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ORIGINAL ARTICLE

Chest x-ray: an unnecessary resource in the diagnosis of acute
bronchiolitis

Ricardo Castillo Galvan,'? and Carlos A. Cuello Garcia??

ABSTRACT

Background. Bronchiolitis is one of the leading controversial pediatric diseases because of its variations in diagnosis and treatment. Use
of diagnostic resources beyond the clinical features is usually unnecessary in its classic presentation. The objective of this study was to
evaluate the prevalence of significant abnormalities in radiographic findings performed on infants <24 months of age who were hospitalized
through the emergency department with the diagnosis of bronchiolitis, as well as to assess whether clinical variables can accurately identify
children with abnormal chest x-ray in order to reduce unnecessary radiation exposure.

Methods. From September 2006 to March 2007, infants aged <24 months evaluated and hospitalized through the emergency department
of the Hospital San Jose Tec de Monterrey with a diagnosis of bronchiolitis were included in the study. Clinical variables were registered
(age, gender, time since onset, oxygen saturation) and laboratory variables as well (leukocytes, lymphocytes, virus identified). Information
from the chest x-ray was also obtained.

Results. There were 128 patients included; 70% were aged <12 months. Chest x-ray was performed in 122 patients (95.31%) and respira-
tory virus studies were done in 119 patients (92.96%). There were 69 patients who were positive (57.99%); respiratory syncytial virus was
demonstrated in 62 samples (89.85%) and 15 patients (12.29%) showed abnormal chest x-ray (atelectasis/consolidation). No differences
were found between patients with and without chest x-ray abnormalities in clinical and laboratory variables.

Conclusions. Most patients with bronchiolitis had a normal chest x-ray. Our study suggests that x-rays in children with typical bronchiolitis
have limited value.
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INTRODUCTION

production and necrosis and regeneration of the nonciliated
epithelial cells. This causes a delay in removing secretions,

Bronchiolitis is the most common lower respiratory tract
disease in children <2 years of age and the first cause of
hospitalizations in this age group.'* Worldwide, 2-3% of
all children <1 year of age are admitted annually with a
diagnosis of bronchiolitis.*

This clinical entity is produced by a viral infection. It
presents at the level of the respiratory epithelium with pro-
liferation of the calyceal cells, resulting in increased mucus
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as well as the presentation of an acute inflammation cau-
sed by lymphocytic infiltration associated with mucosal
edema. It also presents a cascade phenomenon with the
released cytokines and chemokines that amplify the im-
mune response by increasing cell recruitment. This results
in the imminent obstruction of bronchioles by edema
and cellular debris, causing hyperinflation and increased
airway resistance, resulting in wheezing and alterations
in ventilation/perfusion. However, bronchoconstriction
has not been described during this physiopathological
process.'

Bronchiolitis is recognized as the first episode of
wheezing caused by a virally induced lower respiratory
tract infection. The major signs and symptoms include
cough, tachypnea, crackles, wheezing, intercostal rub-
bing and/or nasal flaring. The most common etiology
is respiratory syncytial virus (RSV) of seasonal occu-
rrence, with the highest incidence between November
and March and annual variations associated with the
rainy season.>®
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During the first 3 years of life, 90% of children are in-
fected with RSV and 40% develop lower respiratory tract
infections.” However, RSV does not guarantee immunity to
subsequent infection, so an individual may have multiple
infections during infancy.'®

Other viruses that have been identified as etiologic
agents of bronchiolitis are the three types of parainfluen-
za virus, human metapneumovirus and, less commonly,
adenovirus, influenza virus, rhinovirus, coronavirus and
human Boca virus (the latter described in 2005).°

Several studies have shown significant variation in
the diagnosis and treatment of bronchiolitis. In the U.S.,
Canada, New Zealand and Holland, variations have been
shown that correlate with regional, hospital or even in-
dividual treatment preferences according to the severity
of the illness in each patient. In some countries, the time
of hospitalization may be, on average, two times that of
other countries, suggesting a lack of consensus among the
medical community to improve the practice.’!

