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ABSTRACT

Introduction: In pediatrics, itis decisive to assess
the severity of bronchial obstruction; to this
end, different clinical scoring scales have been
developed, including the modified Tal score.
The objective of this study was to determine its
validity and reliability in children seen at two
emergency departments of Concepcién, Chile.
Population and methods: Prospective, cohort
study. Children younger than 36 months old
diagnosed with bronchitis and / or bronchiolitis
during the winter and spring months of 2015
wereincluded. Concurrent criterion validity was
determined based on the correlation between
the score and oxygen saturation, as a reference
standard. Predictive validity was assessed
based on the association between the score and
the probability of a new visit to the emergency
department in the following 7 days. The area
under the ROC curve was estimated. Reliability
between kinesiologists and physicians was
established based on the intraclass correlation
coefficient (ICC). A p value< 0.05was considered
statistically significant.

Results: A total of 102 children were assessed; a
weak correlation between the score and oxygen
saturation was observed among kinesiologists
(Rho = -0.41). An association was observed
between the score and the probability of a new
visit to the emergency department. The area
under the curve measured by both health care
providers was > 0.80. Inter-observer reliability
between physicians and kinesiologists showed
a weak correlation (ICC = 0.17).

Conclusions: The modified Tal score shows an
adequate predictive validity, but a poor validity
when correlated to oxygen saturation, and a weak
inter-observer reliability.
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INTRODUCTION

Health measurement plays
a critical role in clinical decision-
making.! This is why measurement
instruments have been designed to
facilitate the measurement process.?
Instrument quality should be assessed
based on psychometric properties,
including validity and reliability.> This
will allow to establish an adequate
clinical decision-making process,
optimize health resources, and make
a significant impact on health care
effectiveness.’

Respiratory diseases impose a
great burden on health care systems
worldwide.

From an epidemiological
perspective, a disease with a high
incidence that causes the greatest
demand for primary health care
during the winter season is acute
respiratory infection (ARI).® In Chile,
obstructive bronchial diseases account
for the most frequent ARIs, including
acute bronchitis and bronchiolitis.*
Both conditions are common and
demand for a high investment in
health.®”

Bronchiolitis is the most common
respiratory disease in children
younger than 2 years.® It is known as
the first instance of acute wheezing
affecting a previously healthy
child.”? On its side, acute obstructive
bronchitis is characterized by acute
bronchial obstruction and wheezing
and, sometimes, crackles and rhonchi
that mostly affect children younger
than 3 years.” Different clinical scoring
scales!™!® have been designed to
determine the severity of bronchial
obstruction in these diseases. In
Chile, the Ministry of Health has
recommended the modified Tal
score, which was obtained from the
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instrument originally developed in the 1970s by
Bierman and Pierson.' The subsequent version
developed by Tal et al., ' replaced the inspiratory-
expiratory ratio by the presence of cyanosis
and this was called the Tal score. The version
modified by Girardi et al.,'® in the late 1990s,
grouped the respiratory rate item into two age
groups: younger and older than 6 months, and
this was known as the modified Tal score.

The instrument’s methodological structure
encompasses 4 items: respiratory rate, retractions,
use of accessory muscles, and wheezing.
Although this score has been validated before,
only partial assessments of its psychometric
properties have been established.!"'”® This is why
it is necessary to supplement such assessments in
the current Chilean population.

The objective of this study was to determine
the validity and reliability of the modified Tal
score in children with acute bronchial obstruction
seen at two emergency departments of the city of
Concepciodn, Chile.

POPULATION AND METHODS

This was a prospective, cohort study. Patients
were selected using a consecutive non-probability
sampling among those who sought care at the
emergency department of Centro de Salud
Victor Manuel Ferndndez, a primary care facility
in the city of Concepcién. In addition, patients
who were seen at the emergency department
of Hospital Guillermo Grant, also in the same
city, were selected. The study was conducted
between August and November 2015. It is worth
mentioning that both sites were within the urban
perimeter of the city, so they take care only for the
population living in that area.

