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Abstract. Acute lung injury and acute respiratory distress syndrome are an important challenge for pediatric intensive care 
units. These disorders are characterized by a significant inflammatory response to a local (pulmonary) or remote (systemic) 
insult resulting in injury to alveolar epithelial and endothelial barriers of the lung, acute inflammation and protein rich pulmonary 
edema. The reported rates in children vary from 8.5 to 16 cases / 1000 pediatric intensive care unit (PICU) admissions. The 
pathological features of ARDS are described as passing through three overlapping phases - an inflammatory or exudative 
phase (0-7 days), a proliferative phase (7-21 days) and lastly a fibrotic phase (from day 10). The treatment of ARDS rests on 
good supportive care and control of initiating cause. The goal of ventilating patients with ALI/ARDS should be to maintain 
adequate gas exchange with minimal ventilator induced lung injury. This can be achieved by use of optimum PEEP, low tidal 
volume and appropriate FiO2. High frequency ventilation can improve oxygenation but does affect the outcomes. Prone 
positioning is a useful strategy to improve oxygenation. Pharmacological strategies have not made any significant impact on 
the outcomes. Preliminary data suggests some role for use of corticosteroids in non-resolving ARDS. The mortality rates have 
declined over the last decade chiefly due to the advances in supporting critically ill patients. 
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Acute lung injury (ALI)/Acute respiratory distress 
syndrome (ARDS) are disorders marked by a significant 
inflammatory response to a local (pulmonary) or remote 
(systemic) insult resulting in injury to alveolar epithelial 
and endothelial barriers of the lung, acute inflammation 
and protein rich pulmonary edema. ARDS is the more 
severe form of ALL These changes was first described by 
Ashbaugh et al in 1967.1 Four decades after the first 
description of ARDS, clinicians are still faced with the 
challenge of managing children affected by this disease. 
Considerable advances have been made in the 
understanding of the pathophysiology and pathology of 
ARDS. Even though no specific pharmacological 
treatment has emerged, many support therapies have 
been developed which are capable of improving the 
outcome of patients with ARDS. However, management 
of ARDS continues to be team based with meticulous, 
multidisciplinary intensive care team approach. Our 
understanding of epidemiology and effect of treatment 
have been hampered by lack of uniform definitions and 
also due to the fact that patients with ARDS form an 
extremely heterogenous population. The availability of 
data on pediatric ARDS is even more limited due to lack 
of controlled studies in this population. Hence, many of 
the therapeutic strategies employed for management of 
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pediatric ARDS have been extrapolated or adapted from 
adult studies. 

DEFINITIONS 

Since the first description in 1967, the definition of ARDS 
has changed in several ways. The term "adult respiratory 
distress syndrome" was replaced by "acute respiratory 
distress syndrome" because both children and adults are 
affected by this serious disease. In 1988, Murray et al 
proposed an expanded definition of ARDS which 
included the duration of the syndrome (acute or chronic), 
the physiological severity of pulmonary injury and the 
primary insult associated with development of lung 
injury. 2 In 1994, in an attempt to develop a simple uniform 
definition that could be used to enroll patient in clinical 
studies, the North American European Consensus Confe- 
rence (NAECC) on ARDS proposed a revised definition 
for acute lung injury (ALI) and ARDS (Table 1)2A recent 
review compared and contrasted the three most recent 
definitions of ARDS (Table 2). 4 

EPIDEMIOLOGY 

The incidence of ALI and ARDS has been difficult to 
establish. Based on the NAECC criteria, it is estimated that 
ARDS has an incidence of 13.5 cases per 100,000 people 
and that ALI affects 17.9 of every 100,000 people. 5 A 
definitive s tudy using NAECC definition has been 
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TASLE 1. 1994 Consensus Conference Definitions of ALI and 
ARDS ~ 

Onset 
Oxygenation criteria : 

Radiographic criteria : 
Exclusion criteria 

Acute and persistent 
PaO2/FiO2 < 300 for ALl; 
< 200 for ARDS 
Bilateral infiltrates 
Pulmonary artery occlusion 
pressures > 18 mmHg 
Clinical evidence of left atrial 
hypertension 

c o m p l e t e d  at the Un ive r s i ty  of W a s h i n g t o n  and  
preliminary results suggest that the original NIH estimate 
of 75 cases of ARDS per 100,000 people per year may have 
been reasonable. 6 

In children, no popula t ion  based data is available. 
However, the reported rates vary from 8.5 to 10.4 cases / 
1000 pediatric intensive care unit (PICU) admission. 7~,9 In 
our  centre the incidence of ARDS was 16/1000 PICU 
admiss ions .  ~~ Pat ien ts  wi th  sepsis ,  severe  t r auma ,  
pneumonia and multiple transfusions of blood products 
makes  up the largest  pe rcen tage  of ARDS cases, w13 
Overall ,  approximate ly  20-40% of pat ients  wi th  well  
established risk factors and respiratory failure develop 
ARDS, and the more risk factors in any individual, the 
greater the likelihood of developing ARDS 14-16 (Table 3). 
What  is e n c o u r a g i n g  is the fact tha t  mor t a l i t y  has  
decreased over the past decade with most series reporting 
30-50% depending on underlying health status, s,~3,17.~8 

PATHOLOGY AND PATHOGENESIS 

A L I / A R D S  are the end  resu l t  of an aggress ive  
inflammatory process and the end organ affected by the 
inflammatory cascade is the lungs. The reason for lungs 
being the target  organ  is not  known.The  p u l m o n a r y  
response occurs to a broad range of injuries occurring 
either directly to the lungs or as a consequence of injury or 
inflammation at other sites in the body. 

Much has been  learned about  the pathogenesis  of 
ARDS and central to the pathogenesis are an explosive 
i n f l a m m a t o r y  process  and  the r epa ra t ive  r e sponse  
invoked in an attempt to heal this. 

