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Introduction 

Along different lines specialized units have been instituted providing intensive 
care for children with a large variety of bodyweight, age and disease entities. 
Not only the diseases treated in these units are very diverse, the same is 
through for the medical background of the physicians who are primary respon
sible for the care of these critically ill children. Due to local differences in set up 
pediatricians, pediatric surgeons or anesthesiologists have been appointed 
chairman of a specialized intensive care unit. Although new modes of treat
ment are continuously developed, in many instances the treatment modalities 
are symptomatic and as such not always based on a profound scientific basis. 

Besides developments in intensive care in the last 5 to 10 years, major 
changes have taken place through the effort of basic scientists, elucidating ba
sic mechanisms of cell growth, cellular differentiation and the importance of 
growth factors. Moreover genes responsible for certain diseases such as Du
chenne muscular dystrophy, cystic fibrosis have been identified. 

Intensivists can not close their eyes for the fast developments in molecular 
biology and we have to realize that the gain of knowledge in the basic science 
laboratories will have implications for our daily clinical practice. 

Molecules and Cells 

Today billions of US dollars are spend to unravel the human genome. As a 
consequence of this international collaboration genes are identified which are 
responsible for devastating diseases such as multicystic kidney disease, cystic 
fibrosis, hemophilia etc. The identification of these genes will lead to the in
creasing use of prenatal diagnostic procedures and as such result in real pre
vention and hopefully disappearance of a disease. This will inevitably lead to 
changes in disease patterns in the pediatric and pediatric surgical ICU's. 

In the field of developmental biology, researchers are encircling basic mech
anisms of cell multiplication and cell death, both important processes for nor
mal morphogenesis and organ differentiation. Important processes such as 
cell-cell signalling during development, the molecular mechanisms of morpho
genesis and the control of tissue differentiation by transcription factors are 
nowadays studied. These studies take place in animal systems which at first 
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sight are far away from the human, like the zebrafish, axolotl, tadpoles, fruit 
fly, and to some extent in mice [1-4]. We can not close our eyes for these 
tremendous developments because the application of newly developed technics 
such as transgenic mice, in which certain genes can be blocked or overex
pressed, can provide new insight into the etiology and pathogenesis of a dis
ease. As a consequence of these developments, so called suicide genes in retro
virus mediated vectors can be of additional help in the treatment of certain 
forms of cancer such as brain tumors. Another example is the treatment of the 
respiratory manifestations of CF through transfer of the CFTR cDNA using 
adenovirus or liposome vectors [5]. Today neither conceptual or technological 
limitation will limit the progress in molecular genetics. The greatest challenge 
we face is not the scientific question of how to do this research, but the ques
tion of what to do with its products. Once applied in human, the reaction of the 
critically ill child will be sometimes unpredictable. Intensivists have to be 
aware of the background and side effects but are they really able to under
stand? 

Along these lines of research, specific chromosomal locations have been 
identified to contain the genes for tumors like retinoblastoma, neurofibroma
tosis and Wilms's tumor. Tumor suppressor genes are of great importance in 
the normal regulation of cellular proliferation and differentiation [6]. 

In conjunction with the increased understanding of the normal behavior of 
cells, progress is made in the cellular and subcellular mechanisms involved in 
cell damage as occurs in different organs and endothelial cells such as occur 
during shock (polytrauma, burn shock) or during massive intra-operative 
stress (prolonged ischemia, major soft tissue injury). These are examples of 
non-bacterial inflammation, triggered by activation of various mediators of 
both humoral and cellular systems. Besides knowledge of the intracellular 
mechanisms resulting in the release of cytotoxic agents as part of the (normal) 
inflammatory response, biochemistry has provided us with increased knowl
edge of the membrane associated oxidases. We have to understand that there is 
still a limitation in our understanding of supply of oxygen in disease states, 
mostly because of unavailability of methods to assess organ specific cellular 
metabolism [7-9]. 

From time to time new molecules are discovered of which nitric oxide is the 
most exciting one of the last decade. Nitric oxide activity and changes in nitric 
oxide synthase is suggested to be of importance in a variety of diseases ranging 
from pulmonary hypertension to organ damage such as acute respiratory dis
tress syndrome (ARDS) [10-12]. Today it is nearly impossible to make a list of 
accepted indications for the use of inhaled nitric oxide because the full spec
trum of effects has to be elucidated in more detail improperly designed per
spective randomized control trials (PRCT's). 

