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Objective: Several respiratory scores have been created to evaluate bronchiolitis' severity level, but it is still
not clear which is the best score. The aim of this study is to compare the Wang Respiratory Score (WRS) and
the Kristjansson Respiratory Score (KRS) in the setting of an emergency room.
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Methods: We performed a prospective observational study with 60 infants with bronchiolitis admitted to a
paediatric emergency department. For both scores, we assessed inter-rater reliability between two di®erent
health professionals (physician and physiotherapist), internal consistency, and correlation with SpO2 testing
the intraclass-correlation coe±cient (ICC), weighted kappa, Cronbach � coe±cient and Spearman tests,
respectively.
Results: The inter-rater reliability was higher in KRS (ICC 0.79) and the Cronbach � and weighted kappa
had similar values in KRS versus WRS. The correlation between the KRS/WRS and SpO2 was poor/
moderate upon admission and discharge for the ¯rst observer and the second observer.
Conclusions: While the internal consistency was similar in both scores, inter-rater reliability of KRS was
higher than WRS, which allows us to conclude that it would have more consistent results when used to assess
bronchiolitis' level of severity by health personnel in a busy hospital emergency room.
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Introduction and Objectives
Acute bronchiolitis, an in°ammation of the lower
respiratory tract, is one of the most common re-
spiratory diseases a®ecting infants and it imposes
an enormous burden on healthcare resources
worldwide.1 In most cases, however, it is a self-
limited condition and one that can be treated at
home.1–3 In fact, only 1–3% of children need to be
hospitalized.4,5 Aspects such as clinical history,
respiratory parameters, risk factors and oxygen
saturation levels, are used by physicians in emer-
gency departments to distinguish between a mild,
moderate or severe case of bronchiolitis, in order to
decide if hospitalization is necessary.3

An accurate assessment of the level of severity is
thus crucial in the case of bronchiolitis for two
main reasons: (a) to decide on the need for close
monitoring and hospitalization; and (b) for re-
search purposes, to allow comparisons between
study groups. Several respiratory scores have been
created to assess the level of severity and progres-
sion of the disease as well as the e±cacy of thera-
peutic interventions. Examples of such scores are
the Tal Score,6 the Modi¯ed Tal Score (MTS),7 the
Respiratory Distress Assessment Instrument
(RDAI),8 the Wang Respiratory Score (WRS)9

and the Kristjansson Respiratory Score (KRS).10

Most of these scores use the main clinical signs of
bronchiolitis for assessment of severity level, not
being clear which is the best score and which
should be used in a given setting.

Currently, the RDAI is the score most com-
monly used by physicians in a clinical trial setting,
but although it has adequate inter-rater reliability,
the construct validity ranges from poor to moder-
ate. In addition, its use by health professionals can

be challenging,11 as it is di±cult to evaluate the
presence of wheezing throughout the respiratory
cycle at high respiratory rates.

In the context of this study, we have decided to
examine WRS9 and KRS,10 scores speci¯cally de-
veloped to assess bronchiolitis' severity level. The
motivations behind this choice were threefold: (a)
the acknowledged need for a score easy to use in a
hospital emergency by health professionals other
than physicians; (b) the advantage of being easy to
apply in emergency departments; and (c) the fact
that these scores had been designed on the basis of
speci¯c physical parameters common in children
with acute lower airway infections, such respira-
tory frequency, chest recessions and wheezing.12,13

Both scores are very similar in terms of the
parameters they include (the di®erence being that
KRS additionally includes `skin color'), and had
never been studied/used by di®erent health pro-
fessions. Chin and Seng14 study was the ¯rst which
compared these two scores, but included only
physicians. The purpose of this study is to compare
WRS and Kristjansson Score and establish the
inter-rater reliability and internal consistency
when used by physicians and a physiotherapist.

