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Medical Treatment for Rhinosinusitis Associated With Adenoidal
Hypertrophy in Children: An Evaluation of Clinical Response and
Changes on Magnetic Resonance Imaging
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Objectives: The association between adenoidal hypertrophy and rhinosinusitis with upper airway inflammation is
increasingly recognized; however, no study has used magnetic resonance imaging (MRI) to assess the changes in adenoid
size after medical treatment of rhinosinusitis.

Methods: Thirteen children referred to a tertiary allergy clinic with symptoms of rhinosinusitis received medical treatment
over a 4-month period. All underwent MRI before and after treatment. The medical treatment regimen comprised a short
course of oral antibiotics and oral steroids and a longer course of oral antihistamines and intranasal steroids.

Results: The pretreatment MRI demonstrated enlarged adenoids and rhinosinusitis in all 13 children, with evidence of ex-
tensive rhinosinusitis in 9 of the 3. The treatment resulted in an improvement in overall symptom score; the most signifi-
cant improvement was seen in mouth breathing. The posttreatment MRI showed a statistically significant reduction in ade-
noid size and adenoid/nasopharynx ratio, which was associated with a significant decrease in sinus involvement on MRI.

Conclusions: There is a high association between adenoidal hypertrophy and rhinosinusitis in the context of an allergy
clinic. Magnetic resonance imaging can document the changes in adenoid size associated with resolution of rhinosinusitis.
Further studies are necessary to validate these pilot data and further assess the effects of medical treatment and the role
of MRI in adenoidal hypertrophy.

Key Words: adenoidal hypertrophy, amoxicillin—clavulanate potassium, loratadine, magnetic resonance imaging, sinusitis,
steroids.

INTRODUCTION

Adenoidectomy is among the most common opera-
tions performed in children worldwide. In 1999 in

in extreme cases, obstructive sleep apnea (OSA) may
lead to pulmonary hypertension and right-sided heart
failure.?

the United Kingdom, a total of 60,000 patients under-
went tonsillectomy with or without adenoidectomy,
and another 9,000 underwent adenoidectomy alone.!
In addition to this surgical workload, physician con-
sultations for the associated symptoms of nasal ob-
struction, snoring, and sleep-disordered breathing ac-
count for a significant part of the total visits to oto-
laryngology and allergy specialists. These symptoms
can impair a child’s quality of life and may have un-
favorable developmental effects that predispose the
child to sleep-related breathing abnormalities later
on.2 Airway obstruction related to adenotonsillar hy-
pertrophy (ATH) can be associated with long-term
consequences such as failure to thrive and sleep dis-
turbance leading to inability to concentrate, daytime
somnolence, and low results on psychometric tests;

Although the extent of the problem is well under-
stood, the same cannot be said concerning its cause,
diagnosis, and optimal treatment. Measurements from
lateral cervical radiographs in patients in whom ade-
noidal hypertrophy (AH) is suspected correlate poor-
ly with clinical symptoms,* and posterior indirect
(mirror) examination of the postnasal space and flex-
ible nasendoscopy are not always practical in very
young children, and as a result are not performed
routinely in the United Kingdom. Adenoidal hyper-
trophy has been shown to be associated with otitis
media with effusion,’ rhinosinusitis,® Haemophilus
influenzae infection,” allergy,® and irritant exposure.?
Sinusitis is not routinely evaluated in children with
ATH, partly because of radiation concerns regarding
computed tomography in the pediatric population.!0
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Magnetic resonance imaging (MRI) provides an ex-
cellent imaging method for the assessment of AH,
airway caliber, and paranasal sinus involvement be-
cause of its multiplanar capability, excellent soft tis-
sue contrast, and lack of ionizing radiation, which
allows sequential scans to be performed to monitor
the efficacy of treatment. We have used an MRI pro-
tocol to visualize the extent of AH and upper airway
changes in outpatients. In this study we demonstrate
radiographically the association between AH and rhi-
nosinusitis and evaluate medical treatment of these
conditions in terms of both symptomatic improve-
ment and MRI response.

