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Abstract Rhinosinusitis is a common complication in
patients with nasopharyngeal carcinoma (NPC) who
receive radiotherapy. An impaired mucociliary clearance
due to this treatment may be the major cause of rhinosinus-
itis in these irradiated patients. The relative frequency with
which various pathogens cause rhinosinusitis in these
patients is unknown. This study investigates the bacteriol-
ogy of acute rhinosinusitis in irradiated NPC patients by
maxillary sinus puncture. From October 2001 through July
2006, 20 irradiated NPC patients with radiograph-proven
acute maxillary sinusitis received maxillary sinus punc-
tures. Aspirate contents of the sinuses were collected for
aerobic and anaerobic cultivation. A total sampling of 26
sides was performed in the 20 patients. The culture rate was
85%. Frequently identified aerobes and facultative anaer-
obes included alpha-hemolytic streptococcus (n =8),
Staphylococcus aureus (n =5) and Pseudomonas aerugin-
osa (n = 3). Streptococcus pneumoniae, Haemophilus influ-
enzae and Moraxella catarrhalis, however, are far less
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common. This may provide important information about
the antibiotic therapy in irradiated NPC patients with acute
rhinosinusitis.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common cancer in
Taiwan [1]. When diagnosed at stage I and II, more than
70 percent of these patients can survive after external
beam radiotherapy [2], which is the current mainstay of
therapy for the disease. The administration of radiation,
however, inevitably causes damage to adjacent tissues
from the base of the skull to the lower neck, and numerous
complications may arise from this treatment. Rhinosinus-
itis is one of these complications. Failure to treat these
patients with medical therapy, including standard antibi-
otics, is not uncommon, and becomes an enormous chal-
lenge to physicians.

It is well known that irradiation to the nasopharynx and
nearby structures can cause irreversible damage to the sino-
nasal mucosa. An impaired mucociliary clearance of the
nasal mucosa has been demonstrated in most irradiated
NPC patients [3]. Different patterns of bacterial infections
might occur in damaged sinonasal mucosa than in that of
normal individuals. However, the microbiology of rhinosi-
nusitis in irradiated NPC patients is not well established.
This study investigates the organisms present in the maxil-
lary sinus of irradiated NPC patients with radiograph-
proven acute maxillary sinusitis by performing a maxillary
sinus puncture.
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Patients and methods
Subjects

The study was performed on irradiated NPC patients with
acute maxillary sinusitis who presented to the otolaryngo-
logical department of Chung Shan Medical University Hos-
pital from October 2001 to July 2006. External beam
radiotherapy was delivered over a period of 7 weeks
(5 days per week), with a median cumulative dose to the
nasopharynx of 73 (range 70-76) Gy. Adjuvant chemother-
apy consisting of cisplatin and 5-fluorouracil was given in
18 patients. All of the patients were regularly followed-up
and did not show any evidence of residual or recurrent dis-
ease. Patients were considered for inclusion if they pre-
sented with typical symptoms of sinusitis (purulent nasal
drainage, nasal congestion, and facial pain) for less than
4 weeks, as defined by Lanza and Kennedy [4]. All of these
patients were confirmed to have maxillary sinusitis by
radiographic abnormalities (sinus clouding or air-fluid
level). Patients with a history of antibiotic administration in
the previous 1 week or manifestations of recurrent chronic
rhinosinusitis were excluded from the study. The patients
were informed with treatment options including administra-
tion of empirical antibiotics and maxillary sinus puncture
for bacterial culture and immediate drainage. There were 20
patients (12 men, 8 women) who were willing to undergo
maxillary sinus puncture in the study. Informed consents
were obtained from all patients with a detailed form that
was in accordance with the standards of the ethics commit-
tee at Chung Shan Medical University.

