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ABSTRACT
Introduction: The Hospital Asthma Severity Score (HASS) was developed to communicate
inpatient asthma severity between providers. The purpose of this prospective study was to
validate the HASS against the Pediatric Respiratory Assessment Measure (PRAM) and spirom-
etry for assessment of inpatient asthma exacerbation severity in patients 2–18 years old, at a
single point-in-time.
Methods: This study was registered with clinicaltrials.gov (NCT02782065). Children admitted
to a tertiary care, free-standing children’s hospital were assessed for asthma severity using
the HASS, PRAM, and pulmonary function by spirometry. Inter-rater agreement of HASS and
PRAM scores was assessed between two blinded clinician raters. Spirometry results were
obtained by a certified pulmonary laboratory technician and correlated with HASS and
PRAM scores.
Results: The sample included 58 subjects. Allowing for a one-point difference in continuous
HASS and PRAM scores, inter-rater agreement was 79% for the HASS and 60% for the
PRAM. When the scores were categorized as mild, moderate, and severe, inter-rater agree-
ment was 62% for the HASS and 93% for the PRAM (p < .0001). Additionally, intra-rater
agreement between HASS and PRAM severity categories was 71% for Rater 1 and 64% for
Rater 2. A weak correlation was noted between both the HASS and FEV1 (r ¼ –0.31;
p¼ 0.11), and PRAM and FEV1 (r ¼ –0.30; p¼ 0.11) for the 29 subjects with acceptable spir-
ometry results.
Conclusions: The HASS and PRAM have acceptable inter-rater and intra-rater agreement.
These results support validation of the HASS for managing hospitalized patients during
asthma exacerbations.
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Introduction

Asthma is the leading chronic lung disease of children
(1). According to the 2018 Centers for Disease
Control report, 7.5% or approximately 5.5 million
children under the age of 18 in the United States were
diagnosed with asthma. Of those 5.5 million children,
half (50%) had at least one acute asthma exacerbation.
In 2017, there were over 500 000 emergency room vis-
its by children under age 18, and of those children,
185 died from their asthma (1). Boston Children’s
Hospital cares for more than 3500 children with a pri-
mary diagnosis of asthma annually. In total, these
patients account for over 7500 visits and admissions
to the hospital per year.

The Hospital Asthma Severity Score (HASS)
(Figure 1) was developed at Boston Children’s
Hospital in 2010 for use in inpatient management of
asthma (2). It was created to fill the void of a practical
tool that used reliable clinical guides regardless of age
or body habitus to accurately determine inpatient
asthma management through escalation or de-escal-
ation of therapies (3,4). Each individual component in
the HASS is rated from 1 to 3, resulting in an overall
score ranging from 5 to 15. Face validity of the HASS
consisted of consensus by a panel of over 20 providers
from intensive care units, the emergency department,
and acute inpatient floors. The first pilot study of the
HASS was completed with 140 patients and showed
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Figure 1. HASS and PRAM scoring tools.
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inter-rater agreement (rpooled ¼ 0.6–0.89) when allow-
ing for one-point difference between raters (2). Since
that time, the HASS has been used consistently
throughout the institution to communicate asthma
severity of pediatric patients between providers and
guide clinical care.

While there are many asthma severity tools found
in the literature, few have been formally validated
(5–8). Chacko et al. (5) identified the Pediatric
Respiratory Assessment Measure (PRAM) as a well
validated asthma severity tool through a systematic
review. Also Eggink et al. (7), when comparing five
asthma severity tools found the PRAM to be one of
the most valid. The PRAM was originally created to
address the void of a validated tool that could deter-
mine asthma severity in the 2 to 6 year old population
(9). It was then re-validated to incorporate a wider
pediatric age range from 2 to 17 years (10). The
PRAM individual components are rated on a scale of
0 to 2 or 3, with an overall score ranging from 0 to
12. In the original research by Chalut, a significant
correlation was found between the PRAM and a
change from baseline respiratory resistance measure-
ments at 8Hz by forced oscillation (Rfo8) (r¼ 0.58) in
a sample of children 3 to 6 years old (9). Ducharme
studied the predictive validity of the PRAM and
results demonstrated a statistically significant moder-
ate association between the PRAM and asthma hos-
pital admission rates (r ¼ 0.4, p< 0.0001) (10).