P a t h o l o g y  

Lung injury is a dynamic condition and the pathological 
features of A-RDS are described as passing through three 
ove r l app ing  phases  (Table 4) - an in f l ammato ry  or 
exudative phase (0-7 days), a proliferative phase (7-21 
days)  and lastly a fibrotic phase  (from day  10). The 
in i t ia t ing  insul ts  t hemse lves  m a y  in f luence  the 
pathophysiological picture. Recent evidences suggest that 
there may be a considerable overlap of the inflammatory 
and fibroproliferative phases. N-terminal procallagen III 
peptide levels (marker for collagen turnover) is raised in 
BAL fluid within 24 hours  of vent i la t ion for ARDS. 19 
Myofibroblast cells also show an early increase within 48 
h o u r s  of d iagnos i s  and  is i n t ense ly  mi togen ic  for  
fibroblasts. These events suggest that process of fibrosis 
m ay  be swi tched  on at a v e r y  ear ly  stage and  thus  
offer ing the possibi l i ty  for ear ly  d i rec ted  t rea tment  
agains t  f ibrosis  i n d e p e n d e n t  of the  effects  on  
inflammation. 

Pathogenes i s  

There is no uniform response to injury (direct or indirect). 
Some d ev e lo p  ARDS, some ALI, and some do  not  
develop pulmonary symptoms at all. The main players in 
the inflammatory process are neutrophils and multiple 
m e d i a t o r  cascades,  n The f ib roblas t  is key  in the 
fibroproliferative phase and is the target of regulators of 
matrix deposition. 22 A complex interplay of regulatory 
cytokines conteracts the inflammatory mediators. Even 
though lung injury is triggered off by a specific insult, it 
can be  ex ace rb a t ed  by  i n a p p r o p r i a t e  mechan ica l  
ventilatory strategies. Alveolar over-distension, repetitive 
o p en in g  and  c los ing of a lveol i  t h r o u g h  use of 
i n a p p r o p r i a t e  PEEP and h igh  FiO2 can gene ra t e  a 
proinflammatory response. 

With initiation of inflammation,  there is increased 
leucocyte  p r o d u c t i o n  and rap id  r ec ru i tmen t  to the 
in f l amed  site. There  is also ac t iva t ion  of m e d i a t o r  
cascades. The neutrophil is the dominant leucocyte which 
causes cell damage through production of free radicals, 
inflammatory mediators and proteases. 23-z~ Recent animal 
studies suggest that enzyme neutrophil elastase may be 
an important mediator of damage to alveolar epithelium 

TABrE 2. Comparisons of Different Definitions of ARDS 

Author Advantages Disadvantages 

Petty and Ashbaug (1971) ~ 

Murray et al (1988) 2 

NAECC (1994) 3 

�9 First description 
�9 Detailed clinical description which summarized 

clinical features well 
�9 Evaluates severity of lung injury by 4 point 

scoring system 

�9 Simple criteria which are easy to apply in 
clinical setting 

�9 Identifies two clinical spectrum (ALI and ARDS) 

�9 No specific criteria for identification of patients 

�9 Lung injury score not predictive of outcome 
�9 Specifies cause of lung injury 
�9 No specific criteria to exclude cardiogenic 

pulmonary edema 

�9 Radiographic criteria non specific 
�9 Does not specify cause 
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TAULE 3. Clinical Conditions Associated with  Development  of 
ALI/ARDS 19 

Direct Indirect 

Usual Usual 
�9 Pneumonia �9 Sepsis 
�9 Aspiration pneumonia �9 Severe trauma 

Rare �9 Multiple transfusions of blood 
�9 Inhalational injury products 
�9 Pulmonary contusion Rare 
�9 Near drowning �9 Acute pancreatitis 
�9 Reperfusion injury �9 Drug overdose 

�9 DIC 
�9 Burns 
�9 Head injury 

and progression to fibrosis. ~ Adhesion molecules, notably 
[~2 integrins mediate  neutrophil  binding to pu lmonary  
endotheliuin and also modulate activation and mediator 
release by neutrophilsY However,  ARDS can develop in 
neutropenic patients hence neutrophils are believed to be 
an i m p o r t a n t  bu t  no t  e s sen t i a l  c o m p o n e n t  of the 
inflammatory response. ~ 

The i n f l a m m a t o r y  p roces s  is d r i v e n  in p a r t  b y  
cytokines including TNF-cc, IL-I~, IL-6 and IL-8. 29-3~ They 
are  p r o d u c e d  b y  i n f l a m m a t o r y  cells and  p r o m o t e  
neutrophil-endothelial adhesion, microvascular leakages 
and amplification of other proinflammatory response. The 
other mechanisms  responsible for barr ier  dysfunct ion 
during inflammatory phase includes production of nitric 
oxide, activation of platelet activating factor (PAF) and 
dysregulation and delayed apoptosis. 31-32 

In patients of ARDS, there is loss of normal control of 
pulmonary vasomotor  tone due to refractory hypoxemia 
result ing in mild  p u l m o n a r y  hyper tens ion.  Increased 
express ion  of po ten t  vasocons t r ic tor  endothe l in  and  

microthromboembolism may also contribute. 33 
I n f l a m m a t i o n  leads  to su r f ac t an t  d y s f u n c t i o n  in 

ARDS. 34 There is loss of type II cells leading to decreased 
synthesis and recirculation of surfactant. The functional 
capacity of surfactants are also reduced in presence of 
protein rich edema.  There is increase in ratio of minor  
phospholipids to phosphatidylcholine in lung injury. The 
degree to which surfactant dysfunction contributes to the 
pathogenesis of ARDS is currently not clear. 