Inclusion criteria were children younger than
36 months diagnosed with bronchitis, defined as a
respiratory condition that presented as bronchial
obstruction and/or acute bronchiolitis, i.e., the
first episode of bronchial obstruction. Children
with chronic pulmonary disease (long-standing
pulmonary disease, such as asthma or cystic
fibrosis), cardiovascular disease (such as heart
disease) or pre-existing neuromuscular condition
were excluded.

The sample size was estimated based on a
0.4 correlation coefficient, a 5 % risk for a type I
error, and a 20 % risk for a type Il error. Thus, the
minimum number of subjects was 46 children.
However, to increase the statistical power of
outcomes above 99 %, a higher number of patients
was included.

Ethical considerations: The study was
approved by the Scientific Ethics Committee of the
Concepcién Health Service (CEC code: 15-07-40)
in August 2015; in addition, children’s parents
signed an informed consent.

Outcome measures: The general
characteristics of each child were recorded (sex,
age, weight, height, level of maternal education,
place of residence, type of housing, attending an
educational establishment), together with the
percentage of oxygen saturation (SaO,) measured
using a pulse oximeter (Prince-100L).

The severity of bronchial obstruction was
determined based on the score obtained from
applying the 4 items of the instrument.

Procedures: Once children were admitted,
their SaO, was recorded. This outcome measure
was considered the reference standard to
which the instrument’s score was related, thus
determining the concurrent criterion validity.

Then, the instrument was applied twice: once
by a physician and once by a kinesiologist, at
each site, in an independent manner and without
one observer knowing the score obtained by the
other, less than 5 minutes apart, thus determining
inter-observer reliability. Participating health
care providers had at least two years of clinical
experience and were not related to the study.

Then, children follow-up was done through
phone calls to establish the need for a new visit to
the emergency department in the following 7 days
and assess the score’s predictive validity, i.e., the
instrument’s ability to predict a specific outcome.

Statistical analysis: The MedCalc Statistical
Software, version 16.2.0, was used to assess the
normal distribution of data with the Kolmogorov-
Smirnov test, which verified the lack of a
normal distribution in most outcome measures.
Then, descriptive statistics were established by
estimating the median, maximum, and minimum
values.

The Wilcoxon test was used to verify
differences in the instrument’s outcome
measures between the first and the second
observation. Concurrent criterion validity was
assessed by estimating Spearman’s correlation
coefficient (Rho) between the instrument’s score
and SaO,, a methodological approach used
in other studies that explored the validity of
these instruments.'21718 Given that physicians
and kinesiologists assessed selected children,
the scores obtained by both were taken into
consideration. A common cut-off point was used
to assess the correlation: > 0.90 (excellent), 0.75-
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0.90 (good), 0.60-0.75 (moderate), and < 0.60
(low)."?

Predictive validity was assessed using a
logistic regression analysis and odds ratio (OR).
In the regression model, the instrument’s score
was an independent outcome measure and
the probability of a new visit to the emergency
department in the following 7 days was a
dependent outcome measure. In addition, a
Receiver Operating Characteristic (ROC) curve
was generated to differentiate the instrument’s
ability to determine the probability of a new visit
to the emergency department. The area under the
curve (AUC) was described as absolute value and
95 % confidence interval (CI); in turn, the score
that showed the best sensitivity and specificity
value was reported (Youden index [J]). The AUC
obtained based on the instrument application by
the kinesiologists and physicians was compared
using DeLong’s non-parametric test.?

The inter-observer reliability between the
score obtained by physicians and kinesiologists
was estimated using the intraclass correlation
coefficient (ICC). Mean discrepancy and
discrepancy limits between physicians and
kinesiologists were also estimated using the
Bland-Altman method.”

Validity and reliability indices were described
as absolute value and 95 % CI. A p value of < 0.05
was considered significant.

RESULTS

A total of 102 children were included in
the study. Table 1 shows the biodemographic
characteristics of patients. No statistically
significant difference in items was noted between
observers in relation to the severity of bronchial
obstruction and the total score (Table 2).

TaBLE 1. General characteristics of the study sample

Outcome measures Results
Number of patients 102
Age (months old) 10 (1-35)
Weight (kg) 9 (4-22)
Height (cm) 71 (120-49)
Oxygen saturation (%) 97 (92-99)
Attending an educational establishment (n) 34 (33.3 %)
Primary maternal education (n) 15 (14.7 %)
Secondary maternal education (n) 61 (59.8 %)
Tertiary maternal education (n) 26 (25.5 %)

Quantitative outcome measures are described as median and
range, whereas qualitative outcome measures are expressed
as absolute value and percentage.

