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Abstract
Background—There are no studies evaluating the epidemiology of pediatric acute lung injury
(ALI) in the emergency department (ED), where early identification and interventions are most likely
to be helpful. The purpose of this study was to describe the epidemiology of the ALI precursor acute
hypoxemic respiratory failure (AHRF) in the ED.

Methods—We analyzed 11,664 pediatric patient records from 16 EDs. Records were selected if
oxygen saturation (SpO2) was recorded during the visit. Virtual partial pressure of oxygen (pO2) was
calculated from SpO2, thus allowing calculation of ratios of pO2 to fraction of inspired oxygen
(FiO2) (PFRs). Patients with a PFR < 300 were classified as having AHRF. Univariate analyses and
logistic regression were used to test the association of clinical factors with the presence of AHRF
and intubation.

Results—AHRF criteria (ie, PFR < 300) were met in 121 (2.9%) of the 4,184 patients with an
oxygenation measurement. The following variables were independently associated with ALI: higher
Pediatric Risk of Admission II score (adjusted odds ratio [95% confidence interval (CI)] = 1.12 [1.08–
1.16]; p < .001), higher heart rate (1.02 [1.01–1.03]; p = .009), a positive chest radiograph (2.35
[1.02–5.43]; p = .045), and lower temperature (0.49 [0.36–0.68]; p < .001). The final model had an
R2 = .20.

Conclusion—We found nonintubated AHRF to be prevalent in the ED. The low R2 for the
regression model for AHRF underscores the lack of criteria for early identification of patients with
respiratory compromise. Our findings represent an important first step toward establishing the true
incidence of ALI in the pediatric ED.
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Acute lung injury (ALI) and its more severe form, acute respiratory distress syndrome (ARDS),
account for up to 4% of all pediatric intensive care unit admissions and between 8 to 10% of
children requiring mechanical ventilation.1 The 1994 American-European Consensus
Conference (AECC) on ARDS defined diagnostic criteria for ALI as (1) a partial pressure of
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oxygen (pO2) to fraction of inspired oxygen (FiO2) ratio of less than 300, (2) diffuse bilateral
infiltrates on a chest radiograph, and (3) the absence of left atrial hypertension.2–4 The criteria
for ARDS are similar except that a pO2 to FiO2 ratio (PFR) of less than 200 is required.

Despite their general use in research and clinical medicine, it is widely acknowledged that the
AECC criteria for ALI and ARDS suffer from a lack of sensitivity and specificity,5 especially
in pediatrics.6 In fact, the AECC criteria carry a sensitivity of only 75% and a specificity of
84% for ARDS.7 However, alternative respiratory indices, such as the alveolar-arterial oxygen
tension gradient (torr),8 the Oxygenation Index,9 and others, have been shown not to correlate
well with ALI severity either.

The eventual impact of any diagnostic criteria on clinical care is tied to early disease recognition
and treatment. For many patients, the earliest opportunity for this is in the emergency
department (ED). For example, ED-based early therapies have been shown to reduce morbidity
and mortality from several critical illnesses, such as asthma,10 traumatic injuries,11 and severe
sepsis.12 However, the relative success of ED-based early goal-directed therapy for severe
sepsis12 is hampered by poorly sensitive and specific diagnostic criteria for severe sepsis.13

Notwithstanding, ALI is still widely considered an illness diagnosed and treated in critical care
units. However, the AECC acknowledged that mechanical ventilation is not required to
diagnose ALI.2 It is therefore reasonable to hypothesize that ALI is prevalent among
nonintubated ED patients in whom early diagnosis and intervention could be beneficial. Partly
for these reasons, studies of noninvasive ventilation in pediatrics identify patients with early
ALI using higher sensitivity criteria than those from the AECC.14,15 Therefore, we used
criteria for the ALI precursor acute hypoxemic respiratory failure (AHRF)16 to retrospectively
identify pediatric ED patients at risk for ALI in a secondary analysis of the Pediatric Risk of
Admission (PRISA II) score data set.17 The purpose of this study was to identify the incidence
of AHRF in the pediatric ED population and determine historical, clinical, and laboratory
factors associated with an ED presentation of AHRF and short-term intubation.