Organisms 

Following an infectious or a non-infectious insult, the body will depending on 
age and preceding disease state react with an inflammatory response. This in-
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flammatory response can be triggered by an infectious agent but the sequence 
of events which is nowadays known as the systemic inflammatory response 
syndrome (SIRS) can be present without sepsis. It may occur following unin
fected trauma, part of this has long been known as the metabolic stress re
sponse. The identification of a number of humoral factors released by cells of 
the host or by the invading micro-organisms, can result in an overreaction of 
the host which is no longer controlled anymore by natural inhibitors [13, 
14]. 

Although the principles of management of septic shock such as meningococ
cal disease are well determined, the very complicated response, from a cellular 
point of view, impairs the widespread use of specific inhibitors of the different 
pathways involved such as monoclonal antibodies raised against specific cyto
kines or factors [15, 16]. Although the interleukin number has reached already 
number 13, no clinical trial has proven significant reduction in mortality. Espe
cially identification of the tumor necrosis factor and its gene on one hand and 
the use of corticosteroids on the other, has attracted investigators to search for 
the final solution for the high mortality in septic shock both in children and 
adults. Acute respiratory distress syndrome (ARDS), know to occur in new
borns as well, is a good example of the difficulty there is to pinpoint the crucial 
step in the pathogenesis of the reaction of the body to an insult. Besides meas
urements to maintain tissue oxygenation and adequate blood pressure, the va
riety of treatment modalities proposed, clearly demonstrates the lack of real 
understanding of the complex pathophysiological sequence of events which oc
cur in the symptom complex called ARDS [17]. 

In this context old questions are reconsidered such as whether the lung 
should be rested or recruited. For over 15 years barotrauma has been the key 
feature explaining ongoing lung damage in which the high inspiratory pres
sures were thought to be crucial. Today this acronym is replaced more and 
more through volutrauma [18, 19]. 

One of the most exciting developments in the application of new technolo
gies in pediatric intensive care is extracorporeal membrane oxygenation 
(ECMO). Although originally practiced in neonates with different disease enti
ties, considerable doubt exists to apply ECMO in congenital diaphragmatic her
nia. Following an almost religious appreciation of ECMO for 10 years now [20, 
21] ECMO is only one of the treatment modalities together with high frequency 
oscillation with or without nitric oxide and more recently partial liquid venti
lation [22, 23] enabling us to treat respiratory insufficiency. 

The application of high frequency oscillation has significantly decreased the 
use of ECMO in case of neonatal respiratory insufficiency. In contrast there 
seems to be a tendency to increase the use of ECMO in non-neonatal therapy 
refractory respiratory insufficiency. Today no clear indications are available 
when and how to apply ECMO in non-neonates because prospective random
ized trials are lacking and entry criteria are not well established [24]. 

Due to the development of perinatology birth of a child is not anymore the 
natural boundary when neonatologists and pediatric surgeons start to face 
their patient. The continuous development of fetal surgery for a variety of con-
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genital anomalies, such as cystic adenomatoid malformation of the lung 
(CCAML), aortic valve obstruction and urinary tract obstruction, resulted in 
survival of a number of fetuses who would otherwise be born with an endstage 
disease or therapy-refractory respiratory insufficiency. It is obvious that these 
procedures should only be performed in a limited number of centers [25, 26]. 
The same holds through for the transplantation of stem cells, taking advantage 
of the immature and therefore highly tolerant immune system of the fetus for 
treatment of hereditary or metabolic diseases. 

Advances in understanding the specific immunology related to organ trans
plant, including the concept of chimerism, will result in altered treatment sche
mes for immunosuppression with hopefully less secondly malignancies follow
ing organ transplant [27]. Next to this development, transplants are being per
formed in young children now, such as liver transplant in babies under 1 year 
of age in which reduction hepatectomy has resulted in a significant change in 
treatment [28]. 

Identification of the genes for insulin, growth hormone and a number of 
different growth factors, like insulin like growth factors (IGFs), has opened the 
opportunity for recombinant human DNA hormone manufacturing [29]. As 
such these hormones are easy obtainable and will probably find their way ther
apeutic agents in the critically ill. Today IGF trials started in adults have been 
stopped in children. The application of growth hormone as adjuvant therapy in 
pediatric intensive care is dependent on the proper assessment of the meta
bolic rate and progress in nutritional assessment in small children. 