MATERIALS AND METHODS

Patients. This case series retrospective study in-
cluded 13 pediatric patients (mean age, 8.4 years;
range, 3 to 11 years) who were sequentially referred
to a specialist-run pediatric allergy clinic over a pe-
riod of 8 months to determine whether allergy con-
tributed to their symptoms of rhinosinusitis (more
than 6 weeks’ duration of mouth breathing with or
without snoring, mucopurulent rhinorrhea, hyponasal
speech, cough, and reduced appetite). All children
received medical treatment as described below. We
performed MRI examinations on clinical grounds to
confirm diagnosis and to monitor response to treat-
ment.

Clinical Signs and Symptoms. All children were
initially assessed with history and physical examina-
tion; degree of mouth breathing, snoring, rhinorrhea,
and cough were recorded on a scale of 0 to 5 at base-
line and after 3 months of treatment by the same cli-
nician. A total clinical score (range, O to 20) was cal-
culated by adding the individual scores, and any addi-
tional symptoms such as reduced appetite were re-
corded separately. Clinical examination included an-
terior rhinoscopy, and we also performed skin prick
testing to common aeroallergens (Alternaria, Asper-
gillus, Cladosporium, Dermatophagoides pteronys-
sinus, Dermatophagoides farinae, grass pollen, tree
pollen, cat, and dog).

Magnetic Resonance Imaging. All children under-
went examinations on an open 0.5-T magnet (GE
Medical Systems, London, England). A protocol of
sagittal T1 (6-mm slice thickness with 2-mm inter-
slice gap), axial T1 (4-mm slice thickness with 2-
mm interslice gap), and coronal T'1 (4-mm slice thick-
ness with 2-mm interslice gap) images was used, in
which the images could be obtained in a total exami-
nation time of 15 to 20 minutes without the need for
sedation. On axial images, at the level of maximal
adenoid dimensions, we assessed the anteroposterior
and transverse adenoid diameters of the adenoid pad,

the anteroposterior nasopharynx diameter, and the ade-
noid/nasopharynx (A/N) ratio (anteroposterior ade-
noid measurement divided by nasopharyngeal mea-
surement).

On a midsagittal image, measurement of the ade-
noidal pad was performed in two planes: a short axis
from the point of maximal convexity along a line
perpendicular to the basopharyngeal fascia, and a
long axis measurement along a line at a 90° angle to
the short axis. The nasopharyngeal airway was mea-
sured from the superior mucosal surface of the pos-
terior-superior margin of the hard palate to the basi-
sphenoid synchondrosis. The A/N ratio was calcu-
lated from the adenoid long axis divided by the naso-
pharyngeal measurement (Fig 1).

Paranasal sinus involvement was graded on a 4-
point scale for each of the ethmoid, maxillary, sphe-
noid, and frontal sinuses (when present) and was
scored according to severity (0, clear; 1, less than one-
third opacification; 2, one-third to two-thirds opaci-
fication; 3, greater than two-thirds opacification or
air-fluid level). A summated sinusitis score was pro-
duced by multiplying the number of sinuses involved
by their degree of involvement and then dividing the
product by the number of sinuses present, ranging
from O (no sinus involvement) to 3 (severe pansinus-
itis). The scoring system was weighted to record sig-
nificant sinusitis. Thus, a child with complete bilat-
eral maxillary sinus opacification (and clear ethmoid
and sphenoid sinuses) received a score of (3 x 2)/6 =
1 out of a maximum of 3. Nasal turbinate mucosal
thickening was also graded on a 4-point scale (nor-
mal/minimal, mild, moderate, and severe). The MRI
assessment was repeated after medical treatment, at
a mean interval of 82 days (range, 42 to 169 days).
Sagittal and axial images were obtained in all 13 chil-
dren before and after treatment. In 10 children, co-
ronal images were also available. The MRI scans
were scored by consensus between two radiologists
(C.0. and K.T.) and an otolaryngologist (C.G.). The
assessors were blind to the symptom scores at the
time of MRI assessment and to whether the MRI was
performed at baseline or after treatment.

Treatment. A protocol of 15 days of treatment with
amoxicillin—trihydrate clavulanate potassium (48 and
7 mg/kg per day, respectively), 5 days of oral predni-
solone sodium phosphate (2 mg/kg per day), and 3
months of mometasone furoate nasal spray (50 ug
per nostril per day) and oral loratadine (10 mg/d) was
used.

