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T he increasing public demand for highly specialized, disorder-
specific care of children is not being met.1 To close this
gap, departments of pediatrics must recruit and promote ex-

cellence in academic subspecialty training for the investigators and
teachers of tomorrow. Thus the goal of fellowship training is to
prepare subspecialists for a successful academic career, recognizing
that subspecialty issues are multidimensional; subspecialists must be
prepared to provide high-quality child health care, educate future
health care researchers, providers, and acquire new knowledge.2

In recognition of these issues, the American Board of Pediatrics
(ABP) changed the training requirements leading to subspecialty
certification for fellows beginning their training after July 1, 2004
(see www.abp.org). The new requirements emphasize mentored
‘‘career development’’ with evaluation of trainees at a local level and
require early decision-making by trainees regarding their career goals
and their ultimate role on the academic ‘‘team.’’ These changes are
an opportunity to break away from the traditional model of ‘‘one
size fits all’’ fellowship training.3 Programs can create individualized
development plans and reconfigure fellowships to accommodate an
array of career goals (master clinician, productive researcher, superb
teacher) and provide flexible training that prepares the trainee to meet
current and projected needs and aspirations (Figure 1; available online
atwww.jpeds.com). This, in turn, can lead to development of varied and
enriched training opportunities with academic potential that could
attract trainees with a wide range of interests.

The goal of the Department of Pediatrics at Cincinnati
Children’s Hospital Medical Center (CCHMC) is to produce
subspecialists who are recognized as being exceptionally well trained
for academic careers. Thus our obligation is to recruit outstanding
candidates and offer expanded training opportunities in basic and
clinical research with training in education and other skills of value to
pediatrics. We describe our plan to incorporate these principles and
the ABP guidelines into all Pediatric Subspecialty Training Programs
at our institution.

THE PSTC
The revisedABP requirements specify that a fellowmust satisfy

specific criteria for clinical training, complete core academic require-
ments, and produce a scholarly written work. Each subspecialty
program director (PD), division director, and department is respon-
sible for developing the content and for evaluation of ‘‘scholarly

From the Division of Pediatric Gastroenterology, Hepatology, and Nutrition,
Cincinnati Children’s Hospital Medical Center.
The opinions expressed herein by the author(s) do not necessarily reflect the
official endorsement of The Association of Medical School Pediatric Department
Chairs, Inc. ( J Pediatr 2005;147:277-8)
activities.’’ TheABP requirements state that the ability of a program to
provide a satisfactory scholarly experience for all trainees must be
evaluated periodically; however, no requirements for internal review of
subspecialty training and mechanisms for external review are stated.
Therefore, to fulfill the oversight and mentoring requirements of the
ABP, to promote training excellence at CCHMC, and to monitor
progress across the department, a standing committee, the Pediatric
Subspecialty Training Committee (PSTC), was formed. (The orga-
nizational structure of the PSTC is shown in Figure 2; available at
www.jpeds.com). Primary activities of the PSTC are to (1) monitor
institutional components of training, such as the introduction to
research course and teaching skills training, (2) ensure that divisions
are adhering to ABP and institutional policies regarding fellowship
curricula, (3) provide guidance to PDs, and (4) make recommenda-
tions to the chair concerning necessary adjustments for fellowship
programs. The PSTC delineates overall department-wide responsi-
bilities for fellowship training (Table; available at www.jpeds.com).
The PSTC was also charged with documenting effective mentoring,
assessing outcomes, and preparing for external peer review.ThePSTC
requests that each fellowship program use an online tracking form
to provide a brief yearly report detailing each fellow’s accomplishments
to each fellow, the Scholarship Oversight Committees (SOC), and
the PSTC.

SCHOLARSHIP OVERSIGHT COMMITTEES
The major change is the mandate that review of scholarly

activity occur at the local level. Thus, each ABP-approved subspe-
cialty trainee must have an SOC, which should function in a manner
analogous to a thesis committee for a postdoctoral candidate and
advocate for their career development. The PSTC asked divisions to
develop a plan for forming an effective SOC for each trainee that
would suit divisional needs and resources and serve as a model for
scholarship in the subspecialty.

The ABP requirement states that the SOC should consist of
3 or more individuals, at least one of whom is based outside
the subspecialty discipline. In general, the SOC should include the
primary mentor supervising the scholarly activity, a mentor for the
fellows’ clinical training and career development, and a mentor
capable of providing insight and perspective in the area of scholarship
being pursued by the trainee. For training programs with small
numbers of fellows, the PSTC encourages exploration of innovative
solutions, such as using members of divisions with common interests
to form the SOC, with a different person for each trainee serving as
the mentor on the scholarly activity. Although a fellowship PD may
serve as a trainee’s mentor and participate in the activities of the
oversight committee, the ABP recommends that the PD should not
277
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be a standing member. Even if a PD may not be an unbiased judge
of the scholarly performance of a fellow-in-training, the PD is
ultimately responsible for certifying the fellow as board eligible. The
PSTC encourages each division to adapt to these constraints in ways
that best fit the needs of their fellows. One option is to have the PD
serve as an ad hoc nonvoting member of the SOC. Another
suggestion is for the division to have an ‘‘education committee’’ that
includes the PD. One or more members of the education committee
could serve on the SOC for each fellow.

To initiate the process, the PSTC requested that each entering
fellow be closely mentored to help that fellow identify an area of
scholarship and possible research mentors. Once an area of scholar-
ship is identified, an SOC needs to be formed and must be active for
at least 2 years of the subspecialty training. The time frame for
forming an SOC depends on how each division structures the
scholarly experience of the fellows. The SOC then judges whether a
specific activity is appropriate to meet the ABP guidelines for
scholarly activity, approves the plan, determines the course of action,
and ensures successful completion of the project.

The SOCmeets regularly to review the general path the fellow
has chosen, develop the program, detail the specific steps that are
important for the fellow’s success, and counsel the fellow. The fellow
proposes the project for his/her scholarly activity to the SOC. A
written report by the chair of each trainee’s SOC is given to the PD
and the fellow at least twice a year to set specific goals for further
progress and allows both the SOC and PD to constructively counsel
the fellow. The PD and the Chair of the fellow’s SOC are expected
to determine whether additional meetings are necessary for fellows
who need more guidance or who are changing the focus of their
scholarship activity. It is the responsibility of the PD to document the
SOC meetings and the progress of each fellow; a concise form was
developed to allow us to track subspecialty training (www.groups/
web-services/research-comm/bissler/fellow-progress.html).

WORK PRODUCT
As part of the certification process, the fellow must prepare

a work product of scholarly activity. The new ABP statement allows
for a broader definition of scholarly activity: ‘‘an experience that pro-
vides the basis for a career of scholarly contributions’’ (www.abp.org).
Involvement in scholarly activities must be hypothesis-driven,
participatory, and result in the generation of a specific written ‘‘work
product.’’ The ABP requires submission of the work and a com-
prehensive document that delineates the roles of the fellow in each
aspect of the activity and the relationship of the scholarly activity to
the trainee’s career development plan.

The PSTC supports the concept that development of a plan for
the scholarly work is the responsibility of the fellowwith the assistance
of his/her SOCand the subspecialty PD.The PSTC requests a copy of
the work to monitor the overall quality of fellowship training, but the
PSTC does not judge the adequacy of the individual work product
to be submitted to the ABP for subspecialty certification.
278 Balistreri, Jobe, and Boat
CORE CURRICULUM
All programs must include a core curriculum in scholarly

activities that offers all the elements required by ABP for subspecialty
certification. The PSTC further defines the ‘‘elements’’ (eg, a Research
Core Curriculum, a Bioethics Course, and a Teaching Development
course) and prepares a guide for CCHMC subspecialty fellowship
and elective programs. The core elements will be offered as a series
of lectures and be made available online.

EXPERIENCE TO DATE
One division has had an ‘‘SOC-type’’ process for fellowship

oversight in place since 1995. Of the 25 fellows who have entered the
T32-sponsored Fellowship Training Program in the Division of
Pediatric Gastroenterology, Hepatology, and Nutrition at CCHMC
in the past 10 years, 10 are still in the program. Preliminary
assessment of the outcome of the 15 graduates is instructive and
emphasizes the diversity of academic phenotypes chosen; for example,
4 obtained master’s degrees in epidemiology and biostatistics, and
one a master’s degree in public health. Thirteen currently have faculty
positions or are continuing with advanced research training; 9 hold
extramural funding awards or are currently continuing with advanced
research training, one entered private practice, and one is an industry-
based research scientist.

CONCLUSION
The revised ABP criteria and responsibilities for training

requirements leading to subspecialty certification for fellows encour-
age a focus on ‘‘career development’’ of the individual trainee. To
maximally benefit from this type of program, the trainees and their
mentors must initiate a plan that includes early decision-making and
emphasizes evaluation of the trainee at a local level through a
committed mentoring structure. The committee must review, coor-
dinate, and certify the trainee. This effort requires a department
-wide commitment. We believe that the end result will be sub-
specialists who are better prepared for success in academic medical
centers.

0022-3476/$ - see front matter

Copyright ª 2005 Elsevier Inc. All rights reserved.

10.1016/j.jpeds.2005.08.020
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Editorials
IMPROVEMENTS IN HEALTHCARE: HOW CAN

WE CHANGE THE OUTCOME?
A s consumers, each of us expects to receive consistent,
high-quality healthcare, but at times we are disap-
pointed. Healthcare has lagged behind other service

industries in incorporating quality principles into the design
of the delivery system and the expectations of healthcare
professionals. Numerous reports, including To Err is Human:
Building a Safer Health System1 and Crossing the Quality Chasm:
A New Health System for the 21st Century,2 highlight these
deficiencies. National experts, citing many examples of unsafe
and ineffective care, conclude that our healthcare system is
‘‘broken’’ and requires fundamental change to deliver the
quality services expected.

After WorldWar II, Japan’s leaders recognized the need
to redesign their industry standards to rebuild their economy.
They enlisted the assistance of William Deming, who
demonstrated that focusing on quality resulted in better
products/services, as well as increased customer and employee
satisfaction. The Toyota Corporation’s rise to dominance in
the auto industry is a widely used example of this revolution.
The application of ‘‘improvement science’’ methods to health-
care has increased over the last decade, and successful results
have been documented by disease-specific groups3 and
national organizations, such as the Institute for Healthcare
Improvement,4 as they promote learning and accelerate change
across the healthcare community. However, there remain few
reports in the literature of well-designed studies that rigorously
apply improvement methods to healthcare delivery systems.5

In this issue of The Journal, Schechter and Margolis
provide a well-organized discussion of some of the concepts
and methods used in healthcare quality improvement, sharing
practical experiences associated with cystic fibrosis (CF) as a
representative model of chronic illness.6 The authors describe
the wide variation in care processes and associated variation
in outcomes among CF centers, and emphasize the need to
focus on decreasing unwarranted variation. They explain
Dr. Edward Wagner’s model of chronic illness care and the
importance of adopting a successful care model that meets the
needs of patients, families, and providers. They also point out
the benefits of specific improvement strategies, including using
data to guide and monitor the impact of system changes and
implementing rapid changes by using repeated plan/do/study/

CF Cystic fibrosis
PDSA Plan/do/study/act
act (PDSA) cycles. They highlight the importance of main-
taining transparency, sharing information, and learning freely
from each other to accelerate the rate of improvement. These
strategies can be applied to microsystems within an institu-
tion, as demonstrated by the CF and other improvement teams
within Cincinnati Children’s Hospital,7 as well as across sys-
tems within a broader healthcare community, as demonstrated
by the collaboration of CF centers in the ‘‘breakthrough
learning collaborative’’ described by the authors.

Care of children with CF begins at diagnosis and spans
the transitions of childhood, adolescence, and adulthood. It
must anticipate a variety of complications over an individual’s
lifetime and must be designed to manage stable periods of
chronic illness interspersed with episodes of acute deteriora-
tion. The current healthcare system is better designed to react
to acute problems than to anticipate needs and maintain
health, and is thus ill-prepared to effectively manage chronic
illnesses. The increasing prevalence of chronic conditions like
CF has changed the demands placed on the healthcare system,
and in most circumstances the multidisciplinary infrastructure
required to coordinate chronic illness care does not exist, con-
tributing to variation in care practices and clinical outcomes.2

Correcting this misalignment of needs and services requires
changing some deeply rooted elements of the current health-
care system.

The wide variation in CF processes, as described by
Schechter and Margolis, provides evidence of the opportunity
for improvement. This situation has developed despite con-
certed efforts by the CF Foundation to address potential
sources of variation, such as supporting clinical trials to
strengthen the evidence for
care practices, summarizing
existing evidence in consensus
practice guidelines, and pro-
viding all CF centers access to
the ‘‘green book’’ that contains
examples of how to use PDSA
cycles, run charts, and other
improvement tools. To de-
crease variation in care pro-
cesses and improve clinical
outcomes, the basis of the
underlying variation itself
must first be understood.

Reprint requests: Dr. James D. Acton,
Division of Pulmonary Medicine, Cin-
cinnati Children’s Hospital Medical
Center, 3333 Burnet Avenue, Cincin-
nati, OH 45229. E-mail: james.acton@
cchmc.org.

J Pediatr 2005;147:279-81.
0022-3476/$ - see front matter

Copyrightª 2005 Elsevier Inc. All rights
reserved.

10.1016/j.jpeds.2005.06.027

See related article, p 295.
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Unwanted variation in care includes changes that are not
explained by the illness itself, the recommendations of
evidence-based medicine, or patient preference.

JohnWennberg describes 3 different sources of variation
in medical care.8 ‘‘Effective’’ care refers to the appropriate ap-
plication of proven tests or treatments based on evidence-based
recommendations, such as routine preventative care including
scheduled clinic visits, pulmonary function tests (PFTs), and
chest physiotherapy. ‘‘Preference-sensitive’’ care exists when
a patient has multiple treatment options that have different
anticipated outcomes, such as whether or not to pursue lung
transplantation. ‘‘Supply-sensitive’’ care is any intervention
whose frequency of use depends largely on the availability of
the resource to the patient. A common example of this type
of care is when the hospitalization rate is significantly higher
than expected in an institution largely because they have a
higher-than-average bed capacity. Wennberg suggests that
3 key changes are necessary to reduce system-wide uninten-
tional variation in healthcare practices and outcomes:

d The academic medical community must continuously and
systematically evaluate the evidence supporting routine
practice of medicine to improve effective care.

d Strategies must be implemented to better support patients
and families as active partners in decision making to
improve preference-sensitive care.

d The healthcare management and reimbursement structure
must better reflect the complex demands of chronic illness
care to improve supply-sensitive care.9

Regardless ofwhether unwanted variation occurs in asso-
ciation with effective, preference-sensitive, or supply-sensitive
care, it can be minimized by identifying the source of the varia-
tion and making system-based changes to support evidence-
based and patient-centered care.

Even with an understanding of variation, a good care
model, and the ability to apply improvement tools, change is
hard, and initiating real improvement is often harder, especially
in academic centers. One way to begin is by using available
clinical data, such as that maintained in patient registries.
These population-based data can help guide improvement by
identifying variations in key outcomes and underlying key
processes. In addition, using such data will document that
changes are effective and lead to improved process performance
and ultimately to better outcomes. For example, the National
CFPatient Registrymaintained by theCFFoundation is being
used to aid centers in benchmarking their outcomes, support
multicenter improvement collaboratives, and segment patient
populations to more effectively customize care. However, the
absence of an organized patient registry should not become a
barrier to improvement, and simple spreadsheets or databases
can be instituted quickly to collect andmanage data for focused
improvement projects. The Cincinnati CF team faced this
challenge when initiating efforts to improve the influenza vac-
cination rates within their center without an existing database.
Although a database was ultimately created, improvement
during the first season was supported by handwritten checklists
and a simple spreadsheet used to graphically monitor progress.
280 Editorials
Improvement in clinical care and outcomes results when
data support an active process of planned change in the
delivery of care. One of the first steps in creating active change
is engaging the right people in the process. Improvement
efforts have conventionally involved the multidisciplinary
team that provides clinical care. Experience has shown the
value of including other contributors, such as colleagues from
other specialties, experts in healthcare quality improvement
and systems change, and administrative leaders within the
healthcare institution. One group—perhaps the most impor-
tant group—that is frequently omitted is the patient and his or
her family. Evidence shows that the best clinical outcomes
result when a patient participates in his or her care as an active
member of the care team, and growing experience suggests
that this involvement also supports more effective and efficient
system change. Some CF centers have begun to include pa-
tients and families in their quality improvement activities.
In Cincinnati, patients and families have been included as full
members of all improvement teams, and although this process
presents some challenges, we have identified some important
steps in making this partnership successful. These include
maintaining open communication in both directions, ensuring
a common vision or goal, expecting mutual respect for all
opinions, and making a commitment to transparency of data,
outcomes, and the progress of improvement. The CF
Foundation has also recognized the importance of maintain-
ing transparency with regard to data on outcomes and the
results of quality improvement efforts. They have recently
begun the process of sharing center-specific outcome data
among CF centers, and eventually with patients and families,
to accelerate improvement by learning from each other. This
partnership and the work associated with substantially im-
proving the quality of CF care can be very intense. Thoughtful
attention to these and other details will help ensure a productive
experience.

Identifying a purpose, assembling a team, and even
conceiving a plan are not sufficient to guarantee improvement.
Many well-intentioned and well-planned projects never
realize their intended results because of inertia or lack of
focus. Change is facilitated by first setting clear and focused
goals, then connecting these goals with a timeline to set
expectations for action. More effective change can also be
achieved by setting ‘‘stretch goals,’’ ones that far exceed the
outcomes and performance produced by the current system.
Experience from the improvement teams at Cincinnati
Children’s Hospital suggests that direct patient and family
involvement can produce more aggressive goals for change.
The Cincinnati CF team has accepted accountability for
improvement by stating their improvement goals as promises
to the patients and families; for example:

d We will protect you from harm related to your care.
d We will respect and value your time.
d No place will preserve your lung function better.
d We will optimize your nutritional status.
d You may be involved in your care as much as you desire.
d We will support our staff so they can focus on your needs.
The Journal of Pediatrics � September 2005



d You will get the care you need regardless of race, age, gender,
education, or ability to pay.

These promises are then linked to performance through
outcome measures, such as lung function, nutritional status,
access to care, and patient and family satisfaction.

As difficult as initiating improvement can be, sustaining
improvement is equally challenging. Reliability is a concept
that describes a system’s likelihood of achieving the desired
results with each application; for example, education inter-
ventions alone deliver the expected results only 60%of the time.
There is often a tendency to create improvement by educating
more, planning better, and working harder; however, this will
not help maintain the benefits of the performance.10 Practices
achieving 97% to 99% reliability make quality improvement a
central factor in every aspect of the care system and clarify
how quality improvement relates to every person’s role on a
daily basis. These systems are designed to support reliability by
using strategies like defaulting decisions to the desired action,
reminding patients and caregivers about visits and inter-
ventions, and using evidence-based care guidelines.11

To sustain the process of improvement indefinitely, every
element discussed here and in the article of Schechter and
Margolis must be intrinsic characteristics of the care system,
and their application cannot be dependent on any individual.

The call to action has been sounded. It comes from the
Institute ofMedicine and other high-level organizations, from
disease-specific organizations like the CF Foundation, and
from individual healthcare professionals. Most importantly,
however, it comes from patients and families who have the
most invested in both the care and the improvement process.
We must improve our understanding of how to effect
improvements in healthcare systems and how to access tools
and experts in system improvement. The question at hand is
whether we will accept the challenge and make the commit-
ment to change the outcomes.
DAILY ACTIVITY AND DISEASE

AN IMPORTANT AR

S ince the 1960s, survival in people with cystic fibrosis
(CF) has consistently improved with each successive
birth cohort, and these trends are very similar in the

United States and Europe.1-3 The other finding, replicated
between different populations, is the difference in survival
between males and females with CF. Contrary to the trends
in most diseases of childhood, survival in females with CF
is consistently worse than males. There is, as yet, no clear
explanation for this finding. Although nutritional status,

CF Cystic fibrosis
FEV1 Forced expiratory volume in 1 second
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STATUS IN CYSTIC FIBROSIS:

EA FOR RESEARCH

pulmonary function, and air-
way microbiology at a given
age are strong predictors of
mortality at later ages, neither
these factors, nor others, such
as pancreatic insufficiency,
age at diagnosis, mode of
presentation, and race, ac-
count for the poorer survival
among females.3 It therefore
seems likely that an environ-
mental or lifestyle difference
between boys and girls, which
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operates from childhood, may account for this consistent and
important difference in survival.

In urban, industrialized populations, childhood is the
most physically active time of life and is followed by an
invariable decline in levels of physical activity in adolescence
and young adult life. The 2001 Youth Risk Behavior Survey,4

conducted by the Centers for Disease Control and Prevention
in the United States defined sufficient physical activity in
high-school students as that which made them sweat and
breath hard for $20 minutes on $3 of the 7 days preceding
the survey. Only two thirds (64.6%) of students reported this
level of activity, which was significantly more likely to be
reported in male students (72.6%) than female students (57%).
This significant sex difference was identified for all the ethnic
and age groups. Overall, students in grades 9, 10, and 11
(71.9%, 67%, and 61.3%, respectively) were significantly more
likely than students in grade 12 (55.5%) to report sufficient
vigorous physical activity.

A number of studies have examined the decline in
physical activity in young people during and after puberty. A
study by Kimm et al5 prospectively followed white and black
girls from 9 or 10 years of age to 18 or 19 years of age and
found substantial declines in physical activity during these
years, so that by 16 or 17 years of age, 56% of black girls and
31% of white girls reported that they did not engage in any
leisure-time physical activity. A study in the United Kingdom
by Reilly et al,6 where activity was measured by an acceler-
ometer, found that in children as young as 5 years of age time
spent in sedentary behavior was high in girls (81%) and boys
(76%), but, even at this early age, girls showed significantly less
mean physical activity levels than boys.

Decline in physical activity with age in children is of
concern, but this also must be set in the context that it is
generally accepted that children in the 21st century take much
less regular exercise than previous generations. The activities of
today’s children have not been compared with those of previous
generations, using objective measures. However, there is much
indirect evidence to suggest that changes to lifestyles,such as
increased television viewing, use of computers and computer
games, and being driven rather than walking to school, have
caused our children to lead amuchmore sedentary lifestyle than
their parents. In population-based cohort studies, the main
concerns about declining levels of physical activity have
focussed on the growing epidemic of obesity among children
and adults. However, associations between reduced physical
activity and cardiovascular disease, development of bones and
muscles, and quality-of-life, are well recognized.

There is as yet very little evidence from observational
studies that level of activity affects disease status in CF. In spite
of this, in the last decade, the potential impact of exercise
programs in improving respiratory status in CF has received a
lot of attention. A number of randomized controlled trials have
investigated whether prescribed regimens of physical training
improve or prevent deterioration in clinical outcomes such as
spirometric lung function in patients withCF. These have been
the subject of a Cochrane systematic review,7 which concluded
that any decision about the efficacy of these interventions was
282 Editorials
limited by the small size, short duration, and incomplete
reporting of most of the trials.

Of all measures of disease status, the one that is of most
relevance to patients and clinicians is rate of change in forced
expiratory volume in 1 second (FEV1), which, in turn, is
closely associated with survival. Corey et al,8 in a longitudinal
analysis of patients with CF from a large center in Canada,
found a small, but highly significant difference in rate of
decline in FEV1 with gender, with males having a slower rate
of decline. This study also confirmed that decline in FEV1 is a
strong predictor of mortality in CF.

So we know that levels of physical activity in normal
populations are less in girls than boys and show a steep decline
in later childhood and adolescence. It is tempting to impute
that some of the differences between males and females in
mortality and decline in lung function in CFmay be because of
differences between the sexes in amounts of physical activity,
but, until recently, clear evidence of this has been lacking. The
article by Schneiderman-Walker et al9 in this issue of the
Journal has shown that, in children with CF between 7 and
17 years of age, not only are activity levels greater for boys
than girls, but when the children are followed prospectively
over 2 years, those girls with the lowest activity levels had more
rapid decline in FEV1, whereas this relationship between
activity level and decline in FEV1 was not seen in boys. In this
study, the average total activity (which includes low-intensity
exercise such as walking) was 5.4 hours per day for girls and
6.5 hours per day for boys. These activity levels seemquite high,
and it would have been interesting if the study had included a
comparison between these self-reported levels of activity and
an independent, objective measure, such as an accelerometer.

In a study from Australia,10 investigators compared
activity levels in children with CF with those of matched
controls. In prepubescent children, there were no differences
between boys and girls in either group, but children with CF
with mild disease were significantly more active than controls.
In pubescent children, activity levels in girls were significantly
less than in boys in both the control and CF groups. As with
the younger age group, pubescent boys and girls with mild
CF disease were more active than controls. Unlike the study
by Schneiderman-Walker, these groups were not followed
prospectively and there was no comparison between activity
levels and rate of decline in FEV1.

There is still much to be learned about the relationships
between activity, age, gender, lung function decline, and
mortality in people with CF. One can speculate that, if
children with CF are much less active than previous gener-
ations, this factor may have counteracted the very positive
influences, which have improved survival from this disease in
the last four decades. The study by Schneiderman-Walker et al
is relatively small, and the length of follow-up relatively short.
If reduction in activity levels of children with CF contributes
to decline in lung function and earlier death, this should be
a high priority for intervention studies. In designing such
clinical trials, it will be particularly important to elucidate in a
prospective, longitudinal study what changes in activity occur
with age, the impact of influences such as transfer to secondary
The Journal of Pediatrics � September 2005



school, and the amounts and intensities of physical activity
that are likely to make a difference.
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Head of Division of Child Health
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TOWARD BETTER EVIDENCE FOR

FOR AUTISM SPEC

A utism is a condition, generally considered to be part
of a spectrum, in which children experience variable
degrees of difficulty with communication, social

interaction, and a propensity toward repetitive behaviors and
lack of imagination. These difficulties manifest in a variety of
ways that interfere with social interaction and often result
in considerable behavioral challenges to parents and other
caregivers.

Autism spectrum disorder (ASD) has been increasingly
recognized and is currently believed to affect 30 to 60 per
10,000 children.1 One thing seems clear: for ASD, early
intervention is key.2 Over the years, a variety of treatments
have been proposed for children with ASD: dietary, phar-
macologic, sensory, and behavioral modification. Knivsberg
et al3 have looked at the effect of a gluten and casein–free
diet and found improved development in treated children.
No randomized study has shown benefit from secretin
treatment.4 Sinha et al, has reviewed studies using auditory
integration therapy as a modality for improving sound
sensitivity and found no reliable, significant changes.5 One
of the most frequent interventions involves training parents6

and other caregivers in methods to help their children.
The study by McConachie et al,7 in this issue of The Journal,
adds to the literature on parent training. This controlled trial
compares the outcomes for parents of 51 preschool children
with suspected ASD who either started on a 3-month course
called ‘‘More Than Words’’ shortly after recruitment (im-
mediate intervention) or who had to wait for a course, since
one was not available at the time of diagnosis (delayed
control). This program is designed to assist parents in social
interaction with their child and enhance communication skills.
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PARENT TRAINING PROGRAMS

TRUM DISORDER

Through the program, parents may increase their confidence
during interactions with their child and benefit from
connections with other parents and professional therapists.
The authors evaluated the ability of the training to enhance
parents’ interaction with their child; decrease parental stress;
increase the child’s communication and language skills; and
decrease behavioral problems. Appropriate, valid instruments
were used to measure the outcomes. Seven months after
recruitment, compared with those in the delayed control
group, parents in the intervention group were noted to use
more facilitative interaction strategies, and their children had
larger vocabularies. However, they were not able to docu-
ment changes in parental stress. This could be due to the
short timeframe or to a lack of adequate power to detect a
difference between the groups.

This study is subject to many of the limitations found
in other intervention studies for ASD. First, the included
population is heterogeneous.
This could make it more dif-
ficult to detect a difference
between groups or it could
mean that any differences
found may have been due to
changes within a subpopula-
tion of children with ASD.
On the other hand, the
broad inclusion criteria re-
flect the reality of practice
where we are not able to
define precisely where a child
is along the autism spectrum.
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Second, the timing of the intervention can affect the
outcome, with earlier treatment more likely to be beneficial.
This was less of an issue in this study, since the children in
the two groups were about the same age, and the time from
diagnosis to intervention was comparable. Third, because
ASD is a developmental disorder, changes in child and
parent behaviors occur naturally over time. Using a delayed
control group could be problematic, as the children may
differentially improve with time. For this study, this is less of
an issue owing to the short duration of follow-up; any
differences between the groups probably would be small.

One of the strengths of this study is that it is controlled,
unlike many of the studies addressing parental training for
children with ASD.6 The gold standard for intervention
studies is the randomized, controlled trial. Although the two
groups in this study appear similar, random assignment would
help minimize potential sources of bias. However, random-
ized trials in ASD are exceedingly rare. This has been
attributed in part to the difficulty in randomly assigning
children into trials when parents have a strong belief that
intervention will make a difference or when there is a strong
desire to get treatment for their child.6 The sample size in this
study, although not large, is larger than that in many of the
prior studies in ASD. Nonetheless, expanding this study to
include more children and multiple institutions would
strengthen the results.