Given the PRAM had similar components and was
validated using comparable processes, it was consid-
ered the ideal tool for HASS validation. This is the
first study to validate the HASS against another vali-
dated asthma severity tool, the PRAM, and against an
objective measure of asthma severity, spirometry, for
patients 2–18 years old.

Methods

Design and setting

This prospective cohort study was conducted in a 404
bed urban, tertiary care, free-standing children’s hos-
pital on inpatient, intermediate and critical care units.
The hospital cares for local, regional, and international
patients.

Pre-enrollment procedures

The study was approved by the hospital’s Institutional
Review Board and registered with clinicaltrials.gov
(NCT02782065). Study staff was educated about the
study procedures including the HASS and PRAM. In

addition, agreement between a primary rater (Rater 1:
nurse) and five secondary raters (Rater 2: 2 nurses, 2
nurse practitioners, and 1 respiratory therapist) was
established for the HASS and PRAM with patients
who were not included in the study sample; data was
collected until 90% agreement was achieved.

Study procedures

Eligible subjects aged 2 to 18 years old were identified
by their primary diagnosis of asthma using the
inpatient electronic medical record system. Patients
were excluded from study participation if they were
on continuous albuterol, required advanced airway
protective therapies (i.e. noninvasive ventilation,
intubation), and/or if they had a diagnosis of bacterial
or viral lung infection, chronic lung disease, cardiac
or kidney disease. Written informed consent was
obtained by a parent/legal guardian and assent was
obtained from the child, when they were able to sign
their name.

Rater 1 and Rater 2 scored each subject with both
the HASS and PRAM tools at a single point in time
during the child’s hospitalization (Figure 2). These
single point assessments were completed at varying
times during the child’s hospitalization and after all
subjects had received some form of medical treatment
for asthma. When utilizing the HASS, the two raters
obtained oxygen saturation, retraction, and dyspnea
scores simultaneously. Auscultation and respiratory
rate scores were obtained independently. When utiliz-
ing the PRAM, the two raters obtained oxygen satur-
ation and retractions simultaneously, followed by
independent assessments of air entry for wheezing.
Blinding of the scores between the two raters was
achieved by completion of the HASS and PRAM tools
in a private area after leaving the patient’s room.

For each subject encounter, each rater received
their own envelope in which to place their scored
HASS and PRAM tools. The envelopes were labeled
with the subject’s unique study ID. After sealing their
envelopes, the raters signed their names over the
envelope seals to ensure integrity of data.

Immediately following completion of the HASS and
PRAM and before any additional medical interven-
tions (i.e. albuterol or use of peak flow meter) were
administered, the pulmonary laboratory technician
entered the patient’s room and prepared the child for
spirometry using ComPAS software on a Morgan
Scientific Inc. portable pneumotach spirometer
(Haverhill, MA). Spirometry was conducted per
American Thoracic Society (ATS) standards (11).
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Global lung function initiative predicted equations
served as the spirometry reference values (12). To
complete spirometry, the child was seated with a soft
clip placed on their nose. The child was given the
opportunity to perform the spirometry test a max-
imum of eight times to achieve acceptable and repeat-
able results. If the child could not perform spirometry
based on cooperativeness or inability to follow
instructions, the test was stopped. A member of the
research team (research coordinator or manager) not
involved in data collection conducted audits for every
20 subjects to ensure study procedure fidelity.

To facilitate blinding, spirometry results were elec-
tronically processed and transmitted for evaluation by
a board-certified pediatric pulmonologist with expert-
ise interpreting spirometry. The pulmonologist rated
the quality of the test for inclusion based on ATS
guidelines (13).