A lveo la r  t ype  II cell p ro l i f e r a t ion  and  enhan ced  
fibroproliferation are key steps in attempts at repair in the 
lung. The fibrotic response is stimulated by mediators like 
TNF-c~, IL-I~ which causes local fibroblasts to migrate,  
replicate and produce excessive connective tissue. 3s Other 
profibrotic factors include fibrin, thrombosis and factor 
Xa. Studies in animals and in humans suggest that TGF-[~ 
is important in the pathogenesis of pulmonary fibrosis? 6 

The resolution phase of ARDS has been least clearly 
documented. In the majority of survivors, lung mechanics 
fully recover suggesting that the pu lmonary  fibrosis in 
ARDS is reversible. 37 In those patients in w h o m  fibrosis 
does  not  c o m p l e t e l y  resolve ,  pe r s i s t ing  p u l m o n a r y  
abnormalities on long term follow up have been found. 

THERAPEUTIC STRATEGIES IN ARDS 

ARDS has  no specific pha rmaco log ica l  t rea tment .  A 
number of support therapies based on the advances in our 
understanding of pathophysiology and pathogenesis of 
ARDS have been developed. Not all therapies have been 
effective in modifying the course of this condition because 
pa t ien t  wi th  ARDS fo rm an ex t remely  he te rogenous  
population. The therapeutic strategies that may be used in 
ARDS are outlined in Table 5. 

TABL~ 4. Pathological Phases in ARDS 

Phase Macroscopic Microscopic Vasculature 

Exudative (0-7 days) Heavy, rigid, dark lungs �9 Diffuse alveolar damage Local thrombus 

Proliferative 
(7-21 days) 

Fibrotic phase 
(day 10 onwards) 

Heavy, solid, gray lungs 

Cobblestone appearance due 
to scarring 

�9 Proteinaceous and hemorrhagic 
alveolar interstitial edema 

�9 Formation of hyaline membrane (eosinophilic 
fibrin, immunoglobulin and complement) 

�9 Neutrophilic infiltrate 
�9 Epithelial > endothelial damage 

�9 Organization of exudates/fibrosis 
�9 Interstitial spaces dilated 
�9 Necrosis of type I pneumocytes 
�9 Appearance of fibroblasts 
�9 Extreme narrowing even obliteration of 

air space 
�9 Beginning of fibrosis in the intraalveolar 

space 

�9 Relative accumulation of 
lymphocytes and macrophages 

�9 Fibrosis 
�9 Deranged acinar architecture 
�9 Patchy emphysematous changes 

�9 Capillary network 
damaged 

�9 Pulmonary hypertension 

�9 Vasculature grossly 
deranged 

�9 Tortuous vessels 
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TABLE 5. Therapeutic Strategies in ARDS 3s 

Control of causative factors (sepsis, shock, etc) 
Mechanical ventilation 

�9 Controlled oxygen exposure (FiO2) 
�9 Avoidance of volutrauma (low VT) 
�9 Avoidance of atelectrauma (appropriate PEEP) 

Non-conventional ventilation 
�9 High frequency ventilation 
�9 Liquid ventilation 

Careful fluid administration 
Drug-based therapies 

�9 Nitric oxide 
�9 Surfactant 
�9 Corticosteroids and other anti-inflammatory agents 

Positioning (Prone ventilation) 
Supportive therapy 

�9 Analgesia and sedation 
�9 Nutrition / Immunonutrition 
�9 Psychosocial support 

TABLE 6. Risk Factors Predictive of Increased Mortality in 
Multivariate Analysis of Patients With ALl/ARDS 1~, r~ 

�9 Liver dysfunction / cirrhosis 
�9 Sepsis 
�9 Non-pulmonary organ dysfunction 
�9 Age 
�9 Organ transplantation 
�9 HW infection 
�9 Active malignancy 
�9 Length of mechanical ventilation prior to ARDS 
�9 Oxygenation index 
�9 Mechanism of lung injury 
�9 Right ventricular dysfunction 
�9 PaO2/FiO2 < 100 

Control  of  Causat ive  Factor 

The factors causing and exacerbating the disease process 
must  be treated or controlled. Patients with infection 
shou ld  be t r ea ted  wi th  a p p r o p r i a t e  ant ibiot ics .  
Intravascular volume expansion with crystalloids and 
vasopressors should be used to manage patients in shock. 

Vent i la tory  Strategies  in A R D S  

Mechanical ventilation has evolved from being merely a 
suppor t - therapy to a therapy which can influence the 
progression of the lung disease. The goal of ventilating 
patients with ALI/ARDS should be to maintain adequate 
gas exchange wi th  minimal  vent i la tor  induced  lung 
injury. The indications of ventilation for ARDS are based 
on clinical, laboratory and radiological findings. But the 
key is to initiate ventilation at an early stage. 

The he terogeneous  dis tr ibut ion of lung disease in 
pat ients  with ARDS makes mechanical  vent i la t ion a 
challenge to intensive care physician. The pathological 
distribution of aerated lung lying over areas of dense 
consolidation and collapse has important implications for 
ventilatory management. In addition, lung pathology in 
ARDS is also dynamic with rapid changes in compliance 
occurring in matter  of hours  as the syndrome evolves 
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rapidly. Thus, application of normal physiological tidal 
v o lu m es  and i n a p p r o p r i a t e  PEEP can lead to ove r  
distention of alveoli in aerated regions, while failing to 
recruit consolidated dependent regions. 

Ventilator induced lung injury can occur by several 
mechanisms: oxygen toxicity from use of high FiO2; over 
distension of alveoli leading to barotrauma; repetitive 
opening and closing of alveoli volutrama causing shear 
stress and triggering further inflammation. 

The most revolutionary change in the management of 
children with ARDS has been adopt ion  of concept  of 
"lung protective" ventilation where lower tidal volume 
(VT) and appropr ia te  h igher  posi t ive end-expi ra tory  
pressure (PEEP) are used. 

