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Introduction 

The term adult respiratory distress syndrome (ARDS) has been coined nearly 
20 years ago by Petty and Ashbaugh: adult, because it was encountered in this 
age group, and RDS in analogy to the idiopathic RDS (or hyaline membrane 
disease) in premature infants [1]. Since then, the name ARDS has become 
widely accepted, although a number of authors have questioned its reality as a 
discrete entity [2]. The syndrome is characterized by the presence of an acute 
direct or indirect insult to the lungs (Table 1), followed within 72 h by respira
tory distress, arterial hypoxemia, reduced pulmonary compliance and diffuse 
alveolar infiltrates on chest radiography, sparing the costophrenic angles. The 
main pathogenic mechanism triggering ARDS is the injury to the alveolo-capil
lary membrane leading to an abnormal permeability for plasma and even 
formed blood elements (permeability pulmonary edema), and abnormal func
tion of pulmonary surfactant. (It is out of the scope of this chapter to discuss the 
pathogenesis of disrupted alveolo-capillary function.) Nowadays, we recognize 
that this rather liberal definition of ARDS did not include strict hemodynamic 
criteria, and that for this reason patients with fluid overload might have been 
included in earlier series. With the advent of the possibility to catheterize the 
pulmonary artery in the leU and to estimate indirectly left atrial pressure, it 

Table L Triggering conditions leading to ARDS* 

Direct pulmonary injury 

- Pulmonary infections 
(mainly viral) 

- Inhalation injury 
(smoke, oxygen toxicity, etc.) 

- Aspiration (gastric fluid, near-drowning, 
hydrocarbon ingestion) 

- Emboli (fat embolism syndrome, amniot
ic fluid) 

* List not complete 

Indirect pulmonary injury 

- Severe and protracted shock 
- Sepsis (bacterial, viral, fungal) 
- Neurogenic pulmonary edema (compli-

cating head injury, etc.) 
- Drug overdose (salicylates, heroin, local 

anesthetics, etc.) 
- Pancreatitis 
- Post-cardiopulmonary bypass 

J.-L. Vincent (ed.), Yearbook of Intensive Care and Emergency Medicine 1994
© Springer-Verlag Berlin Heidelberg 1994



Adult Respiratory Distress Syndrome (ARDS) in Infants and Children 459 

seemed that a clear distinction between cardiogenic and permeability pulmona
ry edema should be easily possible [3]. However, flow-directed balloon-tipped 
catheters as described by Swan and Ganz have their pitfalls and complications, 
and interpretation of data is not always straightforward [4]. Another possibility 
in distinguishing cardiogenic and permeability pulmonary edema is by analysis 
of the tracheobronchial aspirate for protein content and protein composition in 
relation to the plasma [5]. 

Definition and Clinical Course 

The problems of exact definition of ARDS are further compounded by differ
ences in severity and variability of the course. Whereas one patient might suffer 
only from slight and rapidly transient RDS with minimal disturbances in gas 
exchange, ARDS might progress to severe pulmonary fibrosis in another, whilst 
a third might die in septic shock and acute pulmonary edema. In 1988 Murray et 
al [6] proposed an expanded definition of ARDS, taking the above cited diffi
culties into account. This is a three part definition of parenchymal lung injury 
with 1.) acuity or chronicity of ARDS; 2.) severity of ARDS, defined by chest 

Table 2. Diagnostic criteria for ARDS 

Presence of an acute triggering event 
Respiratory distress (tachypnea, etc.) 
Arterial hypoxemia (Pa02 < 50 mm Hg with Fi02 > 0.5-0.6) 
Reduced pulmonary compliance 
Diffuse alveolar infiltrates on chest radiography 
Cardiogenic pulmonary edema excluded ("true" pulmonary capillary wedge pressure 
~12 mm Hg) 

Ratio of protein content of pulmonary exsudate: plasma>0.7 

Table 3. Possibilities of evolution of ARDS 

Death early after onset, 
usually due to underlying 
disease 

Primary insult to alveolo
capillary membrane 

~ 
Acute stage of ARDS: 

<- permeability pulmonary 
edema, loss of surfactant 

~ 
Death due to severe hypox- Subacute to chronic stage 
emia, increased dead space ARDS: type II pneumocyte 
ventilation with barotrauma, <- proliferation, cellular infil-
nosocomial infection, multi- trates, fibrosis, loss of capil-
pIe organ system failure laries, pulmonary hyperten-

sion 

Survival with rapid resolu
---> tion of pulmonary edema 

Survival with chronic 
changes of the lung (similar 

---> to bronchopulmonary dys
plasia) 
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radiogram, Pa02/Fi02, level of PEEP and compliance, and 3.) etiology or asso
ciation of ARDS with other underlying diseases (Table 2). 

