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Preface

The fi eld of critical care medicine is in the midst of a dramatic change. Technological and sci-
entifi c advances during the last decade have resulted in a fundamental change in the way we 
view disease processes, such as sepsis, shock, acute lung injury, and traumatic brain injury. 
Pediatric intensivists have been both witness to and active participants in bringing about these 
changes. As the understanding of the pathogenesis of these diseases reaches the cellular and 
molecular levels, the gap between critical care medicine and molecular biology will disappear. 
It is imperative that all physicians caring for critically ill children in this new era have a thor-
ough understanding of the applicability of molecular biology to the care of these patients at the 
bedside in order to keep up with the rapidly evolving fi eld of critical care medicine. To the same 
extent, the practice of critical care medicine is in the midst of fundamental change. In keeping 
with the Institute of Medicine’s report “Crossing the Quality Chasm,” the care of critically ill 
and injured children needs to be safe, evidence-based, equitable, effi cient, timely, and family-
centered [1,2]. In the following pages, these changes in our specialty are discussed in greater 
scope and detail, offering the reader fresh insight into not only where we came from, but also 
where we are going as a specialty. Once again, we would like to dedicate this textbook to our 
families and to the physicians and nurses who provide steadfast care every day in pediatric 
intensive care units across the globe.
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conceptually straightforward but is operationally challenging. In 
this chapter, we discuss several issues related to clinical epidemiol-
ogy in critical care and summarize some of the large-scale work 
that has been done examining the epidemiology of critical illnesses 
in children.

Challenges of Defining a Population in 
Critical Care

Critical illness is made up of a heterogeneous group of conditions 
and disorders that share a risk of organ dysfunction, long-term 
morbidity, and mortality. However, defi nitions of the syndromes 
that most consider quintessential critical care diseases (sepsis, 
acute respiratory distress syndrome [ARDS] / acute lung injury 
[ALI], and even organ failure) lack gold standard tests by which to 
identify them. By necessity, then, defi nitions have been developed 
by consensus and expert opinion. Although these defi nitions rep-
resent a substantial improvement over the prior state of phenome-
nologic disarray, they still suffer from limitations in reliability and 
validity [5,6]. Even the minimum degree of organ dysfunction, 
or risk thereof, that suggests that a patient is critically ill is often 
debated.

Another challenge to identifying patients with critical illness is 
that critical illness is often defi ned by where care takes place (i.e., 
the ICU) and the interventions used to treat it (e.g., mechanical 
ventilation, infusions of medications to support hemodynamics, 
continuous renal replacement therapy). Although convenient, these 
defi nitions are signifi cantly limited. The defi nition of an illness 
cannot rely on the availability of an ICU bed. Care that is provided 
in an ICU in one country or region may be provided on the ward 
in another (and even in a given hospital, the availability of ICU beds 
may change with hospital and ICU census). Critical illness often 
begins before ICU admission and can last beyond ICU discharge. 
The use of many interventions varies by provider, even when con-
trolling for patient factors, such as severity of illness, so it is much 
easier to determine which patients received an intervention than it 
is to determine which patients actually needed it [7–11]. Nonethe-
less, with the increasing availability of large-scale databases and 
increasing numbers of large-scale epidemiologic studies of pro-
spectively collected data, the size and scope of pediatric critical 
illness are beginning to be characterized.
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Introduction

Since the fi rst intensive care units (ICUs) were established in the 
United States in the 1960s, there has been a gradual growth in the 
appreciation of the importance and magnitude of critical illness. 
In the 1980s, Jacobs and Noseworthy [1] reported that ICU expen-
ditures in the United States accounted for 1% of the gross domestic 
product, and similar fi ndings were reported more recently [2]. The 
frequency of critical illness and the provision of critical care ser-
vices have now reached what can be considered epidemic propor-
tions. Of the 38 million annual U.S. hospital admissions of children 
and adults [3], nearly 6 million, or 2% of the U.S. population, are 
admitted to an ICU [4]. The disease burden of the myriad disorders 
and conditions that constitute critical illness is of suffi cient scale 
that efforts to prevent and treat critical illness have implications 
for overall public health.