Controlled Oxygen Exposure 

High FiO2 should be avoided  to minimise the risk of 
direct cellular toxicity and avoid reabsorption atelectasis. 
Even though there is no clinical evidence to suggest a 
threshold value, it is preferable to decrease FiO2 below 0.6 
as soon as possible. 

Carbon Dioxide 

Using the ' l ung  p ro t ec t i ve '  s t r a t egy  m a y  cause  
hypercapnia. It is increasingly being accepted that a mild 
e leva t ion  of PaCO2 (pe rmiss ive  h y p e r c a p n i a )  and  
ma in ta in ing  l imits  on  VT and  a i r w a y  p r e s su re  is 
associated wi th  a significantly lower morta l i ty  f rom 
ARDS. 42 There  are no da ta  to conf i rm the degree  of 
acidosis that is safe. It is probably safe to maintain a pH 
above 7.25 with a PaCO2 of less than 80 mm HgY 

Tidal Volume (VT) 

A couple of large studies have evaluated the role of lung- 
protective (low VT) strategy for ARDS 5~9 which has shown 
an i m p r o v e d  su rv iva l  ra te  in pa t ien t s  wi th  ARDS. 
However,  in two other studies on patients with ARDS, 
low VT has failed to show any benefit. 4~ There are no 
randomized trial in children to support  the above view. 
Conduc t ing  such trials w o u ld  be both  diff icult  and 
p ro b ab ly  u n n e c e s s a r y  cons ide r ing  the s t rong  
phys io log ica l ,  e x p e r i m e n t a l  and  clinical  suppor t .  
Children with ARDS should be ventilated with a low VT 
of < 6 m l / k g .  If a chi ld is ven t i l a t ed  on  a p re s su re  
controlled mode, the tidal volumes should be accurately 
monitored. 

Positive End-expiratory Pressure (PEEP) 

The application of adequate  levels of PEEP improves 
oxygenation and is associated with favourable physiolo- 
gical ou tcomes .  44'45 PEEP improves  o x y g en a t i on  by  
p r o v i d i n g  m o v e m e n t  of f luid f rom the a lveola r  to 
interst i t ial  space,  r ec ru i tmen t  of small  a i rways  and 
collapsed alveoli and an increase in functional residual 
capacity. Current clinical practice in absence of routine 
static PV (pressure-volume) curve measurement  is to 
keep PEEP be tween  8 cm H20 and 20 cm H20. PEEP 
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should be progressively increased by 2-3 cm H20 
increments to maintain saturation between 90 and 95% 
with FiOz < 0.5. Child should be monitored for any 
evidence of cardiovascular compromise and hyper- 
inflation. If facilities for monitoring Pressure-volume 
loops are available, then it is desirable to keep the PEEP 
above the lower inflection point. 

Inspiratory Time 

No clinical studies have specifically addressed inspiratory 
time. The I:E ratio may be increased to 1:1 or 2:1 (inverse 
ratio ventilation) to improve oxygenation. 

Mode of Ventilation 

Regardless of the ventilation mode used, no one 
conventional ventilation mode has been shown to be 
superior than the other. It is the setting rather than the 
mode that is important. The preferred mode is time- 
cycled, pressure regulated, volume controlled mode to 
limit peak inspiratory pressure to 30-35 cm H20. 

Recruitment Manoeuvres 

There are no randomised studies to indicate whether 
recruitment manoeuvres like use of sigh, CPAP or BiPAP 
influence outcome. 

Non-conventional ventilation in ARDS 

High-frequency Ventilation (HFV): There has been a 
resurgence of interest in HFV over the last few years but 
the role in pediatric respiratory failure and ARDS remains 
a source of debate. The advantages of HFV are (a) use of 
low VT and avoidance of barotrauma and (b) maintenance 
of near normal PaCO2 with improved minute ventilation. 
The two most commonly used modes are high frequency 
oscillatory ventilation (HFOV) and high frequency jet 
ventilation (HFJV). Many studies in pediatric population 
have shown that early initiation of HFOV is associated 
with better oxygenation and better outcome. 46,47,48 

Liquid Ventilation " Liquid ventilation employs 
perfluorocarbons which removes the air-liquid interface 
and supports alveoli, thus preventing the collapse. In total 
liquid ventilation, the entire lung is filled with liquid 
while in partial liquid ventilation the lung is filled so as to 
occupy the functional residual capacity. This treatment 
modality has primarily been in the realms of research and 
cannot be recommended as a therapeutic strategy for 
ARDS 49. 

Fluid Administration 

It is essential that adequate systemic perfusion be 
maintained to optimize tissue oxygen delivery. Patient in 
shock should be aggressively resuscitatedwith boluses of 
crystalloids or colloids. Once hemodynamic stability is 
achieved, fluid administration should be limited in an 
effort to minimize the capillary leak and control pulmo- 
nary edema? ~ The intravascular volume can be assessed 
by renal and cardiac functions and by acid-base balance. 
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Drug Based Therapies 

