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Abstract

Background: It was to study the clinical pattern of acute respira-
tory failure in children from 1 month to 15 years of age and to de-
termine the outcome of respiratory failure in relation to underlying 
etiology and associated factors.

Methods: A hospital-based prospective study was conducted on 
115 children in the age group from 1 month to 15 years. The du-
ration of the study was 18 months. Acute respiratory failure was 
identified in any patient presenting with respiratory arrest or respi-
ratory distress with SpO2 < 90%. The arterial blood gas (ABG) was 
done in all the patients showing signs of respiratory distress/altered 
respiratory pattern, and were included in the study if PaO2 < 50 mm 
Hg  and/or PaCO2 > 60 mm Hg. 

Results: Maximum patients (56.52%) were observed in the age 
group of 1 month to 1 year and majority was males. Pulmonary dis-
eases accounted for majority (62.60%) of cases, followed by ner-
vous system (23.50%), sepsis (9.56%) and cardiovascular system 
diseases (4.34%). The respiratory failure was classified into three 
types based on ABG analysis, of which hypoxic respiratory failure 
(type 1) was the commonest (74.78%). The commonest cause of 
respiratory failure and mortality was bronchopneumonia (42.60%). 
About one-third of the patients (33.91%) required ventilation sup-
port. Overall mortality rate was 14.14%. Among the malnourished 
children maximum number had grade IV malnutrition, and the mor-
tality rate increased with the grade of malnutrition. 

Conclusion: The commonest type of respiratory failure was hy-

poxic type, and bronchopneumonia was the commonest cause of 
mortality. 

Keywords: Arterial blood gas analysis; Respiratory failure; Respi-
ratory distress; Ventilatory support

Introduction

Acute respiratory failure may be defined as disruption in 
the function of the respiratory system that acutely impairs 
delivering adequate oxygen to or removing carbon dioxide 
from pulmonary capillary bed or both. It has varied etiology-
related manifestations and has a high mortality in the pediat-
ric age group [1]. The diagnosis of respiratory failure relies 
primarily on arterial blood gas (ABG) analysis. Early diag-
nosis can be made by the physician who has a high index of 
suspicion and who is aware of the clinical situations in which 
respiratory failure is likely to be a complication. If good clin-
ical judgment and thorough knowledge of the natural history 
of the disease can be combined with a proper assessment of 
oxygenation, ventilation and acid base status, the manage-
ment of many of patients can be exceptionally rewarding 
[2]. Careful assessment of history, complete physical exami-
nation and evaluation of laboratory parameters may clarify 
the diagnosis. Serial assessments of sensorium, respiratory 
symptoms, ABG and response to treatment provide valuable 
clues to determine the need for intervention [3]. Clinical 
signs of respiratory distress include tachypnea, altered depth 
of respiration, chest wall retraction, flaring of alae nasae, de-
creased breath sounds, grunting and cyanosis. In addition to 
cardiac signs like tachycardia, hypertension or bradycardia, 
hypotension and cardiac arrest can also be present. The di-
agnosis is confirmed by ABG. The recognition of respira-
tory failure as a life-threatening problem led to development 
of the concept of the intensive care unit (ICU) in modern 
hospitals. ICU personnel and equipment support vital func-
tions to give patients’ their best chance for recovery. Today’s 
sophisticated ICU facilities with their novel mechanical life-
support devices evolved as doctors and scientists learnt more 
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and more about the cause of respiratory failure and how to 
treat it. In recent years, the rapid evolution of pediatric ICU 
(PICU) has stimulated an increasing need to understand the 
types of patients cared for in such units, their outcome and 
the services they require. In a developing country like India, 
very few centers are in a position to provide intensive care 
to the critically sick children. The present study was under-
taken to determine the causes, clinical features and outcome 
of acute respiratory failure in children.

 
Materials and Methods

   
A prospective study was conducted over a period of 18 

months on children from 1 month to 15 years of age, admit-
ted with acute respiratory failure in the Department of Pedi-
atrics at Dayanand Medical College and Hospital, Ludhiana, 
a tertiary care teaching institute in north India. All patients 
admitted in the pediatric emergency, with respiratory distress 
and/or respiratory failure at admission or within 6 h of ad-
mission, were included. 