Concurrent criterion validity: Considering
all measurements, a weak correlation between
the instrument and SaO, was observed.
However, when the instrument was applied
by kinesiologists, a greater correlation to the
reference standard was observed compared to
physicians (Table 3). Besides, the correlation
between the score items and SaO, was weak and
only statistically significant in terms of retractions
and respiratory rate (Table 4).

Predictive validity: Follow-up was done in
all children; of them, 4 (3.9 %) reported that they
required care in the 7 days after the measurement;
alower Sa0, (94.5 % [93-99] versus 97.0 % [93-99];
p =0.0215) and a higher score as measured by
kinesiologists (5.0 [3-7] versus 2.0 [0-9]; p = 0.0261)
and physicians (5.5 [3-7] versus 2.0 [0-7]; p = 0.012)
were observed compared to those who did not
need to make a new visit. The logistic regression
analysis revealed that there was an association
between the instrument’s score and the risk for
the need to make a new visit to the emergency
department in both observers (Table 3).

The instrument’s AUC to predict a new visit
was > 0.80 in both kinesiologists and physicians
(Figure 1). No significant difference was
observed between them (Table 3). Considering all
measurements, a modified Tal score > 3 showed
a sensitivity of 0.75 (0.35-0.97) and a specificity
of 0.70 (0.63-0.77). Lastly, the score obtained by
kinesiologists showed a J index > 2, while that
obtained by physicians was > 5.

Inter-observer reliability: The ICC of the total
score estimated by both observers was 0.17 (95 %
CI: 0.03-0.35).

Finally, Figure 2 is a Bland-Altman plot that
shows that the mean score difference between
assessments was 0.2 points, with discrepancy
limits of 5.1 and -4.7.

TABLE 2. Results for each item and total score of the
modified Tal score applied by kinesiologists and physicians

Outcome Kinesiologists Physicians p value
measures (n=102) (n=102)

RR < 6 months old 1(0-3) 1(0-3) 0.1039
RR = 6 months old 1 (0-3) 1 (0-3) 0.8076
Wheezing 1(0-3) 1(0-3) 0.5230
Cyanosis 0 (0-1) 0 (0-0) 0.1583
Retractions 1 (0-3) 1 (0-3) 0.5134
Total score 2 (0-9) 2 (0-8) 0.3333

Results are expressed as median and range.
RR: respiratory rate.
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DISCUSSION

Considering the prevalence and severity of
ARIs in our population have changed in the past
20 years,® there is a current need to assess the
validity and reliability of the modified Tal score,
an instrument that is widely used in Chile and
worldwide 1315

In relation to concurrent criterion validity, the
results indicated that there was a weak correlation
between the score and SaO,; this revealed that
the instrument had determined the severity of
bronchial obstruction to a low percentage in the
studied sample. This was consistent with previous
studies, such as the one by McCallum et al.,'* who
observed that the instrument had a low diagnostic
ability (ROC AUC: 0.6), considering saturation as
a reference criterion.

It is worth noting that the evidence
supporting the clinical applicability of SaO, as a
reference standard to determine the severity of
bronchial obstruction has demonstrated certain
inconsistencies; therefore, most likely, using a
reference criterion to directly asses this parameter
would allow to establish the validity of these
instruments with more certainty.!12

TaBLE 3. Concurrent criterion validity and predictive
validity of the modified Tal score

Kinesiologist Physician
(n=102) (n=102)
Spearman’s Rho -0.41 -0.16
(-0.56 to -0.24)¢ (-0.34 t0 0.04)
AUC 0.83 0.87
(0.74 to 0.89) (0.79t0 0.93)4
Odds ratio 1.78 2.04

(1.10 t0 2.98) (1.14 to 3.65)°

Concurrent criterion validity is described using Spearman’s
Rho correlation coefficient. Predictive validity is expressed
using the AUC and oddsratio. AUC: areaunder theROC curve.
ap = 0.0218, bp = 0.0064, cp = 0.0004, dp < 0.0001.

