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ABSTRACT. Objective. The spreading of acute respiratory infection into the paranasal sinuses in children is
poorly defined. The main objective of this study was to
evaluate the frequency and spontaneous resolution of
paranasal sinus abnormalities in children with acute respiratory infection using magnetic resonance imaging
(MRI).
Methods. We examined 60 children with MRI (mean
age: 5.7 years) with symptoms of acute respiratory infection. Twenty-six children with major abnormalities in
the first MRI scan had a follow-up MRI taken 2 weeks
later.
Results. The children had had symptoms of uncomplicated acute respiratory infection for an average of 6
days before the first examination (mean duration: 6.5;
standard deviation: 3.0). Approximately 60% of the children had major abnormalities in their maxillary and ethmoidal sinuses, 35% in the sphenoidal sinuses, and 18%
in the frontal sinuses. The most common abnormal finding was mucosal swelling. The mean overall MRI scores
correlated significantly with the symptom scores (rs ⴝ
0.3). Of the individual symptoms, nasal obstruction, nasal discharge, and fever were significantly related to the
MRI scores. Among the 26 children with major abnormalities in the first MRI, the findings subsequently improved significantly (mean [standard deviation] score:
12.7 [5.6] to 5.7 [5.2]), irrespective of the resolution of
symptoms.
Conclusions. These observations indicate that acute respiratory infection mostly spreads into the paranasal sinuses of children in the form of mucosal edema and that
these abnormalities tend to resolve spontaneously without antimicrobial treatment. Pediatrics 2003;111:e586 –e589.
URL: http://www.pediatrics.org/cgi/content/full/111/5/e586;
sinusitis, children, acute respiratory infection, MRI.

have similar changes. This hypothesis receives support from the finding of Glasier et al3 showing that
almost all young children who were undergoing
computed tomography (CT) examination for reasons
other than sinus disease and who had had a respiratory infection in the previous 2 weeks had soft tissue
changes in their sinuses. However, these children
were infants and the data on infections were based
on history. We wanted to evaluate the prevalence of
paranasal sinus abnormalities among children with
acute respiratory infections of various durations
when evaluated with magnetic resonance imaging
(MRI) and whether these changes resolve spontaneously.
METHODS
Subjects
The subjects were recruited from child care centers in Oulu, a
Finnish city with ⬃120 000 inhabitants, during September to December 1999. The children participated in a trial to evaluate the
effect of xylitol on the appearance of otitis media during an upper
respiratory infection.4 The parents were asked to bring the child to
the Department of Pediatrics, Oulu University Hospital, within 96
hours after the onset of any symptoms suggestive of respiratory
infection. Children aged 4 to 7 years were offered a chance to
participate in the present study. MRI was conducted within the
next 7 days. The exclusion criteria were acute otitis or tonsillitis;
chronic sinusitis or previous sinus surgery; poor cooperation,
claustrophobia, and the presence of any implanted ferrous material. The parents were informed about the survey and gave informed consent. The Ethical Committee of the Medical Faculty of
the University of Oulu found the study protocol ethically acceptable. Altogether, 60 symptomatic children (27 boys and 33 girls)
were enrolled (Fig 1).

Background Data
ABBREVIATIONS. CT, computed tomography; MRI, magnetic
resonance imaging; SD, standard deviation.

I

t is still unclear to what extent uncomplicated
upper respiratory tract infections involve the
paranasal sinuses in children.1 In adults, Gwaltney et al2 showed extensive radiologic changes in the
nasal passages, ostiomeatal area, and sinus cavities
during viral colds. It has been assumed that children
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The background information of the children obtained with a
questionnaire are shown in Table 1. The occurrence and duration
of acute symptoms were evaluated with modified criteria developed by Jackson et al.5 The severity of each symptom was graded
on a scale from 0 (not present) to 4 (very severe) and summed up
to get the total symptom scores.

MRI Examinations
MRI was performed with an open resistive 0.23 T MRI scanner
(Marconi Medical Systems, Cleveland, OH) with a head surface
coil including axial and coronal T2-weighted (TR 4300 ms, TE 126
ms) fast-spin echo images with a 4-mm slice thickness.
The gradings of the paranasal sinuses were done as described
earlier6,7 with some modifications: grade 0, ⱕ2 mm mucosal thickening; grade 1, ⬎2 mm mucosal thickening, one third volume loss;
grade 2, one third to two thirds volume loss; and grade 3, more
than two thirds volume loss or air-fluid level. The final grade for
each sinus was determined from the more severely affected side,
and each grade was summed up to get the total MRI scores (range:
0 –24). Grade 0 and undeveloped sinuses were recorded as a
normal finding, grade 1 as minor abnormality, and grades 2 to 3 as
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TABLE 2.
Frequency and Severity of Symptoms During
Acute Respiratory Infection in a Series of 60 Children