Statistical Analysis. All variables for which the
Kolmogorov-Smirnov test proved normality (MRI
measurements) were expressed as mean 3 SD, where-
as ordinal, non-normally distributed variables (symp-
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Fig 1. Data acquisition. A) Midsagittal T1 image (6-mm slice thickness, 2-mm spacing). | — maximum adenoid dimension,
from point of maximum convexity along line perpendicular to basipharyngeal fascia; 2 — maximum longitudinal adenoid
dimension, perpendicular to 1; 3 — nasopharyngeal airway, from superior mucosal surface of posterior-superior margin of
hard palate to basisphenoid synchondrosis. Adenoid/nasopharynx ratio = 1/3. B) Axial T1 image (4-mm slice thickness, 2-mm
spacing) at point of maximum adenoid dimension. 4 — maximum anteroposterior adenoid dimension; 5 — maximum trans-
verse adenoid dimension; 6 — nasopharynx, from posterior margin of nasal septum to posterior margin of adenoids; 7 —
anteroposterior dimension of airway, from posterior margin of nasal septum to anterior margin of adenoids.

tom scores) were described with the use of medians
and ranges. Subsequent comparisons were performed
with a paired r-test for the normally distributed vari-
ables, and Wilcoxon signed rank tests were used for
the remaining variables. Two-tailed tests with a sig-
nificance level of .05 were used in all comparisons.
SPSS 8.0 statistical software was used for the analy-
sis.

RESULTS
BEFORE TREATMENT

Clinical Symptoms and Investigations. All 13 chil-
dren presented with mouth breathing (median score,
4; range, 2 to 5). In 11 of the 13 children, it was asso-
ciated with mucopurulent rhinorrhea at baseline (me-
dian score, 4; range, 0 to 5). Cough and snoring were
present in various degrees in 11 and 7 children, re-
spectively (median scores, 3). In 5 children, reduced
appetite was a prominent symptom. All 13 children
had evidence of rhinitis on anterior rhinoscopy, and
5 of the 13 (38%) had positive skin prick tests to
inhalant allergens.

Magnetic Resonance Imaging. The mean adenoid
size, as measured on the midsagittal plane, was 12
mm (short axis) by 23 mm (long axis). The airway
diameter was reduced at 11 mm, and the A/N ratio
was 52%. On the axial plane, the mean adenoid di-

ameter (anteroposterior axis) was 19 mm, whereas
on the same axis the airway was only 4 mm, produc-
ing an A/N ratio of 77%.

Sinuses. Extensive sinus involvement was docu-
mented: all 13 children in our study group had some
degree of mucosal thickening affecting the paranasal
sinuses. Nine of 13 children (69%) had involvement
of all paranasal sinuses (greater than one-third sinus
opacification in all sinuses) or at least 2 completely
opacified sinuses (overall sinusitis score of 1 or high-
er). The mean score for all patients was 1.49. Infe-
rior turbinate swelling was also noted in 12 of the 13
scans (mean score, 1.53).

AFTER TREATMENT

All 13 children completed the treatment, and all
were included in the analysis. No complications were
reported. Compliance with treatment, as assessed by
parental reports, was good.

Clinical Symptoms. In 12 of the 13 children, treat-
ment resulted in significant overall clinical improve-
ment as assessed an average of 3 months later (Fig
2). Specifically, mouth breathing improved in 12 chil-
dren (from a median of 4 to a median of 2; p = .002),
and nasal symptoms improved in 10 of 11 children
(from a median of 4 to a median of 1; p =.005). Ad-
ditionally, cough was reduced in 10 of 11 children (p
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Fig 2. Clinical examination scores (medians) at baseline
and after treatment. Individual symptom scores range
from O to 5; overall symptom scores range from 0 to 20.

=.005), and snoring improved in 6 of 7 children (p =
.034). Appetite improved in all 5 affected children
(p = .030). The overall median clinical score was
reduced from 13 of 20 to 4 of 20 after treatment (p =
.002).

Magnetic Resonance Imaging. After medical treat-
ment, there was a statistically significant reduction in
adenoid size, both in absolute terms and in the A/N
ratio, with a consequent increase in the airway (Fig
3). On the midsagittal plane, the mean adenoid short-
axis diameter was reduced by 2 mm (95% confidence
interval [CI], 0.7 to 3.2 mm; p = .005), with a con-
comitant increase in airway diameter of 1.9 mm (95%
CI, 0.02 to 3.82 mm; p = .048). The mean long-axis
adenoid diameter was reduced by 3.2 mm (95% ClI,
0.8 to 5.5 mm; p = .012), and the A/N ratio was re-
duced by 8% (95% CI1,3% to 12%; p = .002). Similar
results were observed on axial images, with signifi-
cant reduction of the anteroposterior adenoid diame-
ter by 3.2 mm (95% CI,0.2 to 8.7 mm; p = .009) and
a corresponding increase in airway diameter of 2.76
mm (95% CI,0.21 to 5.32 mm; p = .036; see Table).