Materials and Methods

Study design and population

This was a prospective observational study in a
convenience sample of Portuguese infants admitted
with acute bronchiolitis. Data were collected be-
tween January and May of 2010, in the paediatric
emergency department of the Centro Hospitalar
Universit�ario São João, Porto (CHUSJ), a tertiary

146 F. R. Pinto, L. Correia-Costa & I. Azevedo



care hospital. Inclusion criteria were: all children
aged less than 24 months diagnosed with bronchi-
olitis by a physician from one of two di®erent
emergency teams working on Monday and
Wednesday (from 4 p.m. to 2 a.m.) or Saturday
and Sunday (from 9 a.m. to 2 a.m.) in weekend.
Children with history of prematurity, underlying
cardiopulmonary disease or immunode¯ciency
were not excluded from the study, since the aim of
this study was to evaluate the performance of re-
spiratory scores in de¯ning the level of respiratory
distress, regardless of the presence of risk factors.
Exclusion criterions were as follows: all children
with severe hypoxemia, needing oxygen supple-
mentation or needing invasive or non-invasive
ventilation. These are all criteria for inpatients
with bronchiolitis and thus not compatible with
this study focused on outpatients only.

Assessment

Two observers (one physician and one physio-
therapist) independently assessed all children using
both WRS (Table A.5) and KRS (Table A.6) in
the paediatric emergency department. This was
completed upon admission and discharge within a
time frame of approximately 15min between
observations. The ¯rst assessment was always
made by the physician, being the physiotherapist
the second before the medical treatment starts.
Before the start of the study, all observers were
briefed on the purpose of the study and how to ¯ll
in each respiratory score. The ¯rst observer (from a
group of 24) was a physician, a paediatrician or a
resident in paediatrics, and the second observer
was one physiotherapist, the main investigator.
The physician's years of experience were not taken
into account and their inter-rater reliability was
based in the Chin and Seng14 study, when dis-
tributing the cases in the emergency department
and each observer was blinded to the other obser-
ver's assessment. The children were evaluated in a
calm environment, while awake and not crying.

The WRS is a 4-item score which includes re-
spiratory rate, wheezing, chest retraction and
general condition. Each clinical sign is scored from
zero to three except for the general condition,
which is scored zero for normal, or three for irri-
tability or lethargy. The total score ranges from
0 to 12.9 The KRS is a 5-item score which includes
respiratory rate, chest recessions/retractions,
breath sound/wheezing, skin color and general

condition. Each clinical sign is scored from zero to
two and the total score ranges from 0 to 10.10 Both
scores establish severity as the total score increases.

The respiratory rate was determined by count-
ing the number of breath cycles during 60 s. Chest
recessions/retractions, skin color and general con-
dition were assessed by observation and breath
sounds/wheezing with a stethoscope.

The SpO2 was recorded in all children, while
breathing room-air, with a pulse-oximeter (Dina-
map DPC301N-PR, GE Medical Systems Infor-
mation Technologies, Inc. Milwaukee, USA). The
maximum SpO2 was determined both upon ad-
mission and discharge, after the pulse-oximeter had
been branched for at least two minutes. If the SpO2

was below 92%, supplemental oxygen was provided
to the patient.

For each patient, additional baseline data were
collected, including demographic data, personal
and family past medical history. This comprised of
medical diagnosed food allergies, rhinitis, asthma
and atopic dermatitis, exposure to tobacco smoke,
contact with other children, parents schooling
level, and medication administered in the emer-
gency department, including supplemental oxygen.

This study was approved by the Ethics Com-
mittee of the CHUSJ, Porto. It also complied with
the Helsinki Declaration and the current national
legislation. Verbal and written consent was
obtained from caregivers on behalf of all children
enrolled in this study.

Statistical analysis

Data were analyzed using IBM SPSS Statistics
version 23.0. A Kolmogorov–Smirnov normality
test was used and a p value of p ¼ 0:002 suggested
strong non-normality, leading us to the use non-
parametric tests to analyze the data. Skewed
variables are presented as median and 25th and
75th percentiles. Di®erences between groups were
evaluated using Mann–Whitney tests, for contin-
uous variables, or Chi-square tests, for categorical
variables. The internal consistency of scores items
was evaluated by calculating the Cronbach � co-
e±cient; values above 0.70 were considered to
represent a good internal consistency.15,16 Inter-
rater reliability of the scores between the ¯rst and
the second observer were determined using
weighted kappa for ordinal variables and intra-
class-correlation coe±cient (ICC) for continuous
variables, on mean-rating (k ¼ 2), one-way
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random-e®ects model.17,18 Power of ICC was
established post hoc. The idea of using weighted
kappa is that disagreements involving distant
values are weighted more heavily than disagree-
ments involving more similar values. Agreement
was considered to be almost perfect if k was
greater than 0.80, substantial if within the range
0.61–0.80, moderate if within the range 0.41–0.60,
fair if within the range 0.21–0.40, and slight if
below 0.20.18,19 The correlation of total respiratory
scores with SpO2 was determined using Spearman
tests, considering �0:25 as little or no correlation,
fair if within the range 0.25–0.50, moderate to good
if within the range 0.50–0.75, and good to excellent
if �0:75.20 A p value of less than 0.05 was consid-
ered statistically signi¯cant.