The evidence of effectiveness for various interventions
for ASD is far from robust. However, the benefits found in
‘‘More ThanWords’’ continue the positive trends seen in other

controlled trials of parent training courses. If larger, random-
ized trials confirm this evidence, these programs could be
expanded to benefit the children and parents who struggle
with ASD on a daily basis.
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TRANSITION/ADAPTATION IN THE DELIVERY ROOM AND LESS RDS:

‘‘DON’T JUST DO SOMETHING, STAND THERE!’’
I t is old news that neonatology has changed strikingly with
the increased survival of smaller and smaller infants.
However, to appreciate the results obtained using con-

tinuous positive airway pressure (CPAP) reported by Ammari
et al in this issue of The Journal,1 let’s step back to the 1980s–
prior to the frequent use of antenatal corticosteroids or
surfactant therapy and to multiple changes in obstetric
management of the delivery of low birth weight infants.
Most infants <28 weeks gestation were ventilated, had
multiple complications, and had a high mortality rate. Avery
et al2 reported in 1987 that the use of CPAP in New York
at Columbia University seemed to be associated with less
bronchopulmonary dysplasia than did the ventilator manage-
ment practiced by other neonatal units, an observation that
was reinforced by similar comparisons by Van Marter et al3 in

CPAP Continuous positive airway pressure
RDS Respiratory distress syndrome
VLBW Very low birth weight
Editorials
1992. The weakness of the
current report by Ammari
et al1 is that it is simply
their clinical experience with
the use of CPAP to stabi-
lize infants after delivery at
Columbia from 1999 to 2002.
We remain without random-
ized controlled trials designed
to test the perceived benefits
of CPAP, a gap that hope-
fully will be filled by ongoing
trials. However, what I find
remarkable about the report
is the high percentage of
infants with birth weights
<1000 g who can breathe in
the delivery room and who do
not have severe respiratory
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Table. Percent of infants initially stabilized with intubation or CPAP and outcome at 72 hours of age1

Initial stabilization Outcome at 72 hours*

N Intubation CPAP CPAP Fail CPAP Success

Birth weight
<699 g 79 27% 73% 40% 33%
700-999 g 90 11% 89% 18% 71%
1000-1250 g 92 1% 99% 8% 92%

Gestational age
23-25 wk 87 31% 69% 38% 31%
26-28 wk 106 5% 95% 17% 78%
29-31 wk 54 0% 100% 7% 93%

CPAP Fail, Intubation; CPAP success, no therapy other than CPAP for 72 hours.
*Percents calculated for overall population (Intubation + CPAP fail + CPAP success = 100%).
distress syndrome (RDS). These 2 outcomes are contrary
to the clinical experiences of many neonatologists and may
be important to understanding the incidence of bronchopul-
monary dysplasia.

We all use the Neonatal Resuscitation Textbook,
published by the American Academy of Pediatrics and
American Heart Association for certification in delivery
room care.4 The program emphasizes a staged sequence of
interventions for neonatal resuscitation. I emphasize the word
resuscitation because when the beeper goes off with a call to the
delivery room, the charge is to resuscitate an infant. In fact,
few infants need resuscitation. The vast majority of infants
need only a bit of assistance (drying, stimulation, clearance of
secretions) to allow transition or adaptation after birth. The
remarkable recent experience of many clinicians who have
allowed very low birth weight infants (VLBW) to transition
without bagging or intubation is that they actually can do it!
The report by Ammari et al1 demonstrates this clearly (Table).
They found that about 70% of infants with birth weights
<699 g or gestations of 23 to 25 weeks could be transitioned
using primarily CPAP. Very few older gestation or larger
infants required intubation. Conceptually, this translates to
the majority of VLBW infants not needing resuscitation with
its invasive implications. My bias is that the delivery room
beeper should initiate a focus on transition-adaptation, and,
with patience and after a bit of time, resuscitation if necessary.
As in many areas of medicine, it may be better to just stand
there rather than do something—such as to manipulate the
VLBW infant to induce a vagal response.

What is the downside of a focus on emphasizing
transition-adaptation rather than resuscitation? The standard
of care being promoted, on the basis of the surfactant trial
data, is that better outcomes result from intubation and sur-
factant treatment very soon after delivery.5,6 If an infant can
even briefly transition before the decision to give surfactant is
made, an elective intubation seems preferable to an emergency
intubation. There is perhaps nothing more dangerous for
the preterm lung than an anxious physician with an endo-
tracheal tube and a bag. Although early surfactant is good
for infants with RDS, there is no information to judge the
Editorials
benefits of surfactant for infants without RDS. A brief
transition may help identify the infant in whom significant
RDS will develop.

What was the incidence of RDS in the population from
Columbia? If we assume that only infants that were treated
with surfactant had significant RDS, then about 50% of the
intubated infants and 50% of the infants in whom CPAP
failed (intubated by 72 hours of life) or about 16% of the total
population of infants with birth weights <1250 g had RDS.
Another way to estimate the maximal occurrence of RDS
would be to assume that all ventilated and CPAP failure
infants had significant RDS, which is an RDS rate of 34% for
the overall population and 47% for infants with birth weights
<1000 g (Table). These numbers are very low relative to
reports of surfactant treatment for infants of this weight
category. For example, in 2000 about 80% of infants with birth
weights of 401 to 1500 g in the Vermont Oxford Network
Database received surfactant.5 Certainly surfactant treatment
overestimates the incidence of RDS by the treatment of
infants without surfactant deficiency, and the Columbia group
may not treat some infants with mild RDS that others would
choose to treat. However, few clinicians would anticipate good
survival rates for infants <1000 g with severe RDS using
CPAP alone. The conclusion, whatever the precise numbers,
is that many very low birth weight (VLBW) infants have no or
mild RDS.

How is it possible that many VLBW infants do not have
RDS? The human fetal lung normally matures functionally
after about 35 week’s gestation. Human lungs begin to have
identifiable type II cells after about 22 weeks gestation, but
surfactant in the airspaces does not increase (based on the
lecithin to sphingomyelin ratio) until after 30 weeks.7

Multiple factors are contributing to the low incidence of
RDS. First, there are no normal preterm infants—they are all
abnormal or they would not have been born preterm. The
human lung has a remarkable capacity to mature early—as
much as 12 weeks early! Clinically, maturation means the
ability to exchange oxygen and carbon dioxide, but pulmonary
function and structure may be far from normal. For example,
the clinician is content with a PO2 of 35 mmHg (saturation of
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about 90%) in room air, whereas the arterial PO2 with a normal
lung in room air would be about 100 mm Hg. Maternal
corticosteroids contribute to the early functional maturation of
the fetal lung.8 Antenatal exposure of the VLBW infant to
chorioamnionitis is frequent, and this antenatal inflammation
is a potent promoter of functional lung maturation and
increased surfactant.9,10 These modulators of lung maturation
together with obstetric practices to delay the delivery of pre-
term infants after the onset of preterm labor must be con-
tributing to less RDS. Another contributing factor may be
how infants are treated in the delivery room. A preterm lamb
will breathe with CPAP with a surfactant pool of only about
3mg/kg.11 The surfactant pool size at term is about 100mg/kg,
and the treatment dose of surfactant also is 100 mg/kg.
However, if the lung is injured by overstretch or ventilation
without positive end-expiratory pressure, then surfactant func-
tion degrades, and the infant may have ‘‘iatrogenic’’ RDS.12

Perhaps the very low incidence of RDS at Columbia results
from avoidance of lung injury in the delivery room with the use
of CPAP. Unnecessary intubation and ventilation soon after
birth may cause RDS.Most initial ventilation does not control
positive end-expiratory pressure, peak pressure, or tidal vol-
ume, and often 100% unhumidified and cold oxygen is used.
The optimal decision pathways for delivery room respiratory
management and surfactant remain to be validated by clinical
trials, but the epidemiology of RDS certainly has changed.

Alan H. Jobe, MD, PhD
Cincinnati Children’s Hospital Medical Center

The University of Cincinnati College of Medicine
Division of Pulmonary Biology

Cincinnati, OH 45229-3039
SAY NO TO

I t is one of the stranger ironies of modern history that
what is possibly the single greatest achievement of
twentieth century medicine is also one of its most con-

tentious advances. Almost half a century ago, the first use of
psychotropic drugs to improve the quality of life of persons
with significant psychopathology (recall the film Awakenings1

based on Oliver Sacks’ book2) opened the door to a radically
new era of psychopharmacology. Such advances had been
unimagined in the past. As might have been expected with
such an effective and popular treatment, there were examples
of abuse, misuse, overuse, and perhaps even the development
of a sometimes too-easy dependence on drugs for a ‘‘quick fix.’’
But the positive achievement remains important, and the
rebound in the public mind, is, if anything, an inverted
recognition of the very degree of that success.

ADHD Attention deficit–hyperactivity disorder
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DRUGS?

What does it say to the use of such psychopharmacology
that, in many communities, upwards of half of pediatricians
(typically even more family practitioners) may not prescribe
medications for attention deficit–hyperactivity disorder
(ADHD). The reasons proffered relate to the excessive (and
unreimbursed) time needed
to perform an adequate eval-
uation, the complexities of
medication management, and
concerns about follow-up fre-
quency and side effects.
Families who do not pursue
pharmacologic approaches to
ADHD will not always rely
on behavioral and counseling
interventions but rather may
divert their time, energy,
and resources to unproven
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alternative therapies such as restrictive diets, additives, herbal
preparations, vitamin supplements, magnet therapy, sensory
diets, and electroencephalographic biofeedback.Parental fears of
addiction risk (unfounded) and other side effects that are
typically dose-related (and therefore manageable) combine with
a mystical preference for a more ‘‘natural’’ approach.

While it is difficult to make broad unqualified compar-
isons, the drugs used to treat children with ADHD are among
the most effective and safest psychoactive drugs currently used
in pediatrics. Indeed, they are probably among the safest drugs
in use in pediatrics. The article by Findling et al3 in this issue
of The Journal further supports this wide safety margin. But is
safety the real issue behind increasing public concern?

Challenging behaviors can always be improved with
intensive behavioral programming. The application of posi-
tive behavioral supports derived from an appropriate func-
tional behavioral analysis as mandated by Individuals with
Disabilities Education Act amendments4 should be available
to all special needs students.

The use of drugs to improve behavior can be difficult for
lay persons to discriminate from ‘‘mind control.’’ To positively
impact the disruptive classroom behavior of some children
with ADHD can suggest the specter of drugs to create a docile
citizenry, passive in response to governmental oppression. The
fact remains that while psychopharmacology is an accepted
mode of intervention, it is not a required mode of treatment.
Drugs can never be a required therapeutic component
of ADHD for the simple reason that they do not always work.

The fact that ADHD is more often mild and that it
rather inconsistently impacts on behavior contribute to the
misperception of ADHD as a motivation problem: ‘‘If only
he tried harder. . .’’5 Understanding the role of medication in
ADHD management requires a more accurate understand-
ing of the roots of the misbehavior that characterizes the
syndrome. Accardo’s Laws of Misbehavior6 apply to children
with ADHD. While at first glance they may appear to be
counsels of despair, they represent the first step needed to
understand that the behavior of a child with ADHD is mostly
due to brain dysfunction. They underline the fact that the
major goal for the use of stimulant medication is to allow the
child with ADHD to more effectively assume control of his
own behavior rather than having drugs ‘‘control’’ his behavior.

IRRELEVANCE PRINCIPLE

In general, parents are irrelevant to the misbehavior
of their children with ADHD. ADHD is a brain-based con-
dition and not a failure of parenting techniques.
Editorials
IRRESPONSIBILITY PRINCIPLE OR
INNOCENT CHILD HYPOTHESIS

In general, children with ADHD are not responsible for
their misbehavior. ADHD is a brain-based condition and not
a failure of children to learn appropriate behavior.

UNMOTIVATION PRINCIPLE OR
BEHAVIORAL INDETERMINACY PRINCIPLE

The misbehavior of children with ADHD has no
consistent correlation to the effort they invest in controlling
it. Increasing the motivation of children with ADHD to im-
prove their behavior does not produce consistent behavioral
improvement.

Even when medication radically improves a child’s
behavioral performance, there typically persists some residuum
of challenging behaviors that will still require adult under-
standing of the above rules. The strongest moral imperative for
the use of psychopharmacologic approaches to ADHD is the
ability of such medication to foster the development of ethical
behavior in children with ADHD. Decreasing hyperactivity
and impulsivity allows the child with ADHD to proactively
weigh the consequences of an action rather than being left
in a perpetual limbo of regret for past missteps. Parents and
physicians can ‘‘say no to drugs’’ but still say yes to helping
children by the appropriate use of medication.
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MEDICAL
PROGRESS

ASSESSMENT AND TREATMENT OF ACUTE ASTHMA IN CHILDREN

BRADLEY E. CHIPPS, MD, AND KEVIN R. MURPHY, MD

O ver the last decade, significant advances in asthma therapy have been made. Yet asthma remains the leading cause of
emergency care in children, and hospitalization rates continue to increase. The direct costs of asthma are estimated to
exceed 6 billion dollars per annum in the United States alone1; 35% to 50% of this expense occurs in the emergency

department (ED) and hospital.
In 2002, asthma affected approximately 6.1 million children younger than 18 years of age, with an inner-city prevalence of

8.6%.2,3 Thus, asthma is a disease that pediatricians can expect to encounter. The ability to effectively treat asthma is therefore
essential. This article will discuss the assessment of acute pediatric asthma and we will review recent studies pertaining to its
treatment.

DETERMINING SEVERITY
A reliable estimate of the severity of airway obstruction is difficult to ascertain on clinical grounds. Many signs can

characterize a severe episode: accessory muscle activity, a paradoxical pulse >25 mmHg, a heart rate >130 beats/min, a respiratory
rate >25 to 30 breaths/min, a limited ability to speak, a peak expiratory flow (PEF) or forced expiratory volume (FEV1) <50%
predicted, and an oxygen saturation (SpO2) <91% to 92%.4-6 These symptoms and signs may or may not develop simultaneously,
may or may not impair the patient at the same level, and can be present in any combination.

The PEF is measured in the first 150 to 200 milliseconds of the expiratory maneuver and primarily reflects flow from the
large airways. This measurement is highly dependent on patient effort and muscle strength. Thus, an inaccurate measurement is
possible when PEF is measured during a severe episode. As the severity of airway obstruction increases during an acute asthma
attack, residual volume may dramatically increase, reaching values up to 60% to 70% of total lung capacity. This physiologic event
can result in initial flow transients that lead to higher PEF than would be expected.7 The most recent National Heart, Lung, and
Blood Institute guidelines suggest that PEF be obtained in the assessment and treatment of acute asthma in children.4 PEF can be
used especially in older children to follow trends and assess response to b-agonists.

PREDICTIVE SCORING INDEXES
Themeasurement of the severity of an acute asthma exacerbation is an important guide to treatment and response to therapy.

Several asthma scoring systems estimate the degree of airway obstruction in children when standard measurements cannot be
performed. These systems combine a number of physical signs such as respiratory rate, inspiratory/expiratory ratio, and accessory
muscle use, to form a score that estimates the severity of an acute asthma exacerbation. Smith and Strunk developed a Pulmonary
score (PS) for younger children (<6 years), who had little experience with peak flow meters, or children in significant respiratory
distress, in whom it is difficult to obtain an accurate peak flow measurement (Table I).8-10 This measure, based on respiratory rate,
wheezing, and accessory muscle use, uses a scoring scale from 0 to 9.When tested in children who present to the ED with mild to
severe asthma, the PS correlated well with PEF.

Arterial oxygen saturation may also be used to predict the need for hospital
admission. Geelhoed et al9 found that children presenting with SpO2 <91% needed
hospitalization with a sensitivity of 1.00 and a specificity of 0.84; however, an SpO2 >96%
was needed to predict successful discharge from the ED. It has been suggested that
admission to the hospital should be considered in children with a PS >2, PEFR <80%, and
room air O2 saturation <95%, 30 to 45 minutes after the last treatment.10

Other authors have attempted to develop scoring systems in older children and adults
based on response to therapy. Rodrigo and Rodrigo11 studied 184 patients (age, 18 to

CS Corticosteroids
ED Emergency department
IB Ipratropium bromide
ICS Inhaled corticosteroids
MDI Metered-dose inhaler

PEF Peak expiratory flow
PS Pulmonary score
SVN Small-volume nebulizer
VHC Valved holding chamber
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Table 1. Pulmonary index

Respiratory rate
Accessory muscle use

(sternocleidomastiod activity)Score <6 Y $6 Y Wheezing*

0 ,30 ,20 None No apparent activity
1 31-45 21-35 Terminal expiration with stethoscope Questionable increase in activity
2 46-60 36-50 Entire expiration with stethoscope Increased activity
3 .60 .50 Inspiration and expiration without stethoscope Maximal activity

From Smith SR, Strunk RC. Acute asthma in the emergency department. Reprinted with permission.10

*If no wheezing due to minimal air exchange, score 3.
50 years) who presented to the ED for an acute asthma episode
with FEV1 or PEF <50% predicted. A predictive scoring index
was developed (Table II).11 Each patient received a score
between 0 and 2 for each of the three variables; the three scores
were added together to obtain a final score (0 to 6). In the
analysis sample, 163 patients (89%) were discharged (relapse
rate within 7 days was 10%) and 21 patients (11%) were
hospitalized. An index score > 4 30 minutes after starting
therapy demonstrated a sensitivity of 0.86, a specificity of
0.96, a positive predictive value of 0.75, and a negative pre-
dictive value of 0.98 for hospital admission. These data suggest
that severity may best be determined by early response (within
30 minutes) to treatment rather than by the patient’s initial
presentation, a conclusion that has been supported by others.12

Characteristics identifying patients at a particular risk
for life-threatening deterioration are summarized in Table III.
Although there is no single variable that can describe the
severity of an acute asthma episode, it appears, however, that a
combination of PEF <50% predicted, SpO2 <91%, and lack
of response to initial bronchodilator treatment are the most
reliable factors in predicting need for hospitalization and
relapse after discharge from the ED.

TREATMENT
b2-adrenergic agonists (b-agonists) are the most effec-

tive known bronchodilators and have been the first-line
treatment of acute childhood asthma for several decades. In

Table II. Predictive index scoring system

Score

Variable Score 0 Score 1 Score 2

PEF variation at 30 minutes (L/min) .50 50-20 ,20
PEF at 30 minutes (% predicted) .45 45-35 ,35
Accessory muscle use at 30 minutes 0-1 2 3

PEF: Peak expiratory flow.
Table 2 from Rodrigo G, Rodrigo C. A New Index for Early Prediction
of Hospitalization in Patients with Acute Asthma. Reprinted with
permission.11
Assessment And Treatment Of Acute Asthma In Children
children, there are a number of important considerations
concerning types of b-agonist, doses, delivery systems, and
factors important to positive clinical outcomes.

Delivery Systems

Inhaled b-agonists may be delivered via metered-dose
inhalers (MDI), which are increasingly used in combination
with a valved holding chamber (VHC). The development of
VHCs has greatly improved the efficacy of MDIs for young
children by creating a reservoir of aerosol that can be inhaled
for 3 to 5 seconds after actuation, eliminating the need for
hand-breath coordination and for slow, deep inhalation.13

An alternative to theMDI is the small-volume nebulizer
(SVN). Advantages to SVNs include use at any age, admin-
istration while asleep, use of oxygen or helium plus oxygen
as driving gas, and variable drug combination (b-agonist,
anticholinergic, epinephrine, inhaled corticosteroid).

Extensive literature comparing MDI 1 VHC with
SVN (Table IV) supports the equivalence of the two delivery
systems in treating acute asthma.14-17 However, there is an
increasing body of evidence, including a recent meta-analysis,
which finds the efficacy of MDI with spacing device superior
to that of SVNs, particularly in regard to onset of action, cost-
effectiveness, convenience, and reduction of hospitalization.18-20

In one such study, Rubilar et al19 studied 123 patients with
moderate to severe wheezing seen in the ED. Patients were
randomly chosen for treatment by either MDI-VHC or SVN.
In the first hour, the MDI-VHC group was given 2 puffs
of albuterol every 10 minutes for 5 doses; the SVN group

Table III. Characteristics identifying patients at
particular risk for life threatening deterioration

d Infants , 1 year old
d Prior history of life-threatening exacerbation
d Less than 10% improvement in PEF in the emergency department
d PEF or FEV1 ,25% of predicted value
d PCO2 $40mm Hg
d Wide daily fluctuations in PEF
d Patient cannot recognize airflow obstruction
289



Table IV. Summary of study design and results in studies comparing treatments for acute childhood asthma*

Variables measured

Source, y Setting
Mean age
(Range), y

No. subjects,
MDI/SVN

Dose ratio,
MDI:SVN

Clinical
outcomes SaO2 PFT

Results of
MDI vs SVN

Freelander and Van
Asperen

ED 7.6 (3-13) 14/14 1:2 Yes No Yes =

Fuglsand and
Pedersen

ED 10.0 (7-14) 21/21 1:1 Yes No Yes Better

Pendergast et al, ED 4.5 (3-7) 18/9 1:2, 1:4 Yes No No =
Ba et al, Hospital 11.9 (7-18) 14/13 1:4 Yes No Yes =
Lee et al, Office 3.2 (0.5-6) 16/17 1:3 Yes Yes No =
Kerem et al, ED 10.3 (6-14) 17/16 1:5 Yes Yes Yes =
Lin et al, ED/Clinic 10.3 (6-14) 56/55 1:6 Yes Yes Yes Better
Parkin et al, Hospital 3.0 (1-5) 30/30 1:4 Yes No No =
Chou et al, ED 7.7 (NA) 71/81 NA Yes Yes Yes = or Better
Williams et al, ED 10.4 (6-18) 42/18 1:6.9 Yes Yes Yes =
Schuh et al, ED 9.1 (5-17) 30/30/301 1:5:10 Yes Yes Yes All =
Mandelberg et al, ED 1.4 (0.8-4) 23/19 1:6.9 Yes Yes No =
Plain et al, ED 2.1 (1-5.2) 32/32 1:3 Yes Yes No =

*MDI indicates metered-dose inhaler, SVN, small-volume nebulizer; SaO2, oxyhemoglobin saturation; PFT, pulmonary function tests; NA, not available;
and ED, emergency department.
1MDI low dose 2 puff MDI high dose 6-10 puff MDI (100 mcg albuterol) neb = 0.15 mg/kg albuterol.
received 0.25 mg/kg albuterol every 20 minutes for 3 doses.
Patients who did not respond in the first hour received
another hour of the same treatment in addition to a dose of
intramuscular betamethasone. Success (determined by a
clinical score #5; range, 0 to 12) after the first hour was
90% in the MDI-VHC group and 71% in the SVN group;
after the second hour, success was 100% in the MDI-VHC
group and 94% in the SVN group. However, in children
younger than 2 years of age, optimal delivery of drug may not
be achieved easily when crying.21

Medications and Doses

Medications available for aerosol therapy include race-
mic albuterol (a 50:50 mixture of [R]- and [S]-albuterol) and
levalbuterol (the pure [R]-enantiomer). Levalbuterol is 100-
fold more potent in b2-receptor binding than (S)-albuterol
and is primarily responsible for the bronchodilating effects of
the racemic compound. Levalbuterol is available in unit dose
vials of 0.31 mg, 0.63 mg, and 1.25 mg. The racemic mixture is
available in a solution of 5 mg/mL or unit dose vials. It has
been suggested that the total dose of racemic albuterol required
to maximally bronchodilate adult patients with an asthma
exacerbation is between 5 and 10 mg.22 There does not appear
to be any advantage in giving quantities larger than 10 mg once
pulmonary function approaches discharge criteria as judged by
PEF measurement.23 A similar prospective, randomized study
is needed to define optimal dosing in children.

Recently, Carl et al24 studied 547 patients (age, 1 to
18 years) with acute asthma presenting to the ED. Every
20 minutes, patients received either 2.5 mg racemic albuterol
290 Chipps and Murphy
or 1.25 mg levalbuterol via nebulizer, until they either met
discharge criteria or reached a maximum of six treatments
within 2 hours, at which point they were admitted. Patients
who did not meet the discharge criteria after the first treatment
were given 2 mg/kg per day of oral prednisone (maximum,
60 mg). In the racemic albuterol group, 122 patients (45%)
required hospitalization, whereas a significantly lower number
of patients in the levalbuterol group (101 patients or 36%) were
admitted. The relative risk of admission in the racemic albuterol
group compared with the levalbuterol group was 1.25 (95% CI,
1.01 to 1.51, P = .04). However, children who reported
frequent use of racemic albuterol before coming to the ED
were almost twice as likely to be hospitalized as patients with
little or no previous albuterol use. Similarly, in another study,
adult patients who presented to the ED with high serum levels
of the (S)-enantiomer had the poorest response to ED treat-
ment.25 These studies suggest that repeated doses of racemic
albuterol may be associated with more severe bronchospasm,
increased airway hyperreactivity, and blunted bronchodilator
responses caused by tachyphylaxis. Before recommending that
all patients be treated only with levalbuterol, more data are
required, especially because of its significant cost.

Parenteral b-agonist (epinephrine or terbutaline sul-
fate), administered by subcutaneous injection, is primarily
indicated for bronchodilation associated with a systemic
anaphylactic reaction (for example, to food, insect sting, and
allergy immunotherapy).26 The recommended dose of aque-
ous epinephrine is 0.01 mg/kg to a maximum of 0.3 mg in
children; terbutaline is recommended at 10 to 12 mg/kg.27 The
long-acting b-agonist formoterol, however, has an onset of
The Journal of Pediatrics � September 2005



action similar to albuterol, and 4.5 mg was found to be as
effective as 180 mg of albuterol for acute asthma when
delivered via MDI.28 This drug is being investigated in the
treatment of acute asthma.

ANTICHOLINERGICS
Recent data have shown that the addition of ipratro-

pium bromide (IB) to b-agonists improves outcomes in acute
pediatric asthma. IB is available as an MDI (18 mg per
puff) and as a solution (200 mg/mL) in unit dose vials of
500 mg.

Schuh et al29 reported the outcome of 120 children (age,
5 to 17) with severe asthma (FEV1 <50%) in a three-arm,
randomized study. Three groups all received 0.15 mg/kg (0.03
mL/kg) of nebulized albuterol every 20 minutes for 3 doses. In
addition, group A received 250 mg of IB every 20 minutes,
whereas group B received 250 mg of IP in the initial dose only.
Group C did not receive IB (Figure 1). None of the patients
received corticosteroid or other additional form of broncho-
dilator therapy. Group A showed the greatest improvement in
FEV1, with an increase of 27% after three doses, whereas
FEV1 in group B increased by 22% and in group C by 15%
(Figure 1). There was no statistical difference in side effects or
hospitalization rate among the three groups, except in patients
with severe asthma (initial FEV1 <30%), where the hospital-
ization rate was 27% for group A, 56% for group B, and 83%
for group C. This study was not powered for admission rate
but rather dose and efficacy.

Qureshi et al30 reported similar results in a randomized,
double-blinded, placebo-controlled study of 434 children (age,
2 to 18 years) presenting with an acute asthma exacerbation. In
the group receiving albuterol (2.5 mg) plus IB (250 mg), 27.4%
were admitted to the hospital compared with 36.5% in the
group receiving albuterol only. As in the Schuh study, effects
were more evident in children with severe asthma (PEF <50%,
asthma score 12 to 15, with maximum score of 15), where
37.5% of patients receiving albuterol 1 IB were admitted
compared with 52.6% of the control group. There was no
significant decrease in admission rates in patients with mild to
moderate/acute asthma.

Some studies have found that there is no significant
difference between albuterol 1 IB and albuterol alone. In a
report by Ducharme and Davis,31 a group of 298 children
(age, 3 to 17 years) with mild to moderate acute asthma were
given 250mg of IB every 30 minutes in addition to low-dose or
high-dose albuterol. There was no significant difference in
either group for respiratory resistance, symptoms, hospital
admission, or ED relapse. No additional benefit is derived in
hospitalized patients who are treated with 250 mg IB added
to frequency dosed albuterol.32,33 However, when patients are
stratified according to disease severity, IB, though less effective
in patients with mild to moderate asthma, significantly im-
proves symptoms and reduces hospitalization rates in some
patients with severe disease, especially when a multiple dose
protocol is used.
Assessment And Treatment Of Acute Asthma In Children
CORTICOSTEROIDS
Extensive data demonstrate that the use of systemic

corticosteroids (CS) in the treatment of acute asthma has a
beneficial effect. The most commonly used agents are oral
prednisone and methlyprednisolone (intravenous or intra-
muscular). Oral prednisone is recommended at 2 mg/kg per
day (60 mg maximum) for 5 to 10 days. Oral dexamethasone
(DEX 0.6 mg/kg per day max 16 mg for 2 days) has been
compared with prednisone (Pred. 2 mg/kg per day 60 mg max
for 5 days) in children 2 to 18 years of age with acute asthma in
the ED. The primary outcome was need to return for acute
care: There was no difference in relapse rates at 10 days DEX
(7.4%) and Pred. (6.9%). The prednisone group had higher
incidence of vomiting in the ED (3% vs 0.3%), nonadherence
to protocol (4% vs 0.4%), and more missed school days (19.5%
vs 13.5%).34 Methylprednisolone is recommended at 2 to
4 mg/kg divided into 3 or 4 doses per day, with a maximum
single dose of 125 mg. Higher doses are not thought to offer
additional benefit and may be associated with increased side
effects. Studies have shown that intravenous, intramuscular,
and oral administrations produce equal effects.35,36 The
clinical effects of corticosteroids occur at 1 to 3 hours and
maximal effects at 4 to 8 hours. Intervention with CS
incorporated into the early stages of emergency department
treatment, in most studies,37-40 though not all,41,42 led to
reduced hospital admissions.

There is little evidence that inhaled corticosteroids
(ICS) are effective in the treatment of pediatric acute asthma,
regardless of severity. Although most data indicate that
systemic CS are superior to ICS in treating asthma exacer-
bations,43-45 some studies did not reach this conclusion.46,47

When therapy combining ICS and systemic CS is used,

Figure 1. Mean difference (±SEM) from baseline of percentage
of predicted FEV1 with time in group A (three ipratropium doses),
group B (one ipratropium dose), and group C (no ipatropium).
Repeated-measures analysis of variance: P = .0001 *P < .01. yP < .05.
Reprinted with permission.29
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studies yield mixed results.48-50 Overall, without further data,
ICSs appear to play a marginal role in treating severe acute
asthma. Though ICS may be effective in treating mild asthma
symptoms in children at home, systemic CS should be used in
moderate to severe exacerbations.