Sample collection

Sterile gauze drenched in decongestant and anesthetic solu-
tion (1:100,000 epinephrine and 10% cocaine) was intro-
duced to the common and inferior meatus for 20 min.
Secretions were aspirated from the nasal cavities and nos-
trils were disinfected with povidone-iodine and 75% alco-
hol. Maxillary sinus was tapped by a sterile sinus trocar
through the lateral wall of the inferior meatus, followed by
aspiration of contents of the sinus into a 15 ml syringe. If
no material could be aspirated, irrigation with saline was
performed and the consequent aspiration was collected.
Care was taken not to touch the vestibular epithelium by all
instruments to minimize contamination. Samples from the
sinus puncture were sent to the microbiological laboratory
within 1 h.

Laboratory methods

In the microbiology laboratory, aerobic specimens were
plated on blood agar plate, eosin methylene blue agar, and
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chocolate agar, cultured for 24 h at 35°C in an incubator
containing 5% CO,. Anaerobic cultivation was performed
using Brucella agar with Vitamin K1, hemin, PEA agar
with phenylethyl alcohol agar and 5% Sheep’s Blood and
incubated anaerobically (5% CO, + 10% H, + 85% N,).
Plates were examined for growth of bacterial colonies at 24
and 48 h of incubation. Isolated organisms were identified
using standard techniques. Potentially pathogenic organ-
isms that grew on culture were reported semi-quantitatively
with the following scale: <1+, rare; 1+, few; 2+, moderate;
and 3+, many.

Results

Twenty patients were enrolled in the study. The mean age
of the 12 men and 8 women was 47.5 years (range 22—
69 years). The time between completion of radiotherapy to
maxillary sinus puncture ranged from 6 months to
21 years, with a mean of 4.9 years. Fourteen of the patients
presented with unilateral maxillary sinusitis and six
patients had bilateral maxillary sinusitis. Abnormalities
revealed by sinus radiograph included air-fluid level in 10
maxillary sinuses and clouding in 16 maxillary sinuses,
and thus a total sampling of 26 sides was performed in the
20 patients. The demographic, radiographic and culture
results for each patient are shown in Table 1. There were
no complications in any patient undergoing maxillary
sinus puncture.

Of the 26 samples, 22 recovered one or more organ-
isms. The culture rate was 85%. Aerobes and facultative
anaerobes were recovered from 18 specimens, obligate
anaerobes alone from 1 specimen, and mixed aerobes and
anaerobes from 3 specimens. The most frequently identi-
fied aerobes and facultative anaerobes were alpha-hemo-
lytic streptococcus (8/26, 31%) and Staphylococcus
aureus (5/26, 19%). Other common aerobic bacteria
recovered from these specimens included Pseudomonas
aeruginosa (3/26, 12%) and Streptococcus constellatus
(2/26, 8%). The cultured obligate anaerobes were pepto-
streptococcus and prevotella, both were identified at the
same frequency (2/26, 8%). Among 6 patients who had
bilateral diseases and received punctures of both maxil-
lary sinuses, 3 patients had same pathogens recovered
from both maxillary sinuses, including alpha-hemolytic
streptococcus, P. aeruginosa and S. constellatus. One
patient had alpha-hemolytic streptococcus recovered from
left side and no bacteria recovered from right side. The
other two patients had different bacteria recovered from
bilateral maxillary sinuses (one side grew alpha-hemo-
lytic streptococcus and the other grew S. aureus). Distri-
bution of bacterial growth in the maxillary secretions is
shown in Table 2.
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Table 1 Demographic, radiographic and culture results