The histological changes found in acute stage of ARDS include interstitial 
and intraalveolar fluid accumulation, disruption of alveolar epithelium, hyaline 
membrane formation and microemboli. After 3 to 10 days (subacute stage), 
type II pneumocytes begin to proliferate, and interstitial inflammatory cell infil
trates are found. The chronic stage of ARDS is characterized by disruption of 
the acinar architecture, pulmonary fibrosis and destruction of the pulmonary 
capillary bed [7]. When one tries to correlate microscopic changes with abnor
malities of gas exchange, then the most prominent finding in the acute stage is 
poor oxygenation due to ventilation-perfusion mismatch and thickened alveolo
capillary membrane, whereas in the chronic stage, due to loss of microvascula
ture, increased dead space ventilation and hypercapnia compound problems of 
oxygen uptake. The possible evolutions of ARDS with concomitant morpholog
ical and functional changes are drawn in Table 3. 

Although ARDS has been named because of its original description in adults, 
it can occur at any age, even in neonates. The first reports about ARDS in 
children appeared in the early 80s by Holbrook et aI., Lyrene and Truog, and 
Pfenninger et aI. [8, 9, 10]. Main causes of ARDS in these series were severe 
hypovolemic or septic shock, near-drowning and severe asphyxia with cardiac 
arrest. Reports about ARDS in newborn infants at term followed in 1989 by 
Faix et al. [11] and in 1991 by Pfenninger et aI. [12]. The incidence of ARDS in 
a general pediatric, surgical and neonatal leU has been estimated to be around 
1 % of all admissions [10], and has not changed substantially since the early 80s. 
However, the last few years have seen an increasing complexity of diseases, 
mainly with the advent of heavy anti-neoplastic treatment in cancer or leukemia 
patients and of human immunodeficiency virus (HIV) infections. These immu
nocompromised patients might suffer from severe pulmonary disease causing 
"acute hypoxemic respiratory failure" [13] which is difficult to differentiate clin
ically from ARDS and might therefore again add to the general confusion. His
tologically, the majority of patients with compromised immune function show 
pneumonia (20/29), and only a minority (5/29) has signs of diffuse alveolar dam
age with hyaline membrane formation, as reported by De Bruin et aI. [13]. 

There are wide variations in mortality rates in ARDS in neonatal and pediat
ric series, ranging from 35 to 90% (mean 60%). (Faix et al. reported even a 
mortality rate of 0% in neonatal ARDS, but the question remains, if these pa
tients suffered really from ARDS [11, 14].) Most likely, this is due to different 
populations of patients in different series (trauma patients have for instance a 
better prognosis than immunocompromised individuals) and different criteria 
of selection. In fatal cases, death is most often due to unresolved underlying 
medical or surgical problems, infection (primary or nosocomial) and/or multiple 
organ system failure. Other causes of fatal outcome are complications of treat
ment and refractory arterial hypoxemia leading to generalized hypoxia [8-10, 
13-15]. If a child survives ARDS, the pulmonary prognosis is usually good and 
the patient can resume normal activity, although subtle abnormalities might be 
detected by sophisticated tests of lung function [17], resembling those seen in 
bronchopulmonary dysplasia. 
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Management 

The primary goals of therapy of ARDS are: 1) the elimination of the cause( s) of 
ARDS; and 2) the maintenance of adequate tissue oxygenation throughout the 
course. 