LEUKOTRIENE RECEPTOR ANTAGONISTS
There are two available leutkotriene receptor antago-

nists: zafirlukast and montelukast. To date, no published
studies have examined the efficacy of leutkotriene receptor
antagonists in acute childhood asthma. However, in a placebo-
controlled study of adults with acute asthma, Camargo et al51

found that the addition of montelukast to standard therapy
causes rapid benefit. In this study, patients were randomly
assigned to receive either 7 mg IV montelukast, 14 mg IV
montelukast, or intravenous placebo in addition to aerosol
b-agonist and ICS. Over the first 20 minutes, there was no
difference in the response between the 7 mg and 14 mg
groups. The montelukast-treated groups had a significant
improvement in FEV1 with an increase of 14.8% predicted
FEV1 versus 3.6% predicted in the placebo group over a period
of 2 hours.

MAGNESIUM SULFATE
Magnesium sulfate (MgSO4) has been shown to inhibit

smooth muscle contraction, decrease histamine release from
mast cells, and inhibit acetylcholine release from cholinergic
nerve endings. Normal serum levels range from 1.5 to 2.2
mg/dL whereas at 4 to 6 mg/dL it stimulates bronchodilation.
Levels of 12 to 15 mg/dL are associated with respiratory
failure, cardiac arrhythmia, and death.

Ciarallo et al52 studied the effects of both low- and
high-dose MgSO4 treatments. 31 patients (age, 6 to 18 years),
with PEF <60% predicted after receiving three b-agonist
treatments, were given 2 mg/kg methylprednisolone followed
by either 25 mg/kgMgSO4 or placebo. Patients were followed

Figure 2. Comparison of percent improvement of PEF from
baseline with low- and high-dose intravenous magnesium sulphate.
Reprinted with permission.53 ª2000, American Medical Association.
All rights reserved.
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over 120 minutes. All patients in the control group were
admitted compared with 73% of the treatment group.

In their second study,53 a higher dose of 40 mg/kg
MgSO4 was given as adjunctive therapy to patients presenting
to the ED with PEF <70% predicted. All patients had been
treated with b-agonists, anticholinergic drugs, and cortico-
steroids. Initial improvement occurred within 20 minutes and
continued up to 110 minutes. The difference between the low-
and high-dose studies are summarized in Figure 2. However,
not all studies in children have shown beneficial effects with
MgSO4. For example, a dose of 75 mg/kg (maximum, 2.5 g)
MgSO4 in addition to b-agonist and intravenous mthylpred-
nisolone did not change the pulmonary index in children
compared with control subjects.54 There appears to be no con-
sistent positive response to MgSO4 when doses from 25 to
75 mg/kg are given. This does not rule out individual patients
deriving benefit, so MgSO4 may be tried when respiratory
failure is impending.

METHYLXANTHINE
Intravenous methylxanthine, a bronchodilator, was first

used in the treatment of acute asthma in 1937 and has
continued to be used for asthma. Theophylline was commonly
used to treat patients hospitalized with asthma exacerbations
until numerous studies in the 1990s revealed that theophylline
added no benefit to treatment with b-agonists and corticoste-
roids.55-57 Routine use of theophylline is no longer advocated
although it has been shown to have adjunctive benefit in select
patients with impending respiratory failure.58-60

OXYGEN AND HELIUM-OXYGEN
MIXTURES

Hypoxemia during an acute asthma exacerbation
is secondary to ventilation/perfusion mismatch, which may
be accentuated by b-agonist treatment. Hypoxemia may be
corrected with administration of low-flow oxygen (28%). This
level of supplemental oxygen has been shown to be safer than
100% oxygen, especially in adults with more severe airway
obstruction who are at risk for CO2 retention.

61

Helium-oxygen mixtures (Heliox) are available in
concentrations of 80% helium/20% oxygen and 70% helium/
30% oxygen. Heliox mixtures have a low density compared
with air (the 80/20 mixture is approximately one-third the
density of air). Heliox, however, is a temporary measure to
reduce respiratory resistive work and forestall muscle fatigue
until airways obstruction improves with conventional therapy.
Some studies have found heliox minimally effective,62 whereas
others have not.63

Heliox may also be effective as the driving gas for
nebulized bronchodilators. The low density of helium im-
proves the deposition of aerolized particles in the airways,
which can lead to a more rapid response to treatment and more
significant improvement in airway function.64 However, this
intervention is expensive and may not benefit the majority of
patients.
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NONINVASIVE MECHANICAL
VENTILATION

Noninvasive ventilation is becoming more widespread.
This type of ventilation allows for correction of gas exchange
abnormalities with lower inspiratory pressures (<25 cm H2O)
than invasive ventilation. Continuous positive airway pressure
has been reported to have a bronchodilatory effect in asthma, to
relieve fatigued inspiratory muscles, and to improve gas
exchange.65 In the ED, the addition of bilevel positive airway
pressure to conventional treatment (albuterol, ipratropium, and
corticosteroids) can improve lung function and asthma symp-
toms and significantly reduce the need for hospitalization.66

SUMMARY
The National Asthma Education and Prevention

Program expert panel has prescribed guidelines for the acute
treatment of childhood asthma (Figure 3; available online at
www.jpeds.com).67 The guidelines emphasize the need for a
historic, physical, and physiologic assessment (PEF, FEV1 and
SpO2) to guide initial therapy. The early use of supplemental
oxygen with SpO2 <90% and inhaled b2-agonists are the
cornerstone of therapy. It is extremely important to select the
appropriate delivery system for each patient to improve
short-term outcomes. The response to IB is variable, but
there is very little risk from the addition of 250 mg IB to
b-agonist treatment. The use of CS early in the course of
treatment maximizes the chance for successful treatment.
When severe asthma is refractory to therapy then MgSO4,
methylxanthine and HeO2 may be tried in an effort to avoid
noninvasive or mechanical ventilation. After successful treat-
ment, it is imperative that the patient receive a written asthma
management plan and a follow-up appointment in 3 to 7 days.

We thank Julia McElvain, BA, and Rachel Kihlthau, BA, for
editorial assistance.
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COMMENTARY

IMPROVING SUBSPECIALTY HEALTHCARE: LESSONS FROM

CYSTIC FIBROSIS

MICHAEL S. SCHECHTER, MD, MPH, AND PETER MARGOLIS, MD, PHD

C iting numerous studies that showed deficiencies in the utilization of evidence-based treatments and large variations
in the outcomes of care, the Institute of Medicine concluded in 2001 that ‘‘Between the health care we have and the
care we could have lies not just a gap, but a chasm.’’1 A recent report from the Commonwealth Fund makes it clear that

comparable quality problems exist in healthcare delivery for children and adolescents, including those with chronic disease.2

There are an estimated 15 million children in the United States with complex or serious medical problems requiring
pediatric subspecialty attention. Although pediatric subspecialists care for a number of conditions whose treatment is uncertain,
for many diseases there are specific aspects for which an optimal therapeutic approach has been identified (either by evidence or
expert consensus). In these cases, patients are best served by attempts to ensure that their medical care is provided in a systematic
and uniform way. Recent analyses of data from the Children’s Oncology Group and the Vermont-Oxford Neonatal Network
suggest that the value of these research consortia, which were established primarily to expedite enrollment of subjects into clinical
trials, extends beyond research alone. In fact, the standardization of care that results from the use of research protocol-based
regimens facilitates the application of optimal treatment approaches and reduces practice-to-practice variability, thereby
improving outcomes in control as well as intervention groups.3,4

The system that has been evolving for the care of children with cystic fibrosis (CF)
offers an example of how subspecialists can organize and share knowledge that leads to
significant improvements in outcomes. In this report, we provide an overview of the
components of the CF system, discuss the central role played by the CF registry in showing
variation of practice patterns and outcomes, and discuss how the use of collaborative
methods can be applied within such a system to support the consistent application of
optimal approaches to care. We believe that the CF system provides an example that may
be applicable to other pediatric subspecialties that wish to take better advantage of existing
knowledge to improve health outcomes for the children for whom they care.

CYSTIC FIBROSIS
Treatment advances have dramatically improved patient survival since CF was first

described in 1938 (Figure 1), changing the face of the disease in a relatively short period of
time.5-7 The median predicted survival age was 33.5 years in 2003, and about 40% of
patients with CF are currently over the age of 18. Nonetheless, there is considerable
variability in age at death among the CF population (Figure 2). Much of this variation can
be explained by individual patient differences in genetic constitution and environmental or
sociodemographic exposures,8 but there is a growing appreciation of the degree to which
average patient outcomes differ among accredited CF care centers9 (Figure 3). There are, in
fact, some centers that achieve uniformly superior results across all performance measures.
These centers are not necessarily the largest or best known, they differ in size and
geographic location, and they do not share a specific unique treatment method. What they
have in common is a highly developed system of care that is well adapted to local conditions
and allows the consistent and methodical application of therapies based on the best
evidence available.10

System of Care for Children with CF in the United States

Much of the care for children with CF in the United States takes place within centers
accredited by the CF Foundation (CFF).11 The CFF was created in 1955 by a consortium
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of parents and physicians with the initial primary goal of
encouraging CF-related research, but it quickly broadened its
mission to support clinical care and foster teaching about the
disease.12 The CFF has grown tremendously over the years in
resources, and its influence is pervasive. It guides the research
agenda by interacting with the National Institutes of Health,
and, more recently, industry, to solicit and fund a significant
portion of all CF research, and it works to ensure the general
availability of high-quality medical care for patients with CF
through its accreditation system.

There are currently nearly 120 CFF-accredited CF care
centers in the United States. Accreditation requires an on-site
evaluation to ensure the presence of a multidisciplinary
provider team, which includes subspecialty physicians, nu-
tritionists, social workers, respiratory therapists, and physical
therapists, as well as adequacy of microbiologic techniques,
sweat chloride testing, and other care practices. As survival
into adulthood has become commonplace, the CFF has been a
strong advocate for the establishment of adult CF care centers
to complement existing pediatric clinics, and there are now
more than 90 approved adult care programs. Furthermore, the
CFF supports the spread of knowledge regarding state of the
art care by sponsoring the development of clinical practice
guidelines and organizing the annual North American CF
conference, which brings together healthcare providers and
researchers from all disciplines to an annual assembly with
strong international participation. The multidisciplinary ‘‘net-
working’’ facilitated by the NACF meeting leads to the rapid
spread of innovative ideas for care; past examples include the
adoption of high fat diets in the 1970s and of more aggressive
treatment of Pseudomonas airway infection in the 1990s.
These novel approaches, initially advocated by a smallminority,
were then rapidly adopted by themainstream ofCF care centers
as word of successes was shared among colleagues.

National CF Patient Registry

A national patient registry containing demographic
and clinical data on patients attending accredited care centers
in the United States was begun in the mid 1960s; its content

Figure 1. Median age at death of patients with cystic fibrosis,
by year.
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and use have evolved over the years. It was initially used to
generate basic descriptive data regarding the CF population,
for example, average age of diagnosis, survival, and microbi-
ologic information, but in the last decade it has been
increasingly used for analyses by epidemiologists seeking to
identify risk factors and generate hypotheses regarding disease
pathogenesis. In its earliest form, the registry was used to show
improvements in mortality rate among centers that had
evolved a comprehensive treatment program for CF care,
which facilitated the spread of this approach.13 However,
comparisons of outcomes between care centers were deem-
phasized until 1998, when Gerald O’Connor, a health services
researcher with experience in quality improvement, was
engaged to perform analyses of the Registry data. Current
registry reports now display patient data in ways designed
to raise awareness of center-based differences in practice
patterns and outcomes (Figure 3 and Figure 4 are examples)
and have thus transformed the registry into an important tool
to promote quality improvement activities. The registry is
now evolving further into a visit-based, web-enabled clinical
information system that can provide care centers with data
for monitoring individual patients as well as well as feedback
on aggregate center performance of procedures and outcomes.

VARIATION IN CARE IS ASSOCIATED WITH
VARIATION IN OUTCOMES

Reports from both the CF Registry and the
Epidemiologic Study of CF (ESCF), an industry-sponsored
patient registry that operates independently of the CFF,
demonstrate that patients with CF do not consistently receive
optimal care. For example, although the CF Foundation has
formulated relatively conservative guidelines for the regular
monitoring of clinical status (timing of clinic visits, pulmonary
function testing, airway cultures, and so forth), these routines
are followed in only 58% to 79% of patients.14 Furthermore,
surveillance and treatment intensity varies dramatically among

Figure 2. Distribution of age at death for patients with CF dying
in 2001 as listed in the National CF Registry.
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different CF care centers, and those sites with the highest
median age-adjusted pulmonary function generally monitor
patients more consistently and prescribe more courses of
intravenous antibiotics than other centers.15

The CF Registry provides other examples to illustrate
this point. High calorie nutritional supplements are of proven
benefit for improving weight gain in pancreatic-insufficient
patients with CF.16 Yet, centers’ reported rate of use of
nutritional supplements in patients who are below the 5th

percentile for weight varies from 7% to 100% (Figure 3). It is
not surprising that this variability in the use of dietary sup-
plements is mirrored by variation in nutritional outcomes:
Some CF centers have very few children below the 5th

percentile for weight, and others have a prevalence in excess
of 40% (Figure 4). It is important to point out that these
differences in weight are not explained by case severity mix.
Center performance can be adjusted for the prevalence of
patients with high-risk characteristics, but when this is done,
the variability in outcomes remains wide and the relative
center performance changes minimally.17 Furthermore, there
is no evidence that centers with better outcomes have greater
knowledge of CF care than others. All of the centers
represented in the figures are CFF-accredited care centers
with subspecialty physician directors supervising a knowl-
edgeable multidisciplinary specialty team as mandated by the
CFF. Furthermore, centers that might be expected to have
greater expertise, either because they are large and have
broader experience or because they perform more CF-related
research and thus might be considered more ‘‘academic,’’ do
not necessarily stand out as superior performers in the CF
Registry.17

Clinicians who care for children with a devastating
illness such as CF are passionately committed to providing the
best care possible, and the suggestion that this might not be
the case is disconcerting. A major value of the CF Registry is
that the data are good quality and representative of the entire
CF population at each center, thus making it relatively easy
to counter the initial defensive protests that data problems
account for the observed variation. Furthermore, data are

Figure 3. Percentage of patients with weight below the 5th
percentile receiving supplemental nutritional feedings at each CF
care center with >50 patients. Each vertical bar represents one CF
center. Centers with <50 pediatric patients are not shown. The
mean for all centers is 61.9% ± 21.3%.
Improving Subspecialty Healthcare: Lessons From
Cystic Fibrosis
supplied by center clinicians, who thus bear responsibility for
the accuracy and are motivated to maintain it at a high level.
Longitudinal analysis of CF Registry data shows that patients
with CF cared for at certain centers consistently have short-
term and long-term outcomes that are significantly better than
the national average (unpublished data). The implication is
that if the methods used at these centers were adopted by
others, the result would be a dramatic and relatively rapid
improvement in life expectancy and quality of life for all
patients with CF. Although the response among CF health-
care providers has been mixed, most have accepted this as a call
to action, and the CFF has begun actively testing methods of
accomplishing this goal.

Application of Methods for Improving Outcomes

Traditional CME activities focus on individual clini-
cians attending didactic sessions, in the belief that knowledge
will somehow lead to improvements in practice and conse-
quently to improved patient outcomes. Studies of the effec-
tiveness of such efforts confirm that they rarely achieve their
intended goal.18,19 Multifaceted, health care systems–oriented
approaches to changing the process of care delivery at multiple
levels are more effective in improving outcomes than passive
approaches.19,20 Several recent, randomized trials have dem-
onstrated the efficacy of teaching provider teams continuous
quality improvement methods to adapt evidence to their local
practice setting.21,22

Recognizing this, the CFF has begun to establish an
infrastructure to promote the development and spread of
quality improvement methods within the CF community
and to train centers in their application. The foundation is
funding its own ‘‘Learning and Leadership’’ collaborative
projects involving care centers from around the country, as
well as two major external initiatives: the Northern New
England CF Consortium, and a ‘‘Breakthrough Learning
Collaborative’’23 supported by the University of North
Carolina’s Center for Children’s Healthcare Improvement
(NC CHI) and the National Initiative for Children’s
Healthcare Quality (NICHQ). The CFF is also working
with Cincinnati Children’s Hospital Medical Center, which
is the recipient of a ‘‘Pursuing Perfection’’ grant from the

Figure 4. Percentage of patients below the 5th percentile for weight
at each CF care center with >50 patients. Each vertical bar represents
one CF center. Centers with <50 pediatric patients are not shown.
The mean for all centers is 18.0% ± 5.6%.
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Robert Wood Johnson Foundation to improve care through-
out the institution, with CF as one of the targeted conditions.

These projects all have their own specific approaches
that may have differing emphases, but all build on the
following theoretical and methodological principles of quality
improvement.24

1. Appreciate that changes must be made to the system of
healthcare delivery.

The first step, and one that is often the most difficult for
physicians, is to understand that simply working harder
within a nonsupportive system will not yield the results
desired. We depend on the functioning of a healthcare
delivery system whose complexity has increased exponen-
tially as growth in technology has accelerated, and chronic
disease care comprises an increasing proportion of our
clinical activities. The archetype of the individual physician
who by force of intellect and will establishes the correct
diagnosis and prescribes the appropriate therapy to cure a
patient is anachronistic and inappropriate to the contem-
porary realities of providing care for children with chronic
disease. Multiple caregivers must communicate and inte-
grate a complex set of data and then prescribe therapy,
based on the appropriate use of that data. Although it
is incumbent on the system to ensure that providers are
knowledgeable regarding ideal (or best) practices, it further
needs to support consistent application of those inter-
ventions that the providers know to be optimal. Variation
in outcomes (when adjusted for variation in risk) is then
due to variation in the system’s ability to provide this
support in a consistent manner.1

Figure 5. Wagner’s chronic care model envisions provider teams
and patients interacting in an environment where community
resources and policies exist alongside and foster a healthcare delivery
system that provides self-management support, an efficient delivery
system design, decision support for providers, and a clinical
information system that allows tracking of healthcare data on the
individual patient and also on the aggregate population served by the
provider team.
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2. Work with an appropriate model of chronic care delivery.
The current healthcare system evolved out of one that

was initially established to provide acute, episodic care. At
this time, chronic conditions affect almost half of the US
population and 18% of children,1,25 and are the main focus
of pediatric subspecialty care. Yet, there remains a dearth of
clinical programs with the infrastructure required to
provide the full complement of services needed by children
with chronic disease.26 Physician groups, hospitals, and
other health care organizations often provide care with
incomplete information about the patient’s condition,
medical history, services provided in other settings, or
medications prescribed by other clinicians. To optimize the
care of children with chronic disease, it is useful to
conceptualize and work toward instituting an idealized
system of healthcare delivery that is composed of several
interdependent components inside and outside the practice
setting. Furthermore, patient visits should be considered
within a long-term continuum and not as isolated and
independent events. Wagner’s chronic illness care model
provides a useful framework for such care23 (Figure 5). A
more detailed explication of this model may be found at
http://www.improvingchroniccare.org, but the following
highlights are important:

a. Community Resources
Medical center–based subspecialists should partner with
community organizations and primary care providers to
supply needed services to patients. In addition, providers
should publicly advocate for social policies that improve
access to healthcare resources.

b. Overall Health Delivery System
Organizations should create a permeating culture that
promotes safe, high quality care. There should be an
open and systematic approach to reducing errors and
incentives rewarding high quality care. Care should be
coordinated within and across organizations.

c. Patient and Family Self-Management
When patients and families are informed and empow-
ered as partners in care, they become an enormous
resource for assessment, goal setting, and treatment
planning. Furthermore, patients’ input should be sought
in reconfiguring delivery system design to make it
optimally effective.

d. Delivery System Design
Delivery system design includes the structure and
function of the clinic, from the telephone to the
reception area to the examination room. Team members
should have clearly defined roles and responsibilities and
ensure that clinic flow is optimized, patient visits are
planned to accomplish specific goals, and appropriate
follow-up is ensured.

e. Decision Support
Decision support promotes the application of evidence-
based care at the provider-patient interface. This is ac-
complished through the use of guidelines and algorithms,
clinical tools to ensure that reliance on rote memory is
minimized, and intended care is actually prescribed.
The Journal of Pediatrics � September 2005
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f. Clinical Information Systems
Clinical information systems function at two levels. For
individual patient care, the system should provide ready
access to data relevant to care decisions, provide timely
reminders regarding routine interval care, and facilitate
sharing of data to coordinate care. At the clinic-wide
population level, the system should help to identify
relevant subpopulations for proactive care and allow
providers to monitor performance of the practice team. It
is the lack of the latter data that keeps many providers in
the dark regarding the true effectiveness of their care.

When informed patients take an active role in managing
their health and providers feel prepared and supported with
time and resources, their interaction is likely to be much more
productive.

3. Test small changes sequentially and then spread the effective
ones.

An effective organizational change strategy is an essen-
tial component of improvement work. Without a disci-
plined approach, practitioners who are newly aware of the
extent of their system’s deficiencies will often attempt
immediate, dramatic changes that either fail in their
planning stage because they get bogged down in endless
preparatory meetings, or self-destruct in their implemen-
tation phase because of the number of unanticipated
problems encountered. Use of the Plan/Do/Study/Act
(PDSA) cycle is an approach of proven effectiveness.27 To
implement the process, the first step is to plan the details of
a small test of change [plan]. The planned change is then
carried out [do]. Once the change is attempted on a small
scale, data on its effectiveness is gathered [study]. After
discussion of what was learned by the initial endeavor, the
change strategy is then modified and reattempted [act].
The repeated use of PDSA cycles provides a scientific basis
for testing theories and identifying effective methods that
accomplish meaningful improvements in care. The essen-
tial key to the success of this approach is the use of
small changes that are easily accomplished, followed by
the analysis of data to evaluate the impact of the interven-
tion.

4. Use data to get feedback on the effectiveness of the work.
The use of data on performance is essential to recognize

where opportunities for improvement exist and to garner
feedback on what changes truly result in improved
outcomes. Once an organization decides to implement
specific actions to improve outcomes, it needs to track the
consistency with which those actions are taken. Improved
performance on these process measures can be measured
as a preliminary step to improvement in the outcome
measures that are the true goal of the work. Process
measures should be selected to be sensitive reflectors of
whether effective change is taking place. Feedback must be
provided promptly and on a regular basis, and data should
be reported visually in a way that can be understood and
used by members of the care team as well as interested
outsiders.
Improving Subspecialty Healthcare: Lessons From
Cystic Fibrosis
5. Collaborate, and ‘‘steal’’ good ideas shamelessly.
The synergy that derives from collaboration among

workers investigating the same problem is well known
to scientific researchers, the most successful of whom are
typically embedded in networks of cooperating laboratories
within and outside their home institutions. This strategy
is equally effective for the development and spread of
innovations for improvement in the delivery of health
services. Themost commonly used cooperative model is one
that seeks to identify ‘‘best practices’’ as a means of finding
ideas that can be adapted from providers whose outcomes
are the best within their field. However, novel, effective
ideas for how to accomplish certain specific goals exist even
at centers whose overall performance is average, especially
if they are actively striving to improve their outcomes. Thus,
collaboration among various centers and healthcare workers
who are trying to accomplish the same or similar goals is an
important and effective strategy to accelerate change.

One Example: The ‘‘Breakthrough Learning
Collaborative’’ to Improve CF Care

Collaboration and data sharing underlie the recent
development of ‘‘breakthrough series’’ collaborative learning
methods, in which multidisciplinary teams from various sites
assemble to work together on a problem of common
interest.22,28-30 Teams review the evidence for recommended
care practices, are provided with decision support tools, study
changes that have proven effective at other sites, and receive
training in the quality improvement methods outlined above.

Table. Specific goals of the collaborative

Nutrition
– Process goals: At .95% of visits
¤ Nutritional status classification is verified
¤ Self-management goals regarding diet and use of pancreatic

enzymes are reviewed
¤ Patients with less than satisfactory nutritional status are

documented to have received appropriate evaluation and
intervention as described in the 2002 Consensus guidelines

– Outcome goals
¤ 50% reduction in the proportion of children with less than

satisfactory nutritional status
¤ 30% increase in centers’ median weight percentile

Environmental tobacco smoke
– Process goals: At .95% of visits
¤ Parents’ smoking status is documented
¤ Patients receive counseling on elimination of environmental

tobacco smoke exposure
¤ If a smoking parent is present, caregivers utilize the NCI 5A

model to help promote cessation
– Outcome goals
¤ 95% of patients’ families report a clear no smoking policy in

their environments
¤ 20% of smoking parents quit
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Teams set measurable targets, track their performance, and
compare results to gain insights about potentially useful
changes. Participants are provided with performance feedback
and help in its interpretation and receive ongoing support
from medical specialists and experts in medical system
improvement. The key aspect is the sharing and collaboration
that takes place among sites that are working simultaneously
on the same goal: When an effective strategy is discovered by
one, it is immediately shared and others have the opportunity
to adapt and build on it. The eventual goal is the development
of techniques that may then be disseminated throughout the
provider community.

The NC CHI/NICHQ CF collaborative chose to focus
on improving nutrition and eliminating environmental to-
bacco smoke exposure in our patients. These goals were chosen
because there is clear and convincing evidence that their
achievement would improve lung function, the major cause of
morbidity and mortality in CF,7,31-34 and because interven-
tions of proven effectiveness to meet those goals are currently
used in an inconsistent manner.16,35-44 These two goals differ
significantly, however, regarding their familiarity to CF care
providers. In the case of nutrition, all CF centers have tra-
ditionally emphasized its importance and have considerable
expertise and experience in its promotion. However, very few
have previously considered the importance of intervening to
reduce environmental tobacco smoke exposure. Most pedia-
tricians are unfamiliar with smoking cessation counseling and
ambivalent about their role in supporting it, particularly
because of the need to develop a therapeutic relationship with
the smoking parents rather than the patient.

With funding and assistance from the CFF, interested CF
care centers from around the country were solicited for partic-
ipation in this project, and 15 centers joined in the collaborative.
This group is diverse in relation togeographic distribution, size of
clinic population, and academic and research orientation and
baseline performance on nutritional measures. Teams have been
trained in the key strategies at ‘‘learning sessions,’’ supplemented
by regular conference calls and a listserv that allows ongoing
discussion. The specific goals of the collaborative are shown in
the Table. Significant progress is being made, as reported in
preliminary form at NACF meetings.8,45

CONCLUSIONS
In its report, Crossing the Quality Chasm,1 the Institute

of Medicine identified problems in the system of health care
delivery rather than deficiencies in individual physicians’
practice as the major impediment to attaining quality health
care for all Americans. Effective interventions are available
to slow or reverse the progress of many chronic diseases of
childhood, and our patients are best served by ensuring that
they consistently receive indicated treatment. Variations in
disease outcome are a reflection of inconsistency in the
application of evidence-based therapies that should be
received by all patients.

Although this perspective represents a significant break
with the traditional view, it should allow physicians to feel
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liberated rather than threatened. If a system is in place that
ensures that intended routine treatments are reliably provided,
then physicians can focus their attention and creativity on the
more challenging diagnostic and management problems for
which they may currently have insufficient time. Furthermore,
methods that ensure the consistent provision of evidence-
based therapies for patients with currently incurable diseases
such as CF will typically lead to significant improvements in
outcomes based on current clinical science while patients and
their physicians await future advances in care provided by
biomedical research.
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Objectives To evaluate the performance of a strategy in which, after immunoreactive trypsinogen (IRT) determination,

genetic analysis is replaced by a biological test, the pancreatitis-associated protein (PAP) enzyme-linked immunosorbent assay

(ELISA).

Study design The French newborn screening program includes cystic fibrosis (CF) screening by the IRT/CFTR mutation

strategy. PAP was assayed on screening cards, in parallel with IRT, in all newborns from 5 French regions (n = 204,749).

Analysis of PAP values in CF and non-CF newborns with elevated IRT allowed direct comparison between the current strategy

and the proposed IRT/PAP strategy.

Results A protocol in which newborns with IRT >50 ng/mL and PAP >1.8 ng/mL and those with IRT >100 ng/mL and

PAP >1.0 ng/mL are directly recalled for sweat testing would have the same performance as the IRT/CFTR mutation strategy.

Conclusions The IRT/PAP strategy is an alternative for CF newborn screening, which avoids the drawbacks of genetic

analysis and is cheaper and easier to implement than the current IRT/CFTR mutation strategy. (J Pediatr 2005;147:302-5)

R eports of beneficial outcomes of newborn screening for infants with cystic fibrosis
(CF),1 although limited,2 have resulted in its implementation in a growing number
of regions.3 The most widespread strategy, coupling immunoreactive trypsinogen

(IRT) assay and CFTR mutation analysis,4 shows good sensitivity and specificity, but the
use of genetic analysis raises questions. Discovery of healthy carriers and infants presenting
with mild forms of CF is not the goal of neonatal screening, which is to recognize infants
who need immediate treatment. Furthermore, providing information and counseling to
families is difficult, but can be managed if the number of cases remains limited. However,
the tendency to increase the number of tested mutations, which is ethically justified in
countries with a large ethnic diversity,5 will improve screening performance only
marginally while notably increasing the number of families requiring counseling. Finally,
mass newborn screening using DNA analysis is problematic in countries where informed
consent is requested.6

We have previously shown that the concentration of pancreatitis-associated protein
(PAP), a stress protein synthesized by the diseased pancreas, is elevated in the blood
of newborns with CF.7 But PAP elevation is not strictly specific to CF, and CF screening
with PAP would have had performance similar to that of IRT alone. Yet analysis of
populations of newborns with elevated PAP or IRT revealed that all newborns with CF
show elevation of both IRT and PAP, whereas those without CF show elevation of IRT or
PAP, but rarely of both.7 A small-scale study indicated that a screening strategy combining

CF Cystic fibrosis
ELISA Enzyme-linked immunosorbent assay

IRT Immunoreactive trypsinogen
PAP Pancreatitis-associated protein

From Pediatrics and Nuclear Medicine
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IRT and PAP assays would ensure 100% sensitivity while
being sufficiently specific to allow diagnosis by sweat testing.8

The aim of the present study was to compare, in the
same population of newborns, the performance of the CF
screening strategy currently in use in France (IRT/CFTR
mutation analysis)6 with that of a strategy in which newborns
with elevated IRT are tested for PAP instead of undergoing
genetic analysis, with those with elevated PAP subjected to
sweat testing.