Nasal obstruction
Nasal discharge
Cough
Sneezing
Sore throat
Headache
Chilliness
Fever

n (%)

Mean Score* (SD)

50 (83)
49 (82)
45 (75)
29 (48)
13 (22)
8 (13)
7 (12)
5 (8)

1.7 (1.1)
1.7 (1.1)
1.6 (1.2)
0.7 (0.8)
0.4 (0.8)
0.2 (0.5)
0.1 (0.3)
0.2 (0.7)

* Graded on a scale from 0 (not present) to 4 (very severe).

examples of a normal MRI scan as well as scans with
minor and major abnormal findings are presented in
Fig 2. Altogether, 68% of the children had major
abnormalities in their paranasal sinuses (Table 3).
The opacity of these abnormal findings indicated in
most cases the density of mucosal swelling. The
Fig 1. Study profile.
TABLE 1.
Characteristics and Recent Medical History of a
Series of 60 Children Who Experienced Acute Respiratory Infection
Variable
Background characteristics
Mean (SD) age (y)
Boys
Allergic history
Asthma
Recurrent respiratory infections or
otitis media
Adenoidectomy
Tonsillectomy
Medical history for 4 wk before enrollment
An episode of upper respiratory infection
An episode of otitis media
Use of antimicrobials
Use of antihistamines or nasal
corticosteroids
Use of nasal decongestants

5.7 (0.8)
27 (45%)
8 (14%)
4 (7%)
14 (24%)
8 (30%)
3 (5%)
6 (10%)
3 (5%)
2 (3%)
0
8 (14%)

major abnormality. One radiologist (E.I.) and 1 otorhinolaryngologist (A.K.) interpreted the MRI scans blinded to the clinical data.

Follow-up Examination
In case of major abnormality in the maxillary sinus on the initial
MRI scan, the child was offered the possibility of a follow-up scan
2 weeks later (Fig 1). The symptoms, medications, and acute
complications between the 2 scans were recorded.

Statistics
Summary statistics are expressed as means and standard deviations (SDs). Data were analyzed using Wilcoxon ranked-pairs
analysis for paired data, the Mann-Whitney U test for unpaired
data with 2 groups, and the Kruskal-Wallis analysis of variance
with more groups. The differences between proportions were
tested with a 2 test and Fisher exact test. Correlation coefficients
were calculated using Spearman rank correlation.

RESULTS
First MRI Examination

The subjects had had symptoms of an uncomplicated acute respiratory infection for an average of 6.5
days (range: 2–12 SD: 3.0), and the mean overall
symptom score was 6.5 (SD: 4.0; Table 2). Typical

Fig 2. A representative case of normal MRI finding (A), minor
abnormality MRI finding (B), and major abnormality MRI finding
(C) in a series of 60 children with acute respiratory infection. The
increased blood flow in the inferior turbinate on the more congested right side after the nasal cycle is well seen in A as well as
the mucosal edema in both maxillary sinuses and right ethmoidal
sinus in B and major abnormal changes in ethmoidal and maxillary sinuses in C. The ostial region is not adequately visualized to
allow estimation of ostial patency as a result of the sparse slices
and that bony structures are not seen on MRI scans.
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TABLE 3.

Findings With MRI During Acute Respiratory Infection in a Series of 60 Children
MRI Findings*

Maxillary sinuses
Ethmoidal sinuses
Frontal sinuses†
Sphenoidal sinuses‡
All sinuses

Normal

Minor
Abnormality

Major
Abnormality

Mean

n (%)

n (%)

n (%)

Score (SD)

15 (25)
10 (17)
16 (27)
31 (55)
7 (12)

9 (15)
13 (22)
6 (10)
6 (10)
12 (20)

36 (60)
37 (62)
11 (18)
20 (35)
41 (68)

1.8 (1.2)
1.9 (1.1)
1.1 (1.2)
1.1 (1.3)
8.5 (6.8)§

* Normal, less than 2-mm mucosal thickening; minor abnormality, less than one third volume loss;
major abnormality, more than one third volume loss or an air-fluid level. The final grade has been
determined according to the more severely affected side.
† Frontal sinuses were not developed in 24 children and not displayed in the slices in 3 children.
‡ Sphenoidal sinuses were not developed in 3 children.
§ Calculated for all of the sinuses on both side.