The use of agents with specific physiological goals has 
been studied in human population with ARDS. 
Nitric Oxide (NO): NO is a potent endogenous 
vasodilator which is administered via inhalation causing 
pulmonary vasodilation and decrease in pulmonary 
hypertension. Reduced arterioral load and venous tone 
decreases capillary pressure, reducing leakage and 
thereby improving gas exchange. Maximal improvement 
in oxygenation is sometimes achieved with 1-2 part per 
million (ppm) and usually not more than 10 ppm is 
required in most patients. The effect can be frequently 
seen in less than ten minutes or may take several hours. 
The data from various pediatric studies suggest that NO 
improves short-term oxygenation in children with ARDS 
but little change is seen in long-term oxygenation 
indices. 52,53 It may be used in patients for temporary 
rescue where hypoxemia is refractory to conventional 
interventions. 
Surfactant Therapy : In ARDS, there is derangement in 
surfactant composition with alteration in phospholipid 
and protein composition. Few studies have shown 
improvement in oxygenation after using surfactant but 
there are no good randomized trials in pediatric ARDS to 
draw any definite conclusions. 54'55 New surfactant 
preparations are being tested in patients with ARDS. 56 
Much like other drug based therapies, surfactant may be 
an useful adjuvant in special situations when oxygenation 
cannot be achieved with conventional methods. The exact 
selection criteria who would benefit from this therapy 
remains to be seen 
Corticosteriods : Corticosteroids decrease the production 
of a number of inflammatory and profibrotic mediators 
by many mechanisms. The use of corticosteriod does not 
prevent the develop the development of ARDS, nor is it 
beneficial when employed during the initial phase of the 
clinical course, s7"58 Two meta-analyses of randomized 
trials investigating a short course of high dose 
methylprednisolone (<48 hrs) in early sepsis and ARDS 
found no evidence of beneficial effects, s9.6~ But in a 
prospective, randomized controlled trial prolonged 
administration of methyprednisolone in adult patients 
with unresolving ARDS (ARDS>7 days) was associated 
with improvement in lung injury and MODS scores and 
reduced mortality. 61 In summary, corticosteroids may be 
used in later stages (fibrosing alveolifis) to help in 
weaning of the ventilator. 
Miscellaneous Therapies:Treatment with various 
vasodilator like hydralazine, prostaglandin (PGE1) and 
prostacyclin (PGI2) have not been shown to be 
beneficial. 62 The use of non-steroidal drugs with anti- 
inflammatory effects like indomethacin, ketoconazole, 
ibuprofen and lisofylline have not shown any benefit in 
clinical studies and hence cannot be recommended. 63 
Combination therapies of almitrine (vasodilator) with NO 
and prone positioning have demonstrated improved 
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oxygenation compared to use of single therapies alone. 64 
Anti IL-8 antibodies is a potential target for therapy in 
ARDS. A n t i o x i d a n t s  l ike N - a c e t y l c y s t e i n e  and  
haemoxygenase are currently being studied. ~ 

Prone Positioning 

The use of prone posit ioning in ARDS was reported as 
ear ly  as 1974. 66 The m e c h a n i s m  of i m p r o v e m e n t  in 
oxygenation is complex and varied. Changes in regional 
lung perfus ion and in regional  pleural  pressures  and 
r ec ru i tmen t  of dorsa l  lung have  been  pos tu l a t ed  to 
improve oxygenation during prone positioning. In a large 
s tudy in adults, prone position was not associated with 
any improvement  in clinical outcomeY Data is limited in 
ch i ld ren?  ~-7~ Potent ia l  r isks of p r o n e  pos i t ion ing  are 
increased venous  p ressure  in head,  eye d a m a g e  and  
increased intra abdominal  pressure. Prone positioning 
may  be used in select children with ARDS as it has few 
risks or cost involved. 

Extracorporeal Membrane Oxygenation 

Even though  ECMO has  p r o v e n  mor ta l i ty  benef i t  in 
neonata l  ARDS, the same  cannot  be  said of its use in 
pediatric ARDS. A large retrospective study has shown 
that pat ients  wi th  highest  chance of dy ing  f rom their 
d i seases  h a d  the m o s t  d r a m a t i c  i m p r o v e m e n t  in 
o u t c o m e s F '  ECMO m a y  be r e s e rved  for the s ickest  
children with ARDS with severe respiratory failure. 

Supportive Therapies 

Children with ARDS should have a comfortable stay in 
PICU. Ana lges i c s  and  s e d a t i o n  s hou l d  be  u sed  to 
minimize their physical  and mental  discomfort.  Total 
parenteral nutrition or enteral nutrition should be used to 
optimize nutrition to improve their defense mechanism. 
I m m u n o n u t r i t i o n  (add i t ion  of g lu tamine ,  a rg in ine ,  
omega-3 fatty acids) may  be useful for patients with risk 
of or with established ARDS. 72 Care should be taken to 
p r even t  nosocomia l  infections.  Early d iagnos i s  and  
p rompt  treatment of these infections are crucial to their 
r ecove ry .  The fami l i es  of such  ch i ld ren  s h o u l d  be 
counselec, and psychological support  must  be extended to 
them. 

PROGNOSTIC FACTORS 

Several prospective trials have identified risk factors that 
are independent  predictors  of mortal i ty  (Table 6). '7,73'74 
These  fac tors  m a y  g u i d e  clinical  dec is ion  and  also 
prognosticate to the families. Patients ~ 1th ALI /ARDS 
wi th  sepsis,  l iver disease,  n o n - p u l m o n a r y  end organ  
dysfunc t ion  have  increased morta l i ty .  In chi ldren in 
w h o m  oxygenation doesn ' t  improve after 6 days have a 
poor prognosis? Timmons et al identified several variable 
that  p red ic ted  worse  ou tcome like h igh  oxygena t ion  
index  and  m e a n  a i r w a y  p r e s s u r e  and  AaDO2 > 420 
mmHg.  7s 

Outcome 
Fewer than 5% of patients with ARDS die of respiratory 
failure. 76 Most of them succumb to multi organ failure. No 
large pediatrics review of mortal i ty  in ARDS has  been  
published since mid-90s. In various series mortality rates 
have varied from 75% to 60%. In our series, the mortality 
rate was 750/o. '0 The long term outcome among survivors 
of pediatric ARDS appear to be good. Ben Abraham et al 
f ound  that  7 of 28 s u r v i v o r s  w h o  were  t racked  had  
normal pulmonary, function and exercise capacity. 77 

CONCLUSION 

The unders tanding  of ARDS continue to evolve as we 
learn more about its epidemiology and pathophysiology. 
It is hoped  that  all RCT involving ARDS will use the 
NAECC defini t ion exclusively.  There are no specific 
pharmacological treatment of ARDS and treatment may 
be individualized around the mechanism of injury and 
clinical characteristics of each patient. 