This is mainly influenced by the lack of data describing 
1) steady state following an operative procedure in the immediate postopera

tive period; 
2) a clear description of disease specific changes in resting energy expenditure 

(REE) and 
3) difficulty of interpretation of the obtained values by indirect calorimetry 

due to tube leakage. 

Not only hormones but DNAse is used as well. The gene for DNA-ase has 
been cloned now which has resulted in human recombinant DNA-ase I used as 
aerosol inhalation in cystic fibrosis patients [30]. This kind of developments 
will probably influence the morbidity and length of stay in the ICU and should 
be evaluated in properly designed prospective randomized trials. 

Environment 

The child in the ICU is prone to encounter iatrogenic side effects due to the 
non-natural environment. This may have a major impact not only on the span 
of life but on the occurrence of long term morbidity as well. In this context 
should be mentioned: the immature brain in the premature born infant has a 
high susceptibility to develop intracranial hemorrhage, the child with the short 
gut syndrome developing end stage liver disease through a combination of to-
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tal parenteral nutrition and recurrent periods of sepsis. Moreover following a 
difficult intubation a child may end up with a trachea canula and repeated ENT 
surgery for treatment of the laryngeal problems. 

People working in the intensive care unit are starting to realize that mortal
ity is not the only outcome parameter to compare treatment results of different 
lCU's [31]. Morbidity at predetermined intervals following admission to the 
intensive care is at least as important as publishing mortality rates [32-36]. A 
number of scoring systems is developed which objectively enables us to judge 
upon new treatment modalities, such as the use of monoclonal antibodies to 
endotoxin, tumor necrosis factor or interleukin 1 receptor antagonists. Most 
neonatal intensive care units have well organized follow-up programs and peo
ple specially trained in child development and psychological assessment. Fol
low-up of intensive care treatment in older children, including pediatric surgi
cal diseases, is lacking behind in this respect. Other specialists, apart from doc
tors, have developed new ways of measuring outcome. Consequently in a num
ber of countries technology assessment is an integral part of evaluating treat
ment children admitted to the lCU [37]. The problem remains however, wheth
er application of validated scoring system has the same significant for the indi
vidual patient as for patient groups as a whole [38]. Although applied technol
ogy and treatment results are frequently the scope of publications of intensive 
care physicians, this is only one part of the spectrum. The humane part is at 
least as important as the application of technology. Weare awaiting bereave
ment in the lCU and the circumstances surrounding a bereavement may in
fluence future morbidity and even mortality in surviving family members. For
tunately, in most intensive care unit guidelines are available for both physi
cians and nurses to cope with this part of their everyday workload in the inten
sive care unit, being death and the dying process [39]. 

Concluding Remarks 

Every decade trends of treatment are changing as shown in Table 1. lntensivists, 
both physician and nurse, are confronted with the new possibilities of molecu
lar genetics and are part of the process to transfer basic laboratory science into 
clinical practice. Consequently the intensivist is facing unknown technologies 

Table 1. Trends in treatment modalities during the last decade 

- The use of high frequency ventilation and optimal mode of ventilation 
- Steroids and septic shock 
- The role and dosage of epinephrine in treatment of septic shock 
- Emergency operation in congenital diaphragmatic hernia 
- Hyperventilation, hypothermia and barbiturates in increased intracranial pressure 
- Intra-osseal infusions 
- Indications for sodium bicarbonate 
- Hemodynamic monitoring with Swan-Ganz catheters 
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and consequences of new findings which are now ready to be used in humans. 
We have to be aware not to act only as servants to scientists trying to apply 
new technologies, operative procedures or just thoughts to the individual pa
tient. On the other hand, the intensivist should not be the factor hampering 
progress in this respect. We have to protect the balance and be aware how new 
treatment modalities are evaluated. Therefore we need an open mind for new 
thoughts and ideas but have to be protective in an attempt to do what is in the 
best interest for the individual child and his parents. Making a career in inten
sive care in childhood may include knowledge of developmental biology, tech
nology assessment and application of new technologies to go hand in hand 
with a common sense to guarantee dignity of the individual patient under all 
circumstances. 

In this way the fragile balance between cells, (micro)organisms and environ
ment can be maintained. 
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