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Objectives : To detennine the correlation between clinical score (based on respiratory 
rate, chest wall retractions, air entry, wheezing, consciousness and audible wheezing) and arterial 
oxygen saturation (Sa0

2
: measured by pulse oximetry) as well as the most appropriate total score 

for predicting hypoxemia (Sa02 ~ 95%) in children diagnosed to have wheezing associated res­
piratory illness (W ARI). 

Subjects : 70 children ( 1 month - 5 years old) hospitalized in the Department of 
Pediatrics, Chulalongkorn Hospital with the diagnosis of W ARI from January I, 1996 to Decem­
ber 31, 1996 were studied. Half of them were diagnosed to have acute lower respiratory tract 
infection (LRI) with wheezing while the remainder had reactive airway disease (RAD). 

Design : Cross sectional, analytical study 
Methods : In each group of patients, the clinical score and Sa0

2 
were assessed by the 

same pediatrician throughout the study. The correlation between the clinical signs and Sa0
2 

as 
well as the cut off point of total score for predicting hypoxemia were analyzed. The ~ensitivity, 

specificity and accuracy of that total score in predicting hypoxemia were also calculated. 
Result : In both groups of patients (acute LRI with wheezing and RAD group), the 

clinical signs correlated with Sa02 were wheezing (r, = -0.67 and -0.47 respectively) and chest wall 
retractions (r = -0.57 and -0.59 respectively).Total score was also correlated with SaO, (r = 
-0.68 and -0.'5 respectively). The cut off point of total score in predicting hypoxemia was -4 p~o­
viding 80 per cent sensitivity in both groups with accuracy 74.3 per cent and 80 per cent res­
pectively. 

Conclusion : This clinical score may be used to assess the severity of hypoxemia in 
WARI patients. Wheezing, chest wall retractions and total score correlated well with SaO,. The 
total score > 4 was most appropriate in predicting hypoxemia in both children with RAD and 
wheezing associated with LRI. 
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W ARI is the major cause of respiratory 
distress requiring hospitalization in young children. 
The main functional disturbance is peripheral air­
way obstruction caused by bronchospasm, edema 
of bronchial and bronchiolar mucosa and mucus 
plug in the airways. Ventilation - perfusion mis­
match resulting in hypoxemia then develops(l,2), 

In children younger than 5 years old, peri­
pheral airways contribute to 50 per cent of the total 
airway resistance. Obstruction of these airways as 
found in W ARI will lead to a marked increase in 
airway resistance and work of breathing. Respiratory 
failure will eventually develop if proper manage­
ment is not immediately given(3). 

The severity of hypoxemia correlates well 
with the degree of airway obstruction measured by 
pulmonary function tests(4). However, in young 
children, these tests can't be easily performed. 
Thus, clinical symptoms and signs are important 
clues in assessing the severity of airway obstruc­
tions and hypoxemia. 

The objectives of our study were to deter­
mine the correlation between arterial oxygen satu­
ration (sa02) measured by pulse oximetry and cli­
nical signs which can be easily assessed in young 
children presenting with WARI. We developed the 
clinical score by deriving it from many clinical scores 
previously reported to have correlation with Sa02, 
Pa02 or FEV 1 in asthmatic children (aged 0-15 
years)C5-11,15,16), The clinical signs used in the 
developed score were respiratory rate, chest wall 
retractions, air entry, wheezing, consciousness and 
audible wheezing (Table 1). In addition, we assessed 
the sensitivity, specificity and accuracy of the cli­
nical signs. The cut off point of the total score in 
predicting hypoxemia was also determined. 

Table 1. Clinical score. 

Signs 0 
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MATERIAL AND METHOD 
Seventy children with acute W ARI, aged 

between 1 month - 5 years and hospitalized in the 
Pediatric wards of Chulalongkorn Hospital from 
January 1, 1996 to December 31, 1996 were studied. 
Half of them were diagnosed to have either viral 
pneumonia or acute bronchiolitis (acute lower res­
piratory tract infection (LRI) with wheezing group) 
while the remainder were diagnosed to have reac­
tive airway disease or asthma (RAD group). Patients 
with known history of cardiovascular diseases, 
chronic lung diseases, foreign body aspiration, 
external compression of airways and congenital 
anomalies of airways were excluded. 

Demographic data such as age, sex and 
other clinical data such as duration of oxygen 
therapy, Sa02 and clinical score were recorded. 
While the patients were breathing in room air, cli­
nical scoring and pulse oximetry (measured by 
portable pulse oximeter : BCI International® 330 I) 
were performed at the same time by the same pedia­
trician throughout the study. 