REFERENCES 

1. Ashbaug DG, Bigelow DB, Petty TL, Levine BE. ARDS in 
adults. Lancet 1967; 2: 319-323. 

Z Murray JF, Matthay MA, Luce JM et al. An expanded 
definition of the adult respiratory distress syndrome. Am Rev 
Respir Dis 1988; 138: 720-723. 

3, Bernard GR, Artigas A, Brigham KL, Cadet J, Falke K, Hudson 
Let  al. The American-European Consensus Conference on 
ARDS. Definitions, mechanisms, relevant outcomes and 
clinical trial coordination. Am J Respir Crit Care Med 1994; 
149 : 818-829. 

4. Ware LB, Matthay MA. The acute respiratory distress 
syndrome. N Engl J Med 2000; 342 : 1334-1349. 

5. Amato MB, Barbas CS, Medeiros DM, Magoldi RB, Schettino 
GP et al. Effect of a protective ventilation strategy on mortality 
in the acute respiratory distress syndrome N Engl J Med 1998; 
338: 347-354. 

6. Hudson LD, Steinberg KP. Epidemiology of acute lung injury 
and ARDS. Chest 1999; 116 : 74S-82S. 

7. Pfenninger J, Gerber A, Tschappeler H, Zirnmermann A. 
Adult respiratory distress syndrome. J Pediatr 1982; 101 : 
352-357. 

8. Lyrene RK, Trough WE. Adult respiratory distress syndrome 
in a pediatric intensive care unit. Predisposing conditions 
clinical course and outcome. Pediatrics 1991; 67 : 790-795. 

9. Nussbaum E. Adult type respiratory distress syndrome in 
children. Clin Pediatr 1983; 22 : 401-406. 

10. Lodha R, Kabra SK, Pandey RM. Acute respiratory distress 
syndrome: experience at a tertiary care hospital. Indian Pediatr 
2001; 38 : 1154-1159. 

11. Tan Hoor T, Mannino DM, Moss M. Risk factors for ARDS in 
the United States: Analysis of 1993 National Mortality Follow 
Back Study. Chest 2001; 119 : 1179-1184. 

12. Milberg JA, Davis DR, Steinberg KP, Hudson LD. Improved 
Survival of patients with acute respiratory distress syndrome 
(ARDS); 1983-1993. JAMA 1995; 273: 306-309. 

13. Davis SL, Furman DP, Costarino AT Jr. Adult respiratory 
distress syndrome in children, associated disease, clinical 
course and predictors of death. J Pediatr 1993; 123: 306-309. 

14. Moss N, Goodman PL, Heining Met al. Establishing the 

748 Indian Journal of Pediatrics, Volume 71--August, 2004 



Acute Lung Injury and Acute Respiratory Distress Syndrome 

relative accuracy of three new defini t ions of the adul t  
respiratory distress sydnrome. Crit Care Med 1995; 23:1629- 
1637. 

15. Fowler AA, Hamman RF, Good JT et al. Adult respiratory 
distress syndrome: risk with common predisposition. Ann 
Intern Med 1983; 98: 593-597. 

16. Hudson LD, Milberg JA, Anardi D et al. Clinical risks for 
development of the acute respiratory distress syndrome. Am J 
Respir Crit Care Med 1995; 151 : 293-301. 

17. Doyle RL, Szaflarski N, Modni GW, Weiner-Kronish JP, 
Matthay MA. Identification of patients with acute lung injury: 
predictors of mortality. Am J Respir Crit Care Med 1995; 152 : 
1818-1824. 

18. Keenan HT, Bratton SL, Martin LD, Crawford SW, Weiss NS. 
Outcome of children who require mechanical ventilatory 
support after bone marrow transplantation. Crit Care Med 
2000; 28 : 830-835. 

19. Chestnutt AN, Matthay MA, Tibayan FA et al. Early detection 
of type Ill procollagen peptide in acute lung injury. Pathogenic 
and prognostic significance. Am J Respir Crit Care Med 1997; 
156 : 840-845. 

20. Marshall RP, Bellingan GJ, Gunn S et al. Fibro proliferation 
occurs early in the acute respiratory distress syndrome and 
impacts on outcome. Am J Respir Crit Care Med 2000; 162 : 1783- 
1788. 

21. Weiland JE, Davis WB, Holter JF et al. Lung neutrophils in the 
adult respiratory distress syndrome-Clinical and pathological 
significance. Am Rev Respir Dis 1986; 133 : 218-225. 

22. Coker RK, Laurent GJ. Pulmonary fibrosis: Cytokines in the 
balance. Eur Respir J 1998; 11 : 1218-1221. 

23. Lee CT, Fein AM, Lippmann Met al. Elastolytic activity in 
pulmonary lavage fluid from patients with adult respiratory 
distress syndrome. N Engl [Med 1981; 304 : 192-196. 

24. Zhang H, Slutsky AS, Vincent JL. Oxygen free radicals in 
ARDS, septic shock and 6rgan dysfunction. Intensive Care Med 
2000; 26 : 474-476. 

25. Amstrong L, Millar AB. Relative product ion of tumour  
necrosis factor alpha and interleukin 10 in adult respiratory 
distress syndrome. Thorax 1997; 52 : 442-446. 

26. Chua F, Dunsmore SE, Mutsaers SE et al. Characterizatioli of 
the response to mice deficient in neutrophi l  elastase or 
cathepsin G to bleomycin. Am J Respir Crit Care Med 2001; 
163:231. 

27. Donnelly SC, Haslett C, Dransfield I et al. Role of selectin in 
development of adult respiratory distress syndrome. Lancet 
1994; 344 : 215-219. 