Data management

Data were managed by aligning subjects with a unique
study ID, and this information was maintained in an
electronic logbook. Using the study IDs, subjects’
demographics, HASS and PRAM scores, and spirom-
etry data were entered into the Research Electronic
Data Capture (REDCap) database. All data was double
checked for accuracy following transfer into REDCap.

Data analysis

Data entered into REDCap were exported to SAS 9.4
(SAS Institute, Cary, NC) for analysis. Descriptive sta-
tistics were used to describe the sample demographic
and clinical characteristics. For the HASS and PRAM
total summary scores, the percent agreement between
raters and the intraclass correlation coefficients were

computed. Percent of rater agreement was calculated
for the individual components of HASS and PRAM.
HASS and PRAM total scores were also collapsed into
three severity categories (mild, moderate, severe) and
the percent agreement between raters was calculated.

In this study, intra-rater agreement refers to the
with-in rater agreement between the PRAM and
HASS categorical ratings. This was calculated separ-
ately for Rater 1 and Rater 2. The intra-rater agree-
ment for Rater 2 was calculated by pooling the data
from the Rater 2 clinicians. Inter-rater agreement
refers to the agreement between the single clinician
who was Rater 1 and the second clinician rating the
patient (Rater 2), regardless of which clinician served
as Rater 2. Agreement percents are presented rather
than kappa because, when adjusting for chance agree-
ment in cases where agreement is high and samples
are small, as is the case with these data, kappa can be
difficult to interpret and paradoxical (e.g. high agree-
ment and negative kappa) (14,15). Fisher’s exact test
was used to compare rater agreement between the
HASS and the PRAM. Pearson’s correlation coefficient
was used to describe the association between the per-
cent predicted forced expiratory volume in 1 s
(%FEV1) by spirometry and the HASS total score.
The p values of less than 0.05 were considered statis-
tically significant.

Results

For the 58 subjects, there were 116 total observations
of HASS (Rater 1 and 2) and 116 observations of
PRAM (Rater 1 and 2). Length of stay for subjects
ranged between 0 and 6 days (mean ¼ 1.69) and study
assessments were completed on days 0 through 6 of
hospitalization (mean ¼ 1.03). There were nearly
equal numbers of males and females (Table 1).

Figure 2. Study procedures at a single point in time.
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Twenty-four (41%) subjects were under seven years of
age. The majority of subjects were either Black/
African American (40%) or Caucasian (30%). Subjects
were recruited from critical care (12.1%), intermediate
care (12.1%), and inpatient floors (75.8%). All subjects
were receiving nebulizer treatments for the manage-
ment of asthma: 1.7% every hour, 20.7% every two
hours, 32.8% every three hours, and 44.8% every four
hours. Two subjects (3%) were receiving nasal can-
nula oxygen.

When using continuous total scores to examine
agreement between the two raters, HASS had 29%

exact agreement compared to PRAM which had 28%
exact agreement. Allowing a one-point difference
between raters, there was 79% rater agreement for the
HASS and 60% rater agreement for the PRAM
(Figures 3 and 4). The mean total scores for the
HASS was 6.26 (SD: 1.36), and for the PRAM was
1.38 (SD: 1.62). Using Koo and Li (16) classifications
for intraclass correlation coefficients, moderate reli-
ability for the HASS (0.68; 95% CI 0.47, 0.82) and
PRAM (0.51; 95% CI 0.17, 0.71) total scores
was observed.