Materials and Methods
Data Collection

We conducted a secondary analysis of data comprising the PRISA II data set. Full details of
the methodology used to form this data set are available in the original publication by
Chamberlain and colleagues.17,18 Briefly, the PRISA data set contains data from 11,664
pediatric patients presenting to the EDs at 16 US hospitals. The participating EDs were selected
attempting to broadly represent variable volumes and the presence of specialists and residents.
Participating sites had pediatric intensive care unit capabilities. For 375 consecutive days, the
hospital records of two patients per day from each site were randomly selected, regardless of
admission or discharge status, for historical, laboratory, radiologic, and clinical data
abstraction. The PRISA score was designed to describe the probability of hospital admission
among pediatric ED patients as an index of illness severity. There is a direct correlation between
the PRISA score and severity of illness or risk of admission.17

All patients between the ages of 0 months and 18 years with either oxygen saturation (SpO2)
or partial pressure of oxygen (pO2) values available in their record were included in our
analysis. This secondary analysis was approved by our Institutional Review Board.

Oximetry and pO2 Calculations
It is unusual, except in critically ill children, to have an arterial pO2 obtained in a pediatric ED
patient. However, SpO2 is obtained regularly for children with respiratory symptoms.
Therefore, the methods of Ellis and Sevringhaus19 were used to convert the SpO2 for each
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patient in the data set to a “virtual” pO2 (VRpO2). VRpO2 represents the pO2 corresponding
to a given SpO2 under normalized hemoglobin-oxygen dissociation conditions. Equation 1
shows the mathematical relationship between SpO2 and VRpO2, where SpO2 is represented
by S. Of note, this equation does not function for an SpO2 of 100%. Therefore, all recorded
SpO2 values of 100% were adjusted to 99.9%:

VRpO2 = { 11, 700
(1 / S − 1) + 503 + ( 11, 700

(1 / S − 1) )2 1/2}1/3
+{ 11, 700

(1 / S − 1) − 503 + ( 11, 700
(1 / S − 1) )2 1/2}1/3

(1)

Equation 2 from Kelman20 was then used to calculate a pO2 from the VRpO2 in a way that
accounts for variations in the hemoglobin-oxygen dissociation curve owing to body
temperature, blood pH, and carbon dioxide partial pressure (pCO2) values:

pO2A =
VRpO2

10
{0.024×(37−Temp)+0.4×(pH−7.4)+0.06× Log(40)−Log(pCO2) }

(2)

These newly derived pO2 values were recalibrated to sea level values for the two sites
significantly above sea level using the alveolar gas equation incorporating the average
barometric pressure at those sites. FiO2 data were extracted from measurements recorded in
the medical record at the time of pulse oximetry. Room air oxygen was assumed where FiO2
was not recorded. It should be noted that because SpO2 values less than 70% are considered
unreliable, we excluded the two patients in our data set with less than 70% saturation.

Because patients with respiratory distress often exhibit respiratory alkalosis until exhausted,
we performed a sensitivity analysis to determine the potential effects on our results of
overestimating pH and pCO2 (ie, assuming a normal pH of 7.4 rather than 7.3 and a normal
pCO2 of 40 rather than 30, as would be expected in an ill child). The results are depicted in
Figure 1 and indicate that underrecognizing acidosis and hypercarbia would bias our results
toward the null hypothesis. It is important to note that these modestly overestimated imputed
values were used only for conversion of SpO2 to pO2 and not used for any other analyses.