McConnochie criteria for diagnosis include the fo-
llowing: 1) age <24 months, 2) history of coryza, 3) acute
dyspnea (with or without increased laboral breathing), and
4) being the first episode.

These criteria, interestingly, do not take into account
wheezing, which is a cardinal sign. Even within the
definition of the disease these criteria do not take into
account rales, tachypnea, fever and vomiting, which are
present in many cases.!! Furthermore, in September 2000
the French consensus defined the criteria for bronchiolitis
as follows:

1) Patients <2 years of age

2) Rapid onset (48-72 h) of nasopharyngitis (with or
without fever)

3) Association with some of the following signs and
symptoms: dyspnea with tachypnea, retractions,
chest distention (clinical or radiological), difficulty
breathing, wheezing and/or predominantly expira-
tory crackles (although in more severe forms these
may be silent on auscultation)

4) That the first episode coincides with the epidemic
period of RSV

These criteria are broader and, therefore, more sensi-
tive for detecting the disease.!? Traditionally, clinicians
who make the diagnosis of bronchiolitis are driven by

experience and systematically use auxiliary diagnostic
resources, such as chest x-ray.!* 1

Although chest x-ray is a common practice in many cases,
itisunnecessary. It presents variable data, not specific. Among
expected data of the physiopathology of the disease such as
lung hyperinflation, peribronchial thickening, increased inters-
titial markings and diffuse infiltrates, it is rare to find atelectasis,
isolated pulmonary infiltrates and pulmonary consolidations.
Diagnosis is purely clinical and radiological changes have little
influence on the initial management of disease.*!?

Other laboratory studies such as blood count and
analysis of nasal mucus in search of the viral etiologic
agent have become popular aids for diagnosis. Blood
count provides information on the inflammatory reaction
and its influence on cell count. On the other hand, among
the respiratory viral panel, immunofluorescence of the
following seven viruses is carried out: RSV, adenovirus,
influenza A, influenza B, and parainfluenza 1, 2 and 3.
The usefulness of this study is only confirmatory because
it does not change management decisions if there is a
clinical suspicion of viral bronchiolitis.?

Currently, treatment has diversified and is often based
more on experience than on the strong evidence from cli-
nical trials, use of bronchodilators, racemic epinephrine,
antibiotics, inhaled or systemic steroids. Treatment is not
always based on recommendations or clinical guidelines
or the evidence obtained from systemic reviews such those
published of the Cochrane collaboration.>!#18

When patients are admitted with a diagnosis of bron-
chiolitis, the use of chest x-ray is a recurring practice in
our country that raises health care costs and increases
exposure to ionizing radiation without altering the course
of the disease or its treatment.

Diagnosis of bronchiolitis is based on a very compre-
hensive clinical assessment that is not recorded in any
scoring system or ‘score’ to determine which patients are at
greater risk of complications, in order to justify the use of
an imaging study based on its clinical characteristics, some
of which have been associated with increased frequency
for radiographic changes among which are desaturation
and fever."” The main objective of this study was to deter-
mine the frequency of significant radiographic changes in
patients <24 months of age hospitalized with bronchiolitis
and to analyze the relationship between clinical and la-
boratory variables with the occurrence of any significant
change in the chest x-ray.
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SUBJECTS AND METHODS

We retrospectively analyzed data of patients admitted to
the Hospital San Jose Tec de Monterrey with a diagnosis
of bronchiolitis from September 1, 2006-March 31, 2007.
We included previously healthy patients <24 months of
age who were admitted through the emergency department
with diagnosis of bronchiolitis. We excluded those patients
who had underlying diseases (i.e., gastroesophageal reflux
disease, congenital heart disease or conditions associated
with chronic lung infection) and those whose medical
records did not have the data required for our study. The
information obtained was categorized as identification,
clinical variables, laboratory and imaging studies and
therapeutic regimen. Information was the recorded on a
standardized data sheet.