Unpaired T test (p value < 0.05) was used 
for determining whether there was a statistical dif­
ference between acute LRI with wheezing and the 
RAD group in view of demographic variables, dura­
tion of oxygen therapy, Sa02 and total scores. 

Linear regression analysis and Spearman 
rank test (p value < 0.05) were used for determining 
the correlation between clinical signs and Sa02 in 
each group of patients. ROC curves were plotted in 
order to define the appropriate cut off point of the 
total score for predicting hypoxemia (Sa02 $. 

95% ). Validity of the score was assessed in terms of 
sensitiVIty, specificity and accuracy in predicting 
hypoxemia in each group of patients. 

Score 
2 3 

tachypnea* 
retractions 

absent present 

air entry good 
wheezing 
consciousness 
audible wheezing 

* definition of tachypnea 
age 0-2 months 
2 months - I year 
1-5 years 

absent subcostal 
poor 
absent end expired 
alert irritable 
absent present 

respiratory rate 2: 60/minute 
respiratory rate 2: 50/minute 
respiratory rate 2: 40/minute 

I + suprasternal 2 + nasal flaring 

expired inspired + expired 
drowsiness unconscious 
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Table 2. Demographic and clinical data of the patients. 

Total WAR! Acute LRI with wheezing RAD 
(n = 70) (n = 35) (n = 35) 

age (months) (X±SD) 16.9 ± 11.4 13.4± 8.9 20.3± 12.7 
(range) (4- 48) (4- 48) (4- 48) 

sex (male : female) 47:23 22: 13 25: 10 

duration of oxygen 3.7 ± 3.2 4.4±4.1 3± 17 
therapy (days) (X±SD) 
(range) (0- 19) (I- 19) (0 -9) 

total score (X±SD) 5 ± 1.6 4.8 ± 1.4 5.3 ± 1.7 
(range) (2- 9) (2- 9) (3- 9) 

Sa02(%) (X±SD) 93 ± 3 93±4 94± 3 
(range) (83- 98) (86- 98) (83- 98) 

Table 3. Correlation coefficient value (r s> between clinical signs and Sa02. 

Acute LRI with wheezing RAD 
Clinical signs 

tachypnea 
retractions 
air entry 
wheezing 
consciousness 
audible wheezing 

Total score 

r • s 

0 
-0.57 
-0.27 
-0.67 
-0.44 
-0.01 

-0.68 

*rsl2 0- ± 0.25 :little or no correlation 
± 0.25 - ± 0.5 : fair degree of correlation 
± 0.5- ± 0.75 :moderate to good correlation 
> ± 0.75 :very good to excellent correlation 

RESULTS 
Mean age of the patients was 16.9 ± 11.4 

months (4 months - 4 years) and the male/female 
ratio was 2:1 (47:23). The duration of oxygen 
therapy was 3.7 ± 3.2 days (0-19 days). Sa02 was 
93 ± 3 per cent and the mean total score was 5 ± 1.6 
(2-9). The data of acute LRI with wheezing and 
RAD groups are presented separately as shown in 
Table 2. There was no statistical difference between 
the 2 groups. 

According to the individual component of 
the clinical score, wheezing and retractions mostly 
correlated with Sa02 in acute LRI with wheezing 

p value rs p value 

NS 0.18 NS 
<0.001 -0.59 <0.001 
NS 0.04 0.04 
<0.001 -0.47 0.004 
0.007 
NS -0.32 NS 

<0.001 -0.5 <0.001 

and the RAD group respectively (rs = -0.67 and 
-0.59 respectively, p value< 0.001). Level of con­
sciousness also had correlation with hypoxemia in 
the prior group (rs = -0.44, p value 0.007). None of 
the patients in the RAD group developed alteration 
of consciousness. Tachypnea, air entry and audible 
wheezing had no correlation with Sa02 while total 
score had moderate to good correlation with Sa02 
in both groups of patients (rs = -0.68 and -0.5, 
p value< 0.001 respectively) (Table 3, Fig. I and 2) 

Fig. 3, 4 illustrate the ROC curves of total 
score for predicting hypoxemia (Sa02 s 95%) in 
acute LRI with wheezing and the RAD group res-
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Fig. 1. Linear regression line between total score and Sa02 in acute LRI with wheezing group (y = 
101.94 • 1.65x) (rs = -0.68, p < 0.001). 
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Fig. 2. Linear regression line between total score and Sa02 in RAD group (y = 98.98 • 0.91x) (r s = -0.5, 
p = 0.002). 