Definitions and Patient Classification
The pO2 and FiO2 data were then used to calculate the PFR for each patient using the following
equation:

PFR =
pO2
FiO2

(3)

AHRF criteria were modified from AECC ALI criteria2–4 to accommodate our study’s
retrospective and ED-based design. Patients were classified as having AHRF if their calculated
PFR was less than 300. However, bilateral infiltrates on chest radiograph were used only as
supporting evidence for AHRF since the frequency of this finding in early ALI is uncertain.
Additionally, echocardiography data were very rare in our data set, but the incidence of heart
failure as a significant contributor to AHRF in a pediatric ED was presumed to be nominal.
Records for patients with an explicit heart failure–related diagnosis were excluded from the
analysis.

Patients with chest radiograph reports identifying lung infiltrates of any kind were categorized
as having a positive chest radiograph. This included all patients with radiographs positive for
pneumonia, effusion, empyema or abscess, or other pulmonary abnormalities.
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A chronic disease variable was defined as positive if patients had a history of congenital,
infectious, metabolic, or autoimmune diseases. In this data set, this most commonly included
patients with chronic lung diseases such as bronchopulmonary dysplasia, asthma, and human
immunodeficiency virus (HIV).

Among the patients meeting AHRF criteria, all patients intubated within the first 24 hours of
ED presentation were identified.

Statistical Analyses
All calculations were performed using Microsoft Excel version 2003 SP2 (Microsoft
Corporation, Redmond, WA). SPSS version 13 (SPSS, Chicago, IL) was used for statistical
testing. Univariate associations by the Student t-test or chi-square with p values less than .15
were entered into a binomial multiple logistic regression model with AHRF or intubation as
the dependent variable. Regression was backwards conditional stepwise with variable removal
for p ≥ .10.

Results
Of the 11,664 patients entered into the original 16-center study, 11,356 patients met the
pediatric age requirement. The demographics are described in Table 1. SpO2 was recorded
during the ED stay in 4,184 (37%) patients with a mean ± SE of 97.7 ± 0.04% and a range of
60 to 100%. Arterial pO2 values were recorded in the ED for 27 (0.6%) patients with a range
of 33 to 484 mm Hg and mean ± SE of 156 ± 26 mm Hg. The mean ± SE SpO2-derived pO2
distribution was similar with a mean of 119 ± 0.6 and range from 33 to 331 mm Hg. The results
of a Bland-Altman analysis can be seen in Figure 2 and validate the derived pO2 values using
patients with simultaneously measured pO2 and SpO2.

AHRF criteria (ie, PFR < 300) were met in 121 (2.9%) of the 4,184 patients with an oxygenation
measurement. Patients meeting the AHRF criteria had similar ED diagnoses (infectious causes:
49.6%; traumatic causes: 28.8%) when compared with non-AHRF patients (infectious causes:
49.8%; traumatic causes: 29.0%). Among the nontraumatic AHRF patients, the majority (73%)
were diagnosed with bacterial infections. The remainder were sparsely scattered among various
noninfectious, nontraumatic diagnoses.

Univariate analyses were used to compare patients who met AHRF criteria with those who did
not and intubated AHRF patients with those who were not. Variables significantly and
positively associated with AHRF (p ≤ .015) included PRISA II score (p < .001), triage
respiratory rate (p < .001), triage heart rate (p = .002), presence of a chronic disease (p = .019),
and a positive chest radiograph (p < .001) (Table 2). Negative associations included triage
temperature (p < .001), diastolic blood pressure (p = .024), and triage Glasgow Coma Scale
(p < .001). No association was noted for age, gender, systolic blood pressure, bicarbonate level,
hemoglobin level, or white blood cell count and differential.