The identification category included hospital record,
date of admission, date of birth, age, sex, medical history
and data of prematurity. Clinical variables included heart
rate (HR, beats/min), respiratory frequency (RF, breaths/
min), temperature (fever >38°C taken from axillary region
or rectally), oxygen saturation (O, Sat) and environment
(classified as oxygen desaturation when pulse oximetry
performed in the emergency department upon arrival
was <93%). Also included were data such as respiratory
distress: tachypnea (RF greater than the limits for age,
with >35 breaths/min for those patients >1 year and >40
breaths/min for those patients <1 year of age),' thoracoab-
dominal dissociation, intercostal retractions, nasal flaring,
respiratory noises during breathing, and other clinical data
such as wheezing, crackles, and rattling snoring. Other
variables were included that could be associated with the
disease such as runny nose and vomiting.

In the category of laboratory and imaging studies, it
was recorded whether a chest x-ray was performed and its
interpretation by the radiologist, scoring as radiographic
patterns using the following two options:

1) No significant changes—included were those x-rays
interpreted by the radiologist as normal or expected
for the disease and these studies were interpreted as
without changes, parahilar peribronchial infiltrate
and/or air trapping.

2) Abnormal pattern—x-rays that showed atelectasis
and or lung consolidation, pleural effusion or pneu-
mothorax were included.

It was also recorded whether respiratory viral panel
indicated in the first 24 h of hospitalization was performed
via nasal aspiration and analyzed by immunofluorescence.
Also obtained were laboratory blood values and diffe-
rential count. In the category of therapeutic variables,
immediate management including use of bronchodilator,
use of racemic epinephrine, inhaled steroids, systemic
steroids (oral and/or parenteral), use of antibiotics or an-
tiviral therapy were recorded. Once data were obtained,
we divided the population into two groups according to
presence or absence of radiological abnormalities.

Within the statistical analysis, quantitative variables
were expressed as mean = SD and qualitative variables
as proportions. The values of the frequency of anomalies
and description of baseline characteristics of all patients
included were elaborated.

First, a univariate analysis was performed comparing
the two groups using x* test (Fisher) when they were
categorical variables or Student t test with normally dis-
tributed continuous variables. All tests were two-tailed; p
values <0.05 were considered significant. Within the same
univariate analysis, individual contingency tables were
constructed and odd ratios (ORs) were obtained with their
respective 95% confidence interval (95% CI).

Subsequently, multivariate analysis was performed
using binary logistic regression variable taking the normal/
abnormal variable as the dependent variable and all others
as independent variables.

Due to the characteristics of the study it was only con-
sidered necessary to maintain the anonymity of the data
without approval of the ethics committee of our institution.
Descriptive statistics were evaluated using the programs
Microsoft Excel and Numbers, both MAC OS X 10.4
platform and the Statistical Package for Social Sciences
for Windows (v.13.0) (SPSS, Chicago, IL).

RESULTS

From September 1, 2006-March 31, 2007, 172 patients
were admitted with a diagnosis of bronchiolitis. Of these,
44 patients were excluded (28 were not admitted through
the emergency department, nine patients due to incomplete
information in the clinical files, four patients for being
over the age indicated for the study, two patients due to
previous heart disease and one patient for suspected cystic
fibrosis). Considered for the study were 128 children <24
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months old who were admitted through the emergency
department (Figure 1).

The value of the mean + SD age was 7.39 + 5.8 months
with an interquartile range of 3-11 months. Fifty patients
(39.06%) were female. Chest x-rays were performed on
122 patients (95.31%) and respiratory viral panel on 119
patients (92.96%). Of these patients, 69 were positive
(57.99%), predominantly RSV in 62 samples (89.85%)
followed in frequency by parainfluenza virus in four
patients (8.3%) and adenovirus in three patients (4.34%);
50 samples were negative (42.01%). The average num-
ber of days of evolution since arrival at the emergency
department was 4.6 = 3.3 days. Initial O, saturation in
the group of patients was 95.64 + 3.47% and 23 patients
(17.96%) had O, sat <93%. Fever occurred in 62 children
(48.43%). Finally, the presence of significant alterations
in the chest x-ray occurred in 15 (12.29%) of 122 patients
who underwent the study. The rest of the studies resulted in
the expected pattern for the disease (Table 1). Univariate
analysis found no significant difference when comparing
radiographic patterns in both groups (Table 2). Only two
variables approached statistical difference: thoracoabdo-
minal dissociation with p = 0.06 with unadjusted OR 3.85
(95% CI 1.14-12.9) and positive respiratory viral panel
with p = 0.06 with OR 0f 4.01 (95% CI 0.83-19).