Patient  Age Sex  Post-radiotherapy  Laterality  Sinus Aerobic and facultative anaerobic Obligate anaerobic
no. (year) (year) radiograph organisms organisms
1 33 M 2 Bilateral Air-fluid level Alpha-hemolytic streptococcus (1+) -
Air-fluid level Alpha-hemolytic streptococcus (1+) -
2 52 M 1.5 Right Clouding Alpha-hemolytic streptococcus (2+) Peptostreptococcus
3 38 M 1 Left Air-fluid level Moraxella catarrhalis (2+) -
4 69 F 21 Right Clouding Staphylococcus aureus (1+) -
5 60 F 15 Bilateral R: clouding R: Staphylococcus aureus (2+) -
L: clouding L: Alpha-hemolytic streptococcus (2+) —
6 45 M Left Clouding - -
7 49 F Left Clouding Alpha-hemolytic streptococcus (1+) -
57 M Bilateral R: clouding R: Streptococcus constellatus (3+) Peptostreptococcus
L: clouding L: Streptococcus constellatus (3+) -
9 56 M 12 Bilateral R: clouding R: Alpha-hemolytic streptococcus (1+4) -
L: clouding L: Staphylococcus aureus (<1+) Prevotella
10 40 M 0.5 Bilateral R: air-fluid level ~ R: Pseudomonas aeruginosa (2+) -
L: clouding L: Pseudomonas aeruginosa (1+) -
11 66 F 12 Left Air-fluid level - -
12 38 F 2 Bilateral R: air-fluid level - -
L: air-fluid level ~ Alpha-hemolytic streptococcus (<1+) -
13 57 M Right Clouding Haemophilus influenzae (3+) _
14 66 M Right Air-fluid level - Prevotella
15 52 M 2 Right Air-fluid level Pseudomonas aeruginosa(2+) -
Proteus mirabilis (3+)
16 26 F 1 Left Clouding Staphylococcus aureus (1+) -
17 40 F 2 Left Clouding - -
18 54 F 5 Right Clouding Alpha-hemolytic streptococcus (2+) -
19 30 M 0.5 Left Clouding Streptococcus pneumoniae (2+) -
20 22 M 0.5 Left Air-fluid level Staphylococcus aureus (2+) -

F female, M male, R right, L left; — no growth

Table 2 Culture results of maxillary sinus punctures

Number
of isolates

Organism

Aerobes and facultative anaerobes
Alpha-hemolytic streptococcus
Staphylococcus aureus
Pseudomonas aeruginosa
Streptococcus constellatus
Streptococcus pneumoniae
Haemophilus influenzae
Moraxella catarrhalis

Proteus mirabilis

N = m — = N W W ®

No growth
Obligate anaerobes

Peptostreptococcus

[NS I S

Prevotella

No growth 14

Discussion

NPC is a prevalent malignancy in Southeast Asia, including
China, Hong Kong and Taiwan. The current mainstay ther-
apy for NPC is external beam irradiation to the nasopharynx
and the neck. To deliver a curative dose of radiation to the
tumor site, part of the nasal cavities, sphenoid, ethmoid and
maxillary sinuses are included in the treatment field.
Although recent advances in radiotherapy techniques have
helped to reduce complications associated with treatment
without jeopardizing the locoregional control rate, many
patients still develop sinonasal complications after comple-
tion of radiation therapy. In a single-institutional study of
irradiated NPC patients, chronic rhinosinusitis was found to
be one of the most common untoward effects [5]. Although
there is no literature on the incidence of acute rhinosinusitis
in irradiated NPC patients, the entity is among the most com-
mon problems encountered by these patients and becomes
one of the major reasons they search for medical counseling.
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Although an obstructed ostiomeatal complex (OMC) is
the major cause of rhinosinusitis in most individuals, there
seem to be other pathophysiological causes responsible for
the rhinosinusitis of irradiated NPC patients. Endoscopic
examination of the nasal cavity in these patients revealed
atrophic turbinates and wide sinus ostia, especially those of
the maxillary and sphenoid sinuses [3]. Although atrophic
change of the turbinates were not seen frequently in the
patients of our study, endoscopic examinations did not
demonstrate pathological mucosa, such as granulation tis-
sue or polypoid mucosa, which obliterated the middle mea-
tus. This indicates that obstruction of the OMC is not a
common condition in irradiated NPC patients, and the
cause underlying rhinosinusitis in these patients is most
likely due to an impaired mucociliary clearance. In a series
of studies comprising nine elderly patients irradiated for
nasal carcinoma, impairment of nasal mucociliary clear-
ance was found by using the saccharin transport test [6].
Similarly, a decreased mucociliary clearance and longer
mucociliary transport times in the irradiated children with
head and neck cancers were demonstrated by the saccharin/
charcoal test [7]. The abnormal mucociliary clearance
found in these irradiated patients is primarily related to
radiation damage to the sinonasal epithelium, as demon-
strated by a study involving electromicroscopic examina-
tion of the OMC mucosa in irradiated NPC patients. The
study reported delayed irradiation effects on the nasal epi-
thelium, including ciliary loss, dysmorphic cilia, and inter-
cellular and intracellular vacuolation [8]. Electromicroscopic
study of the mucosa of the middle meatus in one of our
patients (patient number 1, 2 years after radiotherapy) also
revealed a similar picture (Fig. 1). It is, however, unclear
that different microbiologic agents may cause rhinosinusitis
in irradiated NPC patients because of a damaged sinonasal
mucosa in these patients.