Criteria for acute respiratory failure was identified in 
any patient presenting with respiratory arrest or respira-
tory distress with SpO2 < 90%. The ABG was done in all 
patients. Acute respiratory distress was defined as changes in 
the respiratory rate, respiratory effort and work of breathing. 
Presence of head bobbing, grunting, stridor, prolonged exha-
lation, sub-costal and inter-costal recession, and decreased 

Primary system involved/underlying disease Number of cases

Respiratory system
Bronchopneumonia
Asthma
Bronchiolitis
Aspiration pneumonia
Aspiration of foreign body
Pneumothorax
SLE with lupus lung
Laryngotracheobronchitis
Pleural effusion
Thalassemia major with lobar pneumonia
Acute pancreatitis with lobar pneumonia

49
5
3
5
1
1
2
3
1
1
1

Cardiovascular system

Myocarditis with pulmonary edema
FTT with anemia with CCF
VSD with pulmonary edema

2
1
2

Central nervous system 

Viral hepatitis with encephalopathy
DKA with cerebral edema
Meningitis
Encephalitis
Cerebral malaria
Guillain-barre syndrome
Head injury
Status epilepticus
Acute diarrhoeal disease with
Severe dehydration with meningitis 

4
4
2
3
2
1
2
8
1

Others
Sepsis 11

Table 1. Relationship Between Diagnosis and Type of Respiratory Failure
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chest expansion resulting from inadequate effort or airway 
obstruction were also included. Cardiac signs like weak and 
thready pulse, capillary refill time > 3 s, cold, mottled, pale or 
cyanotic peripheries, pale mucous membranes or nail beds, 
tachycardia, hypertension and cerebral signs like presence 
of restlessness, irritability, headache, confusion, drowsiness 
and seizures were also suggestive of respiratory failure. Ini-
tially all the patients were managed in pediatric emergency 
and later shifted to PICU. The stable patients were shifted 
to the ward. All patients with signs of respiratory distress 
were attached to a pulse oximeter and enrolled in the study 
if SpO2 was < 90% on room air. Outcome was assessed in 
terms of survival/death, and was correlated with age, gender, 
nutritional status, duration of ambu bag/mechanical ventila-
tion, complications of mechanical ventilation and the prima-
ry system involved. Nutritional status was assessed accord-
ing to IAP PEM classification. 

Z-test was used to compare two proportions of the pa-
tients and P-value was obtained to assess the significance.

 
Results

  
Out of 115 cases of respiratory failure, maximum 65 
(56.52%) cases were observed in the age group of 1 month 
to 1 year followed by 23 (20.00%) in the age group of 1 to 
5 years, 16 (13.91 %) between 5 to 10 years and remaining 
11 (9.57%) in the age group of > 10 years. The mean age 
at presentation was 36.96 months. There were 89 (77.39%) 
males and 26 (22.61%) females, with male:female ratio of  
3.4:1. The most common clinical feature was fever seen in 
79 (68.70%) cases followed by irritability in 78 (67.83%) 
and cough in 42 (36.52%). Tachypnea and nasal flaring 
were the most common signs of respiratory distress seen in 
103 (89.57%) patients each. Chest retraction was a finding 
in 99 (86.09%) patients and head bobbing was found in 83 
(72.17%) patients. All the patients presented with pale skin 
color. Cyanosis was seen in 30.43% cases. The capillary fill-
ing time was also estimated and it was > 3 s in 84 (73.04%) 
patients. 

The most common of respiratory failure in our study 
was bronchopneumonia seen in 49 cases (42.60%) (Table 1). 
The hypoxic respiratory failure (type 1) was the commonest 
type (74.78%), followed by hypercapnic (type 2) respiratory 
failure in 20 (17.39%). There were nine (7.83%) cases of 
mixed respiratory failure (type 3 respiratory failure/combi-
nation of above two) (Fig. 1). Outcome of acute respiratory 
failure has been given in Table 2. Of the total 115 patients 
only 85 (73.91%) survived with 76.92% and 72.73% surviv-
al rate in the age group < 1 year and > 10 years respectively. 
The commonest cause of death in respiratory failure was the 
bronchopneumonia (50.00%) followed by sepsis in 14.29% 
cases. Other causes of high mortality rates were status epi-
lepticus and diabetic ketoacidosis with cerebral edema in 
14.29%. Among the malnourished children, maximum num-
ber had grade IV malnutrition and of these 42.11% expired, 
only 26.32% were discharged and 31.58% left against medi-
cal advice. Patient who left against medical advice was on 
IPPV with ambu. 

Type 1 respiratory failure had higher mortality rate of 
13.95% as compared to patients with type 2 or type 3 respira-
tory failures. Of the total 115 patients only 39 (33.91%) pa-
tients received ventilatory support with 43.59% survival. Of 
these 17 (43.59%) patients were on ventilatory support for 
> 72 h with 58.82% survival which was better than in those 
who received ventilation for less duration. This association 
was significant with P-value < 0.05. Of the total 115 patients 
42 patients were malnourished. Among the malnourished 
children maximum number i.e. 19 (45.23%) cases had grade 
IV malnutrition and the mortality rate increased with the 
grade of malnutrition (P < 0.05).