A backwards conditional stepwise logistic regression model incorporating all of these variables
showed the following variables independently and positively associated with AHRF: PRISA
II score (adjusted odds ratio [OR] [95% confidence interval (CI)] = 1.12[1.08–1.16]; p < .001),
triage heart rate (1.02 [1.01–1.03]; p = .009), and a positive chest radiograph (2.35 [1.02–5.43];
p = .045). Elevated triage temperature (0.49 [0.36–0.68]; p < .001) was negatively associated
with AHRF (see Table 2). Triage diastolic blood pressure (0.98 [0.96–1.00]; p = .06) was not
significantly independently associated with AHRF but contributed to the final model. The final
model including these five variables had an R2 = .20 and Hosmer and Lemeshow test p = .39.
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Among the 121 AHRF patients, 6 (5%) patients were intubated within 24 hours of presentation.
The OR for endotracheal intubation within 24 hours of presentation among patients meeting
AHRF criteria in the ED compared with those who did not was 13.2 (5.1–34.3). Intubation was
associated significantly with higher PRISA II score (unadjusted OR = 1.17 [1.08–1.27]; p < .
001) and lower triage Glasgow Coma Scale (1.42 [1.08–1.86]; p = .011). No multicollinearity
was found between these two variables. Multivariable logistic regression for these data was
not performed because of the small number of intubated patients.

Discussion
ED-based early therapies, such as goal-directed therapy in severe sepsis,12 demonstrate the
potential benefits of early recognition and treatment of critical illness in the ED. An important
part of forming criteria for disease identification is to understand the prevalence and
presentation of the illness. Therefore, as a first step toward early identification of ALI, our
study aimed to determine the incidence of AHRF among pediatric ED patients.

This study resulted in three major findings. First, AHRF is a fairly prevalent illness (2.9%)
among pediatric ED patients with a triage measurement of pulse oximetry (including 5%
intubated by 24 hours). For comparison, occult bacteremia is estimated to occur in 1 to 3%
21–24 and urinary tract infections in 3 to 10%25–28 of febrile pediatric ED patients without
a clinically apparent source of infection. Second, several easily detected clinical factors are
independently associated with the presence of AHRF in the ED: (1) higher PRISA II score, (2)
higher heart rate, (3) positive chest radiograph, and (4) lower temperature. Third, most of the
patients with AHRF did not require intubation and mechanical ventilation during the first 24
hours of their hospital stay.

The high percentage of AHRF patients who did not immediately require mechanical ventilation
suggests that a broad spectrum of AHRF severity exists in the ED, including a large proportion
of patients with mild to moderate disease. Many of these patients likely suffer from acute
respiratory illnesses that may be fairly easily reversible (eg, hypoxic asthma). Even so, this is
an important finding because the AECC criteria, although recognizing that these milder patients
do exist, tend to identify patients with more severe disease. In fact, Flori and colleagues showed
that 50% of spontaneously ventilating patients in their ALI cohort eventually required
mechanical ventilation.29 Prospective studies of the evolving AHRF patient group are
warranted to determine which interventions these patients ultimately need and which
treatments can be instituted in the ED to prevent progression to ALI.

The value of these findings as a first attempt to identify the incidence of early ALI in the
pediatric ED is not outweighed by study limitations inherent to the retrospective design. The
major one of these limitations is missing data. Many patients did not have SpO2 recorded;
therefore, it is possible that some AHRF patients were among them. Also, we were forced to
impute missing data for some variables (ie, pH and pCO2), but, as stated earlier, the values we
entered would bias our results toward the null and lower our measured incidence. Additionally,
owing to the controversy over ALI definitions, we used highly sensitive AHRF criteria as a
screening variable to classify patients. By choosing AHRF criteria (ie, PFR < 300) instead of
the more specific AECC ALI criteria, we may have a degree of misclassification bias as some
AHRF patients could have a different hypoxemic pathology. The higher risk among the AHRF
patients for an abnormal chest radiograph and intubation is somewhat reassuring, but only a
prospective evaluation of this question would be able to alleviate this potential bias entirely.