METHODS
The study included all newborns from 5 French regional

screening centers between November 2002 and December
2003 (n = 204,749). All of the newborns were screened for CF
through the French national program started in April 2002.
The screening strategy6 includes single IRT testing (CIS-Bio
International, France or Perkin-Elmer, Finland) at day 3,
followed by analysis for 20 CFTRmutations (CF20 Elucigene
kit; Orchid Biosciences Inc, Abingdon, UK) for those found to
have elevated IRT values (>50 ng/mL until February 2003 and
>65 ng/mL thereafter). If 1 or 2 mutations are found, then the
newborn is recalled for sweat testing. If no mutations are
found, then a second blood spot is collected at day 21 to repeat
the IRT, and a sweat test is conducted when IRT >45 ng/mL.
Newborns with sweat test results $60 mEq/L are diagnosed
as having CF. Those whose first sweat test is between 40 and
59 mEq/L are followed-up and checked as recommended at
age 3, 6, and 12 months.9

PAP was assayed in all newborns by enzyme-linked
immunosorbent assay (ELISA) (MucoPAP; DYNABIO
S.A., Marseille, France), following the manufacturer’s recom-
mendations. Samples (3-mm diameter) were punched from
the screening cards, and dried blood was eluted in 150 mL of
phosphate-buffered saline. Assays were conducted in dupli-
cate, concomitantly with IRT. IRT and PAP assays were
carried out locally, and data were transmitted to our center
before the diagnosis was known.

RESULTS
Of the 204,749 newborns included in this study, 1177

(0.58%) had elevated IRT. These newborns were submitted to
CFTR mutation analysis. No mutation could be detected in
1028 of them (86%), and these newborns were recalled at day
21 for a second IRT. Forty-five neonates carried 2 mutations
of the CFTR gene, and 116 carried 1 mutation. Three of these
116 turned out to be affected. The incidence of the disease in
that population was therefore 1/4266, which is close to the
overall incidence in France for the same period (1/4890).
Among the 48 babies screened as having CF, 43 presented
with symptoms compatible with CF or abnormal sweat test
results ($60 mEq/L), but 5 were classified as having a
borderline form of CF because they exhibited no symptoms,
had normal sweat test results (<60 mEq/L), and mild
mutations [R117H, TG12-T5(IVS8), S1251N, L997F,
R347H], and they did not evolve toward CF status (appear-
Combining Immunoreactive Trypsinogen And Pancreatitis-Associated Protein
A Method Of Newborn Screening For Cystic Fibrosis That Avoids DNA An
ance of clinical symptoms or elevation of sweat test) after more
than 1 year of follow-up.

The lowest IRT value for a newborn with typical CF
(DF508/DF508) was 52 ng/mL. (This child, who was
identified before the change in the IRT threshold, would
have been missed if he had been born after the change.) The
lowest PAP value in the affected newborns was 1.1 ng/mL
(Figure 1). Hence thresholds of 50 ng/mL for IRT and 1.0
ng/mL for PAP would confer 100% sensitivity to an IRT/
PAP screening. However, the percentage of newborns to be
recalled for sweat testing (0.72%) would be too high to allow
easy management. A closer look at the results revealed that
among the newborns with CF with moderately elevated IRT
(50 to <100 ng/mL), 10 had genuine forms of the disease,
their genotypes being DF508/DF508 (n = 6), DF508/P574H
(n = 1), DF508/G542X (n = 1), DF508/G149R (n = 1), or
DF508/? (with 110 mEq/L sweat chloride), whereas 4 had
borderline forms with sweat chloride <60 mEq/L. All 10 of
those with genuine forms had PAP concentrations >2 ng/mL;
3 of the 4 with borderline forms had PAP <1.8 ng/mL. Hence
none of the newborns with IRT 50 to <100 ng/mL and PAP
<1.8 ng/mL would require detection if it were agreed that
borderline forms of the disease should not be screened.

On that basis, it was proposed that the IRT/PAP
strategy should select for sweat testing newborns with IRT
$50 ng/mL and PAP$1.8 ng/mL and those with IRT$100
ng/mL and PAP $1.0 ng/mL (Figure 1). The sensitivity of
such a strategy would be 100% (Figure 1; Table I), given that
exclusion of borderline forms is intended. But if, in contrast,
the screening policy stated that borderline forms of CF need to
be identified, then the sensitivity of the proposed strategy
would decrease to 94%. Specificity will depend on the protocol
chosen for IRT (Table I). The simplest protocol would be that
a single IRT assay determines whether a PAP assay should be
conducted. In that case, the proposed strategy would recall
0.24% of the neonates for sweat testing, with 8.6% of them

Figure 1. CF newborns screened in the study population. For each
newborn, the IRT concentration in blood (ng/mL) is given as a
function of PAP concentration (ng/mL). The black line repesents the
suggested thresholds in the IRT/PAP screening strategy described in
Figure 2. Five cases with PAP values > 12 ng/mL were arbitrarily
plotted as PAP = 12 ng/mL for the sake of clarity. Black dots
represent genuine CF newborns. Open squares indicate mild forms
of CF. Threshold values (50 and 100 ng/mL for IRT; 1.0 and
1.8 ng/mL for PAP) are indicated.
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Table I. Performance of IRT/DNA and IRT/PAP strategies

IRT/DNA IRT/PAP

Babies screened 204.748 204.748
IRT day 3-positive 1.177* 3,890*

CFTR genotypes
2 mutations 45 (incl 5 borderliney)

—
1 mutation 116 (3 CF)
0 mutation 1028
IRT day 21-positive 111 (0 CF)

IRT singlez IRT duplicatez

No. of sweat tests 224§ 501{ 329{

CF (total n in population) 48 (incl. 5 borderliney) 48 (incl. 5 borderliney)
PPV 21.4 %k(a) or 4%k(b) 8.6%# 13%#

CF not detected 2** (1 asymptomatic***) 3 (all asymptomatic***)

*IRT thresholds at 65 ng/mL for IRT/CFTR mutation and 50 ng/mL for IRT/PAP.
yBorderline = asymptomatic with normal sweat test (<60 mEq/L) but 2 CFTR mutations.
zTwo protocols are proposed in which the first step, IRT testing, is performed either once or twice.
§Newborns with 1 or 2 mutations, or 0 mutations but IRT day 21 above threshold.
{Newborns with IRT > 50 ng/mL and PAP > 1.8 ng/mL, or IRT > 100 ng/mL and PAP > 1.0 ng/mL, are recalled for sweat testing.
kThe PPV of the IRT/DNA strategy can be calculated considering that ‘‘affected babies’’ are newborns with 2 CFTR mutations and/or abnormal sweat
test and ‘‘suspected babies’’ are either (a) those requiring sweat testing for diagnosis (1 or 0 mutations and elevated IRT at day 21) or (b) those whose
parents had some sort of notification of an abnormal test result, that is, newborns with 1 mutation and those recalled for blood collection at day 21.
#The PPV of the IRT/PAP strategy was calculated considering that affected newborns were those with abnormal sweat test results (n = 43).
**The ‘‘putative’’ false-negative case (IRT = 52) is described in Results.
***Normal sweat test results; no symptoms after 18 months.

Table II. Estimated cost of IRT/DNA and IRT/PAP strategies

IRT/DNA IRT/PAP*

Step Unit price (V) n (% of population) Total kV n (% of population) Total kV

IRT 2.5 100,000 (100%) 250.0 100,000 (100%) 250.0
CFTR analysis 120 580 (0.58%) 69.6 22 (0.022%)y 2.6
PAP 4.5 — — 4,000 (2%) 18.0
Sweat testing 46 110 (0.11%)z 5.0 250 (0.25%) 11.5
Recall day 21 23 500 (0.5%) 11.5 — —
Follow-up HZ 400 42 (0.4%)§ 16.8 — —
Total 352.9 282.1

*Costs were estimated for the strategy in which only 1 IRT is performed; for samples with IRT higher than threshold, PAP is performed in duplicate.
yCFTR analysis of newborns with CF for genetic counselling.
zNewborns with 1 or 2 mutations, or 0 mutation but IRT day 21 higher than threshold.
§The French procedure requires for carriers (and newborns with CF) genetic counseling of the family and testing of all members for CFTR mutations.
confirmed as having CF. Another possibility would be to
verify IRT values >50 ng/mL by a second assay, with the mean
value compared with the threshold. This protocol, similar to
the current protocol for selecting newborns who need genetic
analysis, is more demanding of resources, but would decrease
the percentage of recalled newborns to 0.16%, with CF
diagnosis confirmed in 13% of them.

Table II gives a preliminary comparison of the costs
of the IRT/CFTR mutation and IRT/PAP strategies. The
cost of the initial IRT step is the same in both strategies.
Interestingly, the cost of the subsequent steps appears
significantly lower with the IRT/PAP strategy. However, an
304 Sarles et al
accurate comparison would require that the IRT/PAP strategy
be implemented sufficiently long to collect actual costs.

DISCUSSION
We compared the performance of 2 strategies for

CF screening, the IRT/CFTR mutation strategy and the
IRT/PAP strategy. This comparison could not be conducted
prospectively, because CF screening by the IRT/CFTR
mutations is mandatory in France. Under these conditions,
setting threshold values a priori for PAP was purposeless. In
agreement with the Caisse Nationale d’Assurance Maladie,
The Journal of Pediatrics � September 2005



which manages newborn screening in France and which
sponsored this study, we gathered data on more than 200,000
newborns, obtained from 5 independent centers in which PAP
and IRT assays were conducted simultaneously for each
newborn. The results were recorded in anonymous files and
transmitted before diagnosis.

The proposed strategy with 2 thresholds (Figure 2) was
initially suggested by 1 of the participating centers and was
subsequently validated by the other centers. The sensitivity,
apparently 100%, should be equal to or better than that of the
IRT/CFTR mutation strategy, because the proposed IRT
threshold is lower. The expected false-positive rate (<0.25%) is
considered acceptable, because the delay between recall and
diagnosis by sweat testing can be kept very short to reduce
parents� stress. From a practical standpoint, the IRT/PAP
strategy is simple to manage; the 2 steps are conducted in the
same laboratory, and the PAP assay is a classical ELISA. Its
main advantage is that it does not require CFTR mutation
analysis, thereby avoiding all of the drawbacks of molecular

Figure 2. Suggested IRT/PAP strategy for CF screening. All
newborns are tested for IRT. Newborns with IRT > 50 ng/mL are
tested for PAP. Those with PAP > 1.8 ng/mL and those with PAP >
1.0 ng/mL and IRT > 100 ng/mL are recalled for sweat testing.
Combining Immunoreactive Trypsinogen And Pancreatitis-Associated Protein
A Method Of Newborn Screening For Cystic Fibrosis That Avoids DNA Ana
biology (ie, need for informed consent, unwarranted detection
of heterozygotes, and detection of borderline forms of CF).

Because financial issues are important in mass screening,
we compared the costs of the 2 strategies (Table II). Although
available data allowed only rough estimates, the IRT/PAP
strategy seems significantly cheaper because of the absence of
DNA testing and genetic counseling, with an expected savings
of about 0.7V per screened baby. Together, these results
suggest that the IRT/PAP strategy is an interesting alternative
to strategies involving DNA analysis, especially for states or
countries about to add CF to their screening programs.

We thank the Association Francxaise pour le Dépistage et la Prévention
des Handicaps de l’Enfant (AFDPHE). We also thank Ms. C. Bartoll
and Ms. S. Orain for their technical assistance.
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NEWBORN SCREENING FOR CYSTIC FIBROSIS IS ASSOCIATED WITH

REDUCED TREATMENT INTENSITY

ERIKA J. SIMS, PHD, JONATHAN MCCORMICK, MRCPCH, GITA MEHTA, MA MPHIL, AND ANIL MEHTA, FRCPCH FRCP (EDIN)

Objectives To determine whether the improved clinical status after newborn screening (NBS) for cystic fibrosis (CF)

segregates with increased therapeutic intervention compared with presentation by clinical diagnosis (CD).

Study design In 2002, two populations (1 to 9 years of age) who presented (excluding meconium ileus) by NBS#3months

of age or by CD were compared in an observational, cross-sectional design. NBS and CD populations (184 and 950 patients,

respectively) were divided into 3-year age groups (1 to 3, 4 to 6, and 7 to 9 years). Therapies of duration >3 months were

compared together with Pseudomonas aeruginosa infection status.

Results NBS patients #6 years of age received significantly fewer and less demanding therapies not explained by age,

genotype, geography, or social deprivation. In 7- to 9-year-olds, significantly fewer NBS patients received intravenous

antibiotics. NBS patients without P aeruginosa infection received significantly fewer therapies, but no differences were found

between intermittently or chronically infected NBS and CD populations. Comparable results were found in DF508/DF508
subpopulations.

Conclusions CF populations diagnosed by NBS are associated with reduced treatment compared with age- and genotype-

matched CD control subjects. (J Pediatr 2005;147:306-11)

Cystic fibrosis (CF) is the most common life-shortening autosomal recessive disease
in whites, affecting approximately 1 in 3500 births.1 In the United Kingdom,
regional newborn screening (NBS) programs result in ;12% of patients being

identified by NBS, with the remainder diagnosed clinically (clinical diagnosis, CD). This
permitted a pragmatic comparison of outcomes between cohorts of NBS and CD
populations, as reported recently.2 In these cohorts, in agreement with outcomes from the
Wisconsin Cystic Fibrosis Neonatal Screening Study Group3-5 and others,6-10 we showed
that NBS is associated with significantly improved height and a lower prevalence of lung
infection but no difference in lung function compared with CD control subjects.2 It is
unknown whether the improved growth and infection outcomes were due to early
identification and hence prompt treatment, or more intense therapy irrespective of
symptoms. The symptoms of CF vary and in the United Kingdom; this is addressed by
national treatment guidelines based on consensus documents from experienced clinical
committees within the CF Trust.11 These stratify patients into mild, moderate, and severe
disease and recommend appropriate therapies. The current study used our earlier cohorts2

to determine whether improved outcomes from NBS programs could be explained by
differences in the intensity of therapy relative to age-matched CD control subjects.

We also addressed potential geographic confounders. UK CF centers are not always
geographically congruous with NBS programs. CF centers located in England receive
referrals from both NBS and CD patients. This factor, coupled with the large English
population (;50 million), results in most of the NBS patients being diagnosed from this
region of the United Kingdom. In contrast, the relatively sparsely populated areas of Wales

CF Cystic fibrosis
NBS Newborn screening
CD Clinical diagnosis

UKCFD United Kingdom Cystic Fibrosis Database
IMD Index of multiple deprivation score
PERT Pancreatic enzyme replacement therapy
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(;3 million) and Northern Ireland (;1.7 million) have
geographically matched NBS and CF treatment services and
thus receive almost all referrals through NBS. At the time of
the study, Scotland (;5 million) had no NBS program. To
control for CF center referral bias within the English centers,
we additionally matched NBS and CD patients within those
CF centers that treated referrals by both NBS and CD
patients.

We focussed on all CF diagnoses after 1994 that would
have received CF specialist care to limit any cohort effect that
is a known confounder in succeeding generations of patients
with CF.12We compared treatment data for NBS and CDCF
populations 1 to 9 years of age in 2002 to determine whether
NBS was associated with a higher intensity of therapy.

METHODS
UK CF Database (UKCFD) data were collected,

verified, and error-checked from 41 CF centers and 12 smaller
CF clinics in the years 2001 to 2002, as described recently,2,13

and at www.cystic-fibrosis.org.uk. All procedures were com-
pliant with multicenter research ethics protocols and UK
legislation on patient confidentiality. The study population
was identical to that detailed in Sims et al2 and is summarized
in the flow diagram in Figure 1 (available online at www.
jpeds.com). Study patients ages 1 to 9 years were divided into
two populations (NBS/CD) by mode of diagnosis: NBS
presented by neonatal screening within 3 months of birth and
CD presented at any time by clinical diagnosis (with no family
history of CF in any relative). Neonatal meconium ileus was
excluded from both groups. Where numbers of patients were
sufficient, the NBS and CD populations were subgrouped by
age (1 to 3, 4 to 6, and 7 to 9 years) and by genotype, and
median long-term therapy requirements were ascertained.

In the UKCFD, a long-term therapy is defined as one
prescribed for at least 3 months.13 Therapies were pragmat-
ically divided into low intensity (inhaled therapies or oral
antibiotics) or medium intensity (nebulized therapies or oral
corticosteroids), based on the simplicity of administration,
potential for side effects, and systemic impact (Table I;
available online at www.jpeds.com). Separately, a third cate-
gory of intravenous antibiotic administration was defined as the
number of patients receiving at least one course of intravenous
therapy per year. The proportions of patients requiring low
intensity, medium intensity, or courses of intravenous antibi-
otics was also determined. Chronic Pseudomonas aeruginosawas
defined as $3 positive cultures in the previous 12 months.
Intermittent P aeruginosa infection was defined as 1 or 2
positive cultures over the same period.

To match for genotype, we repeated the analyses for
homozygous DF508 NBS and CD populations. We also
attempted to correct for referral bias by matching NBS and
CD patients within those (English) CF centers that received
between 15% and 85% of referrals by either NBS or CD. Our
numbers were only sufficient for statistical analysis when such
centers were grouped, and trends are reported where numbers
were insufficient.
Newborn Screening For Cystic Fibrosis Is Associated With Reduced
Treatment Intensity
Confounding by Deprivation

As expected for a complex disease such as CF, social
deprivation has been associated with poor clinical outcome.14

To determine whether our results could have been so
confounded, a predetermined Index of Multiple Depriva-
tion (IMD) score15 was compared for each NBS and CD
population. IMD scores are derived for each postcode by the
Office of the Deputy Prime Minister (ODPM) for the United
Kingdom. They are a composite of seven domains: income,
employment, health, education, skills/training, housing, and
environment/crime. The score is weighted by geographic areas
defined by groups of postcodes corresponding to the smallest
defined census area (census output area of around 125
households). To protect confidentiality, each census output
area is further aggregated into a lower super output area, which
has an associated IMD score. Because CF centers with both
NBS and CD patients were available mainly fromEngland, we
restricted our IMD-based deprivation analysis to the larger
English population. This had the further advantage that IMD
scores for the English population were available by using a
common ODPM-derived, England-based formula.15

Statistics

Analyses were performed with the use of Microsoft
Access and Excel (Microsoft Corporation, Redmond, WA),
and graphs were created with the use of SigmaPlot (SigmaPlot
for Windows version 4.01; SPSS Inc, Chicago, IL) and
MINITAB version 13.1 (Minitab Inc, State College, PA).
Unless stated otherwise, data were not normally distributed,
and median scores were compared. Mann-Whitney two-
sample rank tests were used to determine statistically signif-
icant differences between population medians. For the
comparison of proportions of NBS and CD populations, the
Central Limit Theorem was applied.16 To account for
subdivision of populations, a value of P # .01 was considered
to be significant for 3-year age group comparisons; otherwise,
for comparison of total populations, the a-error was set at
0.05. No adjustment was made for multiple comparisons.

RESULTS

Study Population

Our study populations of NBS and CD patients (of all
genotypes, ages 1 to 9 years and with clinical data) contained
184 and 950 patients, respectively (Figure 1; available online at
www.jpeds.com). Of these, 98 and 531, respectively, were
homozygous for DF508. We tested whether these study
populations were representative, and there was no significant
difference in median age at diagnosis for our NBS (n = 184)
and CD (n = 950) study populations when compared with
their respective parent registered populations of NBS
(n = 284) and CD (n = 1126) 1- to 9-year-olds.2 Similar
results were observed for the equivalent homozygous DF508
subpopulations (data not shown). In addition, the number of
DF508-homozygous patients in each study subpopulation and
their age at presentation were as expected from previous
calculations on the parent UKCFD data set.17
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As expected, the proportion of NBS patients taking
pancreatic enzyme replacement therapy (PERT) was signif-
icantly smaller (89%) compared with CD patients (95%). To
test for phenotypic variation within the homozygous DF508
NBS and CD study populations, we compared the prevalence
of pancreatic insufficiency. No significant differences in
proportions receiving PERT were present in the homozygous
DF508 subgroup (99% for both). Although drug replacement
doses for pancreatic insufficiency may be variable,18-20 this was
not found within our genetically matched homozygous DF508
study subpopulations (data not shown).

We assessed the degree of deprivation (IMD) for those
patients living in England. We found no significant difference
in the median IMD scores between NBS and CD patients

Figure 2. Comparison of therapeutic intensity. Top left and right
panels: Box plots of number of long-term therapies by age group with
median, interquartile range; dots show 5th to 95th percentiles for this
and subsequent figures. Remaining panels (from top to bottom) show
proportion of patients receiving long-term inhaled therapies and/or
oral antibiotics as sole therapy; nebulized therapies and/or oral
corticosteroids (in addition to long-term inhaled therapies and/or
oral antibiotics and intravenous antibiotics additional to other
therapies above. Open and closed boxes and bars indicate results for
NBS and CD patients, respectively. Left/right columns show,
respectively, outcomes for all genotypes and the homozygous DF508
subpopulation. *P < .01 and **P < .001. Number of patients in each
age group is shown.
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either in total (1.5; 95% CI,21.23 to 4.35), for each age group
(1 to 3 years:21.45; 95% CI,26.25 to 3.11; 4 to 6 years: 5.01;
95% CI,20.51 to 11.35 and 7 to 9 years: 1.30; 95% CI,23.10
to 6.14) or in a genetically homogeneous (DF508/DF508)
subpopulation (3.24; 95% CI, 20.68 to 7.18). These analyses
suggest bias in deprivation status would be an unlikely
confounder between NBS and CD cohorts.

Long-term Therapies

We analyzed whether NBS patients received more
treatment than CD control subjects in four different ways,
as illustrated in Figure 2 (left column). First, NBS patients
(open box plots) received a significantly smaller number of
long-term therapies (Figure 2, left and right top panels).
Second, a significantly higher proportion of NBS patients
received only low intensity therapies in all age groups, except
for 7- to 9-year-olds (compare open and closed bars, second
panel, Figure 2). Third, and conversely, in all age groups
except for 7- to 9-year-olds, a smaller proportion of NBS
patients were receiving medium intensity therapies (third
panel, Figure 2). Finally, at all ages, a smaller proportion of
NBS patients received intravenous antibiotics compared with
the CD population, although the trend only reached statistical
significance for the 7- to 9-year-olds and for the total
population (bottom panel, Figure 2).

NBS and CD populations might have different genetic
profiles. This was considered to be a possible confounding
factor.21,22 We therefore compared the homozygous DF508
NBS subpopulation with equivalent CD control subjects
(Figure 2, right column). Results were found comparable to
that of the mixed genotype population, with the exception that
we report almost identical numbers of long-term therapies
for the 7- to 9-year-olds (compare the uppermost right panel
of Figure 2 with the equivalent left panel). Similarly, no
significant differences were found in therapeutic intensity in
the oldest cohort of DF508 homozygous 7- to 9-year-olds for
either the low or medium intensity therapies. However, in
agreement with the mixed genotype population, significantly
fewer DF508 homozygous NBS patients received courses of
intravenous antibiotics compared with the CD population,
despite an identical genotype.

English CF centers have different proportions of
patients diagnosed by NBS. To control for a geographic
bias, we aggregated data from seven English CF centers that
received both NBS and CD referrals and whose spectrum of
NBS diagnoses lay between 15% and 85%. Analysis of clinical
outcomes and treatment trends from this aggregate of 115
NBS and 169 CD patients is shown in Table II. Similar trends
were seen when matching NBS and CD patients within each
center, but the numbers were too small for statistical analysis
(data not shown).

We stratified NBS and CD populations according to
P aeruginosa status into free, intermittent, and chronic sub-
groups (Figure 3; available online at www.jpeds.com). The
NBS population free of P aeruginosa infection (;70%) were
receiving a significantly lower number of long-term therapies
compared with their equivalent (;60%) P aeruginosa–free CD
The Journal of Pediatrics � September 2005
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Table II. Benefits of an NBS program at centers receiving both NBS and CD referrals: Comparison of median
values and percentages for NBS versus CD patients from CF centers with 15% to 85% NBS patients

Clinical measure
1 to 3 y

NBS vs CD
4 to 6 y

NBS vs CD
7 to 9 y

NBS vs CD
All ages

NBS vs CD

Height z-score (SD) 20.44 vs 20.30 20.41 vs 20.86 20.41 vs 20.90 20.41 vs 20.81*

Weight z-score (SD) 20.11 vs 20.38 20.27 vs 20.35 20.42 vs 20.51 20.26 vs 20.49
Northern CXR score 3 vs 4* 5 vs 4 5 vs 5 4 vs 5y

Shwachman score 95 vs 90* 89 vs 90 89 vs 85* 90 vs 88y

FVC (% predicted) N/A N/A N/A 87.0 v 86.2
FEV1 (% predicted) N/A N/A N/A 87.6 v 85.2
No. of long-term therapies 1.5 vs 2 2 vs 2 2 vs 3 2 vs 3y

% Receiving only low intensity therapies 82 vs 68 59 vs 46 42 vs 39 65 vs 47y

% Receiving no IV antibiotics 80 vs 58* 62 vs 71 85 vs 62* 75 vs 64 P = .06
% Receiving no nebulized therapies 82 vs 68 59 vs 46 42 vs 41 65 vs 47y

% Receiving $2 nebulized therapies 0 vs 3 13 vs 12 19 vs 30 9 vs 19*

Results are shown for 1- to 3-year, 4- to 6-year, and 7- to 9-year age groups and for the combined ages. For FEV1 and FVC,
results shown are for patients ages 5 to 9 years.
N/A, not applicable.
*P = .05.
yP = .005.
control subjects (one versus two therapies, respectively, a
difference of21 95%CI,21.0 to20.0001; P < .001; Figure 3,
left column). This difference was not confounded by genotype
or age and is quantified in the middle and lower panels of
Figure 3, respectively. On further analysis, a significantly
greater proportion of NBS patients were receiving oral
antibiotics as sole therapy (39%) compared with CD (23%;
P = .031), whereas only 14% of NBS patients were receiving
nebulized therapies compared with 37% of CD patients (P <
.001). For those with intermittent and chronic P aeruginosa
infection, no significant differences in the number of long-
term therapies were found between NBS and CD populations
(Figure 3, top panel) despite further stratification by a
common genotype (homozygous DF508; Figure 3, middle
panel) or age (within 12 months) (Figure 3, bottom panel).

Attendance at clinic could be an additional indication of
differences in severity. However, we found no significant
difference in either the distribution profiles of annual atten-
dances for NBS or CD populations (median number of visits,
5 per annum for each) or between age groups, irrespective
of stratification of P aeruginosa infection (data not shown).
Comparable results were also found for the homozygous
DF508 subpopulations (data not shown).

DISCUSSION
Whether screening for CF provides long-term benefit

remains controversial, given that no improvement in pulmo-
nary outcome has been observed. We recently demonstrated
that NBS for CF segregates with some clinical benefit with
better median height and lower chest radiography scores as
surrogate measures of disease severity for up to 6 years.2

Further, in 3-year, age-matched and genetically homogeneous
(for DF508/DF508 genotype) subpopulations, we also found
Newborn Screening For Cystic Fibrosis Is Associated With Reduced
Treatment Intensity
better clinical outcomes in NBS patients.2 However, in
common with other studies, we could not demonstrate better
percent predicted FEV1, a surrogate marker of death.5 The
current study was prompted by the notion that reported
pulmonary outcomes take no account of the intensity of
treatment needed to achieve a given pulmonary response.
Thus, if more treatment is needed to achieve a given FEV1 in a
CD compared with a comparable NBS patient, for example,
this could lead to the erroneous conclusion that NBS is of no
benefit. We report that similar lung function can be achieved
after NBS despite a significantly lower number of long-term
therapies compared with CD controls. Conversely, a greater
number of therapies are needed to maintain a given lung
function in CD patients. Our results are consistent with those
of Connett and Yeatman,23 who showed for a single UK CF
center that patients identified at an earlier age at diagnosis
required a lower number of long-term therapies compared
with age- and genotype-matched (DF508/DF508), late-
diagnosed control subjects. However, the extended dura-
tion over which their data was collected could have resulted
in a possible cohort effect that can confound outcome data
in CF.12

A potential risk in NBS programs is the inappropriate
‘‘out-of-protocol’’ initiation of therapies to asymptomatic
patients after NBS.24 Thus, therapies that would normally
be prescribed after symptom development or positive culture
might be initiated in an attempt to prevent the long-term
decline in clinical outcome associated with CF disease
progression. However, our data do not support this potential
concern because for up to 6 years after NBS, we found
proportionally fewer NBS children treated with nebulized and
intravenous antibiotic therapy. We observed a rise in utiliza-
tion of such treatment with increasing age and disease severity
(ie, chronic infection by P aeruginosa), with a similar rise in the
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frequency of attendance at the CF center in both NBS and CD
populations (unpublished data). Our results, in agreement
with Baumann et al,25 also showed that an increasing number
of therapies was associated with age and P aeruginosa infection
status. We therefore cannot conclude that our observed better
clinical outcomes associated with NBS result from more
treatment than for matched CD cohorts. Indeed, the converse
is the case.