Our study demonstrates the bacteriological features of
acute maxillary sinusitis in irradiated NPC patients. The
predominant aerobes and facultative anaerobes recovered
from maxillary sinus secretions are alpha-hemolytic strep-
tococcus and S. aureus. Alpha-hemolytic streptococcus and
S. aureus are among the commensal flora in the nasal cavi-
ties and sinuses of healthy adults [9—11], suggesting that in
the condition of impaired mucociliary clearance, these bac-
teria may become pathogenic and cause rhinosinusitis in
NPC patients. The next common pathogen recovered from
maxillary sinus secretions in our study is Pseudomonas
aeruginos, a frequent microbiologic agent that causes infec-
tions in the situations of defective immunity. The impaired
mucociliary function in the irradiated patients may provide
such a milieu for the growth of P. aeruginos.

Contamination by non-pathogenic bacteria during the
sampling process remains an important issue when alpha-
hemolytic streptococcus were recovered and considered to
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Fig. 1 Electromicroscopic study of mucosa of the middle meatus in
one patient (case no. 1) revealed intracellular vacuolation (*), intercel-
lular vacuolation (), and dysmorphic cilia (v). Bar 2 pm

be pathogenic for rhinosinusitis. In the eight maxillary
sinus secretions with growth of alpha-hemolytic streptococ-
cus, five samples were taken directly from the aspirate con-
tents, while the other three from irrigation saline. This
indicated that the cultivation of alpha-hemolytic streptococ-
cus in our study stands for true analysis of maxillary con-
tents rather than contamination during the process of
maxillary sinus irrigations. Furthermore, our culture results
should reflect limited, if any, contamination during sam-
pling because of the zero recovery rate of coagulase-nega-
tive staphylococci, whose growth stands as a testimony for
sampling contamination [12, 13].

As to members of the ‘infernal trio’ of community-
acquired acute rhinosinusitis (S. pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis) [14], these are sel-
dom recovered from maxillary secretions of these patients.
Actually, there was only one S. pneumoniae, one H. influ-
enzae, and one M. catarrhalis recovered from 26 specimens
out of these 20 patients. Although the role of commensal
flora as true pathogens in the pathogenesis of rhinosinusitis
remains controversial, severe infections by these bacteria
are not uncommon in many parts of the human body, espe-
cially in the status of an impaired immunity [15]. It is prob-
able that the virulence of the organisms does not play a
major role in the development of rhinosinusitis in these
damaged sinonasal mucosa. Instead, commensal flora with
lower virulence can readily cause inflammation and
become pathogenic because of an impaired mucociliary
function of the sinuses in these irradiated patients.
Although our finding that S. pneumoniae, H. influenzae and
M. catarrhalis do not predominate in the acute maxillary
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sinusitis of irradiated NPC patients might be the result of
failure to exclude recurrent chronic maxillary sinusitis from
the study population, all the patients denied typical symp-
toms of rhinosinusitis, such as purulent nasal drainage and
nasal blockage, in the preceding months. Moreover, if part
of the sample represented isolates from recurrent chronic
maxillary sinusitis, there should be more anaerobic bacteria
recovered in the study.