Results

Sixty children were enrolled (median age of
6 (4–10) months) of which 51.7% had six months or
less and 21 were male (54.5%). Ten children had a
history of prematurity or presented a previous di-
agnosis of a cardiopulmonary disease. Moreover,
50% of the children were diagnosed with a ¯rst
episode of bronchiolitis. The baseline character-
istics of the sample, according to the age group
(<¼ or > 6 months of age), are depicted in
Table A.1.

The median value of SpO2 was 96% (93–98)
upon admission and 97% (95–99) at discharge. In
the emergency department, 15% of children
(n ¼ 9) were managed without speci¯c therapeutic
interventions while all the others were treated with
bronchodilators, hypertonic saline, and/or oral
steroids. Oxygen was prescribed in 3.3% of cases
(n ¼ 2) (Table A.1). 75% (n ¼ 45) of the children
were discharged from the emergency department
(Table A.1).

The data collected through the WRS and KRS
respiratory scores are detailed in Table A.2.
The median (IQ) score of WRS was 5.5 (4–7) and 6
(5–9) upon admission, and 3 (2–5) and 5 (3–7) at
discharge, for the ¯rst (physician) and second
(physiotherapist) observer, respectively. The me-
dian score of KRS was 4 (3–5) and 4.5 (4–5) upon
admission, and 3 (2–4) and 3 (3–5) at discharge, for
the ¯rst and second observer, respectively.

There was a fair correlation between KRS/WRS
and SpO2 upon admission and discharge for the
¯rst observer and the second observer (Table A.3).

The inter-rater reliability was good for KRS (ICC
0.78) and moderate for WRS (ICC 0.69), with a
power of 0.756 (Table A.3). Internal consistency of
KRS was graded as su±cient with a Cronbach �
ranging from 0.43 to 0.78 (Table A.4). The inter-
rater reliability for individual clinical signs in KRS
was similar to WRS, with weighted kappa ranging
from 0.21 (0.04–0.39) to 0.50 (0.33–0.68), and the
respiratory rate presented the highest reliability
with a kappa value of 0.50 (0.33–0.68), followed by
chest recession with 0.46 (0.23–0.64), skin color
with 0.46 (0.13–0.78), breath sounds with 0.36
(0.15–0.57) and general condition 0.21 (0.04–0.39)
(Table A.4).

Discussion

In this study, we report a su±cient internal valid-
ity and good reliability of both scoring systems,
when applied by physicians and a physiotherapist
to assess the clinical severity of a child's observed
bronchiolitis in the setting of a busy emergency
department. Both scores performed well with each
item signi¯cantly contributing to the overall
score. The correlation with SpO2 was fair in both
scores and the inter-rater reliability obtained a
correlation magnitude higher in the KRS than in
the WRS.

The SpO2 determined by pulse oximeter is
usually used by physicians to establish bronchioli-
tis severity, but should be considered alongside
other factors such as respiratory frequency, heart
rate, age and feeding intake to get the most
accurate assessment of bronchiolitis level of sever-
ity.3,21,22 The average negative correlation between
SpO2 and both respiratory scores obtained in our
study was similar to that reported by Chin and
Seng.14 The fair correlation could not be seen as a
negative outcome because a large °uctuation of
SpO2 is normal during a bronchiolitis episode and
it is normal to observe low levels of SpO2 in light or
moderate bronchiolitis.22 This could be the reason
for the fair correlation with both scores.