20

Before Treatment After Treatment
Fig 3. Nasopharyngeal airway. Anteroposterior axial
diameter on magnetic resonance imaging before and after
treatment. Rectangles represent mean values.

Sinuses. FEight of the 13 children showed an im-
provement of more than 0.5 in their sinusitis scores
afier (he end of e wieatment regimen. Theie was a
statistically significant improvement in the mean si-
nus score of our study group, from 1.48 before treat-
ment to 0.69 after therapy (p = .006; Fig 4). This
improvement in sinus disease was accompanied by
areduction in inferior turbinate nasal mucosal thick-
ening, although the change was not statistically sig-
nificant (p = .055).

DISCUSSION

There is increasing evidence that nasal inflamma-
tion is part of a continuum of upper and lower airway
inflammation.!"'2 The nasal mucosa, the lining of
the sinuses, and the nasopharyngeal mucosa are con-
tiguous, and their local lymphatic drainage is to the
lymphoid tissue of Waldeyer’s ring. Thus, chronic
inflammation caused by infection, irritation (indoor
and outdoor pollutants), or allergy leads to enlarged
adenoids. The enlargement of adenoids is mainly the
result of lymphoid proliferation.!? Lymphoid hyper-
plasia of the adenoids and tonsils has been shown to
be directly proportional to the aerobic bacterial load
and the absolute number of B and T cells,!3 with H

ADENOID AND AIRWAY MEASUREMENTS ON MAGNETIC RESONANCE IMAGING
BEFORE AND AFTER TREATMENT

Before Treatment Aﬁ;r Treatment p

Midsagittal plane

Adenoid (short axis) 12.30:£2.59 10.30 +2.49 005#

Adenoid (long axis) 22.93 +5:69 19.69 + 5.54 .012%*

Airway diameter 11.23 + 3.23 13.15:£3.16 .048%*

Adenoid/nasopharynx ratio 052 £ 119, 0.44 +1.11 .002%*
Axial plane

Adenoid (anteroposterior axis) 18.76 = 5.00 15.5 % 6.63 .041*

Adenoid (transverse axis) 37.30 £ 6.85 33.00 £5.40 .091

Airway diameter 4.00 £2.73 6.76 £ 4.74 .036%*

Adenoid/nasopharynx ratio 0.79 £0.12 0.65+0.26 130

Data are mean = SD in millimeters.
*p <.05.
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Before Treatment After Treatment

Fig 4. Sinusitis scores on magnetic resonance imaging
before and after treatment. Mild — <1; moderate — 1 to
2; severe — >2. Rectangles represent mean values.

influenzae and other 3-lactamase—producing bacteria
playing a key role.”-!4 The prevalence of AH is in-
creased in children with allergy,'>'6 and conversely,
as many as 36% of patients with ATH and OSA have
been found to have positive radioallergosorbent test
results, with the presence of atopy being an important
independent predictor of the severity of OSA.!7 In
our study, 38% of children with AH had positive skin
tests for inhalant allergens.

Enlarged and/or infected adenoids have been asso-
ciated with chronic rhinitis and sinusitis in children,®
and it has been suggested that they may perpetuate
upper airway inflammation. Adenoids can serve as a
reservoir for bacteria and thus cause recurrent sinus
infections,!® and mucociliary clearance appears to
be impaired in children with adenoiditis.!® Converse-
ly, chronic rhinosinusitis, with the resultant upper air-
way inflammation and postnasal drip, can cause lym-
phoid hyperplasia and AH. In this context, removal
of the adenoids has been advocated as a treatment
option for chronic sinusitis.2Y

The recognition that upper airway inflammation
underpins AH raises the question of whether anti-
inflammatory treatment has a role in its management.
Surgical adenoidectomy relieves the mechanical ob-
struction caused by AH, but ignores the predisposing
pathophysiologic condition. Medical anti-inflamma-
tory and antimicrobial treatment could concurrently
treat both AH and associated upper airway inflam-
mation. Various treatment regimens based on this ap-
proach have been attempted.