When performing binary logistic regression, the model
retained the presence of positive respiratory viral panel as
a factor associated with an increase in the probability of
observing consolidation or atelectasis in the chest x-ray
(OR to find a normal x-ray: 0089 [95% CI1 0.008-0.94]). It
was also demonstrated that the days of evolution prior to
admission showed a trend towards statistical significance
(OR 1.22 [95% CI 0.99-1.52]).

DISCUSSION

Bronchiolitis continues to lead respiratory illnesses
requiring hospitalization among the affected pediatric po-
pulation seasonally in children <2 years of age. The main
etiologic agent continues to be the RSV whose characte-
ristics give it the ability to reinfect, even during the same
seasonal period. Its survival skills make this virus highly
contagious; therefore, bronchiolitis becomes a disease of
high demand for clinical care.

There are still controversies about the diagnosis and
appropriate treatment, differences that reflect the variety
of clinical care throughout countries, call centers and
physicians in particular.?

Christakis et al. retrospectively reviewed ~17,400 pa-
tients in 30 hospitals in the U.S. and found considerable

n
44 patients excluded (

= 172 patients with
bronchiolitis

-28 due to not being admitted to
emergency department

-9 due to incomplete files

-4 due to higher age

-2 due to previous cardiopathy
-1 due to cystic fibrosis

n=128
included patients

n = 122 chest x-rays
(95.31%)

n =107 normal x-rays
(87.70%)

n =15 abnormal x-rays
(12.29%)

Figure 1. Patient enrollment in the study during the period from September 1, 2006 to March 31, 2007 at the Hospital San José Tec de

Monterrey.
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Table 1. Radiologic patterns in the study population

variation in the management of patients diagnosed with

bronchiolitis. They reported that the performance of chest
x-ray showed nonspecific alterations specific to the disease

Radiologic pattern n (%)

Chest x-ray 122 (95.31)
Chest x-ray (abnormal) 15 (12.29)

11 (9.01)

4(3.27)
Chest x-ray (normal) 107 (87.70)
40 (32.78)

10 (8.19)
Parahilar peribronchial infiltrate 57 (47.54)

and the subsequent use of antibiotics increased.'
Similar studies have been performed where radiological
and clinical variables in infants with bronchiolitis were
compared. Garcia-Garcia et al. analyzed 252 patients in
whom they found that desaturation and fever are signi-
ficantly associated with radiographic changes; however,
they conclude that the vast majority of patients with a

Table 2. Dependent variables

Dependent variables Abnormal x-ray Normal x-ray p OR 95% CI
Age (months) median + SD 6.26 + 5.52 7.49 595 0.45 0.96 0.86-1.00
Sex n (%) M: 7 (46.66%) M: 67 (62.61%) 0.23 1.91 0.64-5.67
F: 8 (53.33%) F: 40 (37.38%)