In conclusion, we found a moderate incidence of nonintubated AHRF in the pediatric ED. The
low R2 for the regression model for AHRF underscores the lack of criteria for early
identification of patients with significant respiratory compromise. There were, however,
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several variables associated with short-term prognosis. Our findings represent an important
first step toward establishing the true prevalence of ALI in the pediatric ED and support the
need for additional studies aimed at early identification of ALI and other critical illnesses.
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Figure 1.
Scatterplots were used to test the validity of the assumption that underrecognizing acidosis and
hypercarbia would bias our results toward the null hypothesis. We generated scatterplots for a
range of carbon dioxide partial pressure (pCO2) values and their calculated partial pressure of
oxygen (pO2) to fraction of inspired oxygen (FiO2) ratios (PFRs) as well as for a range of pH
values and their corresponding PFRs while holding all other values constant (ie, FiO2 = 0.5,
temperature = 37°C, and either pCO2 = 40 or pH = 7.4). The effect of pH on PFR was much
larger than that of pCO2 and the data trends confirmed that overestimating pCO2 and
underestimating pH would result in higher than true PFRs, thus leading to an underestimation
of acute hypoxemic respiratory failure.
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Figure 2.
Bland-Altman plot of pO2 versus SpO2 in patients with simultaneously measured values.
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Table 1
Demographic Description of Acute Hypoxemic Respiratory Failure Patients in the PRISA II Data Set

Demographic Variables AHRF n (%) Non-AHRF n (%) p Value

Age, mo (mean ± SE) 62 ± 5 70 ± 1 .17
Male gender 70 (58) 2138 (54) .51
Race*
 Asian 3 (3) 33 (1) .02
 Black 20 (20) 1058 (32)
 Caucasian 44 (44) 1071 (33)
 Hispanic 33 (33) 1060 (32)
 Other 1 (1) 54 (2)
Insurance†
 Medicaid Managed care 14 (18) 447 (20) .02
 Private managed care 22 (28) 386 (18)
 Medicaid 13 (16) 313 (14)
 Private 11 (14) 171 (8)
 Self 5 (6) 368 (17)
 Other 14 (18) 491 (23)

AHRF = acute hypoxemic respiratory failure; PRISA = Pediatric Risk of Admission.

*
Based on n = 101 for AHRF owing to unavailable race data.

†
Based on n = 79 for AHRF owing to unavailable insurance data.
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Table 2
Predictors of Acute Hypoxemic Respiratory Failure in Pediatric Emergency Department Patients

Clinical Predictors AHRF (mean ±
SE)

Non-AHRF (mean ±
SE)

Unadjusted Odds
Ratio for AHRF

(95% CI)

Adjusted Odds
Ratio for AHRF

(95% CI)

PRISA II 7.55 ± 0.8 2.8 ± 0.7 1.11 (1.08–1.13) 1.12 (1.08–1.16)
Triage temperature 37.1 ± 0.8 37.5 ± 0.0 0.7 (0.6–0.9) 0.49 (0.36–0.68)
Triage heart rate 131 ± 3.0 122.0 ± 0.5 1.1 (1.0–1.2) 1.02 (1.01–1.03)
Triage respiratory rate 31.1 ± 1.3 27.1 ± 0.02 1.03 (1.02–1.04) NS
Triage systolic blood pressure 111 ± 3.0 115 ± 0.4 NS —
Triage diastolic blood pressure 63.0 ± 2.0 67.0 ± 0.3 0.97 (0.95–0.99) 0.98 (0.96–1.00)
Triage Glasgow Coma Scale 12.8 ± 1.0 14.9 ± 0.0 0.7 (0.6–0.8) NS
Bicarbonate level (mmol/L) 21.4 ± 1.1 22.6 ± 0.2 NS —
Hemoglobin level (g/dL) 12.5 ± 0.5 12.3 ± 0.1 NS —
White blood cell count (× 103/μL) 13.5 ± 1.3 12.3 ± 0.3 NS —
Positive chronic disease 54 (45.8%) 1,380 (34.9%) 1.6 (1.1–2.3) NS
Positive chest radiograph 24 (20%) 328 (8.1%) 2.8 (1.8–4.5) 2.35 (1.02–5.43)

AHRF = acute hypoxemic respiratory failure; CI = confidence interval; NS = not significant; PRISA = Pediatric Risk of Admission. Percentages for AHRF
were calculated for 121 patients and for non-AHRF patients using 4,184 patients.
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