HASS and PRAM total scores were collapsed into
three severity categories: mild, moderate, and severe.
Using the HASS, Rater 1 scored 64% of the patients
as mild, 34% moderate and 2% severe. Using the
PRAM, Rater 1 scored 91% of the patients as mild,
9% moderate and none of the patients were catego-
rized as severe. The HASS severity categories had 62%
(36/58) agreement between Rater 1 and Rater 2, while
the PRAM had 93% (54/58) inter-rater agreement (p
< .0001). Upon examination of the individual compo-
nents of the HASS, there was minimal variation in
rater agreement for dyspnea, retractions and oxygen
saturation scores, but there was greater variation in
rater agreement for respiratory rate and auscultation.
For the PRAM scores there was minimal variation for
oxygen saturation and scalene muscle retraction, mod-
erate variation for suprasternal retractions, and greater

Table 1. Patient characteristics.
Patient characteristics of subjects (N¼ 58) n (%)

Sex
Male 28 (48.3)
Female 30 (51.7)

Age
Under 7 24 (41.4)
7–18 34 (58.6)

Race
Caucasian 17 (29.3)
Black/African American 24 (41.4)
Asian 2 (3.4)
Dominican 3 (5.2)
Other 4 (6.9)
Unknown 9 (15.5)

Ethnicity
Not Hispanic or Latino 36 (62.1)
Hispanic or Latino 13 (22.4)
Unknown 9 (15.5)

Figure 3. Continuous HASS inter-rater agreement.
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variation in the air entry and wheezing components
(Table 2). When intra-rater agreement between HASS
and PRAM categories was examined, the HASS and
PRAM agreement for Rater 1 was 71% and Rater 2
was 64% (Table 3).

The clinical assessment with HASS and PRAM
were performed a median of 3.0 (range 0–11) minutes
prior to spirometry. In total, 38 (66%) subjects per-
formed spirometry, with 76% of those yielding accept-
able results. There was a weak correlation between the

Figure 4. Continuous PRAM inter-rater agreement.

Table 2. Percent inter-rater agreement for HASS and PRAM components by severity category.a

All ages (N¼ 58) 2–6 years (n¼ 24) 7–18 years (n¼ 34)
Individual components % agree % agree % agree

HASS: Percent inter-rater agreement of HASS by its individual components, overall and for each age groupb

Oxygen saturation 95% 96% 94%
Auscultation 55% 50% 59%
Retraction 84% 83% 85%
Dyspnea 88% 91% 85%
Respiratory rate 59% 63% 56%

HASS total scorea 62% 46% 74%
PRAM: Percent inter-rater agreement of PRAM by its individual components, overall and for each age groupc

Oxygen saturation 86% 88% 85%
Air Entry 64% 75% 56%
Wheezing 48% 50% 47%
Suprasternal retractions 76% 79% 74%
Scalene muscle retraction 95% 100% 91%
PRAM total scorea 93% 100% 88%

aHASS and PRAM total scores were collapsed into three severity categories (mild, moderate, severe). The HASS total score was collapsed to three catego-
ries: 0–6 mild; 7–10 moderate; 11–15 severe. The PRAM total score was collapsed to three categories: 0–4 mild; 5–8 moderate; 9–12 severe. Agreement
on the total scores refers to agreement between raters on the severity category.

bValues represent the percent of rater agreement between HASS severity categories.
cValues represent the percent of rater agreement between PRAM severity categories.

Table 3. Intra-rater agreement between HASS and PRAM
severity categories.

Rater 1 Rater 2

All subjects 41/58 (71%) 37/58 (64%)
Under 7 16/24 (67%) 17/24 (71%)
7–18 25/34 (74%) 20/34 (59%)

Notes. Counts show the number and percent agreement between the
HASS and PRAM severity categories (mild, moderate, and severe)
for Rater 1 and Rater 2. HASS total score: 0–6 mild; 7–9 moderate;
10–15 severe. PRAM total score: 0–4 mild; 5–9 moderate;
10–12 severe.
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HASS total score and %FEV1 (r ¼ –0.31, p ¼ .11).
Also, there was a weak correlation between PRAM
total score and %FEV1 (r ¼ –0.30, p ¼ .11).