This lower intensity of therapy might be explained by a
reduced inflammatory status in the NBS CF lung that is not
only treated prophylactically to prevent chronic staphylococcal
infection for up to 2 years in the United Kingdom but is
also intensively monitored for the earliest signs of disease.
In contrast, after CD, treatment is aimed at reducing further
loss of lung function incurred during the prediagnosis
period. Whether current therapies can adequately suppress
the proinflammatory state of the CF lung remains an
unsolved clinical problem.26 The higher prevalence of chronic
P aeruginosa infection in the CD group2 is consistent with this
notion and with their requirement for extra intravenous
therapy. A suggested benefit of the NBS program is the ability
to treat at the earliest indications of lung infection and
therefore possibly prolong the period free of chronic lung
infection during a time of critically important lung growth.
Indeed, the data we report here and in conjunction with the
reduction in P aeruginosa prevalence in the same NBS cohort2

suggest that the lower number of long-term therapies observed
in the NBS population was at least in part attributable to the
smaller proportion of patients intermittently or chronically
colonized with P aeruginosa. This would further suggest that
NBS patients in this study were treated according to protocol,
based on symptoms or colonization status rather than in a
preemptive manner.

Despite the rarity of childhood deaths in CF in the
United Kingdom (unpublished data, UKCFD), the results
presented here could be influenced by ascertainment bias
resulting from patients registered with the UKCFD but
without returned clinical data. However, we found no
significant differences in the age at diagnosis of such registered
patients (ages 1 to 9 years and Figure 1 of online supplemen-
tary material) when compared with those with returned
clinical data for 2002. Registered and actively seen patients
were similar when analyzed in terms of all patients, homo-
zygous DF508, and for NBS- and CD-matched populations.
If such bias is present, it is not due to age at diagnosis.
Additionally, we minimized the potential for a cohort effect by
3-year age matching. This period is unlikely to associate with a
double-digit decline in lung function because this is estimated
to be approximately 2% to 3% per annum.27 Further, we
observed similar interpopulation deprivation scores. Thus,
social circumstances,28 which may influence adherence, are
likely to affect the two populations equally. The magnitude of
our observed difference in outcomes could also confounded by
differences in treatment concordance. Failure to take treat-
ment is likely to reduce the observed differences between the
two populations, thus negating the potential benefits of NBS.
Because the frequencies of attendance for the CD and NBS
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populations were similar (data not shown), we do not believe
that differences in the frequency of follow-up can account for
our findings. We also report less intense treatment after NBS
within a DF508 subpopulation despite no differences in the
proportion receiving PERT between these genetically homo-
geneous NBS and CD subpopulations. This makes it unlikely
that age, social status, genotype, or disease variability/severity
could significantly confound our results.

Variable prescribing practices between CF physicians
also could have influenced our data. CF Trust guidelines
indicate that all patients 2 years of age or younger should be
prescribed oral flucloxacillin as prophylactic antistaphylococcal
therapy.11 In addition, all patients chronically infected with
P aeruginosa should receive long-term nebulized antibiotics
and/or DNase therapy. Our unpublished data show that 95%
of UKCFD patients received prophylactic antistaphylococcal
therapy for the first 2 years of life, in accordance with
guidelines, and for patients 1 to 9 years of age, 90% of patients
were prescribed appropriate protocol-determined11 nebulized
therapies for treatment of chronic P aeruginosa colonization.
Allergy or hypersensitivity to nebulized antibiotics,29 social
circumstances making use of nebulized therapies at home
inappropriate, and refusal to take nebulized therapy could be
responsible for the remainder.

Overall, our data suggest that in the United Kingdom,
NBS is associated with a lower number of long-term therapies
compared with age- and genotype-matched CD control
subjects. This adds further weight to the argument that
NBS generates ‘‘more good than harm.’’30 CF specialists have
long argued that instead of managing the disease after
complications arise, as in CD populations, it would be more
appropriate to take a preventative approach to improve
concordance and simultaneously extend the infection-free
duration during a critical period of lung development.31 Our
data provide evidence for a 6-year period during which NBS
patients receive a significantly lower number of drugs. This
finding has implications for calculations of the economic
impact of NBS programs on health care budgets while
simultaneously demonstrating that NBS coupled with clinical
vigilance provides the opportunity for early intervention before
complications arise.
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CYSTIC FIBROSIS BIRTH RATES IN CANADA: A DECREASING TREND

SINCE THE ONSET OF GENETIC TESTING

ANNIE DUPUIS, PHD, DAVID HAMILTON, PHD, DAVID E. C. COLE, MD, PHD, AND MARY COREY, PHD

Objective To estimate cystic fibrosis (CF) birth rates in Canada from 1971 to 2000 and to assess the population impact of

genetic testing in families with a history of CF, after identification of the CF transmembrane conductance regulator gene in 1989.

Study design Age-at-diagnosis data were obtained from the Canadian Cystic Fibrosis Foundation Patient Data Registry and

Canadian births for the corresponding years from Canadian Vital Statistics. Estimates of the CF birth rate in each year were

based on a nonparametric model that allows the birth rate to vary across the years and adjusts for censoring of currently

undiagnosed patients.

Results The overall CF birth rate from 1971–1987 was 1/2714 with no increasing or decreasing trend. Beginning in 1988,

1 year before identification of the CF transmembrane conductance regulator gene, estimated CF birth rates followed a linear

decline to an estimated rate of 1/3608 in 2000. CF birth rates may have stabilized in the last few years, but further decline may

occur with implementation of carrier screening in the general population.

Conclusions These results demonstrate the temporal association of genetic testing and declining CF birth rates in Canada.

They may assist in decisions relating to the allocation of resources for prenatal and neonatal CF screening programs. (J Pediatr

2005;147:312-5)

Cystic fibrosis (CF), the most common autosomal recessive life-shortening disorder
in the white population,1 is caused by mutations of the CF transmembrane
conductance regulator (CFTR) gene. Since its discovery in 1989,2,3 more than

1200 CFTR alleles have been identified.4 The most frequent mutation throughout the
world, DF508, accounts for 71% of mutations found among Canadian patients with CF.5-7

However, the allelic frequency of this and other mutations varies across ethnic groups and
geographic regions.8

Accurate estimates of CF birth rates are important in evaluating epidemiologic
trends and predicting the future burden of disease. Such estimates are difficult to obtain
because, although CFTR mutations are present at birth, delayed diagnosis or late onset of
symptoms results in a later age-at-diagnosis in a substantial proportion of patients. The
Canadian CF Foundation’s (CCFF) Patient Data Registry Report for 20007 notes that
40% of patients alive in 2000 were diagnosed after the first year of age, 9.6% after their
tenth birthday, and 2% were diagnosed after age 30, consistent with reports for the CF
population in the United States.9

To estimate CF birth rates, methods have been developed that do not depend on the
age-at-diagnosis distribution. For example, heterozygote frequencies of the principal CF
mutations can be obtained in women undergoing antenatal testing and in newborn infants.
By adjusting for the relative frequencies of those mutations among patients with CF,
estimated population-based incidence rates can be calculated from the Hardy-Weinberg
equation. However, this does not reflect the reduction in CF births that result from
terminated pregnancies or spontaneous antenatal losses. Incidence rates have also been
estimated from statistical modeling of the age-at-diagnosis distribution of patients with
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CF.10 Such models adjust for censoring because of delay
in diagnosis so that estimates of the number of CF births in
a given year include patients not yet diagnosed.

Prenatal testing and genetic testing for CF are possible.
With the localization of the CFTR gene to chromosome 7, a
reliable approach based on closely linked restriction fragment
length polymorphisms was developed and used to genotype
fetal DNA from chorionic villus biopsy specimens.11 Although
population screening for CF mutations has not been widely
endorsed, carrier screening of large at-risk populations is now
being advocated; some have recommended that screening be
offered to all women as an integral part of prenatal care.12

In this report, national registry data enumerating all
known patients with CF in Canada born between 1971 and
2000 were used to obtain accurate trends in CF birth rates
over time.

METHODS

Data

A table of age-at-diagnosis by birth year for patients
born and diagnosed between 1971 and 2000 was obtained
from the CCFF Patient Data Registry. The registry collects
data annually from 38 specialized CF clinics throughout
Canada. Because of the single-payer government health
care system in Canada, virtually all patients diagnosed with
CF are seen in these specialized clinics. Canadian births were
obtained from the federal demographics database, Canadian
Vital Statistics, for the corresponding years.

Statistical Analysis

By adjusting for censoring of currently undiagnosed
patients, CF birth rates are derived that are estimates of the
actual proportion of infants born in a given year and destined to
have CF. Estimates of the age-at-diagnosis distribution and
predictions of the number of CF patients yet to be diagnosed
are also derived, using 2 similar models that assume that the
number of cases diagnosed at each age in each year-cohort
follow a Poisson distribution. The first is a variant of the
nonparametric method described by Kalbfleisch and Lawless13

that allows the birth incidence to vary across the years. The
second is an extension of the method of Chong et al10 that
assumes that the birth rates follow a segmented linear model
with constant birth incidence up to 1987 followed by a linear
decrease. The breakpoint was selected to maximize the log
likelihood for the model. Standard errors for the birth rates
are obtained from the information matrix, and confidence in-
tervals are calculated using the normal assumption. The age-
of-diagnosis distribution and rate of undetected CF deaths are
assumed to be stable over the study period, and sibling diag-
noses are considered as independent. To assess the stability of
the age at diagnosis distribution, the segmented linear model
was extended to allow for change in this distribution. A test for
significance of the change is based on the improvement in fit
given by this extension.

Some diagnosed patients born late in any given calendar
year are not included in the censoring year, in this case 2000.
Cystic Fibrosis Birth Rates In Canada: A Decreasing Trend Since
The Onset Of Genetic Testing
To avoid bias from this systematic under-reporting, diagnosis
data from the 2001 database were used to update values at each
censored age. For example, those born in 2000 and diagnosed
under 1 year in 2001 were added to those born and diagnosed
in 2000, and a patient born in 1971 and diagnosed at age 29 in
2001 would be added to the number diagnosed at age 29 in the
censoring year 2000.

RESULTS
Between 1971 and 1987, there were no significant

trends in the estimates of the CF birth rates obtained from the
nonparametric Poisson model (Figure). Although estimated
annual rates fluctuated considerably through the 1970s and
1980s, the overall CF birth rate obtained from the segmented
linear Poisson model was 1/2714, with no increasing or
decreasing trend. A decline in CF birth rates was observed
from 1988 to 2000, yielding an estimated birth rate for year
2000 of 1/3608, a 25% decrease over the 12-year period.
Estimated birth rates in the final years of the study period
suggest that rates may be stabilizing at a new level, but this
conclusion remains tentative because these later estimates are
associated with large standard errors due to the shorter period
of observation and the smaller birth cohort sizes. The
breakpoint for the segmented linear Poisson model was
selected to maximize the log likelihood and corresponds to
2 years before the identification of the CFTR gene, bringing
with it an increased potential for genetic testing and counsel-
ing. Differences in likelihood for breakpoints ranging from
the years 1986 to 1990 were so slight as to suggest a rounded
shoulder rather than an instantaneous decline in rates.

To assess our assumption of stable age-at-diagnosis
distribution, we fitted an extra term to our model allowing the
distribution to vary. A test of this term gave P = .07, which is
suggestive of a change but not conclusive. The direction of the
change was toward a somewhat earlier diagnosis. Birth rate
estimates for recent years were therefore somewhat lower for
the extended model, and the presented model thus gives a
conservative estimate of the decreasing incidence over that
time.

The cumulative age-at-diagnosis distribution derived
from the model yields an estimate of 59% for the proportion of
all patients diagnosed before age 30 who are identified within a
year of birth. By age 10, this proportion has increased to 90%.
Even after adjusting these figures to include an estimated 2%
of diagnoses that occur after age 30, the resulting estimates for
proportions of patients diagnosed by age 1 (58%) and age 10
(88%) are comparable to those reported for patients alive in
2000 (60% and 90.4%, respectively), as noted in the CCFF
Patient Data Registry Report for 2000.7 Interestingly, the
estimated number of patients with CF born in the entire
period 1971–2000 who were still undiagnosed by the end of
2001 was 316.

DISCUSSION
Determining an accurate and unbiased estimate of CF

birth rates has been an issue ever since registries and large
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population surveys of the disorder became available. Gregg
et al14 used data from the Wisconsin CF newborn screening
program for the period of April 1985 to June 1991 to estimate
the birth prevalence rate of CF. Newborns with serum
immunoreactive trypsinogen levels$180 ng/mL on screening
were then being diagnosed at 6 weeks of age by sweat chloride
determinations after pilocarpine iontophoresis. On the basis of
data from 220,865 newborn screens, an estimated incidence
of 1/3431 live births among whites was obtained, and a CF
carrier frequency of 1 in 30 was calculated. This agreed closely
with a carrier frequency estimate of 1 in 31 derived from the
relative frequencies of DF508 mutations in 1531 normal
newborn samples and 171 patients with CF.

Kosorok et al15 estimated the CF birth incidence using
data from the CF Foundation Patient Registry in the United
States for the 2-year interval of 1989 to 1991. Using a semi-
parametric model that adjusts for ‘‘competing risks’’ (death
before diagnosis) and censoring of patients who remained
undiagnosed at the end of the study period, they estimated the
incidence of CF among infants born to be 1/2906 among US
whites and 1/10,338 among non-whites. Their model was
adjusted for 15% under-reporting to the CF Patient Registry,
as suggested by FitzSimmons.16 When under-reporting was
excluded from the model, the estimated national incidence
among whites was estimated to be 1/3419, which is very close
to the incidence reported by Gregg et al14 and suggests that
under-reporting to the registry may not be as important an
issue as previously believed.

In Nova Scotia, Canada, a statistical model was applied
by Chong et al10 to data from the IWK Grace Health Centre
CF registry for the Canadian Maritime Provinces over the 20-
year period of 1971 to 1990, and a CF birth rate of 1/2436 was
derived for this predominantly northern European population.
In that model, a constant birth prevalence rate was assumed.

Using data from the United Kingdom (UK) patient
registry for the years 1968–1994, Dodge et al17 observed a
consistent decline in incidence from 1989 to 1994, which they
attributed to unreliable data in the final years of the study
period because of delay in diagnosis. Our model, which adjusts

Figure. Non-parametric (fluctuating solid line) and segmented
linear (heavy line) Poisson model estimates of the CF birth rates
in Canada, 1971-2000 with 95% confidence interval (dashed line).
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for this delay, identifies a decline in Canadian birth prevalence
beginning in 1988 with a possible stabilization of rates
beginning in 1996, both trends that are quite consistent with
the UK estimates.

The 2% of patients in the 2000 Canadian Registry
who were diagnosed after the age of 30 is enriched by the
diagnosis of older atypical subjects in the most recent decade.
These adults were identified largely through research projects
targeting patient groups with CF-like single-organ symp-
toms, such as congenital bilateral absence of the vas deferens,
idiopathic pancreatitis, or late-onset lung disease. Whether
these conditions, linked to variant CFTR alleles but lacking
classic multi-system involvement, should be labeled CF or
something else entirely is still being debated.18 However, it
is worth noting that our analyses are based on Poisson
models that assume all subjects with CF are diagnosed by
age 30 and therefore are not affected by these atypical
individuals.

The close temporal relationship between the onset of
testing and the decline in rates does not constitute a clear
demonstration of cause and effect. Other demographic trends
may have been influential, including the general decline in
family size, although this demographic trend would be
expected to increase rather than decrease the CF birthrate,
because prenatal genetic testing is least likely to have occurred
in firstborn CF pregnancies during this period in Canada.

Green et al19 reported a steady decline in CF birth rates
for the East Anglia region of the UK between 1981 and 1990,
corresponding to a period when neonatal screening along with
genetic counseling, and later prenatal diagnosis, was estab-
lished in the region. However, the 7.5% average yearly decline
in the incidence of CF could not be fully explained by
screening, and other factors, such as incomplete ascertain-
ment, reduction in the rate of consanguinity, and population
migration, were mentioned as possible co-contributors.

Similarly, in northwestern France, the decline in CF
birth prevalence rate from 1/2364 in the 1980s to 1/3055 in the
1990s could not be fully explained by the screening program
in place.20 In a more recent study of the same population,21

terminated CF pregnancies could be identified and correlated
with reduction of CF birth rates from 1992 to 2001.
Terminations among couples related to a clinically diagnosed
child resulted in a 9.6% reduction in CF births, compared with
15.7% among couples related to a screened child. Overall,
family history of CF was associated with a 22.6% reduction
in CF births. By adjusting these figures to reflect eventual
diagnosis through clinical symptoms, they estimated that the
reduction caused by prenatal diagnosis that occurred as the
result of screening only was 6.1%. Similarly, the reduction
in CF births resulting from prenatal diagnosis of couples
related to a clinically diagnosed child was 18.5% whereas
12.8% was related to prenatal diagnosis after the detection of
an echogenic bowel. The total of all the separate percent
reductions described by Scotet et al21 exceeds the overall
change they observed because each estimate was calculated
assuming all other factors were in place, thereby reducing the
denominator used in the calculations.
The Journal of Pediatrics � September 2005



Our rates were not adjusted for ethnicity, but a rough
estimate of the effect of changing ethnicity can be computed
from national data.22 In 1986, 91% of Canadian births were to
mothers born in Canada or Europe and only 9% to mothers
born in Asia or elsewhere. Assuming a 1/2500 risk of CF in
the former and 10-fold smaller risk (1/25,000) in the latter, the
overall CF birthrate estimate would be 1/2720, virtually the
same as our model estimate. By 2001, however, the proportion
of babies born to mothers born in Asia or elsewhere increased
to 17%, which leads to an estimated 7.8% decrease in CF
birthrate (1/2952), or less than one third of the decline we
report here. Direct study of these sub-populations suggest
that such estimates will overstate the impact of immigration
from Asia on CF birth rates in Canada. CF prevalence
among Canadian children of South Asian origin is similar to
that for the population of European origin living in the same
geographic region.23

The negligible differences observed in the model
likelihood estimates for breakpoints ranging from 1986 to
1990 may well reflect a gradual implementation of precise
genetic diagnosis and progressively enhanced reliability of
prenatal testing methods in the years after localization of the
CFTR gene to chromosome 7. The efficacy of genetic testing
has improved steadily over the past decade as an increasing
number of mutations have been identified. Canada does not
currently have a national CF genetic screening program in
place, which may explain in part the apparent stabilization of
CF birth rates, especially if it is true that the individuals most
likely to seek out and benefit from genetic testing, (ie, families
with a history of CF) are now making regular use of prenatal
diagnosis services. More widespread screening of couples in
the general population has the potential to extend the decline
in CF birth prevalence rates even further. However, increas-
ingly effective treatment and improved survival of patients
with CF may eventually reverse this trend.

We could not measure the uptake rate for genetic testing
and counseling services on a national basis since the discovery
of the CF gene, but we speculate that the onset of the decline
in CF birth prevalence, coinciding as it does with the discovery
of the CF gene, points to increased use of carrier screening and
prenatal diagnosis services. Follow-up is necessary to establish
whether the birth rates are stabilizing at a second plateau or are
continuing to decline as genetic testing programs expand to
include population-wide screening. This could have important
implications for the allocation of resources for prenatal and
neonatal CF programs.

We thank Dr. J. Buchanan for helpful editorial suggestions.
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GESTATIONAL AND NEONATAL CHARACTERISTICS OF CHILDREN

WITH CYSTIC FIBROSIS: A COHORT STUDY

FILIPPO FESTINI, RN, BA, BSN, GIOVANNI TACCETTI, MD, TERESA REPETTO, MD, MARIA FRANCESCA REALI, MD, SILVIA CAMPANA, DSC,
GIANFRANCO MERGNI, BSC, LORE MARIANELLI, MD, AND MAURIZIO DE MARTINO, MD

Objective To examine whether the birth weight (BW) and the risks of being pre-term, low birth weight (LBW), and small for

gestational age (SGA) of children with cystic fibrosis (CF) are different from nonaffected children.

Study design Retrospective cohort study. We examined all the children with CF born in Tuscany, Italy, from 1991 to 2002

(n = 70) comparing them to the entire population of non-CF-affected children born in the same period (n = 290,059).

Results The mean BW of newborns with CF was 246.2 g lower than the mean BW of the non-CF neonatal population

(P = .0003). Children with CF had a higher risk of being born pre-term (RR 2.62, P = .001), LBW (RR 2.66, P = .0009), and

SGA (RR = 1.74, P = .04) than the non-CF-affected children. The mean BW of term newborns with CF was 205.7 g lower than

that of term non-CF-affected babies (P = .0002).

Conclusions Our data show an association between CF and reduced BW and show a greater risk of being pre-term for

babies with CF. (J Pediatr 2005;147:316-20)

It is well documented that cystic fibrosis (CF) has a negative effect on the growth of
children whether this is because of accompanying lung infections or because of the status
of malnutrition. Little is known, however, of the influence CF has on the intrauterine

development of the fetus and on the course of pregnancy itself.
About 60% of children with show pancreatic insufficiency (PI) at birth, which often

determines poor growth and malnutrition in the first few weeks of life.1 A group of non-
CF-affected newborns with low birth weight (LBW) for their gestational age (GA) had
reduced pancreatic function in comparison with the newborns with an adequate birth
weight (BW) for GA, thus suggesting a link between impaired pancreatic function and
reduced weight at birth.2

Other studies have shown that the cystic fibrosis transmembrane regulator (CFTR)
protein is present in the apical membrane of the placental tissue3,4 and have suggested a role
for altered CFTR in ionic transport at the placental level,5 leading to the hypothesis that an
alteration in the CFTR may cause functional insufficiency of the fetal part of the placenta
and inadequate placental exchange.

Some studies have reported a reduced BW in newborns with CF compared with
control groups of healthy babies, siblings, or international neonatal standards.6-11 The GA
of newborns affected by CF was compared with that of healthy children in one study
performed 45 years ago.7

To obtain accurate epidemiological data, it is necessary to perform studies over a long
period of time based on well-defined entire populations belonging to defined geographical
areas.12 In particular, with CF, it is very important to identify cases through neonatal
screening12 to avoid a selection bias owing to the diagnosis of the disease made only on the
basis of symptoms. In fact, neonatal screening allows us to identify cases of CF even in

BW Birth weight
CF Cystic fibrosis
CFRT Cystic fibrosis transmembrane regulator
GA Gestational age
IRT Immunoreactive trypsin

LBW Low birth weight
PI Pancreatic insufficiency
PS Pancreatic sufficiency
SGA Small for gestational age
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preclinical phases and to detect the milder forms of CF that
would otherwise not be diagnosed. The objectives of this study
were to verify if the mean BW of an overall population of
children with CF born in a given geographical region, in a
specific period of time, and diagnosed through screening
differs from the BW of all other newborns not subject to the
disease. We also wished to verify if children with CF have a
different risk of being pre-term, LBW, and small for
gestational age (SGA), in comparison to all the other
newborns in the same area and in the same period.

METHODS
This was a retrospective, observational cohort study.

Since 1982, the Regional Center for CF, in the Meyer
Hospital of Florence, has conducted a neonatal screening
program for CF in Tuscany, an administrative and geograph-
ical region of Italy with 3.5 million inhabitants. Since 1991,
the program has involved the entire region, covering 99.8% of
newborns.13 Starting from that year the screening has been
carried out according to a two-stage immunoreactive trypsin
protocol (IRT/IRT) on blood spot samples, with a comple-
mentary lactase test on meconium. When a newborn has a
positive test, the family is contacted by the 45th day of life and
invited to the Regional CF Center for a sweat test according to
the Gibson and Cooke method.14 If the test is positive, the
child is taken into the care of the CF Center, where a genetic
test for CFTR mutations is immediately given to the newborn
and the parents (currently, oligonucleotide ligation assay
combined with polymerase chain reaction method for 31
mutations, plus denaturing high performance liquid chroma-
tography for exon 17). A test of exocrine pancreatic function
also is carried out immediately after a positive or borderline
sweat test. Pancreatic function is tested by measuring
chimotrypsin in feces (colorimetric method Chymo Roche,
cutoff: 13.2 U/g [Chymo, Roche Diagnostics GmbH,
Manheim, Germany]). If the sweat test result is borderline,
the child is followed-up to clarify the clinical status. Since
February 2001, genetic testing on 31 mutations has been
included in our screening protocol for all newborns positive
on the first IRT test. The sensitivity and specificity of the
screening program were 96.4% and 99.7%, respectively, with
the IRT/IRT1meconium method, and 100% and 98.8%,
respectively, after the introduction of the genetic test.

We studied all children with CF born in Tuscany from
July 1, 1991 to June 30, 2002. The diagnosis of CF in Tuscany
is centralized in our unit, the only center where the sweat test
is performed and where a follow-up program is conducted for
all patients with CF and, given that 2 years have passed from
the end of the period under examination, we are confident that
we have studied the entire population of children with CF
born in Tuscany in that period. In the period of study, the
incidence of CF was 1 per 4144, which is similar to reported
Tuscan and Italian data.15-17 The BWs and GAs of the
newborn children were determined from obstetric records.

We also examined the whole neonatal population in
Tuscany during that period. To this purpose we used the
Gestational And Neonatal Characteristics Of Children
With Cystic Fibrosis: A Cohort Study
information contained in the database of the neonatal screen-
ing program, on the basis of the records accompanying the
blood and meconium samples sent by each maternity unit of
the region, or by each obstetrician practitioner, to the CF
Center. These records hold the name, sex, BW, and GA—in
full weeks—of each newborn but not length at birth. The file is
written out by the maternity unit doctor, obstetrician, or nurse
responsible for the newly born child. If a newborn is transferred
from the maternity unit to a neonatal intensive care unit
immediately after birth, the staff of the neonatal intensive care
unit collect the samples and the information. Information on
GA is reported on the basis of: either the last menstruation,
as reported by the mother; ultrasonography scanning during
pregnancy; physical examination of the newborn; or on more
than one of these elements. However, the regional screening
protocol provides that if GA is not certain, the GA box in the
newborn’s clinical chart sent to the screening Center must not
be filled in. To avoid the possibility of missing children, every
3 months the CF neonatal screening staff double-check the
names of babies whose blood and meconium samples are
received by theCFCenter, comparing them to the list of all the
newborn babies born in each maternity unit.

After having excluded data of all newborns for whom
there was neither BWnorGA and those for whom theGAwas
>43 or <24 weeks, we provisionally separated those for whom
either only BW or only GA was reported, and we divided the
remaining babies into groups according to sex andGA, in order
to check the data quality. Examining visually these groups of
data, we realized that for some GA the weight distributions
were overbalanced toward the higher weight values, which in
some cases were clearly excessive for theGA.We hypothesized
that this might be because of the mixing of two distinct
populations: those with a correct GA and those erroneously
assigned to that GA through a transcription error, or an error
in determining the date of the mother’s last menstruation.
Therefore, we excluded as nonplausible for theirGA, newborns
whose BW exceeded two interquartile ranges, above 75th and
below 25th percentile of each group of GA and sex.18,19 In
another article the percentiles of BW on the basis of GA and
sex of the population of newborns in the period 1991 to 2002,
in Tuscany, were presented.20 After having excluded newborns
with CF, we then calculated the mean BW per sex and overall,
as well as the number of LBW babies and the relative per-
centages. For these two calculation, we included in the analysis
also the newborns whose BW was known but not the GA.
Finally, we calculated the number of pre-term babies and the
relative percentages. For this calculation, we considered also
the newborns whose GA was reported but not the BW.

Subsequently, we calculated the average BW per sex of
newborns with CF. In addition, we determined the risk of
newborns with CF being pre-term, LBW, and SGA in the
same area and time period. We finally calculated the relative
risk in comparison to the population of newborns not affected
by CF.

The resulting differences between the different groups
were tested with Student’s t test. The statistical associations
for the dichotomous qualitative variables were tested with the
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Table I. Mean BW of children with CF compared with that of children without CF (males, females, and overall);
95% CI of the difference between means; t test P values

Newborns with CF,
mean BW (±SD)

Newborns without CF,
mean BW (±SD)

Difference
(CI 95%)

t test
P value

Males 3082.9 g (±505.2) 3344.1 g (±501.6) 261.2 g (112.9, 409.4) .0005
n 44 147,486
Females 2945.3 g (±576.3) 3207.5 g (±481.3) 262.2 g (77.1, 447.2) .005
n 26 138,339
Overall 3031.8 g (±532.8) 3278 g (±496.6) 246.2 g (129.8, 362.5) .0003
n 70 285,825
x2 test. A level of statistical significance of 95% was established
and P values were determined. The software Epi Info 2002,
rev.1 (Centers for Disease Control, Atlanta, GA) and PHStat
for Excel 97 (Prentice Hall, Pearson Education, Upper Saddle
River, NJ) were used to process the data and for the statistical
analysis.

For the purpose of this study we have used the following
definitions: Adequate for GA: newborns whose BW falls
between the 10th and 90th percentile for GA and sex; SGA:
newborns whose BW falls below the 10th percentile for both
GA and sex; LBW: newborns whose BW is <2500 g; pre-
term: newborns whose GA is <37 weeks.

RESULTS
In the period examined 290,129 children (149,848 males

and 140,281 females) were born in Tuscany, of whom 70 had
CF (44 males and 26 females). We excluded 1105 babies
(0.38%) whose BW and GA were both missing, 170 babies
(0.05%) whose reported GA was >43 or <24 weeks, and 935
babies (0.32%) with a BW nonplausible for their GA,
according to the method described above. Of the remaining
287,849 non-CF-affected children, 262,321 (91.1%) had
complete data (both BW and GA), 2024 (0.7%) had only
GA, and 23,504 (8.1%) had only BW.