A double-blind, placebo-controlled, randomized
trial in children with ATH demonstrated that a 30-
day course with amoxicillin-clavulanate can reduce
the need for surgery. This beneficial effect persisted
for 24 months after the end of treatment; 16% of pa-
tients avoided surgery.?!

Steroids have a known lympholytic and anti-in-
flammatory effect, and they have been used for many
years for tonsillar hypertrophy causing airway ob-
struction in infectious mononucleosis.?? Three previ-
ous studies assessed their efficacy in AH. In a ran-

domized, double-blind study,?3 a 5-day course of oral
prednisolone was used in children with OSA and ATH.
Although steroids were not effective in reducing the
apnea-hypopnea index (AHI) as assessed at the end
of treatment, the A/N ratio decreased significantly
in 7 of 9 subjects. Another double-blind, placebo-
controlled study of a 6-week course of nasal flutica-
sone propionate in children with OSA showed a sig-
nificant improvement in almost all children and a
substantial decrease in AHL.24 In another double-
blind, placebo-controlled crossover study?3 in chil-
dren with AH without OSA, an 8-week course of na-
sal beclomethazone dipropionate resulted in an im-
provement in symptoms by 82%, accompanied by a
persistent (24 weeks) and highly significant reduction
in adenoid size.

In our clinic, a 5-day course of oral prednisolone
was used because we believe it represents the optimal
benefit/risk ratio. The effects of the short-term sys-
temic administration of prednisolone were consoli-
dated with a 3-month course of nasal mometasone, a
nasal steroid that has been shown to be relatively
safe for long-term management of allergic rhinitis in
children.26 The 3-month course of loratadine was
used to address the presence of allergy because of the
known high incidence of atopy in children with ade-
noiditis. Amoxicillin—clavulanate potassium was cho-
sen because it has been shown to be effective for the
treatment of ATH and because its wide coverage that
includes B-lactamase-producing H influenzae and an-
acrobes corresponds to the microbial profile of the
bacteria associated with lymphoid hypertrophy in
chronic adenoiditis. All of these treatments addition-
ally have a role in the management of chronic rhinosi-
nusitis,2” which was present in all 13 children.

We used MRI on the basis of its excellent soft tis-
sue contrast resolution, its ability for multiplanar im-
aging, and the lack of radiation, which enables multi-
ple scans to be done on the same patient. A previous
study?® showed that MRI measurements of adenoids
correlate with the AHI in children with OSA. Two
previous studies of healthy children have shown that
adenoids can be clearly identified and measured with
MRI and that their size correlates with AH symp-
toms.2%-30 Interestingly, in both of these studies the
maximal adenoid size appeared between the ages of
7 and 10 years,?9-30 but in one study no correlation
was noted between adenoid size and previous ade-
noidectomy.2?

In our study, 13 children with AH and rhinosinusitis
were assessed. The MRI scans confirmed the coexis-
tence of rhinosinusitis with AH; they demonstrated
evidence of mucosal disease in all 13 children and
significant sinusitis in 9 of the 13 (69%). Adenoidal
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hypertrophy with a concomitant decrease in airway
caliber was confirmed in all children. After medical
treatment, the total symptom scores improved in 12
of the 13 children; the most consistent improvement
was seen in mouth breathing, cough, and nasal symp-
toms, resulting in an overall improvement of 69%.
Radiologically, in 11 of the 13 children a significant
decrease in adenoid size was documented with a cor-
responding increase in nasopharyngeal airway cali-
ber. This was accompanied by a significant improve-
ment in sinusitis scores and a decrease in inferior
turbinate swelling. Although the absolute decrease
in adenoid diameter may appear small — on the order
of a few millimeters — it must be noted that these
measurements were 1-dimensional, whereas ade-
noids are 3-dimensional structures; thus, an equal de-
crease in each dimension would diminish their vol-
ume by a power of 3. According to Poiseuille’s law,
airflow resistance is inversely proportional to the
fourth power of the radius; thus, a mean increase in
airway diameter by 69% in 1 dimension (from 4 mm
to 6.79 mm, as recorded on the axial plane) could be
expected to decrease resistance by a factor of 8. The
clinical effect of this may be even greater if the flow
pattern changes from turbulent to laminar.

