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Factors associated with ARDS in childhood pneumonia.
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Objective : To identify factors associated with Accute Respiratory Distress

Syndrome (ARDS) in childhood pneumonia.

Design :  Cross-sectional, retrospective study

Settings . Department of Pediatrics, Faculty of Medicine, Chulalongkorn
University

Materials and methods : The medical records of 27 patients with the diagnosis of

pneumonia (age 39.9+45.7 months) and developed ARDS during
January 1989 - May 1996 were reviewed. Their data concerning
history of illness, clinical manifestations and laboratory findings
were compared with those of 550 patients (age 38.3+51.3 months)
who had pneumonia without respiratory failure during the same
period of time.

The two tailed unpaired T-test, Chi-Square and Fischer Exact test
were used for statistical analysis. The factors with p value < 0.05

were considered statistically significant.

* Department of Pediatrics, Faculty of Medicine, Chulalongkom University
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Results . There was statistical difference between pneumonia with ARDS
and pneumonia without ARDS group in terms of underlying
diseases predisposed to respiratory tract infections (77.8% vs
36% ), signs of severe hypoxia such as systolic blood pressures below
the 50™ percentile for their age (37.3% vs 0%), decreased level of
consciousness (66.7% Vs 4%, cyanosis in room air (81.5% vs 0% ),
use of accessory respiratory muscles (92.6% vs 12%) and undetec-
table abnormal lung sounds (51.6% vs 2% ) on admission. Concerning
the initial laboratory findings, peripheral white blood cell counts
below -2 SD for their age was significantly associated withs ARDS

in pneumonia patients (25.9% vs 0%)

Conclusion . From this study, factors significantly associated with ARDS in
childhood pneumonia were the presence of underlying diseases
predisposed to respiratory tract infections, systolic blood pressure
lower than 50™ percentile for their age, decreased level of conscious-
ness, cyanosis in room air, use of accessory respiratory muscles,
undetectable abnormal lung sound and peripheral white blood cell

counts lower than - 2SD for their age on admission.

We recommend urgent and appropriate management in the patients
with the above mentioned factors are mandatory to decrease their

morbidity and mortality due to ARDS.
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Pneumonia is one of the leading causes
of death among children in developing countries.
In Thailand, it is the second most frequent cause
of death in children under 5 years of age,(’)
and the most common infectious cause of death
among the same age group of children.(”

A number of studies concerning factors
associated with respiratory failure or death in
childhood pneumonia have been reported. Dr.
Suwanjutha and her colleagues reported the results
of their study in children under 5 with acute
respiratory tract infection between 1986-1987 that
underlying heart disease, low birth weight (less
than 2,500 grams), prematurity (gestational age
below 37 weeks), no antibiotic usage prior to
admission and overcrowded family conditions (more
than 1 child per family) were the significant risk
factors for respiratory failure.*) In addition, the
study of Sunakorn P, et al between 1984 - 1991
also showed that significant risk factors of fatal
pneumonia in the same age group were underlying
congenital heart diseases, severe malnutrition, low
socioeconomic status, prolonged periods of respi-
ratory distress (more than 8-14 days), low birth
weight and the presence of chest indrawing at the
time of admission.?)

ARDS (Adult Respiratory Distress Syn-
drome or Acute Respiratory Distress Syndrome)
is a symptom complex characterized by dyspnea,
tachypnea, cyanosis refractory to oxygen therapy,
decreased lung compliance and diffuse alveolar
infiltration. It is the result of diffuse alveolocapil-

lary injury due to a variety of predisposing factors
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such as sepsis, pneumonia, shock etc.(>7:8:10713)

Pneumonia is attributed to approximately 60% of
ARDS cases among Thai children® and their
mortality rate ranged from 35% to 90%.(**

The common complications found during
treatment were infection, oxygen toxicity, multiple
organ dysfunction and barotrauma from positive
pressure ventilation. Pulmonary hemorrhage and
multiple organ failure were considered to be the
more important complications leading to
death.(+%#2)

Moreover, ARDS survivors were reported
to have significant pulmonary sequelae such as
decreased lung volume and diffusion capacity,
airway hyperreactivity, laryngotracheal abnor-
malities resuling from prolonged mechanical
ventilation and pulmonary hypertension.(**>®

Thus, 1t is essential to identify the patients
at risk and provide appropriate management as
early as possible in order to reduce their morbidity

and mortality.

