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There are limited validated severity measures for acute asthma exacerbations that can be
measured in all subjects regardless of age or ability to cooperate and that are sufficiently
comprehensive and sensitive to be used as an outcome measure for research protocols. The
13-point (0 – 12) Pediatric Respiratory Assessment Measure (PRAM) was developed in
young children with exacerbations using airway resistance as the reference measure and
discriminated baseline severity and responsiveness after treatment.1 We have reported that
the RAD score, a simple bedside severity score for pediatric patients with acute asthma
exacerbations, performs as well as the PRAM score.2

The PRAM includes scalene retractions (Table), a sign that the PRAM developers noted in
only 2% of their participants before treatment. Although the PRAM developers note that a
training lecture and demonstration were used for score assessors, to our knowledge this
teaching tool has not been reported.1 In addition, it has long been recognized that scalene
retractions may be consistently ascertained only by palpation or electromyography and that
this assessment may be difficult.3 In a prospective research protocol of pediatric patients
with acute asthma exacerbations, we experienced the same difficulty in being able to
visually discern scalene muscle retractions. Because of this, we studied the substitution of
scalene muscle retractions with visual intercostal and subcostal retractions and expiratory
phase prolongation.

This modification also allows for an acute asthma severity score with a greater number of
relevant components that have been used in previous scores, are easy to observe, and might
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more fully capture the variability of exacerbation severity needed for research protocols.4

These modifications resulted in a 17-point (0 – 16) Acute Asthma Intensity Research Score
(AAIRS) that excludes scalene and includes intercostal and subcostal retractions, as well as
expiratory phase prolongation. Our objectives were to assess discrimination of baseline
severity and responsiveness of the PRAM and AAIRS and the distributions of score values
in children with exacerbations.5–7

To assess score discrimination and responsiveness, we studied a prospective cohort aged 5–
17 years presenting to a tertiary, academic pediatric emergency department with acute
asthma exacerbations. AAIRS component values were specified a priori (as done by the
PRAM developers) and corresponded to those of the PRAM to facilitate comparative
assessment of performance.1 Each score was calculated on presentation and after 2 hours of
treatment. Predictor variables were baseline PRAM and AAIRS and change of each score
after 2 hours of treatment (ΔPRAM, ΔAAIRS). Criterion standard outcome variables used
to examine discrimination and responsiveness of each score were percent-predicted forced
expiratory volume in 1-second (%FEV1) and 2-hour proportionate change expressed as
percent (Δ%FEV1) in those who could perform this test at each time point. We performed
linear regression of baseline %FEV1 on baseline PRAM or AAIRS in two separate models.
In two other models, Δ%FEV1 was regressed on ΔPRAM or ΔAAIRS, baseline %FEV1, and
the baseline value of the corresponding score. Linear spline functions were used in both sets
of models to allow for nonlinear relationships between each predictor and the respective
outcome. Ninety-five percent confidence intervals (95% CI) were calculated using
bootstrap resampling techniques with 1,000 replications. The study protocol was approved
by our institutional IRB.

Of 661 unique subjects, median [IQR] age was 8.8 [6.9, 11.3], 60% were male, and 59%
were African-American. Accessory muscle use was visually observed in: Scalene, 2 (0.3%);
sternocleidomastoid, 362 (55%); intercostal, 110 (17%); and subcostal, 113 (17%).
Prolonged expiratory phase was noted in 329 (50%) and severely prolonged expiratory
phase in 45 (7%). Baseline scores were: PRAM 4 [1, 5], range 0–9 (SD 2.32); AAIRS 5 [1,
8], range 0–14 (SD 3.53). Baseline %FEV1 was 51 [36, 72; n = 430] and Δ%FEV1 27 [9.6,
62; n = 282]. Both scores discriminated baseline severity assessed using %FEV1 (n = 430):
PRAM, R2 0.44 (95% CI, 0.37–0.51); AAIRS, R2 0.47 (95% CI, 0.41–0.51). In addition, the
adjusted models that included change of each score demonstrated responsiveness in
predicting Δ%FEV1 (n = 282): ΔPRAM, R2 0.28 (95% CI, 0.17–0.37); ΔAAIRS, R2 0.28
(95% CI, 0.18–0.34).