There are several limitations to this study, the most
obvious of which is the retrospective nature of the
assessments and the lack of a control population.
However, we believe that serial MRI measurements
provide some objective data and render unlikely the
possibility of a placebo effect. Furthermore, it is un-
likely that the children would have shown spontane-
ous resolution over such a short period of time, given
the previous severity and chronic nature of their
symptoms. Second, compliance was not formally as-
sessed in any way other than the parents’ responses.
Third, follow-up was only done for 3 months, and
the long-term outcome of such an approach remains
to be determined. Fourth, the association with atopy

may be skewed by the referral pattern to a pediatric
allergy clinic, although previous studies have shown
similar associations with atopy.

CONCLUSIONS

We have shown a high degree of association be-
tween AH and chronic rhinosinusitis in a tertiary al-
lergy clinic; objective evidence of allergic disease
was present in 38% of subjects. Prolonged treatment
with a combined anti-inflammatory and antimicrobial
medical regimen resulted in marked clinical improve-
ment, accompanied by improvement in MRI findings,
notably, a reduction in adenoid size, an increase in
airway caliber, and a reduction in paranasal sinus in-
volvement. Keeping in mind the limitations of our
study as described above, we understand that these
are only pilot data and that further studies are neces-
sary in order to validate our results before they can
be used clinically. Nevertheless, MRI was shown to
be a useful method of assessing children with symp-
toms suggestive of AH and can also document asso-
ciated evidence of upper airway inflammation (sinus-
itis and nasal mucosal thickening). Although it is not
proposed that medical therapy should replace surgery,
it provides a promising alternative in children for
whom surgery is unsuitable or in those who are reluc-
tant to undergo surgery. A larger prospective, random-
ized, controlled trial will be needed to further investi-
gate the effectiveness of medical treatment. It may
be possible to identify clinical or radiologic character-
istics that could predict a favorable response to medi-
cal treatment to assist in the selection of the most
appropriate patients for this therapeutic approach. Fi-
nally, there is some evidence that the cost of MRI of
the paranasal sinuses can compare favorably with that
of computed tomographic scanning,?! but this is de-
pendent on local conditions, and further work regard-
ing the cost-effectiveness of MRI in this clinical con-
text will be required.

REFERENCES

1. United Kingdom Department of Health figures for 1999.
Available at www.doh.gov.uk/hes/standard_data/index.html. Ac-
cessed September 2004.

2. Grundfast KM, Wittich DJ Jr. Adenotonsillar hypertrophy
and upper airway obstruction in evolutionary perspective. Laryn-
goscope 1982;92:650-6.

3. Singer LP, Saenger P. Complications of pediatric obstruc-
tive sleep apnea. Otolaryngol Clin North Am 1990;23:665-76.

4. Wormald PJ, Prescott CA. Adenoids: comparison of ra-
diological assessment methods with clinical and endoscopic
findings. J Laryngol Otol 1992;106:342-4.

5. Tomonaga K, Kurono Y, Chaen T, Mogi G. Adenoids and
otitis media with effusion: nasopharyngeal flora. Am J Otolaryn-
gol 1989;10:204-7.

6. van Cauwenberge PB, Bellussi L, Maw AR, Paradise JL,

Solow B. The adenoid as a key factor in upper airway infections.
Int J Pediatr Otorhinolaryngol 1995;32(suppl):S71-S80.

7. Brodsky L, Moore L, Stanievich J. The role of Haemoph-
ilus influenzae in the pathogenesis of tonsillar hypertrophy in
children. Laryngoscope 1988;98:1055-60.

8. Raphael G, Kaliner M. Allergy and the pharyngeal lym-
phoid tissues. Otolaryngol Clin North Am 1987;20:295-304.

9. Gryczynska D, Kobos J, Zakrzewska A. Relationship be-
tween passive smoking, recurrent respiratory tract infections
and otitis media in children. Int J Pediatr Otorhinolaryngol 1999;
49(suppl):S275-S278.

10. Brenner DJ, Elliston CD, Hall EJ, Berdon W. Estimated

risks of radiation-induced fatal cancer from pediatric CT. AJR
Am J Roentgenol 2001;176:289-96.

I1. Lack G. Pediatric allergic rhinitis and comorbid disorders.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



644 Georgalas et al, Magnetic Resonance Imaging in Children With Rhinosinusitis & Adenoidal Hypertrophy

J Allergy Clin Immunol 2001;108(suppl):S9-S15.