Materials and Methods

The medical records of 27 pediatric
patients with the diagnosis of pneumonia who
were admitted at the Department of Pediatrics

of Chulalongkorn Hospital during the period

January 1989 to May 1996 and who developed

ARDS were reviewed. Their history of illness,
clinical characteristics and laboratory findings
were compared with those of 50 other patients
diagnosed to have pneumonia without respiratory

failure or ARDS during the same period of time.
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The diagnostic criteria for pneumonia in
this study was:(®

1. Fever

2. Tachypnea

3. Abnormal chest x -ray findings compa-
tible with pneumonia such as lobular, segmental or
lobar infiltration.

The diagnostic criteria for ARDS was:(""®)

1. Previously normal lungs

2. [Exclusion of left heart disease and
congestive heart failure.

3. Lung injury scores > 2.5("*%)

Demographic data (age, sex), history of
illness prior to admission, clinical manifestations
and laboratory findings were analysed to identify
the difference between the ARDS and non-ARDS
groups by using the Chi-Square test, Fischer
Exact test and two-tailed unpaired T-test where

appropriate for statistical analysis (tables 1, 2 and

Table 1. Age, sex and history of illness.

Chula Med J

3). The factors with p-value less than 0.05 were

considered statistically significant.

Results

Among the 27 patients who were diag-
nosed with pneumonia and who developed ARDS
were aged between 1 month to 13 years. The mean
age was 39.9 + 45.9 months, and the male ; female
ratio was 1.25 : 1 while the mean age in the non-
ARDS group was 38.3+51.3 months, and the male
: female ratio was 0.85 : 1. There was no statistical
difference in age and gender between the two
groups. The mortality rate in the ARDS group was
66.7% while none of the non-ARDS group died.
Seventy seven percent of the ARDS patients
(21727 cases) had associated diseases predis-
posing them to respiratory infections. This inci-
dence was significantly higher than those of the

non-ARDS group (table 1). The most common

Variables Pneumonia Pneumonia
with ARDS without ARDS p value
(n = 27) (n = 50)
- Age (month) (iisD) 39.9+45.7 38.3+51.3 NS*
- Sex (male : female) 15 : 12 23 : 27 NS
- Duration of symptoms 3.5+3.3 3.3+2.3 NS
(days)(X+SD)
- Previous antibiotic treatment 16(59.3%) 24(48%) NS
- Underlying diseases 21(77.8%) 18(36%) 0.001
- Past history of pneumonia 4(14.8%) 12(24%) NS

* NS = no statistical significance
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underlying or associated disease was malignancy
(13721 cases). The remainders were HIV disease
(4721 cases), post splenectomy (121 case) and
Down’s syndrome (1/21 case).

Concerning the clinical manifestations at
the time of admission, the ARDS group had
significantly higher percentages of systolic blood

pressure less than 50t percentile for age, decreased

Table 2. Clinical manifestations.
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levels of consciousness, cyanosis in room air, use
of accessory respiratory muscles and undetectable
adventitious lung sound as compared to the non-
ARDS group (table 2). There was no statistically
significant difference between the two groups in
terms of heart rate, respiratory rate, body tempera-

ture and body weight.

Pneumonia Pneumonia p value
Signs and symptoms with ARDS without ARDS
(n =27) (n = 50)

- SP* <P 50" for age"” 9(33.3%) - <0.001
- HR(/min)&_tSD) 148+19.3 134+17.9 NS
- RR(/min)&:SD) 68+12.9 53+11.6 NS
- BT(°C)(X+SD) 38.2+1.2 38.2+0.9 NS
- BW <Pso 17(63%) 26(52%) NS
- Decreased level of consciousness 18(66.7%) 2(4%) <0.001
- Cyanosis in room air 22(81.5%) - <0.001
- Use of accessory respiratory muscles 25(92.6%) 6(12%) <0.001
- Undetectable abnormal lung sound 14(51.6%) 1(2%) <0.001

* SP = systolic blood pressure
* P50 = 50th percentile

Peripheral white blood cell counts of less
than -2SD for age was the only laboratory finding
in the ARDS patients that was significantly
different from the non-ARDS group (table 3).
All 7 of the cases with decreased white blood cell
counts had been treated with chemotherapeutic

agents for their malignant diseases.