Despite the fact that the physician's level of
experience varied considerably, the inter-rater
agreement was found to be good. The respiratory
rate was shown to be the best parameter to de-
termine respiratory distress in both scores and for
both observers, followed by breath sounds/wheez-
ing in WRS and chest recessions in KRS. These
¯ndings were expected and other researchers have
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also previously reported that objective physical
signs present a higher inter-rater agreement than
subjective physical signs.9,23

General condition showed to be the least reliable
parameter in both respiratory scores. This may be
explained in part by the brief explanation of scores
given to ¯rst observers and by the subjectivism of
this parameter. In the case of KRS, observers had a
footnote explaining that under `General Condi-
tion', observers should assess the general com-
plexion of children in addition to asking caretakers
if they had noticed a food intake decrease or change
in sleeping pattern. However, in the case of WRS,
observers did not have this kind of guidance and
could only score as zero or three upon a simple
observation of children complexion at that mo-
ment. This might have led to doubt in cases with
small decreases in nutrition intake or slight alter-
ation in sleeping pattern — in most cases, these
were recorded as a zero when they should have
been recorded as 3.9,10

Our study did not aim to determine a model for
predicting admission but to examine the inter-rater
agreement of the scoring system when used by
di®erent health professionals with di®erent levels of
experience, not only for clinical purposes but also
for research purposes. We can consider that this
objective was accomplished as we reported an
inter-rater reliability higher than 0.70, with KRS
obtaining 0.78 and WRS 0.69.

One of the identi¯ed strengths of our study was
the fact that among the participants not only
children with a ¯rst episode of bronchiolitis
were included, but also children with exclusion
factors (e.g., cardiopulmonary disease, prematuri-
ty) allowing us a larger generalization in terms of
population. Another positive aspect was the fact
that the assessments between observers were all
performed within 15min of each other — this not
only followed the practice in other studies7,24 and
allowed comparison, but also reduced the proba-
bility of having the change in the children's clinical
condition interfering with the clinical score
assignment.

Most of the previous comparative studies
between two scores, or treatments e±cacy studies
using one speci¯c score, were conducted in inpa-
tients and only few studies have been conducted in
an emergency department environment and out-
patients.21,25–27 This is probably due to the fact
that it is easier to obtain a sample of hospitalized

patients than that of outpatients, since it is un-
predictable when eligible patients access the
emergency department and are in conditions to be
discharged home. In our study, although recog-
nizing the challenges of recruiting patients in the
emergency department, we speci¯cally tried to
evaluate the performance of respiratory scores used
by di®erent health professionals in an emergency
department. In a hospital, this is after all the ¯rst
point of call for patients with bronchiolitis and a
very di®erent setting from the regular ward, given
the higher number of patients and medical per-
sonnel. It was thus a particularly positive result to
¯nd a good KRS inter-rater reliability and a su±-
cient internal consistency in this di®erent setting.

Some of the limitations of our study were the
sample size and the study design, which limited our
capacity to assess other important properties of
the scores, namely their construct validity in re-
gard to decision to admit or discharge comparing
with length of stay, and responsiveness. The
number of physicians and the number of phy-
siotherapists involved should be more balanced,
given that in this study, the unbalanced distribu-
tion turned out to limit our ability to calculate a
more accurate inter-rater reliability. The di®erence
in number of physicians and physiotherapists also
violated some Kappa calculation, leading to an
overestimation of the results which should be taken
as a reference only.

Finally, another limitation was the insu±cient
information briefed to physicians, with no previous
contact with the respiratory scores — this has led
to unforeseen di±culties which might explain some
of the reported inconsistencies.

In a future larger study, the construct validity of
KRS should be established to prove the utility of
this score in an emergency department.

Conclusions

Both respiratory scores and most of the physical
signs showed high agreement between observers.
In fact, both scores present similar results in re-
gard to their internal consistency. However, given
that inter-rater reliability was higher in KRS than
in WRS, KRS seems more consistent for use by
health personnel in the assessment of children
with bronchiolitis in the setting of an emergency
room.
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Appendix A

Table A.1. Baseline characteristics of participants and selected outcomes according to age groups.