The AAIRS demonstrates discrimination and responsiveness comparable to the PRAM.
Scalene retractions were observed rarely, whereas intercostal and subcostal retractions and
expiratory phase prolongation were observed frequently, accounting for the greater range
and variability (SD 3.53 vs. 2.32) of AAIRS. The greater range of values of the AAIRS,
which substitutes relevant signs we have found to be easier to identify, might provide more
comprehensive assessment of acute asthma exacerbation severity for research protocols.2
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ΔAAIRS AAIRS change over the first 2 hours of treatment for acute asthma

%FEV1 percent predicted forced expiratory volume in one second

Δ%FEV1 %FEV1 change over first 2 hours of treatment for acute asthma

PRAM pediatric respiratory assessment measure

ΔPRAM PRAM change over the first 2 hours of treatment for acute asthma

Reference List
1. Chalut DS, Ducharme FM, Davis GM. The Preschool Respiratory Assessment Measure (PRAM): a

responsive index of acute asthma severity. J Pediatr. 2000; 137:762–768. [PubMed: 11113831]

2. Arnold DH, Gebretsadik T, Abramo TJ, Moons KG, Sheller JR, Hartert TV. The RAD score: a
simple acute asthma severity score compares favorably to more complex scores. Ann Allergy
Asthma Immunol. 2011; 107:22–28. [PubMed: 21704881]

3. CAMPBELL EJ. Physical signs of diffuse airways obstruction and lung distension. Thorax. 1969;
24:1–3. [PubMed: 5763506]

4. Birken CS, Parkin PC, Macarthur C. Asthma severity scores for preschoolers displayed weaknesses
in reliability, validity, and responsiveness. J Clin Epidemiol. 2004; 57:1177–1181. [PubMed:
15567635]

5. Kirshner B, Guyatt G. A methodological framework for assessing health indices. Journal of Chronic
Diseases. 1985; 38:27–36. [PubMed: 3972947]

6. Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for assessing responsiveness: a critical
review and recommendations. J Clin Epidemiol. 2000; 53:459–468. [PubMed: 10812317]

7. Hulley, SB.; Cummings, SR.; Browner, WS.; Grady, DG.; Newman, TB. Designing Clinical
Research. 3. Lippincott Williams & Wilkins; 2006.

Arnold et al. Page 3

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2013 September 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Arnold et al. Page 4

Ta
bl

e

PR
A

M
 a

nd
 A

A
IR

S 
ac

ut
e 

as
th

m
a 

se
ve

ri
ty

 s
co

re
 c

om
po

ne
nt

s,
 v

al
ue

s 
as

si
gn

ed
 b

y 
se

ve
ri

ty
 o

f 
ea

ch
 c

om
po

ne
nt

, a
nd

 r
an

ge
s 

of
 c

om
po

ne
nt

 v
al

ue
s 

co
m

pr
is

in
g

ea
ch

 s
co

re

C
om

po
ne

nt

C
om

po
ne

nt
 v

al
ue

s
C

om
po

ne
nt

 r
an

ge

0
1

2
3

P
R

A
M

A
A

IR
S

R
et

ra
ct

io
ns

a

 
Sc

al
en

e
N

o
Y

es
0 

or
 2

 
SC

M
N

o
Y

es
0 

or
 2

0 
or

 2

 
In

te
rc

os
ta

l
N

o
Y

es
0 

or
 2

 
Su

bc
os

ta
l

N
o

Y
es

0 
or

 2

A
ir

 e
nt

ry
N

or
m

al
D

ec
re

as
ed

 a
t b

as
es

W
id

es
pr

ea
d 

de
cr

ea
se

A
bs

en
t o

r 
m

in
im

al
0 

to
 3

0 
to

 3

W
he

ez
in

g
A

bs
en

t
E

xp
ir

at
or

y
In

sp
ir

at
or

y 
an

d 
E

xp
ir

at
or

y
A

ud
ib

le
 w

ith
ou

t s
te

th
os

co
pe

 o
r 

si
le

nt
 c

he
st

0 
to

 3
0 

to
 3

Sp
O

2
≥ 

95
%

92
–9

4%
<

 9
2%

0 
to

 2
0 

to
 2

E
xp

ir
at

or
y 

ph
as

e
N

or
m

al
Pr

ol
on

ge
d

Se
ve

re
ly

 p
ro

lo
ng

ed
0 

to
 2

P
os

si
bl

e 
to

ta
l s

co
re

 r
an

ge
0 

to
 1

2
0 

to
 1

6

A
bb

re
vi

at
io

ns
: P

R
A

M
, p

ed
ia

tr
ic

 r
es

pi
ra

to
ry

 a
ss

es
sm

en
t m

ea
su

re
; A

A
IR

S,
 A

cu
te

 a
st

hm
a 

in
te

ns
ity

 r
es

ea
rc

h 
sc

or
e;

 S
C

M
, s

te
rn

oc
le

id
om

as
to

id
; S

pO
2,

 o
xy

ge
n 

sa
tu

ra
tio

n 
by

 p
ul

se
 o

xi
m

et
ry

a A
ny

 v
is

ib
le

 u
se

 o
f 

ac
ce

ss
or

y 
m

us
cl

e 
gr

ou
p 

(Y
es

/N
o)

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2013 September 11.