Of those with CF, 67 were diagnosed by screening and
two, who were negative at screening, were diagnosed for
symptoms at 4 and 11.5 months. One newborn positive to
screening was diagnosed postmortem by genetic screening.

Characteristics of Newborns with CF

It was not possible to determine the GA for only one
of the 70 newborns with CF. Of the remaining 69, 10 were
pre-term.

Five newborn babies with CF (7.1%) had meconium
ileus. Their mean BW (3016 g, SD ± 264 g) was not
significantly different from that of children with CF without
MI (3033.1 g, SD ± 549.3 g).

At the time of diagnosis 42 children (61.8%) suffered
from PI, whereas 26 (38.2%) had pancreatic sufficiency (PS).
The pancreatic status of the newborn baby diagnosed post-
mortem is not known. Of the two children diagnosed through
symptoms, it is not known whether one had PI or PS at birth,
and the other child had PS at diagnosis, so he was PS also at
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birth. No statistically significant differences were found be-
tween the mean BW of babies with PI and that of babies with
PS, as well as between their proportions of LBW, SGA, and
pre-term births.

Of the 70 newborns with CF observed, nine had
a DF508 homozygous genotype, 38 a compound DF508
heterozygous genotype, three were homozygous for stopmuta-
tions, and 15 had a compound stop mutation heterozygous
genotype. No statistically significant differences were found
between these four groups, as far as the mean BW and the
proportion of LBW and pre-term infants are concerned.

Comparison between Newborns with and without CF

Table I illustrates the differences of BW of children with
CF in comparison with the nonaffected neonatal population,
and Table II compares the risk of being born LBW and pre-
term between CF newborns and non-CF-affected children,
and indicates the relative risk.

From the comparison of the percentiles of BW for
GA and sex developed from the entire population of new-
borns in this period,20 we found that 17.3% of babies with CF
were SGA compared with 10% of the whole population
(RR = 1.74, CI 95% 1.04, 2.91, x2 P value = .04).

Among the pre-term children with CF, two suffered
from MI, eight had PI at birth, and four were LBW at birth.
All pre-term newborns with CF had an adequate for GA
weight at birth with respect to BW percentiles of Tuscany. In
our population of babies with CF, all SGA newborns belong
to the group of those born at term.

Table III illustrates the differences in BW between pre-
term newborns with and without CF and between children
born at term with and without CF.

DISCUSSION
Our study shows that in an entire population of

newborns from an Italian region over a period of 11 years,
the mean BW of newborns with CF was significantly lower
in comparison with nonaffected children. Furthermore, for
the first time, we observe in a cohort of children with CF a
significantly greater risk of being born pre-term, weighing
<2500 g at birth, and being SGA, in comparison to all the
nonaffected newborns belonging to the same population.
The Journal of Pediatrics � September 2005



Table II. Risks of being born LBW and pre-term among newborns with CF and newborns without CF;
relative risks with 95% confidence intervals; x2 P values

Newborns with CF Newborns without CF
Relative Risk

(CI 95%)
x2

P valuen Risk n Risk

LBW
yes 10

14.2%
15,320

5.36% 2.66 (1.5, 4.7) 0.0009
no 60 270,505

Pre-term
yes 10

14.4%* 14,592
5.52% 2.62 (1.4, 4.6) 0.001

no 59 249,753

*One missing value.

Table III. Mean BW of pre-term and term newborns with CF compared with pre-term and term newborns
without CF; 95% CI of the difference between means; t test P values

Newborns with CF(*) Newborns without CF (**)

Difference
(CI 95%)

t test
P valuen mean BW (±SD) n mean BW (±SD)

Pre-term 10 2434 g (±712.9) 14,428 2352.2 g (±601.1) 281.8 g (2454.5, 290.9) ns
GA 37 weeks or more 59 3126.1 g (±430.3) 247,893 3331.8 g (±431.9) 205.7 g (95.4, 315.9) .0002

*Missing data for one child.
**Missing data for 25,528 children (missing either BW or GA).
Previous studies have examined the neonatal character-
istics of children with CF. Boyer6 compared a group of CF
newborns with a random healthy control group and noted a
significantly lower weight in both male and female babies with
CF. Hsia7 studied a group of American newborns with CF
and, although statistical tests were not performed, demon-
strated a lower BW in children with CF in comparison with
their healthy siblings and the standards elaborated for an
English neonatal population. Even De Angelis et al8 detected
a lower BW among newborns with CF in comparison with
their siblings. He did not, however, differentiate between
males and females, nor did he detect any statistically signif-
icant difference compared with random healthy controls.
Mearns9 and Marcus et al10 also noted, in both male and
female newborns with CF, a BW about 200 g lower than
national standards. More recently, Muller et al11 evidenced
a difference in BW between a group of newborns with CF and
a random healthy control group. Hsia7 did not detect
differences in the GA of children with CF in comparison
with healthy newborns; however, his study was carried out 45
years ago when there was a very different approach to the
obstetrical-gynecological follow-up of pregnancies and when
resuscitation techniques and perinatal care, which now enable
the success of many pregnancies, were less widespread.

It has been hypothesized that in children with CF fetal
growth is altered owing to an inadequate functioning of the
exocrine pancreas,8,11 which determines reduced intrauterine
nutrition and thus lower BW. Research carried out with
animal models showed that the amniotic fluid supplies 10% to
14% of the nutritional needs of the fetus,21 a quantity that
would be missing in the case of PI.

Some researchers have detected a lower BW in
newborns with CF affected by MI in comparison with other
Gestational And Neonatal Characteristics Of Children
With Cystic Fibrosis: A Cohort Study
babies with CF.22 Others, however, came to the opposite
results: Marcus et al hypothesized that there may be an
artificial increase in BW owing to an accumulation of plugged
meconium.10 Instead, in our study, we did not detect any sig-
nificant difference in the BW of newborns with CF and MI.

Other studies have hypothesized that the difference in
BW of newborn children with CF may be caused by maternal
factors.6,8,9,11 Boyer’s figures (though not statistically signif-
icant) point to the role of the placenta in determining the
lower BW of newborns with CF. In fact, a group of mothers
subjected to a special hypercaloric diet gave birth to babies
with CF of a higher BW in comparison with those mothers
who were not on such a diet.

The expression of the CFTR protein on the maternal
part of the placenta has been demonstrated;3,4 there also is
evidence from case studies that this protein, if changed,
determines an alteration of placental ionic exchange,5 with the
possible result of reducing fetal nutrition. Some mutations of
the CFTR gene have been associated with more severe clinical
manifestations of CF than others.23 If, therefore, the CFTR is
expressed on the placenta, it could be hypothesized that the
type of maternal or fetal mutation may influence its function
and, as a consequence, may influence the duration of the
pregnancy and the weight of the newborn.

Some of the findings of our study are particularly
interesting and deserve further examination. First, we noticed
that in our study SGA newborn children with CF were all
concentrated among those born at term,whereas pre-termbabies
all had an adequate BW for their GA.Moreover, the mean BW
of pre-term newborns with CF did not differ significantly from
that of nonaffected pre-term infants. On the contrary, term
newborns with CF had a significantly lower BW in comparison
with term babies not subject to the disease. Moreover, the
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relative risk that newborns with CF be SGA does not seem as
high as that of being LBW or pre-term. These factors, in our
opinion, suggest that CF may cause premature birth but the
gap in growth compared with nonaffected newborns comes
about in the final period of gestation of term babies.

In the group of non-CF-affected children we had to
exclude 0.75% of the subjects because the data reported in the
database of the screening program were missing, implausible,
or clearly wrong. Another 8.8% of the records reported only
either the BW or the GA, but these data were included to
calculate, respectively, the mean BW and the proportion of
LBW babies, and the proportion of pre-term babies. This
percentage of incomplete, missing, or wrong data has kept
substantially stable over the last 13 years in our neonatal
screening program. Other authors reported similar figures
with regard to anthropometric data coming from neonatal
population datasets.24,25

One possible limit of the present study lies in the
number of newborns with CF observed. Although the
differences observed are statistically significant, and we have
considered an entire cohort of babies with CF born in a given
area, and in a specific period, the small number of infants with
CF may reduce the meaning of our findings. It is hoped that
multicenter studies involving a larger number of newborn
babies will be carried out.

In conclusion, our study confirms a link between CF and
reduced BW and shows, for the first time, a greater risk for
babies with CF of being born pre-term. Further studies are
necessary to explain the mechanisms that cause the phenom-
ena observed.
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SEX DIFFERENCES IN HABITUAL PHYSICAL ACTIVITY AND LUNG

FUNCTION DECLINE IN CHILDREN WITH CYSTIC FIBROSIS

J. SCHNEIDERMAN-WALKER, MSC, D. L. WILKES, MSC, L. STRUG, PHD, L. C. LANDS, MDCM, PHD, S. L. POLLOCK, MSC, MD,
H. C. SELVADURAI, MD, PHD, J. HAY, PHD, A. L. COATES, BENG, MDCM, AND M. COREY, PHD

Objectives To evaluate the feasibility of measuring habitual physical activity (HPA) in children with cystic fibrosis (CF) and

to assess the relation between HPA and the rate of decline in FEV1 over a period of 2 years.

Study design At regular clinic visits, 109 patients (7 to 17 years; 56 girls) performed pulmonary function testing and

completed the Habitual Activity Estimation Scale (HAES). Patients were divided into quartiles, based on activity levels derived

from the HAES.

Results Girls in the two lowest activity quartiles had a more rapid rate of decline FEV1 (23.40% and 23.05% predicted,

respectively) than girls in the two highest activity quartiles (20.93% and +1.17% predicted, respectively) (P = .02). In boys,

the rate of decline of FEV1 was similar in all activity quartiles (21.95% predicted). Patients reported significantly more

activity in summer compared with spring, winter, and fall (P < .0001), and boys reported greater activity than girls (6.5 ± 2.9 vs

5.4 ± 2.5 h/d, P < .05).

Conclusions The annual rate of change of FEV1 was related to activity quartile in girls but not in boys. This research

suggests that an inactive lifestyle may partially explain the poorer survival of female patients with CF. The HAES is a feasible tool

for routine follow-up of HPA in our CF clinic. (J Pediatr 2005;147:321-6)

It is widely accepted that forced expiratory volume in one second (FEV1) is the best
predictor of survival in cystic fibrosis (CF).1,2 As a result, preserving lung function for as
long as possible is central to the management of CF in both treatment and research.

Patients with CF are encouraged to be physically active to help mobilize mucous secretions
and enhance breathing capacity; short-term exercise intervention studies have documented
benefits from training.3-5 Results of a 3-year, randomized, controlled trial to evaluate the
effect of a home exercise training regimen on rate of pulmonary function decline suggested
a slower rate of decline in the exercise group compared with the control group.6 Although
this training program was successful within the controlled conditions of a research study,
the resources required to routinely administer such a program are probably not feasible in
most CF clinics. Instead, we shifted our focus to habitual physical activity (HPA) as it is
reflective of the level of activity incorporated into daily life and reasoned that benefits of an
altered HPA level would be more feasible to maintain once an intervention was
completed.7

Methods of monitoring HPA in children have included motion-sensing devices
(accelerometers,8,9 pedometers10), videotape,11 activity diaries,12,13 and questionnaires.14,15

Although several studies have quantified HPA in children with CF,14-16 the relation of
HPA with lung function over time has not been investigated.

The Habitual Activity Estimation Scale (HAES) was developed to measure HPA in
children with chronic disorders, following a recognized need for a clinically feasible tool to
quantify usual physical activity.17 The HAES has been previously validated against an

AD Activity diary
CF Cystic fibrosis
HAES Habitual Activity Estimation Scale
HPA Habitual physical activity

HSC Hospital for Sick Children
MCH Montreal Children’s Hospital
WD Weekday
TA Total activity
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accelerometer in fourth (9 years) and seventh (12 years)
graders18 and successfully used as a measurement tool in both
chronically ill and healthy populations.14,19-22 A high com-
pliance rate was demonstrated for the HAES in a pilot study
conducted at the Hospital for Sick Children (HSC) CF clinic
over a 4-month period.23

The activity diary (AD) is complementary to the HAES
in that it provides additional information on type of activity.
Originally designed to estimate energy expenditure and
validated in 15-year-olds against doubly labeled water,12 the
AD has since been modified and used to measure HPA in 10-
to 50-year-olds.13,24

The purposes of this investigation were (1) to evaluate
the relation between HPA and the rate of decline in pulmo-
nary function as measured by FEV1 over a 2-year period
and (2) to assess the feasibility of routinely measuring HPA in
children with CF.

METHODS

Subject Selection

Patients 7 to 17 years of age who had reported
participating in their ‘‘typical habitual’’ activity during the
past week were recruited from the HSC and Montreal
Children’s Hospital (MCH) CF clinics. Children arriving at
the clinic unwell, displaying symptoms such as an increased
cough, purulent sputum, malaise, fever, and/or inability to
participate in regular habitual physical activity, were recruited
at a later visit. The Research Ethics Boards of HSC andMCH
approved the study protocol, and written informed consent
was obtained from all participants.

Data Collection

Data were scheduled for collection for all study patients
at each quarterly clinic visit over the 2-year period. If a patient
was not well enough to participate in their regular habitual
physical activity, their data collection was postponed until the
visit that HPA had resumed. As a result, the number of data
points ranged from 4 to 8 and varied between patients for the
study period.

Anthropometric Measures

Height (standard stadiometer with heel plate) and
weight (SR Instruments; model 555, Tonawanda, NY) were
measured, and percentage of ideal weight for height was
calculated according to CDC 2000 standards.25 Skinfold
thickness was measured at the biceps, triceps, subscapular, and
suprailiac areas, using Harpenden skinfold calipers. Lean body
mass (LBM) and percent fat were then calculated according to
Durnin and Rahaman.26

Pulmonary Function Testing

Full spirometry was done, and FEV1 (SensorMedics
VMax20 Pulmonary Spirometry Instrument, Yorba Linda, CA)
was determined according to standard spirometric techni-
ques.27 Values were expressed as a percentage of predicted
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value for height and sex, based on previously developed
standards,28 which have recently been shown to be indistin-
guishable from more recent data sets generated elsewhere.29

HAES Questionnaire

At each quarterly clinic visit, study patients completed
the HAES questionnaire for a typical weekday (Tuesday,
Wednesday, or Thursday) and Saturday of the previous week.
Parents or research study staff aided patients younger than 12
years in completing the HAES (if needed). Percentage of time
awake was documented in each of 4 activity categories: inactive
(lying down), somewhat inactive (SI, sitting down), somewhat
active (SA, walking), and very active (VA, those activities that
make the subject ‘‘breathe hard and sweat’’). The use of wake-
up and bedtimes as well as meal times and durations allowed
the calculation of the total number of hours per day spent in
each of the 4 activity categories. Total activity (TA) was
calculated as SA 1 VA for each day. In addition, data were
categorized by season, according to calendar date.

Activity Diary

Patients were sent home from the clinic with a 3-day
(2 weekdays, 1 Saturday) AD13 approximately once every 6
months, the timing of which was adjusted to capture 1 AD per
season for each patient, over the study period. Type and
intensity of activity were recorded every 15 minutes on a scale
ranging from 1 (lying down) through 9 (maximal intensity
activity), for the three 24-hour periods. Activity levels of the
two weekdays were averaged per category to create one
weekday score and were reported along with the one Saturday
score. Moderate (Mod) activity was calculated as hours per day
spent in intensity categories 4 to 5 (low to moderate intensity)
and vigorous (Vig) activity calculated from intensity categories
6 to 9 (vigorous to maximal intensity). TA was calculated as
the sum of moderate and vigorous activity (Mod 1 Vig).
Patients were instructed to return the AD by mail.

Aerobic Cycle Ergometer Test

Patients were scheduled to perform an annual maximal
incremental cycling test on an electrically braked cycle
ergometer (Rodby Electronik AB, Enhorna, Sweden). One-
minute work increments were chosen according to sex, height,
and physical activity level.30 Oxygen consumption, carbon
dioxide production, tidal volume, and respiratory exchange
ratio were measured continuously on-line through an auto-
mated exercise-testing program developed for use at HSC and
MCH, as previously reported.6 Due to limited follow-up, only
initial exercise test results are included in this report.

Data Analysis

FEV1. Mixed model regression analysis (Laird and Ware,
1982) was used (Splus Insightful Corp, 2000) to evaluate the
effect of activity level on the rate of decline in FEV1. The
importance of activity level and sex and the most suitable
covariance structure were determined through Likelihood
Ratio Testing of nested models.
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Habitual Activity Estimation Scale

Linear regression was used to calculate the individual
rate of change of TA over the course of the study. t tests
illustrated that TA levels remained constant for that period;
therefore the averaged value of TA was used in subsequent
analysis. A categorical variable, Q, was computed for TA,
based on quartiles of the average TA values of male and female
subjects combined. Q1 represents the 25% of patients with the
lowest TA values, and Q4 represents the 25% with the highest.

Correlation analysis was used to assess the relation of
average TA and exercise testing variables, peakVO2 and peak
work rate (percent predicted). Mixed model analysis of
variance was used to compare activity levels in four seasons.
For all analyses, a nominal level of P < .05 was taken to indicate
statistical significance.

RESULTS
Of the 153 eligible children from the HSC and MCH

CF clinics who were approached to participate in the study,
116 agreed to participate (n = 103 HSC; n = 13 MCH).
Reasons for nonparticipation included enrollment in other
studies, irregularity of visits to the clinic, inadequate cognitive
function, or lack of interest.

Since mean values and frequencies of baseline character-
istics such as sex, initial FEV1, and age were found to be
comparable in the two centers, all analyses are reported for the
combined cohort. Of those recruited, 5 patients chose not to
continue after 1 or 2 visits, and 2 transitioned to the adult
clinic before 4 visits. The data presented here are for 109
patients (56 girls) who have a minimum of four study visits.

Table I. Baseline description of 109 patients

Characteristic
Girls
n = 56

Boys
n = 53

Age (y) 12.2 ± 2.9 12.4 ± 2.7
Height (cm) 146 ± 13.2 149 ± 15.6
Height z-score 20.43 ± 0.98 20.52 ± 0.95
Weight (kg) 40.3 ± 12.1 40.4 ± 13.6
Weight z-score 20.29 ± 1.09 20.52 ± 1.01
Body mass index z-score 20.08 ± 0.91 20.33 ± 0.83
Percent fat (%) 23.4 ± 4.0 20.0 ± 5.6*

Lean body mass (kg) 30.6 ± 7.5 33.7 ± 11.4
Percentage of ideal weight
for height (%)

103 ± 14.0 100 ± 10.1

FEV1 (% predicted) 83.9 ± 18.0 83.9 ± 16.6
Average total activity
(weekday; h/d)

5.4 ± 2.5 6.5 ± 2.9*

Average very active
(weekday; h/d)

2.1 ± 2.0 2.8 ± 2.3

VO2peak (mL/kg per min) 37.1 ± 6.5a 43.3 ± 6.9b

Work rate max (% predicted) 86 ± 16 82 ± 16

Values are mean ± SD.
*P < .05.
an = 46.
bn = 48.
Sex Differences In Habitual Physical Activity And Lung Function Decline
In Children With Cystic Fibrosis
After 2 years of follow-up, 68 patients completed 8 study
visits, 9 patients transferred to other CF clinics, and the
remaining 32 have a reduced number of visits due to illness.

Baseline characteristics of the study patients appear in
Table I. The boys and girls were comparable in age, growth
parameters, and lung function. Average weekday total activity
was higher for male subjects. Genetically, 50% of study
participants were homozygous for DF508, 41% were hetero-
zygous for DF508, and 9% were other genotypes. Four of 109
patients (3.6%) were positive for Burkholderia cepacia in their
sputum. Five of 109 patients (4.5%) were pancreatic sufficient.
There were no significant differences between the 37 patients
who declined participation and those recruited into the study
with respect to any of the above parameters (data not shown).

Habitual Physical Activity

All study patients who arrived at the clinic for their
regularly scheduled visit completed the HAES. Although
weekend and weekday scores were similar, weekend measure-
ments exhibited much greater variability and thus were not
used in the HPA measurement for each patient. Twenty-four
(12 boys and 12 girls) were under the age of 12 years and
received varying degrees of help to complete the questionnaire.
Preliminary analysis revealed that although there was a
tendency for the boys’ reported WDTA hours to slightly
decline over the course of the study period, this was entirely
due to somewhat higher reported values on the first visit.
Therefore, the average WDTA for each subject was used as
the measure of HPA in all analyses. Table II describes the
breakdown of WDTA into quartiles and the number of boys
and girls in each.

Seasonal averages (±SD) of WDTA were 7.13 (±3.2),
4.53 (±2.7), 4.86 (±2.6), and 4.81 (±2.4) hours per day for
summer, fall, winter, and spring, respectively (P < .0001) in the
first year. There was no difference in weekday very active
(WDVA) across seasons (average range, 1.8 to 2.5 h/d; SD
range, ±1.4 to 2.3).

FEV1 and Habitual Physical Activity

The average rate of decline in FEV1 was 21.77% ±
5.37% predicted per year and was similar for male and female
subjects. Activity quartile rather than average activity hours
resulted in the strongest association with FEV1 and was
significantly dependent on sex (P = .02). Because of this
significant interaction of sex and activity in the model of FEV1

over time, separate models were estimated for male and female
subjects, as illustrated in Table III. WDTA quartiles were

Table II. Activity quartile distribution

Quartile WDTA (h/d) Boys (n) Girls (n)

1 ,3.7 8 20
2 3.8 to 4.8 17 10
3 4.9 to 6.1 16 11
4 .6.2 12 15
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significantly related to rate of decline in FEV1 in girls
(P = .02) but not in boys (P = .86). The covariance structure
for the random coefficients (slope and intercept) was explored
in all models to determine the most suitable model
assumptions. In the final model, which included activity
category, likelihood ratio testing indicated that for both boys
and girls, individual subjects’ slope and intercept were
uncorrelated; in other words, a subject’s pulmonary function
at the beginning of the study period was not associated with
his or her rate of decline (P = .3 and P = .9 for boys and girls,
respectively). In girls, an assumption of different variances
within each activity quartile was better than a common
variance assumption (P = .03), reflecting less variability of
FEV1 in the highest activity quartile than in the other
quartiles.

Estimated mean rates of decline in FEV1 for girls in the
lowest two activity quartiles (Q1, Q2) were steeper than those
in Q3. Girls in the highest activity quartile, Q4, had a positive
rate of change of FEV1. Girls in Q1 and Q2 also had lower
intercepts representing lower mean initial FEV1 than those in
Q3 andQ4. Unlike the girls, the mixed-model estimates of the
intercepts and slopes for boys were constant across WDTA
quartiles. When analysis was repeated by using sex-specific
activity quartiles, the same trends were seen.

Activity Diary

The total return rate for all diaries throughout the study
was 56%. The return rate of first diary, on enrollment in the
study, was 81%. As in the HAES, reported weekday and
weekend scores were similar, but weekday scores were used in
all analyses because of greater variability of weekend scores.

The most commonly reported types of activities were
walking and unstructured play in the moderate and vigorous
categories, respectively, regardless of season. Types of activ-
ities were similar for male and female subjects. From the AD,
children reported average WDTA (h/d, ±SD) of 5.30 (±2.36),
3.10 (±1.71), 2.79 (±1.48), and 3.67 (±1.50) in the summer,
fall, winter, and spring, respectively. There was a significant
correlation between the AD andHAES for total activity in the
summer only (r = 0.62, P < .002).

Exercise Testing

During the 2-year time frame of this study, we were able
to collect one complete set of exercise test results. WDTA was

Table III. Mixed-model estimates of slope and
intercept of rates of decline in FEV1 by quartile

Model group Intercept (FEV1 initial) Slope

Girls Q1 79.9 ± 3.96 23.40 ± 1.20
Girls Q2 77.7 ± 5.65 23.05 ± 1.75
Girls Q3 91.4 ± 5.33 20.93 ± 1.54
Girls Q4 89.7 ± 4.52 1.17 ± 1.27

Boys 84.8 ± 2.16 21.95 ± 0.71

Values are mean ± SEM.
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correlated only with peak VO2 (r = 0.24, P = .02). Activity
data was not related to any other exercise variable.

DISCUSSION
This longitudinal study investigated the relation be-

tween habitual activity and lung function decline in children
with CF. Mixed-model regression analysis showed that the
rate of decline of FEV1 was related to the level of habitual
physical activity in girls but not in boys. Female subjects in the
lower two activity quartiles (Q1, Q2) were characterized by
much steeper rates of decline than those in Q3 and Q4. This
relation of FEV1 and activity quartile persisted even when the
quartiles were created separately for boys and girls, giving
equal numbers in each sex-specific quartile. The overall mean
rate of decline of FEV1 was21.77% predicted per year, similar
in boys and girls and similar to that reported previously.28 The
association of lower initial FEV1 with lower activity in girls
but not boys suggests that previous decline in girls may have
led to or may be the result of lower activity, but boys are more
likely to maintain their activity level regardless of their
declining health.

Of the 56 girls in the study, 30 (53%) were in Q1 and
Q2, the activity quartiles with the steepest rates of decline of
FEV1. The finding of a larger percentage of girls in the lowest
quartile and their lower average hours per day of total activity
than boys is consistent with comparisons of healthy girls’ and
boys’ activity levels by others.31,32 However, it may be that the
consequence of lower or decreasing activity among girls with
CF is more dramatic than in their non-CF peers. In CF, an
FEV1 value <30% predicted has been shown to be a grave
indicator of the risk of death within the next 2 years.2

Therefore, a more rapid rate of decline of FEV1 may result in
an FEV1 <30% predicted sooner than a slower rate of decline.
The challenge is to see if increasing the levels of activity of
young female subjects may retard the rate of decline in FEV1

and improve the poorer survival data seen in adolescent and
young female adults compared with young male adults.

There were not sufficient numbers in the specific age
groups for us to distinguish changes in activity related to
puberty or the transfer from primary to high school. Con-
tinuing follow-up will provide the data to answer these impor-
tant questions and support targeted intervention strategies.

In healthy populations, parents and teachers have
lower physical activity expectations for girls than for boys
and, as a result, girls with CFmay well have even lower activity
expectations.33 This might result in an acceptance of a
physically inactive lifestyle with less promotion of physical
activity for girls. Boys, on the other hand, as recipients of
higher physical activity expectations by parents, teachers, and
peers, may have a greater promotion of physical activity.33

A typical breakdown of reported total activity was 30 to
60 minutes of gym class, 30 to 45 minutes of vigorous activity
at recess, and 60 minutes of vigorous extracurricular activ-
ity. The remainder of TA was composed of somewhat active,
low-intensity exercise (SA). In summer, mean total activity
increased from approximately 5 to 7 h/d, whereas vigorous
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activity remained unchanged. This suggests that the time
spent sitting in the classroom was substituted by increased
time spent in low-intensity activities. Since activity levels for
children were higher in summertime, the other three seasons
may represent target areas for future strategies to promote
physical activity to those in the lower activity quartiles.

ChildrenwithCFhave been reported to have a lower15 or
similar14 level of activity compared with healthy children.
Comparison of the current data to children with CF and
healthy children may be difficult if the season of data collection
is not reported. Boucher et al14 reported TA in boys and girls as
8.7 h/d and 7.9 h/d, respectively, which were subsequently
confirmed to be summer values (Dr. Larry Lands, July 2004,
Montreal Children’s Hospital). Currently reported WDTA
values for summer (7.13 h/d) and spring (4.8 h/d) are also
similar to values reported in the pilot work of Pollock et al.23

We determined that the HAES is a clinically feasible
tool to quantify HPA in children with CF. The HAES had
a 100% completion rate, required 10 minutes to complete
(with assistance from parent if necessary), and could be done
while waiting for clinical appointments. This questionnaire
could easily be implemented into the regular follow-up of
patients with CF.

The overall return rate of 56% for the AD was poor
compared with the 100% completion of the HAES and
therefore limits our ability to study the true relation between
these two instruments. Patients reported some ADs lost, a
reluctance to fill out forms when at home, and a greater time
and inconvenience to complete than the HAES. Similar to
the HAES, the AD was able to capture an increase in TA
in the summer. WDTA (HAES) was correlated to WDTA
(AD) only in the summer. This may reflect a greater ease of
completion of the AD when unburdened by daily demands of
school routines in addition to their disease.

As reported by others10,11,34 the lack of significant
correlation (except summer) between the HAES and AD
suggests that these two instruments are capturing different
aspects of HPA. Whereas self-report measures clearly have
their limitations, motion sensors, widely considered by some
to be the criterion reference for quantifying habitual activity,
also have shortcomings,35 especially for the unstructured play
of children. The advantage of the HAES is that it is a feasible
instrument for use in a clinical setting as it captures data at a
defined point in time.

The most commonly reported activities in this popula-
tion were walking and unstructured play. Others have found
a decreased involvement of children with CF in vigorous
activity compared with their healthy peers.36 It is possible
that given the daily treatment demands imposed on the family
of the child with CF, the burden of disease may simply limit
the degree of involvement in structured activities compared
with families without CF.