Like most other series performed on non-irradiated
adults [16], our study also found a relatively low frequency
of anaerobic bacteria isolated in acute maxillary sinusitis in
irradiated NPC patients. This finding also suggests that
poor drainage and increased intranasal pressure, a condition
favoring the growth of anaerobes, are not marked in the
maxillary sinus of these irradiated patients.

Among the sampling methods used to investigate the
pathogens responsible for rhinosinusitis, maxillary sinus
puncture is considered the gold standard for obtaining bac-
terial cultures [17]. Although the procedure is painful and
more aggressive, and carries some risk of complications—
such as bleeding, eyeball injury, and subcutaneous emphy-
sema—it is rather safe when performed by an experienced
otolaryngologist. In our series, all 20 patients tolerated the
procedure well and none of them suffered any complica-
tions. Although there is increasing body of evidence that
the culture results of endoscopic middle meatus sampling
correlates well with those of maxillary sinus punctures [18,
19], the former sampling method may carry a higher risk of
contamination, especially in some anatomic conditions of
the nasal cavity. For instances, a deviated nasal septum and
paradoxical middle turbinates may interfere with the sam-
pling of sinus purulence from the middle meatus under
endoscopic guidance. In addition, bacterial growth of the
endoscopic sampling correlates well with that of maxillary
sinus punctures only when a culture is made directly from
the frank purulence [19]. In many instances, however, there
were only scarce amounts of purulent discharge in the mid-
dle meatus to obtain even when radiographs of the sinus
demonstrated definite pictures of rhinosinusitis. Therefore,
the culture data from maxillary sinus punctures is more reli-
able and provides invaluable information in studying the
bacteriology of rhinosinusitis. By the culture results of
maxillary sinus punctures, we have been able to select
appropriate treatment for each patient. In 2 patients who
had P. aeruginos recovered and 2 patients who had penicil-
lin-resistant S. aureus recovered, quinolones were pre-
scribed according to the results of sensitivity test. As to 3
patients whose sinus secretions showed no bacterial
growth, no antimicrobial agent was given. Also by per-
forming maxillary sinus punctures, many patients reached
prompt resolution of their sinonasal symptoms and some
were still free of rhinosinusitis at their monthly follow-up.
This is probably thanks to effective elimination of the

accumulated pus and the immediate aeration of the maxil-
lary sinus.

To prevent development of systemic metastases, 18 of
these patients (except patient no. 4 and 5) received che-
motherapy, which consisted of cisplatin and 5-fluoroura-
cil. The inclusion of chemotherapy in the treatment of
NPC might raise the concern of an altered microbiology
of rhinosinusitis by these antineoplastic agents. However,
both agents have plasma half-life less than an hour, and
are excreted out of human body within days, and because
the study was performed at least 6 months after comple-
tion of treatments, a time long enough for complete wash-
out of antineoplastic agents and regeneration of sinonasal
epithelial cells, the chemotherapy should have limited
effect, if any, on the bacterial population of paranasal
sinuses.

Because of the small patient number in the current study,
these preliminary results must be confirmed by longer and
more studies in order to establish the relative frequency
with which bacteria causes acute rhinosinusitis in irradiated
NPC patients.

Conclusion

In conclusion, we found that sinonasal commensal flora,
such as alpha-hemolytic streptococcus and Staphylococcus
aureus, are the major bacteria involved in acute rhinosinus-
itis of irradiated NPC patients, while S. pneumoniaea, Hae-
mophilus influenza and Moraxella catarrhalis, which are
the predominant pathogens of community-acquired sinusi-
tis, are far less common. This may provide important infor-
mation regarding antimicrobial therapy in irradiated NPC
patients with acute maxillary sinusitis
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