Discussion

There are a host of pediatric acute asthma severity
tools available, however many of these have not been
validated against other validated tools (6,17–20). Thus,
there is an essential need for a valid asthma severity
tool which provides a common language to describe
the severity of illness and to determine proper treat-
ment of and disposition for the child with asthma.
This study demonstrated that the HASS works as well
as the PRAM at determining asthma severity in chil-
dren aged 2 to 18 admitted to the hospital with mild
to moderate asthma exacerbations at a single point-
in-time.

Our findings showed that the HASS and PRAM
had comparable agreement (29% and 28% respect-
ively) when examining continuous total scores; the
HASS had better inter-rater agreement (79%) as com-
pared to the PRAM (60%), when allowing for a one-
point difference in score; while the PRAM had better
inter-rater agreement for severity classification as
compared to the HASS (62% and 93% respectively).
When each component of the HASS was examined,
dyspnea, retractions, and oxygen saturation had very
minimal variation across raters (> 80% agreement).
However, more variation was noted for auscultation
of breath sounds and respiratory rate by independ-
ent raters.

When studying 25 children with asthma aged 1 to
12 years, Maekawa et al. (21) also demonstrated lower
inter-rater reliability for specific components of the
Modified Pulmonary Index Score, another pediatric
asthma severity tool. These investigators found oxygen
saturation (r ¼ 1.0), heart rate (r ¼ 0.92), and,
respiratory rate (r ¼ 0.74) to have high inter-rater
reliability overall. However, for patients aged 1 to
5 years, inter-rater reliability for respiratory rate was
noticeably lower (r ¼ 0.54).

Interestingly, in the present study, inter-agreement
was greater for the PRAM as compared to the HASS.
However, the scalene muscle retraction component
was rarely observed, with most subjects scoring zero,
resulting in high rater agreement for that individual
component. Inclusion of the scalene muscle retraction
component artificially inflated the overall inter-rater
agreement for the PRAM. In the original PRAM study
by Chalut et al. (9), only 2% of the 217 preschoolers
aged 3 to 6 years old with asthma had abnormal

scalene muscle retractions. This is consistent with our
findings, only 2.6% of the 116 observations revealed
scalene muscle retractions. Also as stated by Arnold
et al. (22) in a discussion of the PRAM, inclusion of
scalene muscle retractions may only be recognized by
palpitation or electromyography, making this assess-
ment difficult without special training. The HASS, as
compared to the PRAM, includes easily attainable
objective and subjective components that do not
require special training or equipment to obtain the
measures leading to a potentially more realistic
description of the patient’s severity of illness, with a
corresponding score to guide management.

In the present study, there was acceptable intra-
rater agreement between the HASS and PRAM sever-
ity categories (71% and 64% respectively), although as
previously noted, the PRAM had better inter-rater
agreement for severity categorization. This finding
demonstrates that raters could consistently utilize the
tools to determine severity of illness. Categorization of
the scores into mild, moderate, and severe can help
determine the management of patients with asthma.
Categorization of severity assists the provider in deter-
mining the next course of action for the patient, such
as admission and discharge, transfers between the
acute inpatient and critical care unit, or increasing/
decreasing the frequency of albuterol and other inter-
ventions. While categorization using a scale can be
helpful in inpatient management of asthma, Schroeder
et al. (6) found when comparing an asthma severity
tool that yields a numerical score to an asthma sever-
ity tool that yields a category, numerical scores may
be more useful in guiding patient management.
Schroeder found a stronger correlation between the
numerical asthma severity score and clinical assess-
ment (r¼ 0.80; p < .001) as compared to categoriza-
tion of asthma severity using a scale (r¼ 0.57; p <

.001). These authors also showed that clinicians found
the asthma severity numerical score more usable in
the clinical setting as compared to categorization (3.68
vs. 3.38 respectively using a 5-point Likert scale).
Categorization may limit the clinician’s ability to
trend scores. For example, categorization of
“moderate” does not convey whether or not the
asthma symptoms are trending toward less or more
severe, however a series of actual scores would let the
clinician know if the score is stable, improving, or get-
ting worse, even if the score falls within the moderate
severity categorization. For example, serial hourly
HASS scores of 7, 9, 9, 9 indicate persistently con-
cerning severity.
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Categorization is also important to consider when
conducting validation studies. A difference of one
point can result in a different severity category and
can influence the reported reliability of the tool. As
shown in this study the HASS performed better as
compared to the PRAM when the actual scores were
analyzed, and not as well as the PRAM when the
scores were categorized.