WDTA was related to initial VO2peak only and no
other exercise variables in our study. Comparisons of WDTA
and changes in exercise variables over time will be possible
with more exercise testing in a longer follow-up, allowing us to
determine how these measures are related to HPA.
Sex Differences In Habitual Physical Activity And Lung Function Decline
In Children With Cystic Fibrosis
Other benefits of regular habitual activity for children
with CF may include improved muscle function, improved
mucus clearance, and improved potential difference, possibly
leading to better mucus hydration.37 A continued follow-up of
this cohort of patients with CF will allow us to address the
‘‘chicken and egg’’ question of which comes first: the decline of
FEV1, changes in habitual activity patterns, or exercise
capacity.36 Our findings support use of the HAES as a feasible
tool to collect habitual activity data on children with CF in a
clinical setting. Low activity in girls with CF was associated
with steeper rates of decline in their FEV1 over the 2-year study
period. Longitudinal follow upwill reveal whethermaintaining
or increasing high levels of habitual physical activity can
influence the rate of lung function decline. Results from the
AD data will be used in future modification of the HAES to
capture additional information on types of activity, to deter-
mine which may be most beneficial to patients with CF.
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MILD TO MODERATE CYSTIC FIBROSIS IS NOT ASSOCIATED WITH

INCREASED FRACTURE RISK IN CHILDREN AND ADOLESCENTS

ALISHA J. ROVNER, BA, BABETTE S. ZEMEL, PHD, MARY B. LEONARD, MD, MSCE, JOAN I. SCHALL, PHD, AND VIRGINIA A. STALLINGS, MD

Objectives To determine whether children and adolescents with cystic fibrosis (CF), pancreatic insufficiency (PI), and

mild-to-moderate lung disease have an increased risk of fracture compared with concurrent healthy control subjects.

Study design A lifetime fracture history questionnaire was administered to 186 subjects (ages 6 to 25 years) with CF, PI

and mild-to-moderate lung disease and 427 healthy white control subjects (ages 4 to 25 years).

Results A fracture was reported by 24% of subjects with CF and 23% of healthy control subjects. Average age of first fracture

was similar between the groups (8.3 years for subjects and 8.8 years for controls). The radius/ulna was the most common

fracture site in both groups. Risk of fracture, adjusted for sex and age, was not greater in the CF group compared with the

control group (hazard ratio: 0.96, 95% CI: 0.68, 1.30, P = .82).

Conclusion Children and adolescents with CF, PI, and mild-to-moderate lung disease were not at an increased risk of

fracture. (J Pediatr 2005;147:327-31)

Improved medical and nutritional therapy has increased the median life expectancy of
individuals with cystic fibrosis (CF) to 33 years in the United States.1 Increased survival
has been accompanied by previously uncommon complications including diabetes,2,3

liver disease,4 and osteopenia and osteoporosis.5

Individuals with CF and pancreatic insufficiency (PI) have several risk factors for low
bone mass, including poor growth, delayed puberty, malabsorption of calcium and vitamin
D, decreased weight-bearing physical activity, and use of corticosteroid medications. In
1979, Mischler et al6 described low bone mass in 27 children and young adults with CF.
Since this observation, investigators have examined bone mineral content (BMC) and bone
mineral density (BMD) in children and adults with CF, reporting conflicting results.7-13

The variability in study results is likely due to differences in measurement techniques,
illness severity, sample size, sampling strategy, reference data,14 and varied strategies to
adjust for impaired growth and delayed maturation. Thus the nature and magnitude of
bone mineral deficits in children with CF remains to be determined.

The clinical significance of low BMD and BMC during childhood is failing to attain
optimal peak bone mass and having an increased risk of sustaining a fracture. There have
been case reports of fracture in both children15,16 and adults with CF.17,18 Two studies have
suggested that people with CF may be at increased risk of fracture.19,20 Both compared
fracture rates of subjects with CF to historical control data from the National Center for
Health Statistics National Health Interview Survey (NHIS), a 1970–1977 nationwide
survey of the noninstitutionalized population conducted by household interview.21

Fracture rates in healthy children vary according to age and sex, and by geographic
location and time period22,23; therefore concurrent control fracture data are preferable for
assessing fracture risk in a population. The purpose of this study was to estimate fracture
rates and risk of fracture in children and adolescents with CF, PI, and mild-to-moderate
lung disease, compared with a concurrent, sample of healthy control subjects.

BMI Body mass index
BMC Bone mineral content
BMD Bone mineral density
CF Cystic fibrosis

FEV1 Forced expiratory volume in 1 second
NHIS National Health Interview Survey
PI Pancreatic insufficiency
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METHODS

Subjects

Subjects with CF aged 6 to 25 years were recruited from
14 CF centers throughout the eastern United States to
participate in 1 of 2 studies of growth and bone health in
people with CF. Inclusion criteria were diagnosis of CF by
clinical signs, sweat test >60 mEq/L or genotype analysis,
and PI. Exclusion criteria were: Forced expiratory volume
in 1 second (FEV1) < 40% predicted, CF-related diabetes
(CFRD), pulmonary colonization with Burkholderia cepacia, or
any other medical illness (independent of CF) known to affect
growth or bone health.

Healthy subjects (n = 538) aged 4 to 25 years were
recruited from the greater Philadelphia area using several
recruitment strategies. These included newspaper ads, re-
cruitment from primary care pediatrics and adolescent
practices throughout Pennsylvania, Deleware, and New
Jersey affiliated with The Children’s Hospital of Philadel-
phia, and flyers distributed throughout the Home and School
Associations in schools in Pennsylvania and New Jersey.
These subjects volunteered for a study to develop a contem-
porary reference data set for growth, body composition, and
bone measurements. Exclusion criteria were any disease or
medication known to affect growth, nutritional status, or
bone health. In this sample of healthy children there was an
ethnic distribution (white and black) that was similar to that
reported in the US census. Also, there was a similar
prevalence of obesity in this sample compared with children
in the US. For the purposes of this study, control subjects
were restricted to the 427 white subjects since 97% of the
enrolled subjects with CF were white, and this was repre-
sentative of the US CF population.1 The Institutional
Review Board at The Children’s Hospital of Philadelphia
and all other participating institutions approved the protocol.
Informed consent was obtained from the parent or guardian
of each subject, and assent was obtained from children over
7 years of age.

Table I. Characteristics of subjects with CF
and healthy control subjects

Subjects
with CF

Healthy control
subjects P value

N 186 427
Age, years 12.4 ± 4.1 11.4 ± 3.9 .007
Sex 93 males, 50% 193 males, 45% NS
Height for age
z-score

20.6 ± 1.0 0.2 ± 0.9 ,.01

Weight for age
z-score

20.5 ± 1.1 0.3 ± 0.9 ,.01

BMI z-score 20.3 ± 1.0 0.2 ± 0.9 ,.01
FEV1, %predicted 85 ± 17%
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Fracture History Questionnaire

A lifetime fracture history questionnaire was adminis-
tered to subjects (when age appropriate) and their parents by a
trained member of the research team. Subjects or their parents
were asked whether they had sustained any fractures in their
life, the skeletal site, date of the fracture, and the treatment.

Anthropometry

Body weight was measured with an electronic scale
(Scaltronix Inc., Wheaton, Ill) accurate to 0.1 kg, and standing
height with a stadiometer (Holtain, Crymych, England) by
standard research techniques accurate to 0.1 cm.24 Age- and
sex-specific weight, height and body mass index (weight/
height2) (BMI) z-scores were calculated by using year 2000
growth data from the National Center for Health Statistics,
Center for Disease Control.25

Pulmonary Function

Pulmonary disease was evaluated in subjects with CF
by standard pulmonary function methods. Forced expiratory
volume in 1 second (FEV1) was compared with reference
values and reported as the percentage of the predicted value
(FEV1 % predicted).26

Statistical Analyses

Means and standard deviations were used to summarize
continuous variables, and proportions for categorical variables.
Subjects with CF and control subjects were compared using
t tests and x2 tests, as appropriate. Fracture incidence rates
(events/person-years of life) were calculated for all fractures
within group (CF vs control), sex, and age categories. Age
categories representing age at fracture (0 to 4, 5 to 9 and 10 to
14 years) were selected on the basis of a recently published
population-based study of incidence of distal forearm frac-
tures.23 Fracture rates were also calculated using the age
categories from the NHIS because those categories were used
in a previous study of fracture rates in people with CF.19 Initial
analyses compared time to first and time to second fracture.
A Cox proportional hazard regression model with time de-
pendant covariates was used to compare the hazard (or risk) of
fracture in subjects with CF compared with control subjects.27

Time 0 was the date of birth. Among those who did not
experience a fracture, observations were censored at the age
when the questionnaire was administered. A conditional risk
set model was used that took into account time from prior
fracture because a subject could have had more than one
fracture (event), and the order of the fracture was important
(ie, timing of the occurrence of a second fracture could only
occur after a first fracture).28 Data were analyzed with STATA
8.0 (College Station, Texas).

RESULTS
One hundred eight-six subjects with CF and PI (50%

male) and 427 healthy subjects (45% male) participated in
the study (Table I). As a group, the subjects with CF had
The Journal of Pediatrics � September 2005



mild-to-moderate lung disease with a mean FEV1 of 85 ± 17%
(range 47 to 125% predicted FEV1).

Rates and Site of Fracture

Forty-three subjects with CF (24%) had a history of 61
fractures, and 96 control subjects (23%) had a history of 134
fractures. Of the subjects with CF who sustained a first
fracture, 30% sustained a second fracture, and 1% sustained a
third fracture. Of the 96 control subjects who sustained a first
fracture, 30% and 2% sustained second and third fractures,
respectively. The average age of a first fracture was similar
between the 2 groups (8.3 years in subjects with CF vs 8.8
years in control subjects, P = .49). The average age of a second
fracture was 10.1 years in subjects with CF and 10.4 years in
control subjects (P = .77).

The sites of fracture were similar between the subjects
with CF and the control subjects (Figure). The most common
site of fracture for both groups was the radius/ulna (31% in
subjects with CF vs 33% in control subjects). Hand fractures
(including carpal, metacarpal, finger, and thumb) were the
next most common fracture site for both groups.

The rates of fracture were stratified by age and sex
(Table II). Fracture rates were not statistically significantly
different between subjects with CF and control subjects in any
age strata. Fracture rates were calculated by the age categories
that the NHIS used (0 to 5 and 6 to 16 years of age) to
compare with data from fracture data published by Henderson
et al19 (Table III).

Risk of Fracture

A Cox regression model was used to compare the risk of
fracture in the subjects with CF to the control subjects. Factors
that were included in the model were group, age, and sex. The
relative risk of fracture for the CF group after controlling for
covariates was 0.96 (95% CI: 0.68, 1.30, P = .82), indicating
no difference between groups.

Figure. Fracture sites for all fractures in subjects with CF
and healthy control subjects.
Mild To Moderate Cystic Fibrosis Is Not AssociatedWith Increased
Fracture Risk In Children And Adolescents
DISCUSSION
As the life expectancy of people with CF has increased,

so has the concern that this population is at increased risk for
low bone mass and fracture. Mischler et al6 initially described
low bone mass in children and young adults with CF over 20
years ago. Since this initial study, some studies have found
decreased BMD and BMC,7-10 whereas others have not.11-13

Most published studies on bone health in people with CF have
used dual-energy x-ray absorptiometry. There are challenges
in the interpretation of densitometry results in children
because BMC and BMD are strongly influenced by bone
size. Thus BMD may be underestimated in children with
short stature. CF is associated with poor linear growth1;
therefore earlier studies that did not adjust for stature may
have overestimated the magnitude of bone deficits. More
recent studies of people with CF have adjusted for stature29 or
have used bone mineral apparent density, a model that
addresses the problem of bone density being underestimated in
children with smaller bones.10

The concern with low BMD and BMC during child-
hood is failure to attain age-appropriate and then optimal peak
bone mass, which may result in an increased risk of sustaining
a fracture. Two studies have reported fracture rates in children
and adults with CF compared with historical control data from
the 1970 to 1977 NHIS.21 Henderson et al19 examined the
history of fractures in 150 children and young adults with CF
ages 5 to 22 years. The only group that had a fracture rate
higher than the healthy control subjects was the 6- to 16-year-
old females (4.9 vs 3.0 per 100 patient-years). In a study of
fractures in adults with late-stage CF awaiting lung trans-
plantation, significant increases in fracture rates were found
for males ages 25 to 45 years (8.5 vs 2.8 per 100 patient-years)

Table II. Fracture rates per 100 person years

All
fractures

Person
years*

Fractures/100
person yearsy

Birth to 4 years
Male controls 11 962 1.1
Male CF 5 465 1.1
Female Controls 11 1168 0.9
Female CF 2 465 0.4

5 to 9 years
Male Controls 22 685 3.2
Male CF 12 396 3.0
Female Controls 30 895 3.3
Female CF 15 406 3.7

10 to 14 years
Male Controls 19 285 6.7
Male CF 12 148 8.1
Female Controls 28 408 6.9
Female CF 9 129 7.0

*There were too few person years in any age categories above 10-14
to calculate rates.
yThere were no significant differences between patients with CF
and control subjects for any of the age groups.
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and females 17 to 34 years (3.7 vs 1.7).20 This study examined
an older, very ill cohort (mean FEV1%: males 34% and females
33%), so the results are not generalizable to children,
adolescents, and young adults with better pulmonary and
nutritional status. Moreover, both studies used the NHIS
fracture data described above as the comparison group. First,
fracture rates not only vary by age and sex in children, but
secular trends suggest increasing fracture rates in healthy
children.22,23 Therefore the comparison of fracture data from
30 years ago may overstate fracture risk in recent CF subjects.
Also, the incidence of fracture peaks around 15 years of age in
males and 12 years of age in females,30,31 so grouping children
ages 6 to 16 within a single category may mask important
age effects.

Studies of adults with CF awaiting lung transplantation
have uniformly reported osteoporosis and fractures.32-34

People with CF whose lung status requires consideration for
lung transplantation likely have a history of reduced physical
activity, malnutrition, increased inflammatory cytokines, and
glucocorticoid medication use, all of which have a negative
impact on bone health. Several additional studies found a
positive correlation of BMDwith FEV1 and with BMI,20,35-37

suggesting an association between nutritional status and bone
health.

Using a hazard model, our current study did not find an
increased risk of fracture in subjects with CF with mild to
moderate lung disease and PI. These subjects had mild growth
and nutritional status abnormalities and were generally
representative of people with CF in the US.1 In the US,
96% of children and 77% of adults with CF have normal to
moderate lung disease as indicated by FEV1.

1 By design, those
with more advanced lung disease and those with other CF-
related complications, such as CFRD or liver disease, were
excluded. These complications, although quite serious, only
affect a minority of people with CF (CFRD, 12%; and liver
disease, 6%).1

Two strengths of this study were the statistical approach
used to analyze multiple fractures and the use of a contem-
porary control group. Previous studies have collapsed fracture

Table III. Fracture rates per 100 person years
(NHIS age categories)

Present study Henderson study*

Birth to 5 years
Male Controls 1.2 1.7
Male CF 1.2 2.2
Female Controls 0.9 0.8
Female CF 0.4 0.7

6 to 16 years
Male Controls 4.0 4.3
Male CF 3.8 3.8
Female Controls 3.5 3.0
Female CF 4.2 4.3

*Reference 19 (Control data from this study was from the NHIS).
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data into 2 categories: a fracture group and a no-fracture
group.38 This method ignores relevant information such as
time to fracture and the occurrence of multiple fractures. One
approach to analyzing multiple failure data is to examine the
time to first event (fracture), but this also ignores potential
relevant information because it is not uncommon for children
to sustain more than one fracture.39 Therefore we used a Cox
proportional hazard model, which takes into account the time
when an event occurs, rather than simply whether an event
occurs.

A limitation of this study was that the fracture events
were self-reported (subject and parental) and were not
confirmed by radiographs; therefore recall bias was possible.
Studies have been conducted on the validity of self-reports of
fractures in adults, but to our knowledge there are no similar
studies in children. Validity studies in adults showed that self-
report of a distal forearm fracture, which is the most common
site of childhood skeletal injury, is relatively accurate.40,41 In a
study of women (47 to 56 years), sensitivity of self-report of
fracture was 78% for all fractures and 95% for wrist fracture,
and the respective specificities were 96% and 99%. Because
this was retrospective data, we did not have information on
subjects at the time of the fracture such as nutritional status,
Tanner Stage, and use of steroids. Another limitation of
this study is that lifetime patterns of physical activity were
not assessed, so it is not known whether both groups had
comparable exposure to behaviors that put them at risk for
fractures. One possible reason that the risk of fracture was not
greater in the CF group compared with the control subjects is
that people with CF may not engage in as many high-impact
activities as healthy people. Also, in the older male groups,
there was not enough power to detect a different if one actually
existed.

Results from this study suggest that individuals with
CF, mild-to-moderate lung disease and PI up to 16 years of
age do not have increased rates of fractures. Increased risk of
fracture, as previously reported in the literature, is a compli-
cation of CF that likely occurs as the disease manifestations
advance, corticosteroid use increases, and physical activity
decreases. Future studies are needed to identify clinical
characteristics, in addition to having end-stage lung disease
or being a lung transplant recipient, associated with fracture
risk in people with CF. In the absence of these more specific
data, CF care should continue to support bone health
objectives with normal growth and development, weight-
bearing physical activity, and optimal intake of calcium,
vitamin D and vitamin K.
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Hershey Medical Center (Hershey, Pa); Johns Hopkins Children’s
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COMMENTARY

FIRST BACTERIAL INFECTION AS AN ALTERNATIVE CLINICAL END

POINT FOR REGULATORY APPROVAL OF AGENTS TARGETING

THE PRIMARY CYSTIC FIBROSIS DEFECT

DONALD R. VANDEVANTER, PHD

Considerable effort is being expended to discover and develop therapeutic agents capable of correcting or compensating for
(ie to ‘‘cure’’) the primary cystic fibrosis (CF) defect in the lung. Therapeutic strategies include improving the processing
or functioning of mutant cystic fibrosis transmembrane regulator (CFTR) protein,1 up- or down-regulating alternative

ion channels,2 and introducing exogenous DNA sequences capable of producing functional CFTR protein.3

In spite of substantial investment in strategies to mitigate the effects of the primary CF defect, less progress has been made
with respect to methods to adequately demonstrate clinical safety and efficacy of resulting therapies to obtain regulatory approval
for marketing. Ideally, a therapy targeting the primary defect would be administered in infants before significant disease progression.
This simple concept presents a substantial challenge for drug developers because there is no precedent for the development and
regulatory approval of a ‘‘curative’’ therapy in symptom-free people with CF. In 1992 a consensus conference sponsored by the
US Cystic Fibrosis Foundation identified the following end points as appropriate for demonstrating tangible benefit of a new
therapeutic agent in patients: decreased frequency of pulmonary exacerbations, stable or improved pulmonary function, improved
quality of life measures, and for younger patients, improved growth.4

The 2 therapies that have been approved by regulatory agencies for management of CF lung disease, recombinant human
dornase alpha (rhDNase) and tobramycin inhalation solution (TIS), were studied and are now approved for use in people with CF
and some degree of lung disease. Their approval was obtained through demonstration of an improvement in pulmonary function
and a reduction in the incidence of acute exacerbations. Unfortunately, neither lung function benefit nor reduced hospitalization
incidence are very robust clinical end points in individuals with CF who have not experienced a certain amount of pulmonary
disease progression, as studies of rhDNase and TIS in subjects with mild lung disease have both demonstrated.5,6

A study of a curative therapy conducted in subjects under 6 years of age, subjects who are symptom free, or subjects who have
very mild lung disease would require many hundreds of subjects, years of observation, or both to demonstrate statistical
significance if difference in lung function were the clinical end point.7 The risk and expense associated with such a path for
regulatory approval is daunting. Alternatively, if an approval strategy comparable to that of rhDNase or TIS were used for a
curative therapy, clinicians would not be provided with safety or efficacy data for patients early in the disease process. In the
absence of such data, developers would expect a very slow expansion of product use into milder and milder CF disease segments,
and expansion would require significant additional investment of both time and resources for additional clinical trials.8

Given the inadequacy of effect on pulmonary function as an end point for regulatory
approval of a curative CF therapy, an alternative clinical end point more directly related to
the primary CF defect is needed. In addition to being measurable in infants with CF, the
clinical end point should also be methodologically tractable (in that the measure is relatively
unambiguous and reproducible within and between subjects), statistically robust (where
differences in incidence or magnitude of the measure between individuals with and without
CF can be demonstrated using relatively modest sample sizes), clinically valid (in that
clinicians would consider a statistically significant change in the incidence or magnitude of
the measure as clinically meaningful with respect to risk of disease progression), and
mechanistically sound (in that the measured end point can be linked back to the primary
defect). Although CF is a multi-organ disease, a new end point should ideally be linked to
pulmonary disease progression because most therapies in development to target CFTR are
intended for topical delivery to the lung, and loss of lung function is the predominant cause
of death.

CF Cystic fibrosis
HRCT High-resolution computerized tomography
NPD Nasal potential difference

rhDNase Recombinant human deoxyribonuclease
TIS Tobramycin inhalation solution
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Nasal potential difference (NPD) is a relatively nonin-
vasive measure that can be obtained in infants, but that lacks
key features of a viable end point for approval. NPD is directly
linked to ion movement across the epithelium, and a change in
NPD can be used to demonstrate therapeutic mitigation of the
CF defect.3 A variation of NPD has recently been proposed in
which potential differences are measured with a bronchoscope
in the distal airways in young children.9 Unfortunately, the
magnitude to which an individual’s potential difference
deviates from a normal value does not appear to be particularly
predictive of the ultimate severity of their CF lung disease
progression,10 and there is no algorithm for correlating change
in potential difference to change in disease progression.

High-resolution computerized tomography (HRCT)
of the lung can be used to obtain data on lung disease progres-
sion in infants and before significant disease progression.11,12

HRCT has the advantages that it can be performed in younger
subjects and can identify anatomic events that ultimately lead
to loss of pulmonary function, but HRCT does not overcome
a limitation of lung function as an end point: there can be
variability in the measure, and lung disease does not develop
predictably early in the life of an infant with CF. In addition,
there is no data set with which a clinician (or regulator) can
extrapolate from an early change in HRCT global scoring over
time to a risk of CF disease progression or survival, and serial
HRCT in infants is not without risk because of cumulative
radiation exposure.

Risk of early respiratory tract infection by bacterial
pathogens associated with CF has not been explored as an
end point for regulatory approval, but it appears to possess
key attributes of a robust clinical surrogate for CF disease
progression. Respiratory tract infection is readily measurable
by either serum antibody analyses or throat swab cultures.13,14

Infants with CF are prone to opportunistic respiratory tract
infection with pathogens including Staphylococcus aureus,
Pseudomonas aeruginosa, and Stenotrophomonas maltophilia at
dramatically higher incidences than the general population,
with cross-sectional incidences ranging from 20% to 50%
(depending on the pathogen) in infants with CF less than
2 years of age in the US.15 Longitudinal analyses of infant
cohorts have demonstrated respiratory tract infection with
P aeruginosa of about 50% (depending on detection method)
by age 2 years14 and 70%14 to greater than 95%13 by age 3 years.
Respiratory tract P aeruginosa infection in infants is a strong
predictor of subsequent progression of pulmonary dis-
ease,14,16,17 and progression of pulmonary disease is the
primary cause of death in CF.15 Surveillance for respiratory
tract infection is routinely performed by CF clinicians today,
with intervention often after a change in infection status.
A clinical trial end point of reduced incidence of respiratory
tract infection in infants should therefore prove clinically
meaningful to clinicians, provided that the test agent has no
intrinsic antibiotic activity.

Because the incidence of bacterial respiratory tract
infection in infants with CF is fairly high, a statistically
significant treatment effect can be demonstrated with reason-
ably modest sample sizes. Sample sizes required to assure
First Bacterial Infection As An Alternative Clinical End Point For Regulatory
Approval Of Agents Targeting The Primary Cystic Fibrosis Defect
90% power for studies seeking a 50% treatment effect (ie in
which the incidence of infection is reduced 50% over a given
period by treatment) are provided as a function of control
arm infection incidence in the Table. Note that these power
calculations are independent of the bacterial pathogen studied
or the method used to identify infection.

If first bacterial infection is to be used as a study end
point, several methodologic and epidemiologic hurdles
will need to be cleared. Clinical/scientific consensus will
be required regarding which method(s) should be used to
define infection and which particular organism(s) (eg, S aureus,
P aeruginosa, or both?) will be studied. The most simple,
prevalent, and clinically useful detection method in use today,
throat swab culture, may be less reproducible and more prone
to operator error than detection of elevated serum antibacterial
antibody titers by a central laboratory. In contrast, the lack of
standardized reagents, protocols, and definitions of bacterial
infection using antibody analyses has led to contradictory
reports of the incidence and timing of antibody detection in
CF infection. After agreement on a definition and method for
confirming early bacterial infection in CF, fundamental data
will need to be collected on the incidence and rate of bacterial
infections in CF and unaffected pediatric populations (with
attention to the effect of CF patient cohorting on infection
rates) to further validate the end point and allow adequate
powering of pivotal trials.

If a cure for CF is to be approved, all interested parties
(patients, clinicians, sponsors, and regulators) will have to
accept some level of compromise. There is no precedent for
regulatory approval of a CF cure, and clinical end points
used for the approvals of rhDNase and TIS are not well
suited to the task. Effect on incidence of respiratory tract
bacterial infection appears to be both a scientifically valid and
commercially viable efficacy end point, but, regardless of
what end point is eventually agreed on, it is not too early for
clinicians, sponsors, and regulators to begin addressing this
challenge.

I thank Dr Xin Yu of Chiron Corporation for support with statistical
analyses, and Drs Arnold Smith and Michael Konstan for critical
reading of this manuscript.
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A CONTROLLED TRIAL OF A TRAINING COURSE FOR PARENTS OF

CHILDREN WITH SUSPECTED AUTISM SPECTRUM DISORDER

HELEN MCCONACHIE, MA, MPHIL, PHD, VAL RANDLE, BSC, PHD, DONNA HAMMAL, BSC, MSC,
AND ANN LE COUTEUR, BSC, MBBS, FRCPSYCH, FRCPCH

Objective To evaluate a training course for parents, designed to help them understand autism spectrum disorder and to

facilitate social communication with their young child.

Study design Controlled trial for 51 children aged 24 to 48 months, whose parents received either immediate intervention

or delayed access to the course. Outcome was measured 7 months after recruitment in parents’ use of facilitative strategies,

stress, adaptation to the child; and in children’s vocabulary size, behavior problems, and social communication skills.

Results Taking into account scores at recruitment, child’s level of ability, diagnostic grouping, and the interval between

assessments, a significant advantage was found for the intervention group in parents’ observed use of facilitative strategies and in

children’s vocabulary size.

Conclusions The training course is well received by parents and has a measurable effect on both parents’ and children’s

communication skills. (J Pediatr 2005;147:335-40)

R ecent increase in the awareness of autism spectrum disorders (ASD) among the
general public, primary care teams, pediatricians, and other health care professionals
has led to a rise in the numbers of very young children being referred to community

child health and mental health services for assessment, diagnosis, and support.1-3 Epidemi-
ologic studies suggest that the rate of ASD in preschool age children is 6 per 1000.4-6

Much research activity in recent years has been directed toward early identification of
the features that are characteristic of autism to inform the development of appropriate early
intervention strategies.7,8 Joint attention and imitation ability are positively associated with
later development of language and with fewer social communication deficits.9 Problems in
joint attention are likely to make pleasurable interaction difficult for parents to sustain, with
consequent stress and feelings of failure.10 Therefore intervention strategies are required
that aim to improve interaction through alerting parents to ways of facilitating their child’s
shared attention to activities. Such intervention strategies potentially have direct benefits
for children and indirect benefits through changing parents’ knowledge and confidence.11

There is limited research evidence concerning the effectiveness of early intervention
approaches that involve parents. Most researchers have not used randomized group
comparison designs because of the practical and ethical difficulties in randomly assigning
children and families to treatment groups.12-14

The More Than Words program was recently developed by the Hanen Centre in
Canada for families of children with ASD.15 The group training program aims to facilitate
parents’ skills in social interaction with their child and to build successful communication
through enhancing parents’ ability to observe, to engage the child in structured routines
(such as action songs with the child), and to use natural opportunities such as household and
child-care tasks for joint attention during the day. Parent involvement as cotherapists for

ADI-R Autism Diagnostic Interview-Revised
ADOS Autism Diagnostic Observation Schedule
ASD Autism spectrum disorder
BSQ Behavior Screening Questionnaire
CI Confidence interval
JAFA Joy and Fun Assessment

MCDI MacArthur Communicative Development
Inventory

NCA Not core autism
PFQ Parent Feelings Questionnaire
QRS-F Questionnaire on Resources and Stress–Friedrich

short form
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their autistic child, with positive outcomes both for commu-
nication and behavior, has a considerable history16,17 but may
also involve potential risk for parents if the child does not
improve as anticipated.18 An understanding of the coping
strategies of parents of young disabled children suggests that
social support is of high importance,19 and interventions that
involve groups of parents working together have the potential
to lead to parents developing continuing support networks.20,21

Therefore the independent evaluation of parent group training
programs such as More Than Words should incorporate
measurement of outcomes that include specific child behaviors
such as social communication skills, parent-child interaction
strategies, and broader outcomes for parents.14

METHOD

Hypothesis

Parents who attend a More Than Words course will use
more facilitative interaction strategies and be less stressed, and
their children will have better language and communication
skills, and fewer behavior problems, than parents who have not
attended this course.

Design

The study compared the outcomes for parents of
preschool-aged children with suspected ASD who either
started on a 3-month More Than Words course shortly after
recruitment (immediate intervention) or had to wait for a
course because one was not available at the time their child’s
difficulties were identified (delayed control). Thus the design
makes use of a naturally occurring opportunity for controlled
comparison. Outcome measures were taken at recruitment
(time 1) and approximately 7 months later (time 2). (Children
were followed up on 2 further occasions, but this article reports
only the immediate outcomes.)