The clinical epidemiology of critical illness is vital to inform 
clinical care, meaningful patient-oriented research, and health 
policy in critical care. Describing the natural history of disease 
informs the development of treatments to improve outcomes and 
the care delivered at the bedside. Understanding the burden of 
disease infl uences the prioritization of research efforts and the 
allocation of health care resources. Knowledge of risk factors for 
disease aids in prevention of disease, timely intervention to treat 
it, and selection of study populations. However, there are a number 
of challenges in performing clinical epidemiologic research in 
critical care, not the least of which is related to a core principle of 
epidemiology. Delineating the epidemiology of a disease or condi-
tion starts with the ability to identify it, both reliably (different 
clinicians classify a patient in the same way as each other and over 
time) and validly (the classifi cation distinguishes people with 
the disease from those without it). In critical care, this may be 
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Epidemiology of Children Receiving Critical 
Care Services

National estimates of the overall use of ICU services for children 
are limited. Extrapolating from a survey conducted in 2001 by 
Randolph and colleagues [12] for which pediatric ICU (PICU) 
directors were asked to report their annual number of PICU admis-
sions, over 230,000 children are admitted to PICUs annually. In 
preliminary work, Garber et al. [13] estimated that 480,000 infants 
and children less than 20 years old received intensive care services 
in the United States in 2001 (in neonatal ICUs [NICUs], PICUs, and 
pediatric beds in adult ICUs). These patients represented 6.6% of 
pediatric hospitalizations. The population-based incidence of ICU 
care for infants was 10 to 25 times that for older children. Hospital 
mortality rate was 2.4% (or over 11,000 deaths nationally), was 
similar across age groups, and was consistent with that reported in 
Randolph and colleagues’ survey (2.9%) [12]. Mean hospital costs 
were $19,000 per patient, and total ICU costs were nearly $8 billion 
nationally (30% of all hospital costs for children) [13].

Angus et al. [14] performed a study of the use of ICU services at 
the end of life for children and adults and found that one in fi ve 
Americans overall died while using ICU services in the United 
States in 1999. Although many more adults than children died, 
children were more likely than adults to receive ICU services at the 
end of life. Nearly half of infants and one third of older children 
who died in 1999 received ICU care. Subsequent preliminary analy-
ses of the pediatric sample from this population found that 29% of 
children aged 1 to 19 years who died did so after receiving ICU care, 
and, among hospitalized children who died, ICU care was much 
more common for those without a history of chronic illness [15].

Despite the limitations of a geographic defi nition of critical 
illness, our understanding of the magnitude of critical illness 
among children is enhanced by information about the provision of 
pediatric critical care services [16]. Only 9% of counties in the 
United States have PICUs, and 99% of the PICUs are located in 
urban counties [17]. The number of hospital beds overall for chil-
dren has been decreasing since the 1980s in the United States, but 
ICU beds for children have been increasing. In 1989, Pollack and 
others identifi ed 276 pediatric-specifi c ICUs in the United States, 
with an average of 528 admissions per year [18]. Pediatric intensiv-
ists were available to 73% of the units, and reported mortality rate 
was 5.5%. In 2001, Randolph and colleagues found 349 PICUs, with 
an average of 672 admissions per year [12]. Pediatric intensivists 
were available to 94% of the units, and reported mortality rate was 
2.9%. The number of available PICU beds between 1995 and 2001 
increased by 24% and outpaced population growth of children by 
17.5%. The number of beds per child varied substantially 
by region—from 1 per 15,250 children in Arkansas, Louisiana, 
and Texas to 1 per 27,440 in New England. Whether this varia-
tion refl ects different regional pediatric critical care needs is 
unknown.