Results are shown as absolute value and (95 %) confidence
interval.

TaBLE 4. Correlation coefficient between peripheral oxygen
saturation and the results of the items in the modified Tal
score

Wheezing Cyanosis Retractions Respiratory
rate
Rho -0.240 0.025 -0.337 -0.337

p 0.15 0.8 0.001 0.001

In addition, Pavdn et al.,’” observed that
the item cyanosis in the modified Tal score
showed a weak correlation to saturation. This
was consistent with the observations of this study,
which showed that cyanosis was not correlated to
the reference standard.

In accordance with what has been observed,
there were differences in concurrent validity
between physicians and kinesiologists.
Specifically, kinesiologists showed a weak
correlation between the score and saturation,
whereas physicians did not observe a correlation
between both outcome measures. Such difference
may be explained by the clinical training profile
of the providers involved in the management
of children with obstructive bronchial disease.
In Chile, kinesiologists receive, during their
instruction, greater training in infant respiratory
health, unlike general practitioners.

In relation to predictive validity, results
showed an association between the instrument’s
score and the probability of a new visit to the
emergency department in the following 7 days,
thus suggesting that the instrument may be
capable of predicting the probability of future
respiratory complications, regardless of the
health care provider applying it. The AUC was
above 0.80 for both physicians and kinesiologists.
Therefore, there was an important probability of
a higher score in children with complications in

FIGURE 1. ROC curve for the modified Tal score as predictor
of a new visit to the emergency department
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the following 7 days. This was consistent with
the results obtained by Duarte-Dorado et al.,?
who showed that the higher severity score in a
bronchial obstruction scale similar to the modified
Tal score —which included saturation, wheezing,
retractions, and connection to the environment
as items— was associated with a greater need for
hospitalization.

It is worth mentioning that the J index is
the maximum vertical distance between the
ROC curve and the diagonal line.” In relation
to the cut-off points obtained in this study,
there is a greater probability of a new visit in
the following 7 days, which may suggest the
implementation of an early treatment and an
adequate monitoring. These observations confirm
what has been described in the Chilean guidelines
for the management of respiratory infections,
which establish a > 5 score as the cut-off point to
implement a brief procedure called abbreviated
hospitalization, which consists in administering
aerosol therapy and respiratory physical therapy
in the outpatient setting of the facility.”

The instrument’s reliability has been
previously assessed in a Chilean study conducted
by Urzta et al.,* who analyzed reliability between

medical students and pediatric residents and
concluded that agreement between observers
was poor. These results were confirmed in our
study, which found an 83 % measurement error
between observers (ICC = 0.17), possibly due
to the inherent differences in the training on
pediatric pulmonology between kinesiologists
and physicians.

It is worth pointing out that certain studies
consider the special training of observers for the
application of instruments in their experimental
protocols. These protocols have reported higher
reliability levels than those observed in this
study. McCallum et al.!* determined a high inter-
observer reliability (k: 0.70; 95 % CI: 0.63-0.83)
among different health care providers who had
previously received training.

One of the limitations of this study is that most
of the sample participants had a score between
0 and 5, which is equivalent to a mild bronchial
obstruction. This may have affected the possibility
of establishing a correlation between the studied
outcome measures. Likewise, it was not possible
to know the size of the correlation between the
outcome measures in the most severe conditions.
In addition, few children had complications in

FIGURE 2. Inter-observer reliability for measurement obtained with the modified Tal score
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the following 7 days, thus limiting the statistical
power of predictive validity. Therefore, future
studies are required to confirm such results.

It is also worth noting that most assessed
children lived in the urban perimeter of the
city, which may have influenced the external
validity of our results, considering that the city
of Concepcién has both an urban and a rural
demographic distribution.?

Finally, it may be concluded that the modified
Tal score applied in children younger than 3 years
with acute bronchiolitis or bronchitis has an
adequate predictive validity; however, it shows
a poor criterion validity when correlated to SaO,,
and a weak inter-observer reliability. It is worth
noting that future studies are required to verify
the potential impact on measurement properties
of a training program about the application of this
instrument in the population of interest. B
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