�6 Months (n ¼ 31) > 6 Months (n ¼ 29) p value

Demographics characteristics
Gender, male, n (%) 21 (54.5) 19 (47.5) 0.004
Clinical history
Prematurity, n (%) 3 (9.7) 2 (6.9) > 0:001
Cardiopulmonary disease, n (%) 1 (3.2) 4 (13.8) > 0:001
First episode of bronchiolitis, n (%) 20 (64.5) 13 (44.8) 0.577
Oxygen saturation
At admission, median, IQR 97 (95–99) 96 (92–97) 0.088
At discharge, median, IQR 98 (95–100) 97 (95–98) 0.056
Hospital admission, n (%) 9 (29.0) 6 (20.7) 0.020

Notes: Values presented are n (%) or median (P25–P75); mo: months; Entr/Disch: entrance/discharge.

Table A.2. Total respiratory scores at admission and discharge, by observers.

Admission Discharge

WRS 1st Obs., median (IQR) 5.5 (4–7) 3.0 (2–5)
2nd Obs., median (IQR) 6.0 (5–9) 5.0 (3–7)

KRS 1st Obs., median (IQR) 4.0 (3–5) 3.0 (2–4)
2nd Obs., median (IQR) 4.5 (4–5) 3.0 (3–5)

Notes: WRS: Wang respiratory score; KRS: Kristjansson respiratory score; Obs.:
observer.
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Table A.3. Correlation of SpO2 with totals of WRS and KRS and Inter-rater reliability between the two observers.

SpO2

1st Observer 2nd Observer

Admission Discharge Admission Discharge ICC

WRS �0:299 �0:313 �0:295 �0:409 0.686 (p ¼ 0:001; 95% CI ¼ 0:475–0.812)
(p ¼ 0:020) (p ¼ 0:015) (p ¼ 0:022) (p ¼ 0:001)

KRS �0:397 �0:349 �0:324 �0:427 0.780 (p ¼ 0.001; 95% CI ¼ 0:633–0.868)
(p ¼ 0:002) (p ¼ 0:006) (p ¼ 0:012) (p ¼ 0:001)

Notes: SpO2: Oxygen saturation; WRS: Wang Respiratory Score; KRS: Kristjansson Respiratory Score; ICC: Intraclass
Correlation Coe±cient.

Table A.4. Internal consistency and inter-rater reliability for individual
clinical signs in WRS and KRS.

Cronbach � values Weighted kappa (95% CI)

WRS Respiratory rate 0.78 0.52 (0.35–0.69)
Chest retraction 0.76 0.39 (0.19–0.59)

Wheezing 0.68 0.50 (0.33–0.66)
General condition 0.43 0.23 (0.03–0.43)

KRS Respiratory rate 0.69 0.50 (0.33–0.68)
Chest recession 0.65 0.46 (0.23–0.64)
Breath sounds 0.70 0.36 (0.15–0.57)

General condition 0.53 0.21 (0.04–0.39)
Skin color 0.69 0.46 (0.13–0.78)

Notes: WRS: Wang Respiratory Score and KRS: Kristjansson Respiratory
Score.

Table A.5. Wang respiratory score.

Score 0 1 2 3

Respiratory Rate
(breaths/minute)

< 30 30–45 46–60 > 60

Wheezing None Terminal expiration or only
with stethoscope

Entire expiration or audible on
expiration without
stethoscope

Inspiration and
expiration without
stethoscope

Retraction None Intercostal recession Trachea-sternal recession Severe with nasal °ow
General Condition Normal Irritable/lethargic/poor

feeding

Comparison of Kristjansson Respiratory Score and Wang Respiratory Score 151



References

1. Baraldi E, et al. Inter-society consensus document
on treatment and prevention of bronchiolitis in
newborns and infants. Ital J Pediatr 2014;40:65.

2. Gonzalez de Dios J, Ochoa Sangrador C, Grupo de
Revision del Proyecto a B. Consensus conference on
acute bronchiolitis (IV): Treatment of acute bron-
chiolitis. Review of scienti¯c evidence. An Pediatr
(Barc) 2010;72(4):285e1-42.

3. Ralston SL, et al. Clinical practice guideline: the
diagnosis, management, and prevention of bron-
chiolitis. Pediatrics 2014;134(5):e1474–502.

4. Mendes-da-Silva A, et al. Trends in hospitalization
for acute bronchiolitis in Portugal: 2000–2015.
Pulmonology 2019;25(3):154–61.