The reason for the increasing numbers of PICU beds is also 
unclear and likely multifactorial. It may refl ect changes in referral 
patterns, with an increasing number of smaller hospitals providing 
care for patients previously transferred to larger units. Although 
this would be somewhat surprising in light of increasing evidence 
that higher volume units have better severity-adjusted outcomes 
than their smaller counterparts [19–21], health care fi nancing 
affords incentives to provide intensive care services even at smaller 
hospitals. On the other hand, patients who remain at smaller 

hospitals may be less severely ill than those who are transferred to 
tertiary care and may merely require additional monitoring that is 
not available on the wards of many hospitals.

Perhaps the most important factor in the increasing demand for 
PICU services is an increasing number of children in the popu-
lation living with chronic medical conditions. Success in the 
treatment of extremely low-birth-weight babies, children with neu-
rodevelopmental abnormalities, cancer, or cystic fi brosis, and 
organ transplant recipients has lead to longer life expectancies and 
decreased mortality rates. These successes have also led to an 
increased number of children living at increased risk of critical 
illness [22–26]. In a population-based study at a tertiary PICU in 
New York, almost half (45%) of all unscheduled admissions to the 
PICU were for patients with chronic health conditions, 32% of 
whom received technology-assisted care (such as mechanical 
ventilation, oxygen, tracheostomies, and intravenous therapies) 
[27]. Children with chronic conditions were 3.3 times more 
likely than healthy children to have an unscheduled PICU admis-
sion, and those receiving technology-assisted care were 373 
times more likely. The most common conditions were neurologic, 
accounting for 15% of all unscheduled admissions. Similarly, 
23% of all admissions (both scheduled and unscheduled) to a 
large, tertiary PICU had preexisting neurodevelopmental disorders 
[28]. Although hospital mortality rate was only 3%, patients were 
discharged with signifi cantly greater needs for ventilatory and 
nutritional technology support than they had on admission. 
In addition to increasing the number of PICU admissions, 
children with chronic illness may require lengthy PICU stays. 
Indeed, former premature babies admitted to the PICU consumed 
more health care resources than their nonpremature counterparts, 
including longer lengths of stay and higher rates of mechanical 
ventilation [29].

Epidemiology of Mechanical Ventilation and Acute 
Respiratory Distress Syndrome/Acute Lung Injury

The provision of mechanical ventilation (MV) for acute respiratory 
failure was a major motivating factor in the development of ICUs 
and is one of the hallmarks of critical care. National estimates of 
respiratory failure among infants and children have been derived 
from analyses of administrative records of patients receiving 
mechanical ventilation. Of course, some patients are ventilated in 
the ICU for reasons other than respiratory failure (such as extreme 
hemodynamic instability or after prolonged surgery). Therefore, 
the incidence of MV is higher than the incidence of respiratory 
failure. Rates of mechanical ventilation were higher in neonates 
than in any other age group (80,000 babies per year, or 1.8 % of 
U.S. neonates) [30]. Although very-low-birth weight babies had 
extremely high rates of MV (52%/year), one third of ventilated 
neonates were of normal birth weight. Hospital mortality rate was 
11.1%, and total U.S. hospital costs were $4.4 billion in 1994. Pre-
liminary work examining older children found that 35,000 children 
aged 1 to 19 years were ventilated in the United States in 1999 [31]. 
Duration of MV was 4 or more days for over one third of patients. 
Most were ventilated for medical (as opposed to surgical) reasons, 
and the most common associated condition was severe sepsis (in 
35%). Hospital mortality rate (13.8%) was higher than that of 
neonates, and estimated national hospital costs were lower ($1 
billion).
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The epidemiology of ARDS and ALI is being systematically 
assessed in adults. A recent study found that the age-adjusted inci-
dence in patients 15 years and older in King County, Washington, 
was 86.2/100,000/year (which projects to 190,600 cases per year 
nationally) in 1999–2000 [5]. Hospital mortality rate was 38.5%, 
and both incidence and mortality rate increased with age. The most 
common risk factor for development of ALI was severe sepsis 
(present in 79% of cases of ALI). Efforts to understand the epide-
miology of pediatric ARDS are hampered by a lower incidence in 
children and challenges in defi ning ARDS in infants and very 
young children. The only prospective population-based study of 
ARDS in children found only 7 new cases of ARDS in 3 months 
(February, April, and June) in 94 ICUs in Germany. These cases 
represented 1.5% of ventilated children and a population-based 
prevalence of 5.5/100,000 children (with an incidence of 3.1/100,000/
year) [32]. Based on this incidence, the authors estimated that 500 
children develop ARDS in Germany annually.