28. Braude S, Apperley J, Kransz T et al. Adult respiratory distress 
syndrome after allogenic bone-marrow transplantat ion;  
evidence for a netrophil independent mechanisms. Lancet 1985; 
1 : 1239-1242. 

29. Pug-in J, Ricon B, Steinberg KP et al. Pro inflammatory activity 
in bronchoalveolar lavage fluids from patients with ARDS, a 
prominent role for IL-1. Am J Respir Crit Care Med 1996; 153 : 
1850-1856. 

30. Donnelly SC, Srtieter RM, Kunket SL et al. Interleukin 8 and 
development of adult respiratory distress syndrome in at risk 
patient groups. Lancet 1993; 341 : 643-647. 

31. Haddad IY, Pataki G, Hu Pet al. Quantitation of nitrotyrosine 
levels in lung sections of patients and animals with acute lung 
injury. J Clin Invest 1994; 94 : 2407-2413. 

32. Matute-Bello G, Liles WC, Radella F et al. Neutrophil apoptosis 
in the acute respiratory distress syndrome. Am J Respir Crit 
Care Med 1997; 156 : 1969-1977. 

33. Druml W, Steltzer H, Waldhansl Wet al. Endothelin in adult 
respiratory distress syndrome. Am Res Respir Dis 1993; 148 : 
1169-1173. 

34. Baudouin SV. $urfactant medication for acute respiratory 

distress syndrome. Thorax 1997; 52 : $9-S19. 
35. Marshall R, Bellingan G, Laurent G. The acute respiratory 

distress syndrome. Fibrosis in the fast lane. Thorax 1998; 53 : 
815-817. 

36. Khalil N, Greenberg AH. The role of TGF-? in pulmonary 
fibrosis. Ciba Found Syrup 1991; 157 : 194-207. 

37. McHugh LG, Milberg JA, Whitcomb ME et aL Recovery of 
function in survivors of the acute of the acute respiratory 
distress syndrome. Am J Respir Crit Care Med 1994; 150 : 90-94. 

38. Rotta AT, Kunrath CL, Wiryawan B. Management of the acute 
respiratory distress syndroem. J de Pediatria 2003; 79 : $149- 
$160. 

39. The Acute Respi-atory Distress Syndrome Network 
(ARDSNet). Ventilation with lower tidal volumes as compared 
with traditional tidal volumes for acute lung injury and the 
acute respiratory distress syndrome. N Engl J Med 2000; 342 : 
1301-1308. 

40. Stewart TE, Meade MO, Cook DJ, Granton JT, Hodden RV, 
Lapinsky SE et al. Evaluation of a ventilation strategy to 
prevent  baro t rauma in pat ients  at high risk for acute 
respiratory distress syndrome. Pressure and volume limited 
ventilation strategy group. N Engl ]Med 1998; 338 : 355-361. 

41. Brochard L, Roudot TF, Roupie E, Delclaux C, Chastre J, 
Femandez-Mondejan E, et al. Tidal volume reduction for 
p revent ion  of vent i la tor  induced lung  injury in acute 
respiratory distress syndrome. The Multicenter Trial Group 
on Tidal Volume reduction in ARDS. Am J Respir Crit Care Med 
1998; 158 : 1831-1838. 

42. Hickling KG, Henderson  SJ, Jackson R. Low mortal i ty 
associated with low volume pressure limited ventilation with 
permissive hyper capnia in severe adult respiratory distress 
syndrome. Intensive Care Med 1990; 16 : 372-377. 

43. Carvalho CR, Barbas CS, Medeiros DM, Magaldi RB, Lorenzi 
FG, Kairalla RA et al. Temporal hemodynamie effects of 
permissive hypercapnia associated with ideal PEEP in ARDS. 
Am J Respir Crit Care Med 1997; 156 : 1458-1466. 

44. Slutsky AS. Lung injury caused by mechanical ventilation 
Chest 1999; 116 (Supp11):9-15. 

45. Rotta AT, Gunnarsson B, Fu_hrman BP, Hernan LJ, Steintrom 
BM. Comparison of lung protective ventilation strategies in a 
rabbit model of acute lung inj~y. Crit Care Med 2001; 29 : 2176- 
2184. 

46. Arnold JH, Hanson JH, Toro-Figuero LO, Gutierrez J, Berens 
RJ, Anglin DL. Prospective, randomised comparison of high- 
frequency oscillatory ventilation and conventional mechanical 
ventilation in pediatric respiratory failure. Crit Care Med 1994; 
22:1530-1539. 

47. Moganasundram S, Durward A, TibbySM, Murdoch IA. High 
frequency oscillation in adolescents. Br J Anaesth 2002; 88 : 708- 
711. 

48. Arnold JH, Anas NG, Luckett P e t  al. High frequency 
oscillatory venti lat ion in pediatric respiratory failure: a 
multicenter experience. Crit Care Med 2000; 28 : 3912-3919. 

49. Hirschl RB, Croce M, Gore D et al. Prospective randomized 
controlled pilot study of partial liquid ventilation in adult 
acute respiratory distress syndrome. Am J Respir Crit Care Med 
2002; 165 : 781-787. 

50. Mitchell JP, Schuller D, Calandrino FS, Schuster DP. Improved 
outcome based on fluid management in critically ill patients 
requiring pulmonary artery catheterization. Am Rev Respir Dis 
1992; 145 : 990-998. 

51. Humphrey  H, Hall J, Sznajder I, Silverstein M, Wood L. 
Improved survival  in ARDS patients associated with a 
reduction in pulmonary capillary wedge pressure. Chest 1990; 
97 : 1176-1180. 

52. Abman SH, Griebel JL, Parker DK, Schmidt JM, Swanton D, 
Kinsella JP. Acute effects of inhaled nitric oxide in children 

Indian Journal of Pediatrics, Volume 71--August, 2004 749 



A. Vasudevan et al 

with severe hypoxemic respiratory failure. J Pediatr 1994; 
124 : 881-888. 