Cardiorespiratory Support 

The cornerstone in supporting the critically ill child with ARDS is still the con
ventional mechanical ventilation (CMV) with positive end-expiratory pressure 
(PEEP). If used appropriately, this will decrease the work of breathing and res
tore functional residual capacity (FRC). By adjusting minute ventilation, pH 
and PaCOz can be maintained within acceptable limits, whereas by increasing 
PEEP or FiOz, low PaOz and hence SaOz can be corrected. The ultimate goal 
of treatment is to reach an adequate supply of oxygen to all tissues. Oxygen 
delivery (DOz) is the product of arterial Oz content (hemoglobin concentra
tion x Oz saturation) and cardiac output. In the normal healthy organism, DOz 
is well above the metabolic demands. In ARDS increased metabolic demands, 
abnormal Oz use by tissue and hampered DOz may all coexist. For this reason, 
some authors advocate the maintenance of a cardiac index and DOz at supra
normal ranges (>4.5 Llmin/mz and >600 mLlmin/mz, respectively) [18]. How
ever, these therapeutic goals cannot remain unchallenged. First, this will imply 
very aggressive diagnostic and therapeutic measures (placement of a pulmonary 
artery catheter with a thermistor probe for determination of cardiac output by 
thermodilution and mixed venous oxygen saturation; volume expansion and 
possible administration of inotropes, most often dopamine in order to increase 
cardiac output); second, this concept has never been proved to yield better re
sults than a more conservative approach (a recent report about the effects of 
prostaglandin El by Bone et al. may validate this statement [19]); and third, an 
undue manipUlation of cardiac output by volume loading may aggravate forma
tion and maintenance of pulmonary edema [20], or an increase in DOz may 
"fuel the fire" by increasing the production of toxic metabolites of extramito
chondrial oxidase reaction [21]. With regard to respiratory support, concepts 
have changed considerably in the last few years. As stated above, the goal of 
respirator therapy is not to achieve normal arterial blood gases, but a gas ex
change within "acceptable" limits. With other words, one has to take into ac
count the negative effects by respirator therapy and to balance them against 
positive aspects. Negative effects include: 1.) decreased cardiac output (and 
DOz) by PPEP; 2.) pulmonary Oz toxicity with FiOz > 0.5--0.6; 3.) possibility of 
pulmonary airleak syndrome (pneumothorax, pulmonary interstitial emphyse
ma, etc.); and 4.) baro- or volotrauma induced by high tidal volumes [22, 23]. 
Particularly, volotrauma might have played a major role in earlier reported se
ries of ARDS by maintaining or aggravating lung injury with increased rates in 
mortality or chronic lung injury. Today's trends in mechanical ventilation in 
ARDS are clearly "moderate PEEP" (8-12 cm H20), and "low tidal volume" 
(5-10 mLlkg) in order to maintain tidal ventilation below the flat upper part of 
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the pressure-volume curve or the respiratory system. Hypercapnia (PaC02 as 
high as 70-80 mm Hg) might be accepted as long as there is no formal contrain
dication (intracranial and pulmonary hypertension) [24,25]. In addition, it is the 
author's impression that new respirator technologies, mainly inspiratory flow
triggered machines, will allow more gentle modes of ventilation, because venti
lation-perfusion inequalities (mainly regarding dead space ventilation) should 
be smaller with maintained function of the diaphragm than in patients without 
diaphragmatic activity (i.e. with the use of muscle relaxants or heavy sedation) 
[26]. 

These changes in concepts in respiratory support have to be kept in mind 
when new, highly invasive treatment modalities, particularly extracorporeal 
membrane oxygenation, are about to be introduced into clinical practice [27, 
28]. Most likely, the potential of finely tuned conventional mechanical ventila
tion has not yet been fully exploited, and therefore we should place our empha
sis there, before jumping to new modes of high-technology, invasive cardiores
piratory support. 

Other Aspects of Patient Care 

An important facet in the management of the patient with ARDS is the prob
lem of bacterial infection. Infection, especially sepsis, can trigger ARDS, but it 
can also maintain or worsen the syndrome during its course. Closed space infec
tions (peritonitis, etc.) are to be treated surgically in addition to antimicrobial 
therapy. Catheters and tubes, representing a considerable potential for noso
comial infections have to be inserted and maintained under aseptic conditions. 
Cross-infections in the ICU should be avoided by appropriate measures (hand 
washing and disinfection, proper spacing between beds, sufficient number of 
medical and nursing staff, etc.). Prophylactic antibiotics are of no value, but if 
signs of infection are suspected, treatment should be started without delay after 
having taken appropriate material for cultures (blood, tracheobronchial aspi
rate, etc.). 

Already early in the course of ARDS, the aspects of nutrition have to be 
evaluated (i. e. nutritional state, degree of catabolism and function of the gas
trointestinal tract). Quite frequently, normal feeding will not be possible so that 
caloric support by vein is indicated. 

Closely related to the aspects of nutrition are those of water and electrolyte 
balance. Sick patients tend to retain water and sodium and need quite often 
considerable amounts of volume expanders in order to maintain adequate car
diovascular function. In the first days of ARDS, the latter has absolute priority, 
but later on the goal should be "as dry as possible" (fluid restriction and diure
tics). In case of renal failure one should not hesitate to start early with replace
ment therapy of kidney functions. The question of type renal replacement (i. e. 
peritoneal dialysis, hemodialysis or hemofiltration) will be answered by the de
gree of catabolism, fluid overload, availibility of the corresponding access to the 
patient, and local resources. 
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