Epidemiology of Sepsis

Not only is the treatment of sepsis an integral component of critical 
care, but sepsis also provides a good example of how defi ning a 
syndrome, even broadly, facilitates its study and determines its 
characteristics. In 1992, the American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference met to 
standardize the defi nitions of sepsis and severe sepsis so that they 
might be more clearly applied in research and clinical practice [33]. 
The group defi ned sepsis as a systemic infl ammatory response syn-
drome resulting from infection, severe sepsis as sepsis associated 
with organ dysfunction, hypoperfusion, or hypotension, and septic 
shock as sepsis with arterial hypotension despite adequate fl uid 
resuscitation [33]. These defi nitions now frequently serve as criteria 
for inclusion in randomized, controlled trials for sepsis therapies 
[34–40] and are increasingly employed by medical practitioners 
around the world. One of the signifi cant advantages of this stan-
dard terminology is that it has allowed us to begin to understand 
the magnitude of sepsis. Sepsis and severe sepsis are much more 
common than previously realized, and they are important causes 
of serious morbidity and mortality in both children and adults.

The U.S. Centers for Disease Control and Prevention (CDC) lists 
septicemia (a systemic disease associated with organisms or their 
toxins in the blood) as the seventh leading cause of death for chil-
dren aged 1–4 years and eighth for children aged 5–9 years [41]. 
Other investigators have examined severe sepsis specifi cally, apply-
ing consensus defi nitions to large administrative datasets contain-
ing records of U.S. hospitalizations. In 1995, over 42,000 children 
younger than 20 years old were hospitalized with severe sepsis in 
the United States, and 4,400 of them died (for a hospital mortality 
rate of 10.3%) [42]. Compared with other conditions in the CDC’s 
list of leading causes of death, severe sepsis deaths exceeded all but 
three among infants and all but one among older children. Almost 
half of children with severe sepsis (48%) were less than 1 year old. 
Severe sepsis was more common among boys than girls and more 
common in children with underlying illness. In preliminary analy-
ses of data from 1999, incidence rates of severe sepsis increased by 
11% over the 4-year period, and hospital mortality rate decreased 
[43]. The increased incidence was secondary to increased numbers 
of very-low-birth-weight babies in the United States and an 
increased rate of sepsis among those babies. Although hospital 
mortality rate from 1995 to 1999 was unchanged among previously 

healthy children, it decreased to 9.0% overall in 1999 because of 
lower mortality among children with underlying illness. The three 
most common pathogens for children with severe sepsis in the 
United States were Staphylococcus (all types), Streptococcus (all 
types), and fungus, although viral etiologies were not examined 
[42].

In a single-center study in Montreal, Proulx et al. [44] examined 
the incidence of sepsis and related conditions in a university pedi-
atric intensive care unit. This group examined 1,058 admissions to 
their PICU between 1991 and 1992 and identifi ed 245 cases of sepsis 
(23% of all PICU admissions), 46 cases of severe sepsis (4%), and 25 
cases of septic shock (2%). Mortality rate among the children with 
sepsis was 6% [44].

Multiple organ dysfunction (MOD) is often associated with 
severe sepsis. Details about its pathophysiology are poorly under-
stood, and its effects on mortality are still being studied [45,46]. 
Kutko et al. [47] studied 96 cases of septic shock in 80 patients at a 
large academic PICU over 2 years to determine the impact of MOD 
on mortality in septic shock. Over 70% of sepsis cases occurred in 
patients with cancer (19% of whom had undergone a bone marrow 
transplant), and half occurred in patients with neutropenia. 
Indwelling catheters were present in over 58% of cases. Multiple 
organ dysfunction was present in almost 73% of cases at some point 
in time during the PICU course, and the mortality rate for this 
group was 36%. In Proulx’s sepsis cohort, discussed above, 29% 
developed MOD, with a mortality rate of 32% [44]. A fi nding 
common among these studies is that there were few or no deaths 
among children who were previously healthy and no deaths among 
patients without MOD.