With regard to the HASS scores and %FEV1, there
was a small but not statistically significant correlation
between these measures. Other studies show that
asthma severity tools do not correlate with spirometry
results (23–25). Studies have found that hospitalized
children with asthma are unable to perform spirom-
etry or cannot perform spirometry well enough to
yield acceptable results (24,26).

A key component of providing care to the patient
with asthma is the ability to assess and describe the
severity of their illness at any point-in-time. While
spirometry is used as an objective measure for asthma
severity, it is not considered a practical tool for use
during a child’s hospitalization, which can range from
several hours to several days. To achieve accurate
measurements the patient must blow into the device,
which can be difficult for a patient when they are
experiencing an acute asthma exacerbation. Notably
Smith et al. (27), while studying a sample of 46 chil-
dren aged 5 to 17 years, declared that a measurement
of airway obstruction (i.e. spirometry) cannot reliably
serve as an asthma severity tool in the clinical setting.
Scoring systems are based on physical exam findings
and do not measure airway obstruction (27). As the
clinical appearance of a child with asthma improves
with treatment, the underlying obstruction may not
normalize for several weeks. This delayed improve-
ment of airway obstruction further explains why there
is a lack of correlation between the HASS and spirom-
etry in this study, and therefore spirometry should
not serve as the basis for establishing validity of an
asthma severity tool.

Limitations

During the course of the study, enrollment was con-
fined to inpatient units, this along with improvements
in the care of patients with asthma at the study site
led to a decreased number of patients eligible for
enrollment (3,4). This, along with the exclusion of
children on continuous albuterol, advanced airway
protective therapies, and/or a diagnosis of bacterial or
viral lung infection, chronic lung disease, cardiac or
kidney disease resulted in a small sample size for this

study. However, decreased variability of the study
sample had the benefit of limiting the number of
potential confounding variables.

Evaluation of subjects throughout the course of
their illness or specific interventions in relation to
asthma management was not undertaken. Routine use
of the HASS at the study site could be perceived as a
bias, however findings demonstrated acceptable intra-
rater agreement when scoring both HASS and PRAM.
Also, since patients could not be assessed with spir-
ometry when experiencing severe asthma, such as
those managed with continuous albuterol or advanced
airway protective therapies, patients with more severe
asthma exacerbations were not included in the
study sample.

In this study, raters did not auscultate the lungs or
obtain the respiratory rate at the same time, which
could have resulted in lower inter-rater agreement. A
cough or change in positions between raters could
have impacted scores for the auscultation component.
Also, it is possible that inconsistencies occurred when
obtaining respiratory rates. Some raters may have
counted respirations for 15 s and multiplied times
four, while others may have counted respirations for a
full minute. This variation in auscultation and respir-
ation scores was not anticipated therefore obtaining
measurement for these components was not standar-
dized. Recommendations for future utilization of the
HASS include a standardized measurement approach
for obtaining auscultation and respiratory rate compo-
nents. Lastly, the total number of spirometry tests and
the number of unacceptable spirometry tests were also
limiting factors in this study.

Conclusion

The focus of this study was to examine the validity of
the HASS asthma severity tool at a single point-in-
time. Findings demonstrate the intra-class correlation
coefficient of the HASS was higher than the PRAM.
Both the HASS and PRAM demonstrated acceptable
inter-rater and intra-rater agreement. Validation of
the HASS was limited by using spirometry as a com-
parison. Future validation efforts should be limited to
comparisons with validated tools that are used for
assessment of patient’s physical exam findings.
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