5. Green CA, et al. Admission to hospital for bron-
chiolitis in England: Trends over ¯ve decades,
geographical variation and association with peri-
natal characteristics and subsequent asthma. Arch
Dis Child 2016;101(2):140–6.

6. Tal A, et al. Dexamethasone and salbutamol in the
treatment of acute wheezing in infants. Pediatrics
1983;71(1):13–8.

7. McCallum GB, et al. Severity scoring systems: Are
they internally valid, reliable and predictive of ox-
ygen use in children with acute bronchiolitis?
Pediatr Pulmonol 2013;48(8):797–803.

8. Lowell DI, et al. Wheezing in infants: The response
to epinephrine. Pediatrics 1987;79(6):939–45.

9. Wang EE, et al. Observer agreement for respira-
tory signs and oximetry in infants hospitalized with
lower respiratory infections. Am Rev Respir Dis
1992;145(1):106–9.

10. Kristjansson S, et al. Nebulised racemic adrenaline
in the treatment of acute bronchiolitis in infants
and toddlers. Arch Dis Child 1993;69(6):650–4.

11. Fernandes RM, et al. Validity of bronchiolitis
outcome measures. Pediatrics, 2015;135(6):e1399–
408.

12. Mosalli R, et al. Value of a risk scoring tool to
predict respiratory syncytial virus disease severity

and need for hospitalization in term infants. J Med
Virol 2015;87(8):1285–91.

13. PraznikA, et al. Risk factors for bronchiolitis severity:
A retrospective review of patients admitted to the
university hospital from central region of Slovenia.
In°uenza Other Respir Viruses 2018;12(6):765–71.

14. Chin HJ, Seng QB. Reliability and validity of the
respiratory score in the assessment of acute bron-
chiolitis. Malays J Med Sci 2004;11(2):34–40.

15. Tavakol M, Dennick R, Making sense of Cron-
bach's alpha. Int J Med Educ 2011;2:53–55.

16. Taber K, The Use of Cronbach's Alpha when de-
veloping and reporting research instruments in
Science education. Res Sci Educ 2016;48(6):1273–
96.

17. Koo TK, Li MY, A guideline of selecting and
reporting intraclass correlation coe±cients for
reliability research. J Chiropr Med 2016;15(2):155–
63.

18. Cyr L, Francis K, Measures of clinical agreement
for nominal and categorical data: The kappa coef-
¯cient. Comput Biol Med 1992;22(4):239–46.

19. Landis JR, Koch GG, The measurement of ob-
server agreement for categorical data. Biometrics,
1977;33(1):159–74.

20. Portney LG. Foundations of Clinical Research:
Applications to Practice. 2020: Prentice Hall, 3rd
edition.

21. Marlais M, Evans J, Abrahamson E. Clinical pre-
dictors of admission in infants with acute bronchi-
olitis. Arch Dis Child, 2011;96(7):648–52.

22. Hendaus MA, Jomha FA, Alhammadi AH. Pulse
oximetry in bronchiolitis: is it needed? Ther Clin
Risk Manag, 2015;11:1573–78.

23. Gajdos V, et al. E®ectiveness of chest physiother-
apy in infants hospitalized with acute bronchiolitis:
a multicenter, randomized, controlled trial. PLoS
Med 2010;7(9):e1000345.

24. Destino L, et al. Validity of respiratory scores in
bronchiolitis. Hosp Pediatr 2012;2(4):202–9.

25. Khanal A, et al. Nebulised hypertonic saline (3%)
among children with mild to moderately severe

Table A.6. Kristjansson respiratory score.

Score 0 1 2

Respiratory Rate (breaths/minute) < 40 40–60 > 60
Chest Recession None Moderate (costodiaphragmatic) Severe (as in 1 plus rib & jugular

retraction)
Breath Sound Vesicular Wheeze þ=� rhonchi/rale Severe wheeze þ=� rhonchi/rale
Skin Color Normal Pallor Cyanosis
*General Condition Not a®ected Moderately a®ected Severely a®ected

Notes: *(a) Not a®ected if activity and feeding is normal; (b) moderately a®ected if activity and feeding is less than normal
and (c) severely a®ected if child looks ill and feeds poorly.
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