Days previous to admission 493 +3.21 4.49 + 3.41 0.6 1.03 0.89-1.2
SAT O, 95.53+2.74 95.65+ 3.64 0.9 0.99 0.85-1.14
SAT O, <93% n (%) 3 (20%) 19 (17.75%) 0.83 1.15 0.29-4.5
Fever (<38°C) (%) 7 (46.66%) 51 (47.66%) 0.94 0.96 0.32-2.8
Respiratory noises n (%) 0 9 (8.04%) 0.34 NE NE
Nasal flaring n (%) 1(6.66%) 16 (14.95%) 0.38 0.4 0.05-3.3
Thoracoabdominal dissociation n (%) 11 (73.33%) 51 (47.66%) 0.06 3.85 1.14-12.9
Intercostal rubbing n (%) 8 (53.33%) 59 (55.14%) 0.89 0.93 0.31-2.74
Vomiting n (%) 3 (20%) 22 (20.56%) 0.96 0.96 0.25-3.72
Rhinorrhea n (%) 11 (73.33%) 82 (76.60%) 0.7 0.83 0.24-2.8
Crepitant rales n (%) 4 (26.66%) 36 (33.64%) 0.6 0.71 0.21-2.41
Days of iliness 3.93+1.38 4.05+ 1.80 0.81 0.96 0.69-1.32
Leukocytes >60% n (%) 8 (53.33%) 50 (48.07%) 0.72 1.21 0.40-3.58
Lymphocytes >60% n (%) 9 (60%) 52 (50%) 0.44 1.52 0.5-4.6
Neutrofils >10,000/mm? 2 (13.33%) 8 (7.69%) 0.47 1.82 0.35-9.5
Monocytes >6% n (%) 8 (53.33%) 52 (50%) 0.83 1.12 0.37-3.31
RVP+ n (%) 10/12 (83.3%) 56/101 (55.4%) 0.06 4.01 0.83-19
RSV+ n (%) 9/12 (75%) 56/101 (55.4%) 0.09 3.06 0.78-12
Adenovirus n (%) 0/12 (0%) 3/101 (3%) 0.54 NE NE
Parainfluenza n (%) 1/12 (8.3%) 3/101 (3%) 0.34 NE NE
Prematurity n (%) 2 (13.33%) 15 (14%) 0.94 0.94 0.19-4.6
Antibiotic therapy n (%) 11 (73.33%) 69 (64.48%) 0.49 1.51 0.45-5.08

Rx, chest x-ray; SAT O,, oxygen saturation; NE, not evaluated; RVP+, positive respiratory viral panel; RSV+, respiratory syncytial virus
positive; OR, odds ratio; Cl, confidence interval; NE, not evaluated.
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classic presentation of bronchiolitis have an x-ray without
significant changes."

Schuh et al. conducted a study with a sample of 265
cases with clinical diagnosis of bronchiolitis, of which
only two patients showed significant changes (0.75%).
They concluded that in patients with typical clinical diag-
nosis it is not necessary to perform a chest x-ray because
the pattern is almost always consistent with the disease
(99.25%).*!

Our study was conducted in the fourth quarter of the
season for bronchiolitis when we analyzed the clinical
variables and their relationship with radiographic patterns.
No association was found between most variables and cli-
nical or laboratory abnormalities found in the chest x-ray,
confirming that the presence or absence of these alterations
in patients with bronchiolitis predicts no abnormalities on
imaging studies.

Chest x-ray, whether or not demonstrating significant
changes, does not predict the behavior of the disease or
length of hospital stay. Our results indicated that the pro-
gression of the disease was not affected by the presence or
absence of abnormalities in the radiological study.

Results of Garcia-Garcia et al. on the association
between blood oxygen desaturation and fever were not
observed in our study.'® In contrast, variables that remai-
ned statistically significant were the presence of positive
respiratory viral panel and the days of disease progression
as factors that increased the risk to observe an anomaly in
the imaging study. These phenomena can be explained as
follows: first, based on positive RSV viral etiology, there
is probably a direct association between the presence of the
virus and the presence of an infiltrate. Second, regarding
the number of days with prior symptoms, it seems likely
that at a longer period of time there is a possibility of lung
consolidation, whether or not it is secondary to bacterial
superinfection. Further studies are needed to verify these
explanations.

We continue to believe that the data obtained are helpful
in showing no association between clinical or imaging
variables with the presence of a radiological abnormality.
This situation is repeated in other prospective studies with
larger sampling numbers.

Chest x-rays showed no significant alterations in most
patients in our study, consistent with some previous studies
that reported that radiography is of limited value in the
classical presentation of the disease. Clinical or laboratory

data examined here cannot predict an abnormal pattern in
the chest x-ray in patients with bronchiolitis.

In our environment and public health system, chest
x-ray is a common practice. Its performance should not
be routine and should be done on an individual basis,
depending on the clinical course. Limiting the use of this
modality can save resources and also limit the exposure
of pediatric patients to ionizing radiation.
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