Discussion
  
Respiratory failure is defined as inability to meet one’s need 
for tissue oxygenation and elimination of CO2, often but not 
always associated with distress. Respiratory failure develops 
when the rate of gas exchange between the atmosphere and 
blood is unable to match the body’s metabolic demands. It 

Figure 1. Pie chart showing distribution of type of respiratory failure.
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is diagnosed when the patient loses the ability to provide 
sufficient oxygen to the blood and develops hypoxemia or 
when the patient is unable to adequately ventilate and devel-
ops hypercarbia. Acute respiratory failure remains a major 
cause of morbidity and mortality in both pediatric and adult 
populations. The annual incidence in the United States is as 
high as 150,000 cases, with mortality rates generally ranging 
between 50% and 70% [4]. Recent studies of acute respira-
tory distress syndrome (ARDS) in children report a 60-75% 
mortality rate [5-7]. Sepsis and multiple organ system dys-
function contribute the most to the high mortality and mor-

bidity seen in both adults and children with ARDS.
The maximum number of patients in our study was in 

the age group of 1 month to 1 year. This is in accordance 
with study done by Karande et al [8] in which the major-
ity of cases (52%) were in this similar age group. Similarly 
another study done in by Newth [2] found that in almost 
two-thirds of the cases, respiratory failure occurred in the 
first year of life. This high incidence of respiratory failure 
in infancy could be attributed to structural immaturity of the 
chest wall, respiratory muscles and the airways. This can 
also be explained by defining anatomic compartments and 

Table 2. Outcome of Acute Respiratory Failure

*Outcome is excluding LAMA patients.

Feature

Outcome*

P-value

No. of cases Survived % Died %

Age 0.10

1 month - 1 year 
1 year - 5 years 
5 years - 10 years
> 10 years 

65
23
16
11

50
16
11
08

76.92
69.57
68.75
72.73

6
1
4
3

9.23
4.35
25.00
27.27

Nutritional status 0.05

Normal
Grade I PEM
Grade II PEM
Grade III PEM
Grade IV PEM

73
06
07
10
19

70
04
03
03
05

95.89
66.67
42.86
30.00
26.32

1
1
1
3
8

1.37
16.67
14.29
30.00
42.11

Type of respiratory failure 0.10

Type 1
Type 2
Type 3

86
20
9

63
15
07

73.26
75.00
77.78

12
01
01

13.95
05.00
11.11

Duration of ventilation 0.05

No ventilation
1 - 24 h
24 - 72 h
> 72 h

76
7
15
17

68
0
07
10

89.47
00
46.67
58.82

2
6
3
3

2.63
85.77
20.00
17.65

Inotropes 0.01

Yes
No

32
83

15
70

46.88
84.33

9
5

28.13
06.02
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their developmental differences in pediatric patients that in-
fluence susceptibility to acute respiratory failure. Males were 
3.4 times more frequently affected than females in our study. 
Similar results were found in a study by Fresca et al where 
male:female ratio of 1.27:1 i.e. male predominance was ob-
served [9]. However, ratio in our study was high which can 
be due to gender bias i.e. more male patients brought to the 
hospital. Hypoxic respiratory failure (type 1) was character-
ized by PaO2 < 50 mm Hg and was the commonest type seen 
in 74.78% of patients. Similar study done by Fresca et al 
in 128 non-neonate pediatric patients, observed that hypoxic 
respiratory failure (type 1) was the commonest type consti-
tuting 94.50% of total patients [9].

The most common clinical features were fever and ir-
ritability, followed by cough and cyanosis. Karande et al 
noticed cyanosis in 52% cases and irritability in 64% [8]. 
Similar study by Singhi also concluded that fever, cough and 
cyanosis were commonly seen symptoms of respiratory dis-
tress [10]. The common signs of respiratory distress were 
tachypnea, nasal flaring, head bobbing and chest retractions 
of which tachypnea and nasal flaring were most common 
seen in patients. Similar observations were made in a study 
by Karande et al [8]. The commonest cause of respiratory 
failure was acute bronchopneumonia. The overall mortality 
rate was 14.14%. This is not in accordance with the various 
studies as by Ferring et al [11] and Hussain et al [12] who re-
ported high mortality rate in patients with respiratory failure 
of 28% and 52% respectively. The low mortality in present 
study than other studies was probably because of the factors 
that included early presentation of the child and hence ear-
ly treatment, less number of patients with malnutrition and 
timely ventilation. The 58.62% of patients who required ven-
tilator support survived. On the other hand, the patients who 
did not require ventilatory support, 97.14% survived. There 
was statistically significant correlation between the ventila-
tory support (including the duration of ventilator support) 
and the outcome. The coexistent malnutrition was associated 
with significantly higher mortality (P-value < 0.05). This is 
in accordance with the previous studies that showed that the 
response to treatment and outcome are affected by associ-
ated malnutrition, i.e. with increasing malnutrition there is 
decreased response to treatment and poor outcome [8, 13]. 
In summary, acute respiratory failure and its outcome were 
independent of age of the child. Malnutrition and type 1 fail-
ure were associated with poor outcome.
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