mean MRI scores correlated significantly with the
symptoms scores (rs ⫽ 0.3, P ⫽ .02) but not with the
duration of symptoms (rs ⫽ ⫺0.04, P ⫽ .73). Of the
individual symptoms, nasal obstruction (P ⫽ .02),
nasal discharge (P ⫽ .04), and fever (P ⫽ .02) were
significantly related to the MRI scores.
Follow-up MRI

Of the 26 children (12 boys and 14 girls) who
attended the follow-up examination, 9 (35%) had
fully recovered from the respiratory infection, 9
(35%) continued to have symptoms (mean [SD]
symptom score 6.3 [3.9]), and 8 (30%) had developed
a new respiratory infection (mean [SD] symptom
score 3.5 [1.3]). Two children had received antimicrobial treatment (otitis media, thigh abscess).
Altogether, the MRI findings had improved significantly from the initial scans (P ⫽ .001; Table 4).
Despite the improvement, however, 69% of these 26
most severely affected children still had major abnormalities in the sinuses (Table 4). The MRI scores at
the control visit did not correlate significantly with
the control visit’s symptom score (rs ⫽ 0.21, P ⫽ .29)
or the MRI scores at the initial visit (rs ⫽ 0.09, P ⫽
.66).
DISCUSSION

We found a high prevalence of paranasal sinus
abnormalities on MRI scans in a group of 4- to
7-year-old children with acute respiratory infection.
Almost two thirds of the children had opacifications

that constituted at least one third of their maxillary
and ethmoidal sinuses. We demonstrate that acute
respiratory infection affects not only the nasal passages but also the paranasal sinuses in children. The
follow-up MRI scan, taken in the most affected cases
in the first scan, showed that the paranasal sinus
abnormalities tended to resolve without antimicrobial treatment, but this resolution of MRI changes
did not associate with the disappearance of clinical
symptoms. Thus, clinicians should not make decisions on treatment based only on the radiologic findings.
The proportion of adenoidectomized children was
high in our sample (30%) but represented the typical
child population in Finland, where adenoidectomy
has been used as the first surgical intervention for
recurrent/chronic otitis media. In 2 Finnish studies,
it was found that up to 31% of the children have been
adenoidectomized before the age of 3 years.8,9
We found a significant correlation between the
MRI scores and the severity of nasal obstruction and
discharge and fever confirming the results of a study
done on adults.10 None of the other symptoms or the
duration of the symptoms predicted the paranasal
sinus findings. The sinus abnormalities tended to be
more severe in the children with higher symptom
scores than those with milder symptoms, similar to
the study of the common cold in adults.2 In both
studies, the differences were small and the symptoms of the patients with and without rhinosinusitis
were not clinically distinguishable.

TABLE 4.
Findings in MRI During an Acute Respiratory Infection and a Follow-up Visit 2 Weeks Later in a Series of 26 Children With
Major Abnormal Findings in the First Scan
Sinus

Maxillary
Ethmoidal
Frontal*
Sphenoidal†
Overall

Acute Visit
Normal

Minor
Abnormality

Major
Abnormality

n (%)

n (%)

n (%)

—
—
3 (21)
8 (35)

—
3 (12)
4 (29)
2 (8)

26 (100)
23 (89)
7 (50)
13 (55)

Follow-up Visit
Mean
Score
(SD)

Normal

Minor
Abnormality

Major
Abnormality

n (%)

n (%)

n (%)

2.7 (0.4)
2.5 (0.7)
1.7 (1.2)
1.7 (1.4)
12.7 (5.6)‡

10 (38)
8 (31)
12 (75)
15 (60)

7 (27)
6 (23)
1 (6)
4 (16)

9 (35)
12 (46)
3 (19)
6 (24)

* Frontal sinuses were not developed in 10 children and not displayed in the slices in the acute visit in 2 children.
† Sphenoidal sinuses were not developed in 1 child and not displayed in the slices in the acute visit in 2 children.
‡ Calculated for all of the sinuses on both sides.

e588

SINUS FINDINGS DURING
UPPER
RESPIRATORY INFECTION
Downloaded
from www.aappublications.org/news
by guest on May 13, 2021

Mean
Score
(SD)
1.3 (1.3)
1.3 (1.1)
0.6 (1.1)
0.8 (1.1)
5.7 (5.2)‡

CONCLUSIONS

Our results show that acute respiratory infection is
accompanied by mucosal edema in the paranasal
sinuses in most children and that these abnormalities
tend to resolve spontaneously without antimicrobial
treatment irrespective of disappearance of the symptoms.
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