12. Lipworth BJ, White PS. Allergic inflammation in the uni-
fied airway: start with the nose. Thorax 2000;55:878-81.

13. Casselbrant ML. What is wrong in chronic adenoiditis/
tonsillitis: anatomical considerations. Int J Pediatr Otorhinolar-
yngol 1999;49(suppl):S133-S135.

14. Brook I. Aerobic and anaerobic bacteriology of adenoids
in children: a comparison between patients with chronic ade-
notonsillitis and adenoid hypertrophy. Laryngoscope 1981;91:
377-82.

15. Huang SW, Giannoni C. The risk of adenoid hypertrophy
in children with allergic rhinitis. Ann Allergy Asthma Immunol
2001;87:350-5.

16. Becker S, Koch T, Philipp A. Allergic origin of recurrent
middle ear effusion and adenoids in young children [in German].
HNO 1991;39:182-4.

17. McColley SA, Carroll JL, Curtis S, Loughlin GM, Samp-
son HA. High prevalence of allergic sensitization in children
with habitual snoring and obstructive sleep apnea. Chest 1997,
111:170-3.

18. Bernstein JM, Dryja D, Murphy TF. Molecular typing of
paired bacterial isolates from the adenoid and lateral wall of
the nose in children undergoing adenoidectomy: implications
in acute rhinosinusitis. Otolaryngol Head Neck Surg 2001;125:
593-7.

19. Maurizi M, Ottaviani F, Paludetti G, Almadori G, Zap-
pone C. Adenoid hypertrophy and nasal mucociliary clearance
in children. A morphological and functional study. Int J Pediatr
Otorhinolaryngol 1984;8:31-41.

20. Vandenberg SJ, Heatley DG. Efficacy of adenoidectomy
in relieving symptoms of chronic sinusitis in children. Arch Oto-
laryngol Head Neck Surg 1997;123:675-8.

21. Sclafani AP, Ginsburg J, Shah MK, Dolitsky JN. Treat-
ment of symptomatic chronic adenotonsillar hypertrophy with

amoxicillin/clavulanate potassium: short- and long-term results.
Pediatrics 1998;101:675-81.

22. Mandel W, Marilley R} Jr, Gaines LM Jr. Corticotropin
in severe anginose infectious mononucleosis. JAMA 1955;158:
1021-2.

23. Al-Ghamdi SA, Manoukian JJ, Morielli A, Oudjhane K,
Ducharme FM, Brouillette RT. Do systemic corticosteroids ef-
fectively treat obstructive sleep apnea secondary to adenoton-
sillar hypertrophy? Laryngoscope 1997;107:1382-7.

24. Brouillette RT, Manoukian JJ, Ducharme FM, et al. Effi-
cacy of fluticasone nasal spray for pediatric obstructive sleep
apnea. J Pediatr 2001;138:838-44.

25. Demain JG, Goetz DW. Pediatric adenoidal hypertrophy
and nasal airway obstruction: reduction with aqueous nasal bec-
lomethasone. Pediatrics 1995;95:355-64.

26. Schenkel EJ, Skoner DP, Bronsky EA, et al. Absence of
growth retardation in children with perennial allergic rhinitis
after one year of treatment with mometasone furoate aqueous
nasal spray [Electronic Article]. Pediatrics 2000;105:E22.

27. Clement PA, Bluestone CD, Gordts F, et al. Management
of rhinosinusitis in children. Int J Pediatr Otorhinolaryngol 1999;
49(suppl):S95-S100.

28. Arens R, McDonough JM, Costarino AT, et al. Magnetic
resonance imaging of the upper airway structure of children
with obstructive sleep apnea syndrome. Am J Respir Crit Care
Med 2001;164:698-703.

29. Vogler RC, 1i FJ, Pilgram TK. Age-specific size of the
normal adenoid pad on magnetic resonance imaging. Clin Oto-
laryngol 2000;25:392-5.

30. Jaw TS, Sheu RS, Liu GC, Lin WC. Development of ade-

noids: a study by measurement with MR images. Kaohsiung J
Med Sci 1999;15:12-8.

31. Teresi L, Lufkin R, Hanafee W. Low cost MRI of the
paranasal sinuses. Comput Med Imaging Graph 1988;12:165-
8.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



