopic sinus surgery,
80% of patients were noted to have elevated specific IgE levels.8 These epidemiologic
observations, however, fail to provide an explanation of the causal relationship
between allergy and CRS. One mechanism that may help to explain such a causal
relationship is the induction of mucosal edema and sinus ostia obstruction through
the release of allergic mediators and cytokines. Additionally, it has been shown that
in patients undergoing sinus surgery, surgical outcomes are enhanced by treatment
of underlying inhalant allergy.9

Allergic fungal sinusitis has emerged as a clinically distinct subset of CRS, and
merits special consideration in this discussion. Diagnostic criteria for allergic fungal
sinusitis include eosinophilic mucin-containing noninvasive fungal hyphae and Char-
cot-Leyden crystals on microscopic examination. Patients with this disorder typically
present with nasal polyposis, characteristic radiographic findings, immunocompe-
tence, and allergy.10 Although theories to explain the phenomenon of allergic fungal
sinusitis abound, the core principle is based on the premise that it is the inflammatory
response to fungus, rather than the mere presence of fungus. In 1999, the concept of
a nonallergic fungal inflammatory process was described by Ponikau and coworkers11

who identified hyphae in over 90% of patients with CRS. Eosinophils were also noted
to be migrating into the mucus in characteristic clusters. In this study population, al-
lergy to fungus failed to correlate with CRS. The suggested terminology was changed
from allergic fungal rhinosinusitis to eosinophilic fungal rhinosinusitis. Questions and
controversy continue to surround the significance of fungi in CRS.
WHY PATIENTS FAILTO FIND THE RELIEF THEYARE SEEKING

Understanding pathophysiologic events that may lead to CRS helps the otolaryngol-
ogist to understand why certain patients may fail conventional therapy. Maximal med-
ical therapy typically involves courses of antimicrobials, nasal steroid sprays, and
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possibly systemic steroids. Antihistamines, decongestants, and mucous thinning
agents may also be used in selected patients. Sinus surgery is typically offered to pa-
tients who fail to respond to these measures and excellent success rates ranging from
80% to 90% have been reported.12,13 Despite the success noted with functional
endoscopic sinus surgery, there exists a subset of patients who do not improve after
one or more endoscopic sinus procedures, even when postoperative nasal endos-
copy and CT scan show patent sinus ostia. For the purpose of this discussion, con-
ventional therapy is defined as the use of the previously mentioned medical
therapies and patient-appropriate surgical interventions.

Although it may seem obvious, possible anatomic explanations for such failure
should be investigated. Areas of synechiae and cicatricial scarring should be sought
on CT and nasal endoscopy. Patients with recurrent nasal polyposis are at high risk
for failed therapy as the polyps continue to grow and become a source of anatomic
obstruction. More radical surgery, such as a frontal sinus drillout or obliteration,
may be necessary for the otolaryngologist to consider in select patients.

In addition to an anatomic evaluation, such patients should have a thorough medical
evaluation, which may require a multidisciplinary approach. Patients should be
evaluated for systemic disorders that may account for failed therapy, such as
immunodeficiency, allergy, Samters triad, granulomatous disease, vasculitides, ciliary
dyskinesia, and cystic fibrosis. It is this patient population with systemic disease that
often becomes the most refractory to standard surgical and medical therapy. At this
point, a change in focus toward palliative care may be helpful.

TREATMENT OPTIONS

Palliative care by no means implies avoidance of aggressive medical or surgical ther-
apy. Rather, palliative care implies the provision of care that allows the patient to live
with his or her disease in a state aimed at preservation of quality of life. Multidisciplin-
ary therapies whose goal is symptomatic improvement, and novel and experimental
therapeutic regimens, are reasonable to consider when a patient has exhausted con-
ventional treatment options.

Immunomodulatory Therapy

An assessment for immunodeficiency should be performed in patients with CRS
refractory to conventional medical treatment. Interestingly, among a group of 78 pa-
tients with refractory sinusitis at a tertiary care facility, 17.9% were noted to have
low IgG and 16.7% were noted to have low IgA. Common variable immunodeficiency
was diagnosed in 9.9% and selective IgA deficiency was found in 6.2%.14 Sethi and
colleagues15 recommend that the minimum immunologic evaluation in patients with
CRS refractory to conventional medical therapy should include measurements of
quantitative immunoglobulin and IgG subclass levels, complete blood count with dif-
ferential, and responses to immunization with protein and polysaccharide antigens.
Such assessment for subtle immunodeficiency is important, because intravenous
immune globulin infusions are often beneficial in patients with deficiencies of IgG. Nev-
ertheless, extending the standard application of intravenous immune globulin therapy
for the treatment of recalcitrant sinusitis remains controversial. One open-trial study of
intravenous immune globulin in six patients suggested the efficacy of monthly intrave-
nous immune globulin as an adjunctive treatment in patients with chronic sinusitis who
failed conventional medical management. The protocol involved a 12-month trial of
monthly intravenous immune globulin infusions (400 mg/kg). Five of six patients had
decreased antibiotic use and the total number of sinusitis episodes also decreased.
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These findings correlated with radiographic improvement in sinus disease.16 More
recently, subcutaneous IgG replacement therapy has been introduced, allowing for
administration of similar cumulative doses at home.17 Preliminary data suggest similar
efficacy in protection against infection; however, this modality of treatment has yet to
be evaluated in patients with CRS.