Epidemiology of Status Asthmaticus

As the most common chronic disease among children, asthma’s 
epidemiology has been extensively studied, and increasing numbers 
of investigators have examined the epidemiology of status asth-
maticus. Asthma affects 5% to 7% of U.S. children. Its prevalence 
increased from 1980 to 1996 and leveled off between 1997 and 2000. 
It is one of the most common reasons for pediatric hospitalization 
in the United States [48], and hospitalization rates increased 
between 1980 and the mid-1990s [49,50]. In 2000, there were 152,000 
pediatric hospital admissions for asthma, which generated total 
U.S. hospital charges of $835 million (2% of U.S. health care charges 
for children) [51]. Although status asthmaticus is a common reason 
for ICU admission, an average of only 8% of children hospitalized 
with asthma at pediatric centers require PICU care [52]. The use of 
invasive MV varies substantially by center (from 3% to 47% of PICU 
patients [7]), by region of the United States (from 6% to 27% of PICU 
patients at pediatric centers [52]), and by year (from 8% to 18% of 
ICU patients between 1992 and 2001 in a single state [53]). This 
variation persists even when controlling for severity of illness [7], 
and children with Medicaid insurance have higher rates of tracheal 
intubation and longer lengths of stay than patients with commer-
cial insurance, even when controlling for severity of illness [54].

Mortality rates for children with asthma are increasing 
[49,50,55,56], but death is still uncommon after patients are admit-
ted to the hospital. Two recent, large studies found 0.3%–0.4% 
hospital mortality rate among patients admitted to tertiary PICUs 
[7,52] and a 2.8% mortality rate among tracheally intubated patients 
[7]. Mortality is highest for adolescents (twice that of younger chil-
dren), and children of African American decent are more than four 
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times as likely to die from asthma as white children [49]. Risk 
factors for asthma-related death include previous life-threatening 
attacks, severe disease, recent hospital admission or emergency 
room visit, poor adherence to medical regimens [57,58], and prior 
history of asthma-induced respiratory failure requiring mechani-
cal ventilation [59]. Some patients with near-fatal asthma (requir-
ing mechanical ventilation or resulting in unconsciousness) have 
been found to have decreased sensitivity to hypoxia and blunted 
perception of dyspnea [60].

Conclusion

Improving defi nitions of the syndromes that characterize critical 
illness, the development of effi cient information technology, and 
the creation of extensive databases that include PICU patients have 
enabled large-scale epidemiologic research to be conducted in criti-
cal care. As evident from the discussion, however, this work is 
incomplete. We need better estimates of basic critical care syn-
dromes and interventions, such as ARDS and continuous renal 
replacement therapy. We also need to examine further reasons for 
variation in care, the relationship between risk factors of disease, 
hospital course, and postdischarge outcome, and how public health 
and medical interventions affect the incidences and outcomes of 
critical illnesses in children.

Recent and impending developments in the health care of chil-
dren will affect the epidemiology of pediatric critical illness. 
Populations of children known to be at high risk for critical illness 
(e.g., premature babies, technology-dependent or immunosup-
pressed children) continue to grow. New vaccines may decrease the 
rate of severe sepsis in previously healthy children. Genetic and 
immunologic analyses will identify children at high or low risk of 
severe illness and sequelae. They will enhance our therapeutic 
effectiveness by allowing us to provide specifi c treatments to chil-
dren based on more robust information regarding the likelihood of 
responsiveness [61]. The success of pediatric critical care study 
networks will increase our knowledge about the effi cacy and effec-
tiveness of interventions for critical illness and will enhance our 
understanding of the natural history of critical illness. The thought-
ful use of the tools of clinical epidemiology can facilitate these 
advances, help us refi ne application, and let us understand their 
ramifi cations.
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