pectively. We found that total score> 4 was mostly 
appropriate in predicting hypoxemia in both groups. 
The sensitivity, specificity and accuracy of this 
score in predicting hypoxemia were 80.9 per cent, 
64.3 per cent and 74.3 per cent respectively in acute 
LRI with wheezing group and 80.9 per cent, 78.6 

per cent and 80 per cent respectively in RAD group. 
(Table 4) 

Sensitivity, specificity and accuracy of 
each clinical sign in predicting hypoxemia in each 
group of patients are also presented in Table 4. In 
predicting hypoxemia in both groups of patients, 
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Fig. 3. ROC curve of total score in predicting hypoxemia (Sa02 s. 95%) in acute LRI with wheezing 
group. 
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Fig. 4. ROC curve of total score in predicting hypoxemia (Sa02 s_ 95%) in RAD group. 
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Table 4. Sensitivity, specificity and accuracy(%) of clinical signs in predicting hypoxemia (Sa02 ~ 95%.) 

Acute LRI with wheezing RAD 
Clinical signs sensitivity specificity accuracy sensitivity specificity accuracy 

Tachypnea 80.9 21.4 57.1 71.4 21.4 51.4 
Nasal flaring+ chest wall retractions 57.1 92.9 71.4 33.3 100 60 
Poor air entry 19.1 100 51.4 9.5 100 45.7 
Inspiratory + expiratory wheezing 38.1 100 62.9 33.3 100 60 
Alteration of consciousness 19.1 100 51.4 
Audible wheezing 9.5 95.9 42.9 19 92.9 48.6 

Total score > 4 80.9 

we found that the most sensitive sign was tachy­
pnea, the most specific signs were poor air entry as 
well as inspiratory with expiratory wheezing and 
the most accurate sign was nasal flaring with chest 
wall retractions. 

DISCUSSION 
There are many prior reported studies 

about the correlation between degree of airway 
obstructions (assessed by various clinical scores or 
pulmonary function tests) and arterial oxygenation 
(assessed by pulse oximetry or arterial blood gas 
analysis), but most of them are in older asthmatic 
children(S-11). Our study was performed not only in 
young (1 month- 5 years) asthmatic children (RAD 
group) but also in young children wheezing from 
acute lower respiratory tract infections such as viral 
pneumonia and acute bronchiolitis (acute LRI with 
wheezing group). Statistical analysis was seperately 
performed in each group because of the difference 
in the main mechanism of wheezing which may 
affect the severity of hypoxemia. 

We chose to study young children because 
it is essential to use clinical signs in assessing the 
severity of airway obstructions in this group of 
patients as we mentioned above. Assessing the 
severity of airway obstruction and hypoxemia is 
mandatory in young children because of their 
compromised lung mechanics which may lead to 
respiratory failure if proper management is not 
immediately performed(3). 

We selected pulse oximetry as the mea­
surement of arterial oxygenation because it is a non 
invasive, easily performed procedure in young chil­
dren and provides acceptable accuracy in evaluating 
arterial oxygenation(l3,14). 

64.3 74.3 80.9 78.6 80 

Clinical signs used in our study can be 
easily assessed in young children and have been 
reported in many prior studies to have statistical 
correlation with Sa02, Pa02 or FEV 1(5-11,15,16). 
However, we found no correlation between respi­
ratory rate and Sa02 in both groups of our patients. 
The reason might be the fact that in young chil­
dren respiratory rate usually depends on their 
activities07). The patients respiratory rate which 
was not obtained during asleep might affect the 
correlation between these two variables. However. 
tachypnea was most sensitive in predicting hypo­
xemia in both groups of patients and could be used 
as a screening sign for hypoxemia in W ARI. 

We found no correlation between audible 
wheezing and Sa02 while Obata did(6). The reason 
might be due to the small number of patients who 
presented with audible wheezing in our study (8 in 
70 patients). 

In our study, total score had a moderate to 
good correlation with Sa02. A score more than 4 
had a good sensitivity in predicting hypoxemia in 
both groups of patients and it also might be used as 
a screening parameter in detecting hypoxemia. 

In conclusion, chest wall retractions, 
wheezing and total score consisting of parameters 
in detecting hypoxemia had a moderate to good cor­
relation with Sa02 in both groups of patients. Con­
sciousness also had a fair correlation with Sa02 in 
acute LRI with wheezing. Tachypnea as well as a 
total score more than 4 were sensitive in predicting 
hypoxemia and might be used as screening para­
meters in detecting hypoxemia in young children 
presenting with W ARI. 

(Received for publication on November 18, 1998) 
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