Leukotriene inhibitors including montelukast, zafirlukast, and zileuton have been
shown to reduce both peripheral blood eosinophil counts and tissue eosinophilia in
asthmatics. The same effect is believed to occur in CRS patients.18 Leukotriene inhib-
itors have been shown to be effective in the treatment of CRS in open-label studies,
particularly in patients with nasal polyposis and asthma. In a small prospective study,
a statistically significant benefit for montelukast treatment in patients with nasal poly-
posis was observed both by symptom scores and polyp eosinophil counts.19

Aspirin desensitization has also been shown to down-regulate the cysL1-receptor
expression and may have a role in the treatment of patients with refractory nasal poly-
posis and aspirin sensitivity. More specifically, aspirin desensitization may be
indicated for patients who have aspirin-exacerbated respiratory disease and rhinosi-
nusitis refractory to inhaled corticosteroids and leukotriene inhibitors. After initial de-
sensitization, the maintenance of aspirin desensitization requires daily aspirin typically
given at 650 mg twice-a-day doses. The daily dosing is very important, because sub-
sequent desensitization is recommended if aspirin is missed for more than 48 hours.20

The efficacy of aspirin desensitization therapy is supported by objective measures,
which show a reduction in the number of sinus operations per year and sinus infec-
tions per year in patients who receive this treatment.21
Systemic Antibiotic Therapy

Consultation with an infectious disease specialist may be of benefit for consideration
of less conventional antibiotic dosing regimens in refractory CRS patients. In one
study, Anand and colleagues22 demonstrated improved infection control in a group
of patients with severe sinusitis who received up to 6 weeks of intravenous antibiotics
based on pretreatment and posttreatment endoscopic culture results. Because of the
difficulty in maintaining peripheral intravenous access for long intervals, oral antibi-
otics are more commonly used when treatment for several months is anticipated.
To reduce the incidence of side effects and microbial resistance, the use of a lower
than usual antibiotic dosage for long-term therapy has been advocated. Amoxicillin-
clavulanate prescribed as a single daily dose of 500 mg, rather than the usual
twice-a-day dosing, is practiced by some physicians. Although there is limited evi-
dence to support the use of these regimens for chronic sinusitis, several studies
have demonstrated the efficacy of low-dose, long-term antimicrobials for the treat-
ment of recurrent episodes of otitis media in children.23,24

Long-term low-dose macrolide therapy may also be considered for its anti-inflam-
matory effect. Distinct from their antimicrobial properties, macrolides have been
shown to have an anti-inflammatory effect and recent studies have shown that they
may be effective in treating chronic airway inflammation, including the inflammation
seen in CRS. Although the mechanism of macrolides’ anti-inflammatory effects is
not entirely understood, they seem to down-regulate proinflammatory cytokines and
inhibit migration of inflammatory cells.25 A recent study by Wallwork and colleagues26

supports the practice of prescribing daily macrolides in patients with recalcitrant CRS.
In a double-blind, randomized, placebo-controlled trial, patients who received 150 mg
roxithromycin daily were found to have a statistically significant improvement in Sino-
nasal Outcome Test-20 scores and nasal endoscopy.
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Topical Antibiotic Therapy

Topical antibiotics delivered to the nasal and sinus cavities have been widely used for
the palliative treatment of patients with refractory sinusitis. These medications are typ-
ically delivered in liquid form as saline irrigations or in aerosolized droplets by a hand-
held nebulizer. The potential advantage of topical therapy is that the antibiotic can be
delivered in relatively high concentrations locally to the affected tissues, reducing the
potential for systemic side effects. One noncontrolled study demonstrated the efficacy
of culture-directed nebulized antibiotics in the treatment of acute sinusitis exacerba-
tions in patients with CRS who had previously undergone functional endoscopic sinus
surgery.27 In a more recent review of clinical and basic science literature on the treat-
ment of CRS with antimicrobial washes, Elliott and Stringer28 recommend that topical
antimicrobials be used in a culture-directed fashion. Normal saline is the typical deliv-
ery vehicle. Topical antibiotics are most commonly used in patients with a history of
sinus surgery, because it is believed that the ability of topical antibiotics to reach
the interior of sinus cavities may be contingent on the presence of surgically opened
sinus ostia.