Hemoculture was positive in 2 cases, or
2.6% of the patients enrolled in this study. Both
cases had severe pneumonia and developed
ARDS. One of these patient, without underlying
disease, grew Staphylococcus aureus in both his
blood and sputum cultures. The other patient had

leukemia and Klebsiella pneumoniae in his
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Table 3. Initial laboratory investigations.
Pneumonia Pneumonia p value
Lab findings with ARDS without ARDS
(n=27) (n = 50)

- Hb <-2SD for age!® 13(40.7%) 13(26%) NS
- WBC

> +2SD for age!® 9(33.3%) 18(36%) NS

< -2SD for age(® 7(25.9%) - <0.001
- % neutrophil

< mean for age® 22(88%) 38(76%) NS
- Hemoculture +ve 2(7.4%) - NS
- Sputum culture +ve 7(25.9%) 15(30%) NS

hemoculture. None of the non-ARDS group had
positive blood cultures. However, this finding was

not statistically significant.

Discussion

ARDS is a respiratory syndrome resulting
from diffuse alveolocapillary injuries either
directly from a number of factors such as
pneumonia, chemical pneumonitis, hypovolemic
shock etc., or indirectly from mediators which
were released from inflammed cells in response
to systemic inflammatory reactions found in
specific conditions such as sepsis, acute pan-
creatitis etc.(+7%1°"12)

Diffuse alveolocapillary injuries result in
the damage of type II pneumocytes and leakage
of proteinaceous fluid into alveolar spaces which

reduces the production and enhances the inacti-

vation of surfactant. Loss of surfactant leads
to alveolar collapse, reduced FRC (functional
residual capacity) and lung compliance and venti-
lation-perfusion mismatch. These pathophysio-
logic changes will cause refractory hypoxemia.
PEEP (positive end expiratory pressure) is
needed in the mechanical ventilation to correct
the hypoxemia. As a result of positive pressure
ventilation and the high level of PEEP, serious
respiratory and cardiovascular complications may
OCCur.

Patients at risk for ARDS are those pre-
disposed to alveolocapillary injuries. Sepsis,
pneumonia, shock and trauma are commonly
reported predisposing factors of ARDS in

(45810-12) 1 children, an

children and adults.
increased incidence of ARDS was reported in

immune deficient patients such as those with
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HIV disease, malignancy and those who were
receiving immunosuppressive drugs. These pa-
tients were predisposed to severe infections and
septic shock unless appropriate and prompt
intervention was given.(*)

In our study, the significant factors asso-
ciated with ARDS in childhood pneumonia were
the presence of underlying conditions predis-
posing to respiratory tract infections, such as
immunodeficiency diseases. This finding sup-
ported previous reports in children.) In addition,
we found that signs of severe hypoxia such as
hypotension, cyanosis in room air, decreased
levels of consciousness and use of accessory
respiratory muscles which were detected at the
time of admission were also significant associated
factors. Moreover, undetectable adventitious lung
sound was also an important sign suggestive of
the development of ARDS in children with
pneumonia. This may be due to the weakness
of the respiratory effort from the more severe
illness of the ARDS patients who could not
produce enough airflow velocity during the in-
spiratory and expiratory phases of respiration to
create any detectable abnormal lung sound.

In conclusion, the factors associated with
ARDS in childhood pneumonia in our study in-
cluded the presence of underlying diseases which
predisposed the patient to respiratory tract infec-
tions, systolic blood pressures less than the 50™
percentile for age, cyanosis in room air, decreased
levels of consciousness, use of accessory respira-

tory muscles, undetectable adventitious lung
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sound and peripheral white blood cell counts of
less than -2SD for age.

We recommend urgent and appropriate
management, including closed monitoring of
respiratory status and blood gas analysis, for
those patients with the above mentioned factors in

order to decrease their morbidity and mortality.
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