53. Baldauf M, Silver P, Sagy M. Evaluating the val idi ty of 
responsiveness to inhaled nitric oxide in pediatric patients 
with ARDS: an analytic tool. Chest 2001; 119 : 1166-1172. 

54. WiUson DF, Zaritsky A, Bauman LA et al. Instillation of calf 
lung surfactant-extract  is beneficial  in pediat r ic  acute 
hypoxemic respiratory failure. Member of the Mid-Atlantic 
Pediatric Critical Care Network. Crit Care Med 1999; 27 : 188- 
195. 

55. Hermon MM, Golej J, Burda G et al. Surfactant therapy in 
infants and children: three years experience in a pediatric 
intensive care unit. Shock 2002; 17 : 247-251. 

56. Willson DF, Zaritsky A, Bauman LA et al. InstiUation of calf 
lung surfactant extract (Calfactant) is beneficial in peidatric 
acute hypoxemic respiratory failure. Members of the Mid- 
Atlantic Pediatric Critical Care Network. Crit Care Med 1999; 
27 : 188-195. 

57. Luce JM, Montgornery AB, Marks JD, Turner J, Metz CA, 
Murrary JF. In effectiveness of high-dose methylprednisolone 
in prevent ing  parenchymal  lung injury and improv ing  
mortality in patients with septic stock. Am Rev Respir Dis 1988; 
138 : 62-68. 

58. Bernard GR, Luce JM, Sprung CL et al. High dose 
corticosteroids in patients with the adult respiratory distress 
syndrome. N Engl J Med 1987; 317 : 1565-1570. 

59. Lefering R, Neugebauer EAM, Steroid controversy in sepsis 
and septic shock: a meta analysis: Crit Care Med 1995; 23 : 1294- 
1303. 

60. Cromnil L, Cock DJ, Carlet Jet al. Cortico steroid treatment for 
sepsis; a critical appraisal and meta analysis of literature. Crit 
Care Med 1995; 23 : 1430-1439. 

61. Meduri GU, Headley SA, Golden E et al. Effect of prolonged 
methylprednisolone therapy in unresolving acute respiratory 
distress syndrome. JAMA 1998; 280 : 159-165. 

62. Mcintyre RC, Pulido EJ, Bensard DD, Shames BD, Abraham E. 
Thirty years of clinical trials in acute respiratory distress 
syndrome. Crit Care Med 2000; 28 : 3314-3331. 

63. ARDS N. Ketoconazole for early treatment of acute lung injury 
and acute respiratory distress syndrome: a randomized  
controlled trial. The ARDS Network. JAMA 2000; 283 : 1995- 
2002. 

64. Payen DM, Gatecel C, Plaisance P. Almitrine effect on nitric 
oxide inhalation in adult respiratory distress syndrome. Lancet 
1993; 341 : 1664. 

65. Fan J, Shek PN, Suntres ZE, Li YH, Oreopalgos GD, Rotstein 
OD. Liposomal antioxidants provide prolonged protection 
against acute respiratory distress syndrome. Surgery 2000; 
128 : 332-338. 

66. Bryan AC. Conference on the scientific basis of respiratory 
therapy pulmonary physiotherapy in the pediatric age group. 
Comments of a devil 's  advocate. Am Rev Respir Dis 1974; 
110 : 143-144. 

67. Gatt imoni L, Tognoni G, Pesenti A et al. Effect of prone 
positioning on the survival of patients with acute respiratory 
failure. N Engl J Med 2004; 348 : 568-573. 

68. Numa AH, Hammer J, Neuth CJ. Effect of prone and supine 
position on functional residual capacity, oxygenation, and 
respiratory mechanics in ventilated infants and children. Am J 
Respir Crit Care Med 1997; 156 : 1185-1189. 

69. Murdoch IA, Storman MO. Improved arterial oxygenation in 
children with the adult respiratory distress syndrome: the 
prone position. Acta Paediatr 1994; 83 : 1043-1046. 

70. Komecki A, Frndova H, Coates AL, Shemie S. A randomized 
trial of prolonged prone positioning in children with acute 
respiratory failure. Chest 2001; 119 : 211-218. 

71. Green TP, Timmons OD, Fackler JC, Moler FN, Thompson AE, 
Sweeney ME. The impact  of extra corporeal  membrane  
oxygenation on survival  in pediatric patients with acute 
respiratory failure. Crit Care Med 1996; 24 : 323-329. 

72. Chang W, De Santi L, Denling RH. Anticatabolic and illness : 
a review of current treatment modalities. Shock 1998; 10 : 155- 
160. 

73. Monchi M, Bellenfant F, Carion A et al. Early predictive factors 
of survival in the acute respiratory distress syndrome. A 
multivariate analysis. Am J Respir Crit Care Med 1998; 158 : 
1076-1081. 

74. Zilberberg MD, Epstein SK. Acute lung injury in the medical 
ICU: Comorbid  condit ions,  age, e t iology and hospital  
outcome. Am J Respir Crit Care Med 1998; 157 : 1159-1164. 

75. Timmons OD, Dean JM, Vernon DD. Mortality rates and 
prognostic variables in children with adult respiratory distress 
syndrome. J Pediatr 1991; 119 : 896-899. 

76. Cronshaw J, Griffiths MJD, Evans TW. The pulmonary care 9 
: non-ventilatory strategies in ARDS. Thorax 2000; 57 : 823-829. 

77. Ben-Abraham R, Weinbroum AA, Roizini He t  al. Long-term 
assessment of pulmonary function tests in pediatric survivors 
of acute respiratory distress syndrome. Med Sci Monit 2002; 
8 : 153-157. 

750 Indian Journal of Pediatrics, Volume 71wAugust, 2004 