A number of antibiotic agents, including levofloxacin, tobramycin, and ceftazidime,
are commercially available in preparations suitable for nebulized delivery. Although no
topical antibiotics are approved by the Food and Drug Administration (FDA) for deliv-
ery into the nasal cavity, many such preparations have been compounded by local
pharmacies for years. Antibiotic powder dissolved in saline for intravenous administra-
tion can be placed in a spray bottle for nasal applications. This liquid medication can
also be squirted directly into the nose and sinuses by a soft plastic bulb syringe or
squeeze bottle.

Neurologic Evaluation

For the patient with persistent headache and facial pain following CRS therapy, in-
volvement of a neurologist or pain specialist as part of the treatment team may prove
helpful. It is important for the consultant to rule out comorbid diagnoses, such as mi-
graine, atypical facial pain syndrome, fibromyalgia, and neuralgia. Failure to recognize
these diagnoses may confuse the otolaryngologist’s interpretation of the patient’s
symptoms and lead to suboptimal patient care. Depending on the neurologic diagno-
sis, various treatment options are available to mitigate the patient’s discomfort. In
addition to a variety of available antimigraine medications, the use of antiepileptic
medications, including gabapentin and topiramate, and antidepressant medications,
such as amitriptyline, has demonstrated efficacy for treatment of patients with
neuropathic pain. Although not FDA-approved for such use, the use of botulinum toxin
(Botox) injected subcutaneously into pain trigger points in the head and neck has been
shown to be effective in the treatment of select patients with atypical facial pain.29

Saline Irrigations

Maintenance of proper nasal hygiene with nasal saline irrigations is a mainstay of treat-
ment in the patient with CRS and can be particularly beneficial when palliative therapy
is needed. Cleansing the sinonasal membranes with salt water solution has been
shown to facilitate mucociliary clearance and improve quality of life in such patients.30

A recent Cochrane Review concluded that there is adequate evidence to support the
use of saline irrigations as both a sole modality of treatment and adjunctive treatment
for CRS.31

A variety of products and brands are commercially marketed for such use, including
NeilMed Sinus Rinse, ENTSOL spray, and Saltaire. Most devices use a squeeze bottle,
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which is filled with saline solution. By gently squeezing the bottle, the solution is
directed out a hole in the top of the bottle and into the patient’s nostril. The solution
then runs back out of the nostril as it carries with it mucus and debris that may be ob-
structing the nasal passages and sinuses. Most preparations contain isotonic saline
solution, although some patients find hypertonic solutions to be more effective, partic-
ularly when the mucus is very thick. It is recommended that most patients irrigate
twice a day, although more frequent usage is not harmful.

A saline solution can be prepared at home; however, many patients find the
commercially available preparations to be more convenient, improving compliance
with the prescribed regimen. The NetiPot is another means of nasal washing, which
involves instillation of warm saline solution by a spouted pot. The spout of the pot is
inserted into one nostril; the position of the head and pot are adjusted to allow the wa-
ter to flow out of the other nostril. This technique is usually best suited for patients with
thinner clear mucus and may not be as helpful in patients with thick tenacious mucus
as is often seen in CRS.

Antifungal Therapy

Experimental use of intranasal antifungal agents has been reported as successful in
the treatment of patients with CRS and should be given consideration. The premise
of topical therapy is based on the theory that reduction of fungal antigenic load
reduces eosinophilic activation and the subsequent release of inflammatory factors,
which can lead to sinusitis. In a double-blind, placebo-controlled trial of daily intrana-
sal instillation of amphotericin B, Ponikau and colleagues32 showed an objective im-
provement in radiographic and endoscopic findings of CRS. These findings were
questioned by Ebbens and colleagues33 when a subsequent multicenter study of sim-
ilar design failed to show significant differences between amphotericin and placebo
groups in either subjective or objective outcome measures. Clearly, controversy con-
tinues to surround the issue of antifungal treatment for CRS.

FUTURE DIRECTIONS

In the future, treatment of patients with refractory CRS likely will include the use of
newer immunomodulatory medications. Omalizumab, a monoclonal anti-IgE agent,
has been noted to be effective in treating allergic asthma and allergic rhinitis.34 Be-
cause of concerns about anaphylaxis, omalizumab currently has limited indications
and is restricted to use in persons greater than 12 years of age with moderate to
severe asthma who have a positive skin test or in vitro reactivity to a perennial aero-
allergen and who have failed therapy with inhaled corticosteroids. The use of anti-in-
terleukin agents, such as anti–interluekin-5, has also shown mixed results to date.35,36

Recent studies have begun to reveal a genetic basis for CRS through the use of DNA
microarrays.37,38 Genome-wide scanning of patients with sinusitis has identified the
overexpression and underexpression of specific enzymes involved in the mucosal
inflammation associated with CRS. The targeting of these aberrant genes and their
protein products holds great promise for the future treatment of patients with sinusitis
who remain symptomatic despite the best efforts of their treating physicians.
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