Participants

Fifty-one preschool-aged children and their parents
were included in the study. Courses offer 2 places for parents,
or 1 parent and another care giver; however, for the research
the main care giver was chosen as the parent to be filmed
interacting with their child (49 mothers, 2 fathers). Inclusion
criteria: child identified by the local community pediatrician or
speech and language therapist as having language delay and
some aspect of concern about social behavior that raised the
suspicion of ASD; aged between 24 and 48 months; parent(s)
agreed to attend a More ThanWords course. A firm diagnosis
was not required, thus allowing the intervention to be offered
as soon as the child’s difficulties were identified. Exclusion
criteria: serious organic medical disorder; about to start an
intensive home program.

Over a 2-year period (1999 to 2001), course leaders in 6
local authorities of the North East of England approached 108
families whose child met the first inclusion criterion and
offered them a place in aMore ThanWords course, along with
support services to increase equity of access to the courses.
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Twenty families turned down the offer. Of the 88 remaining,
32 did not consent to participate in the research, citing reasons
such as not wanting more professionals making home visits,
and too much stress around the time of diagnosis (unpub-
lished). Of the 56 families recruited, 5 children did not have
assessments at Time 2 (2 moved away, 1 started an intensive
intervention, 2 withdrew consent).

Intervention

The format of the More Than Words course is weekly
sessions (total 20 hours) of group instruction and practice of
facilitative strategies, with the aim of increasing fun interac-
tions between parent and child. In addition there are 3 home
visits for individual discussion and feedback. The course
brings together approximately 8 sets of parents/care givers
of preschool-age children who are likely to be experiencing
similar difficulties and who train together as a group. This
provides an opportunity for mutual support and sharing of
information. The course content aims to teach parents to
structure the child’s environment to motivate them to
communicate, to create structured routines with opportunities
for their child to initiate or respond, and to use visual cues to
aid the child’s comprehension (Table I; available online at
www.jpeds.com).

Courses developed by the Hanen Centre for parents of
children with communication difficulties (such as ‘‘It Takes
Two to Talk’’), with adaptations for children with ASD, have
been running in North East England since 1995. Before the
start of the project, the course leaders attended an additional
‘‘More Than Words’’ training course with a Hanen Centre
trainer. Throughout the study the course leaders continued to
meet at 4-month intervals to ensure that a common protocol
for delivery of the courses was maintained. Courses were
offered in each authority at 6- to 9-month intervals.

Child Descriptive Measures (At Time 1)

ABILITY. The Vineland Adaptive Behavior Scales22 is a
parent interview about the child’s abilities in socialization,
communication, daily living skills, and motor skills. The
adaptive behavior composite is a standard score with mean
of 100 (sd 15).

DIAGNOSTIC GROUP. A detailed interview with parents, the
Autism Diagnostic Interview (ADI-R),23 was undertaken at
recruitment. The Autism Diagnostic Observation Schedule
(ADOS)24 was administered to the child. This is a semi-
structured play-based assessment undertaken by a trained
examiner, who presents the child with a series of materials and
play activities, using a variety of social presses, and makes
ratings of the child’s communication, social interaction,
imagination, and repetitive behaviors. Algorithm scores were
calculated for the ADI-R and ADOS and compared with
published cut-offs for Autism (and ASD, ADOS only). A
‘‘best-estimate’’ clinical diagnosis was then agreed on by the
senior authors (HM, ALC), blind to study group allocation,
drawing on all available clinical and research information
including all time 1 research assessments. Several of the
The Journal of Pediatrics � September 2005
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children did not have a confirmed clinical diagnosis at
recruitment, although they had been referred for assessment
for suspected ASD. The children were grouped as ‘‘Autism’’
where they met all criteria for a Diagnostic and Statistical
Manual diagnosis of core autism (29), and ‘‘NCA’’ (not core
autism) where the best-estimate clinical diagnosis included
pervasive developmental disorder not otherwise specified (17)
or other early childhood developmental disorder such as
specific language disorder (5).

Child Outcome Measures (At Time 1 and 2)

VOCABULARY. The MacArthur Communicative Develop-
ment Inventory (MCDI)25 is a checklist of words and phrases,
marked by the parent to indicate which the child understands
and produces. The total speech production score was used.

SOCIAL COMMUNICATION SKILLS. The ADOS was developed
primarily as a diagnostic tool for ASD. However, it has been
used recently as a measure of change with intervention.26,27

The standardized diagnostic algorithm score for reciprocal
social interaction and communication was used in analysis,
with lower scores representing better skills. Interrater relia-
bility for total ADOS item ratings was maintained for the
duration of the study at more than 75% agreement.

BEHAVIOR PROBLEMS. The Behavior Screening Question-
naire (BSQ)28 is a parent interview about 12 areas of
behavioral difficulties in preschool-age children, such as sleep,
activity level, and compliance. The score range is from 0 to 24.

Parent Outcome Measures (At Time 1 and 2)

PARENT’S USE OF FACILITATIVE STRATEGIES. The Joy and Fun
Assessment (JAFA) (unpublished) was created for this study.
It is an observational checklist of the extent to which parents
use the positive strategies taught in the More Than Words
course, rated from a 5-minute video of toy-based interaction
between parent and child. Nine parent strategies are rated: use
of fun words (to attract attention, such as ‘‘wheee!’’), simplified
language (parentese), musicality of speech, fun physical con-
tact, praise, pretend games, smiles and laughter, turn-taking
routines, and imitations and expansions. The total score has a
maximum of 36. Interrater reliability on a 15% sample of tapes
was r = 0.88.

STRESS. The Questionnaire on Resources and Stress
(QRS-F)29 has been used extensively in research on parental
stress in children with disabilities. It measures 4 components
of parental perceptions: parent and family problems, pessi-
mism, child characteristics and physical incapacity. The last
was excluded in this study, as well as 3 items of child char-
acteristics that were inappropriate for the preschool-age
group. The score range for the adapted questionnaire is
0-43, with higher scores representing more stress. The scale
had good internal reliability, with a Cronbach’s alpha of .91.

ADAPTATION TO THE CHILD. The Parent Feelings
Questionnaire (PFQ) is an adaptation of the Judson scale,30
A Controlled Trial Of A Training Course For Parents Of Children
With Suspected Autism Spectrum Disorder
a 22-item, 7-point scale used as an outcome measure in several
studies of families of young children with disabilities.31 For
this study, 8 items were added relevant to parent-child com-
munication, and the salience of diagnosis (eg, ‘‘It’s easy to play
with my child..It’s difficult to play with my child’’). The
total score range is 30-210, with higher scores representing
more adaptation. The scale had good internal reliability with
a Cronbach’s alpha of .88.

Process Measures

ATTENDANCE. The percentage of the group sessions attended
by the primary care giver.

OTHER INTERVENTIONS. At time 2, the parent was asked
about their child’s attendance at mainstream and specialist
educational programs over the preceding months since recruit-
ment. A ‘‘substantial ASD-specific’’ program was defined as
a minimum of 6 hours per week in a class or unit for children
with ASD, or in a specialist school for children with severe
learning disabilities, over the 3 months before time 2.

Procedure

The study was approved by the Northern and Yorkshire
Multi-centre Regional Ethical Committee and all relevant
Local Ethics Committees. Informed consent to take part in
the study was obtained by the course leaders at the time of
offering the More ThanWords course to the parents. Support
with child care and transport was offered to parents in
conjunction with a local voluntary organization.

Children were seen for assessment in their own homes,
with 1 research worker (VR, developmental psychologist)
conducting all but 3 of the ADOS assessments. Before the
ADOS was carried out, parents were provided with a standard
set of toys, including a ball, a tea-set, 2 tambourines, a push-
and-go truck, and a toy typewriter, and asked to play as they
normally would with their child for at least 5 minutes. This
interaction was video-recorded for later rating of parent
strategies (JAFA), conducted by trained psychologists blind to
group allocation or time. The ADOS was also video-recorded
for later rating and reliability checks. Parents were inter-
viewed about adaptive behavior and behavior problems, and
3 questionnaires (MCDI, PFQ and QRS-F) were given to
parents with a stamped addressed envelope for later comple-
tion and return.

The time 2 assessments were conducted approximately
7 months after time 1, 4 months after the end of a course. The
gap between assessments therefore varied where the start dates
of some ‘‘immediate’’ courses were unavoidably delayed.

Analysis

Analysis of covariance was performed to compare time 2
outcome measures between immediate intervention and de-
layed control groups, making adjustment for the time 1 scores
for each outcome measure, the time interval between assess-
ments, the adaptive behavior level and the diagnosis of the
child. The statistical package Stata 8.0was used for the analysis.
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RESULTS
There was no significant difference between the

characteristics of children in the immediate intervention and
the delayed control groups (Table II). However, a greater
proportion of children in the intervention group met criteria
for a diagnosis of core autism. The groups were significantly
different in terms of the interval between assessments.

The parents in the intervention group on average
attended 90.5% of the course sessions. All of the children
had attended some kind of playgroup or educational program
concurrently with the More ThanWords course, varying from
2 hours to 30 hours a week. Seventeen children in the
intervention group and 16 in the delayed control group had
received some specialist provision in the previous 7 months.
However, this amounted to ‘‘substantial ASD-specific’’ pro-
vision for only 8 children in the intervention group and 3 in
the control. Thus use of other services did not differ
significantly between the groups.

Taking into account scores at time 1, child’s level of
adaptive behavior, diagnostic grouping, and the interval
between assessments, a significant difference was found at
time 2 between intervention and control groups in terms of
children’s vocabulary size (MCDI). The autism control group
reported on average 250.3 (95% CI: 292.0, 28.6) words less
than the intervention group (P = .019), and the NCA control
group on average 2114.6 (95% CI: 2160.6, 2 68.6) words
less than the intervention group (P < .001). Children’s
vocabulary progress was not significantly related to having
been in substantial ASD-specific educational provision
(t = 1.273, P = .210) (Table III).

There were no significant group differences found for
the social-communication algorithm score (ADOS) nor for
child behavior problems (BSQ). For the parents, a significant
advantage was found for the intervention group in parents’
use of facilitative strategies (JAFA). The group comparison
for the children with autism shows that the control group
parents had a significantly lower score at time 2 (mean

Table II. Characteristics of the intervention
and control groups

Intervention
(n = 26)

Control
(n = 25)

Number of boys 21 21
Child mean
age in months (SD)

38.12 (6.54) 34.96 (6.68)

Diagnostic group
Autism 17 12
NCA 9 13

Vineland Adaptive
Behavior Scale
composite (SD)

66.42 (11.44) 67.76 (9.81)

Interval between
assessments in
months (SD)

8.65 (1.50) 5.16 (1.31)
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difference 23.6, 95% CI: 27.2, 0, P = .05) than the
intervention group parents; however, the group comparison
was not significant for the parents of children with NCA
(mean difference 1.4, 95% CI:22.5, 5.3, P = .47) (Table IV).
There were no significant differences in the regression model
for parental stress (QRS-F), nor for adaptation (PFQ)
between intervention and controls, for either diagnostic group.

DISCUSSION
This short-term controlled study aimed to determine

effects for parents and for children with ASD of parents’
attendance at a More Than Words course. There were 2 main
study findings. First, parents are able to learn the interaction
strategies that are likely to be facilitative for their children’s
development of communication, particularly the parents of
children with a clear diagnosis of autism. Second, the children
whose parents attended a course had larger reported vocab-
ulary, whatever the child’s diagnostic grouping. Because the
More Than Words course lasted for 3 months, and the time 2
assessment was undertaken around 4 months after the course
ended, it can be suggested that parents’ enhanced strategies
had a positive effect on their children’s development of
vocabulary, although a causal link cannot be proved with the
current study design.

However the study and its findings have some limita-
tions. First, the sample of children and parents involved in the
study is around half of the potential population identified. The
research group is slightly but significantly more economically
advantaged than the ‘‘refusers’’ (unpublished). The extent of
the bias that this might exert on the results is not known,
particularly because intervention studies in autism almost
never describe the socioeconomic characteristics of the pop-
ulation from which their samples are drawn.12,32 Second, the
group allocation was not randomized. The groups did not
differ in parental willingness to take part, because the More
Than Words courses were part of on-going services in the
various authorities, and timing was solely determined by the
availability of the next course. The groups differed signifi-
cantly only in regard to the interval between research
assessments, although the distribution of diagnostic groupings
approached significance. These differences were taken into
account by the regression model used in the statistical analysis;
however, other unknown sources of bias cannot be completely
ruled out. Third, the follow-up time reported in this article is
necessarily short, because the controlled part of the study
design used the natural opportunity of parents having to wait
for a course to begin. Fourth, the delayed control group were
receiving some degree of individual services from their speech
and language therapists while waiting, that is, they were not a
‘‘no intervention’’ control group. This may have reduced the
power of the study to detect differences. However, it is a truer
reflection of ‘‘real life’’ in provision of services and so indicates
the extent of added value of the course.

Finally, the child outcome measure that showed a
significant effect of intervention (MCDI) relies on parental
report. The direct measure of children’s skills (ADOS) did not.
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Table IV. Comparison of time 1 and time 2 parent measures between intervention and control groups

Intervention Control

Autism (n = 17) NCA (n = 9) Autism (n = 12) NCA (n = 13)
Parent Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Interaction JAFA
T1 11.18 (4.30) 10.89 (2.98) 10.83 (3.86) 12.85 (3.91)
T2 13.94 (4.68) 11.11 (3.44) 11.58 (4.54) 13.77 (3.49)

Stress QRS-F
T1 19.53 (9.50) 18.44 (9.88) 19.60 (5.32) 15.08 (8.63)
T2 21.93 (7.58) 16.33 (14.50) 17.30 (7.92) 13.08 (7.72)

Adaptation PFQ
T1 145.00 (20.40) 150.33 (26.06) 134.92 (14.43) 155.39 (28.66)
T2 145.92 (20.69) 161.88 (27.45) 146.36 (18.35) 159.31 (22.36)

Significant difference at time 2 in bold, taking into account time 1 scores.

Table III. Comparison of time 1 and time 2 child measures between intervention and control groups

Intervention Control

Autism n = 17 NCA n = 9 Autism n = 12 NCA n = 13
Child Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Expressive vocabulary MCDI
T1 34.65 (62.74) 188.22 (159.18) 30.75 (54.35) 77.54 (79.22)
T2 72.6 (100.07) 271.38 (148.43) 38.92 (54.89) 131.54 (114.7)

Social-communication ADOS
T1 17.35 (2.45) 4.33 (2.78) 17.17 (3.76) 7.15 (5.24)
T2 14.82 (6.47) 6.00 (3.87) 14.00 (6.45) 7.69 (5.84)

Behavior BSQ
T1 11.59 (4.70) 9.33 (4.21) 12.42 (3.94) 9.31 (3.71)
T2 12.50 (5.05) 8.44 (3.40) 12.92 (4.10) 9.23 (3.98)

Significant difference at time 2 in bold, taking into account time 1 scores.
Although the ADOS was originally designed as a diagnostic
tool, the social-communication algorithm score has been used
to measure change successfully in one study at 12-month
follow-up in children with core autism receiving individual
language-based intervention.27 The children in this study had a
wider range of levels of impairment and a shorter duration of
follow-up. Further detailed analysis being undertaken in this
study indicates that specific groupings of ADOS ratings are
sensitive to change over a longer follow-up time, indicating a
specific positive effect of the intervention on child skills
(unpublished).

The JAFA was developed to be a measure of parents’ use
of facilitative strategies in interaction relevant to the More
Than Words course content but also to other early commu-
nication interventions for parents of young children with
impairments. On average at time 1, parents were equally able
to use fun strategies with their children whatever their severity
of impairment in social communication, yet only the parents
of children with core autism changed significantly by time 2.
Because children in both diagnostic groupings improved in
vocabulary when their parents attended a course, this raises the
A Controlled Trial Of A Training Course For Parents Of Children
With Suspected Autism Spectrum Disorder
possibility that the JAFA is less sensitive to change where
children are more able and more likely to take the initiative
in interaction. This possibility will be clearer in follow-up
analysis of findings for the whole group after intervention.
However, it seems likely that the impact of the course may
indeed be greater for parents of children with core autism,
where the strategies introduced are particularly empowering,
after they have struggled to capture the attention of their child,
have found their child’s self-directed behavior hard to
interpret as communication, and so may have felt unable to
interact or play with their child.

This study adds to the small evidence base concern-
ing useful early interventions for children with ASD.
Nevertheless, future studies need to be multicenter to use
randomized designs, to have greater power, and ideally to
allow comparison between alternative programs for families
and children.13,14 The More Than Words course is well
received by families in terms of consistent attendance, and
their comments when interviewed.33 Nevertheless, it is a
short-term intervention, with a total of 11 group and
individual contacts over 3 months. It did not have a significant
339



effect (either positive or negative) on parental stress or
adaptation to the child and perhaps should not have been
expected to given its brevity and specific focus; children with
ASD pose a range of challenges to their parents. However,
More Than Words does enable parents to build a foundation
of positive communication strategies with their child.

We are very grateful to the parents and children who took part in the
research, and who welcomed us into their homes. The research progress
depended on the dedication and cooperation of the course leaders: Jan
Raine, Alyson Eggett, Val Dean, Lynne Bennett, Beryl Downing,
Marie Sowter, Linda Dixon, Judith Booth, Judy Crow, Diana
Finlay and Bev Wilson. The Hanen Centre (Director: Elaine
Weitzman) gave encouragement for the research. Fern Sussman
conducted the training with the course leaders, and Anne McDade,
UK and Ireland Hanen representative, was an invaluable member of
the project Steering Group. Barry Ingham and Emma Honey did
detailed work on three of the measures.
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VARIABLES ASSOCIATED WITH THE EARLY FAILURE OF NASAL CPAP

IN VERY LOW BIRTH WEIGHT INFANTS

AMER AMMARI, MB, BS, MANDHIR SURI, MD, VLADANA MILISAVLJEVIC, MD, RAKESH SAHNI, MD, DAVID BATEMAN, MD,
ULANA SANOCKA, MD, CARRIE RUZAL-SHAPIRO, MD, JEN-TIEN WUNG, MD, AND RICHARD A. POLIN, MD

Objective To identify risk factors and neonatal outcomes associated with the early failure of ‘‘bubble’’ nasal continuous

positive airway pressure (CPAP) in very low birth weight (VLBW) infants with respiratory distress syndrome (RDS).

Study design Following resuscitation and stabilization at delivery, a cohort of 261 consecutively inborn infants (birth

weight #1250 g) was divided into three groups based on the initial respiratory support modality and outcome at 72 hours of

age: ‘‘ventilator-started’’ group, ‘‘CPAP-failure’’ group, and ‘‘CPAP-success’’ group.

Results CPAP was successful in 76% of infants #1250 g birth weight and 50% of infants #750 g birth weight. In analyses

adjusted for postmenstrual age (PMA) and small for gestational age (SGA), CPAP failure was associated with need for positive

pressure ventilation (PPV) at delivery, alveolar-arterial oxygen tension gradient (A-a DO2) >180 mmHg on the first arterial

blood gas (ABG), and severe RDS on the initial chest x-ray (adjusted odds ratio [95% CI] = 2.37 [1.02, 5.52], 2.91 [1.30,

6.55] and 6.42 [2.75, 15.0], respectively). The positive predictive value of these variables ranged from 43% to 55%. In analyses

adjusted for PMA and severe RDS, rates of mortality and common premature morbidities were higher in the CPAP-failure group

than in the CPAP-success group.

Conclusion Although several variables available near birth were strongly associated with early CPAP failure, they proved

weak predictors of failure. A prospective controlled trial is needed to determine if extremely premature spontaneously breathing

infants are better served by initial management with CPAP or mechanical ventilation. (J Pediatr 2005;147:341-7)

R espiratory distress syndrome (RDS) is an important cause of morbidity and mortality in preterm infants.1-3 Intermittent
positive pressure ventilation (PPV) and prophylactic administration of replacement surfactant are the standard treatments
for infants with moderate or severe disease.3 However, mechanical ventilation is invasive and has the potential to injure

the airways and lung parenchyma. Ventilator-induced lung injury may be associated with alveolar structural damage, pulmonary
edema, inflammation, and fibrosis.4 Avoidance of mechanical ventilation is an effective way to reduce the incidence of chronic
lung injury.

Gentle ventilation strategies have been suggested as a way to improve pulmonary
outcomes for very preterm infants.5-6 Although nasal continuous positive airway pressure
(CPAP) has been associated with a lower incidence of newborn chronic lung disease
(CLD) when used as the initial respiratory support modality in very low birth weight
(VLBW) infants with RDS,1,7 not all extremely premature infants with RDS are
candidates for initial treatment with CPAP, and not all those who are given CPAP
can be successfully managed with this modality. Infants who fail CPAP may suffer the
consequences of delayed surfactant administration and other adverse outcomes that
may be related to early CPAP failure.

We undertook this retrospective analysis of the hospital course of inborn, VLBW
infants#1250 g at our institution to try to answer the following questions: (1) Are there
perinatal/neonatal variables that distinguish infants who are successfully managed with

A-a DO2 Alveolar-arterial oxygen tension gradient
CLD Chronic lung disease
CPAP Continuous positive airway pressure
IVH Intraventricular hemorrhage
PDA Patent ductus arteriosus
PMA Postmenstrual age

PPROM Preterm premature rupture of membranes
PPV Positive pressure ventilation
RDS Respiratory distress syndrome
ROP Retinopathy of prematurity
SGA Small for gestational age
VLBW Very low birth weight
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CPAP from those who fail CPAP? and (2) Can we predict
which infants are likely to fail CPAP?

METHODS AND DESIGN
‘‘Bubble’’ nasal CPAP is routinely used at the Children’s

Hospital of New York, Columbia University as an initial res-
piratory support modality in spontaneously breathing VLBW
infants with RDS. Following resuscitation (if needed) and sta-
bilization at delivery, VLBW infants are immediately carried
to the transitional nursery within the delivery suite, where
CPAP is applied to those with spontaneous respiratory effort
within 5 to 10 minutes of birth.1 The initial respiratory sup-
port modality for infants without spontaneous respiratory
effort, including those who have required prolonged PPV at
birth and those with severe cardiorespiratory instability, is me-
chanical ventilation via an endotracheal tube. Administration
of exogenous surfactant (Survanta�) is not routine with either
modality of ventilatory support. When used as late rescue it is
reserved for infants with endotracheal intubation requiring a
fraction of inspired oxygen (FIO2) >0.60 to maintain arterial
oxygen tension between 50 and 70 mmHg or oxygen satura-
tion between 90% and 95%.

We performed a retrospective analysis of the prenatal
histories, clinical courses, and laboratory data of all inborn ad-
missions to the neonatal intensive care unit between June 1999
and July 2002, to determine which variables might be associ-
ated with failure of bubble nasal CPAP in VLBW infants
#1250 g at birth. Data sources included maternal and infant
medical records, laboratory data, procedure logs, and initial
chest radiographs.

Respiratory Care Groups

Infants were categorized into one of three respiratory
care groups based on the respiratory care modality used
during the first 72 hours of life. Respiratory modalities
used during delivery room resuscitation and stabilization, al-
though noted, were not included in the categorization scheme.
Categorization was as follows: infants were first divided into
two groups, the ‘‘ventilator-started’’ group included infants
whose initial respiratory support modality at birth was endo-
tracheal intubation and mechanical ventilation; the ‘‘CPAP-
started’’ group consisted of infants begun on nasal CPAP
following delivery. This designation was made during stabili-
zation in the transitional nursery and usually (but not always)
corresponded to management within the delivery room.
Infants in the CPAP-started group were subsequently subdi-
vided into a ‘‘CPAP success’’ group that included infants
who were successfully treated with CPAP for at least 72 hours
and a ‘‘CPAP failure’’ group that included those who required
endotracheal intubation for respiratory failure within the
first 72 hours of life. For the purpose of the study, ‘‘failure’’
of CPAP occurred when oxygenation was worsening (FIO2

requirement exceeded 0.6) or ventilation was inadequate
(arterial pH dropped below 7.20 and PaCO2 exceeded
65 mmHg) or infants had frequent episodes of apnea requir-
ing repeated stimulation or bag-and-mask ventilation despite
342 Ammari et al
adequate CPAP delivery and oxygenation during the first
72 hours of life. CPAP failure beyond 72 hours of age is un-
common and rarely related to the initial respiratory disease
or to severe recurrent apnea. Infants failing CPAP received
endotracheal intubation and mechanical ventilation with or
without surfactant.

The maternal variables examined included multiple
birth, pregnancy-induced hypertension, diabetes mellitus, pre-
term premature rupture of membranes (PPROM) >18 hours,
cesarean section, fetal distress, meconium-stained amniotic
fluid, maternal medications (corticosteroids, indomethacin,
magnesium sulfate, antibiotics, and terbutaline), and clinical
chorioamnionitis (defined as the presence of fever with one
or more of the following: maternal leukocytosis >15,000/
mm3, uterine tenderness, fetal tachycardia, or foul-smelling
amniotic fluid).8

Infant variables included birth weight, postmenstrual
age (PMA), presence of small for gestational age (SGA;
weight for PMA below 10th Lubchenko percentile),9 Apgar
scores, delivery room management (PPV via a bag and mask
or via an endotracheal tube), indices of severity of the respira-
tory distress (severity of RDS on the initial chest x-ray, PaO2/
FIO2 ratio, alveolar-arterial oxygen tension gradient [A-a
DO2] at the time of the first arterial blood gas [ABG]), the
duration of oxygen therapy, and neonatal morbidities: pneu-
mothorax, patent ductus arteriosus (PDA; by echocardiogra-
phy), germinal matrix-intraventricular hemorrhage (IVH; by
cranial ultrasonography typically performed at 24-48 hours,
7 days, 3-4 weeks, and 6-8 weeks of age), severe IVH (grades
III-IV), presence of retinopathy of prematurity (ROP; any
grade by 32 weeks PMA with weekly or bi-weekly follow-
up), severe ROP (requiring photocoagulation), necrotizing
enterocolitis (clinical and surgical diagnoses), CLD, moder-
ate-severe CLD, and mortality. For the purposes of these
comparisons, CLD was defined according to the new classifi-
cation, which differentiated three groups of preterm infants
with CLD <32 weeks gestation.10,11 Mild CLD was defined
as the treatment with supplemental oxygen for $28 days but
not at 36 weeks PMA; moderate CLD was defined as treat-
ment with supplemental oxygen for $28 days and treatment
with <30% oxygen at 36 weeks PMA, and severe CLDwas de-
fined as treatment with supplemental oxygen for at least 28
days and treatment with >30% oxygen and/or positive pressure
(PPV or nasal CPAP) at 36 weeks PMA. The severity of RDS
on the initial chest x-ray was graded as mild, moderate, or se-
vere according to standard classification by our pediatric radi-
ologist (CR-S) who was blinded to failure as an outcome.12

Clinical and laboratory data included the ABG and
FiO2 at the time of admission and at the time of CPAP failure.
Only about half of the study infants had umbilical venous cord
gas results available for analysis; results of these did not differ
among groups. Indices of severity of RDS (PaO2/FIO2 ratio,
arterial to alveolar oxygen tension ratio, and A-a DO2) were
calculated at the time of first blood gas. Rates of neonatal mor-
bidities (see above) were calculated only for those infants
whose duration of survival placed them at risk for that partic-
ular morbidity; otherwise the data were treated as missing.
The Journal of Pediatrics � September 2005



Table I. Distribution of infants (n (%)) into respiratory care groups by birth weight

Respiratory care group/Birth
weight (g) [no. of infants]

<500
[14]

500-
599
[23]

600-
699
[42]

700-
799
[31]

800-
899
[34]

900-
999
[25]

1000-
1099
[34]

1100-
1199
[37]

1200-
1250
[21]

#1250
[261]

Ventilator-started (% of total) 7 (50) 9 (39) 5 (12) 6 (19) 3 (9) 1 (4) 0 (0) 1 (3) 0 (0) 32 (12)
CPAP-started (% of total) 7 (50) 14 (61) 37 (88) 25 (81) 31 (91) 24 (96) 34 (100) 36 (97) 21 (100) 229 (88)
CPAP-failure (% of CPAP-started) 3 (43) 8 (57) 21 (57) 8 (32) 5 (16) 3 (13) 4 (12) 2 (6) 1 (5) 55 (24)
CPAP-success (% of CPAP-started) 4 (57) 6 (43) 16 (43) 17 (68) 26 (84) 21 (87) 30 (88) 34 (94) 20 (95) 174 (76)
STATISTICAL ANALYSIS
To characterize the risks for early CPAP failure, three

comparisons were made based on the infant’s initial and even-
tual respiratory care group: ventilator-started versus CPAP-
started; ventilator-started versus CPAP failure; and CPAP
failure versus CPAP success. Because many of the variables
used are not normally distributed, median values and their cor-
responding 95% CI for each group are reported.13 P values for
post hoc comparisons were obtained from individual compar-
isons using Mann-Whitney test. To compensate for multiple
comparison artifacts in post hoc testing, we used a rejection
P value of .019 for the individual comparisons, equivalent to
an overall P value of .05 for the three comparisons being
made for each variable.14

For multivariate analyses of possible associations be-
tween maternal variables and failure we used logistic regres-
sion with CPAP failure as the dichotomous dependent
variable and adjusted for the effects of PMA, infant gender,
and SGA. We also used logistic regression models to control
for PMA, presence of SGA, and presence of severe RDS on
initial chest x-ray to examine possible associations between
mortality and morbidity indicators among the three groups.
Nonsignificant terms were removed sequentially from logistic
models and the results recalculated at each removal.

Prediction of Early CPAP Failure

We used three variables strongly associated with early
CPAP failure (birth weight, PMA, and A-a DO2), available
at birth or immediately thereafter (when early management
might be altered by their results) to construct models that
might predict early CPAP failure. The variables were first di-
chotomized at the intersection point between the sensitivity
and specificity of the test (CPAP failure vs birth weight at
100-g intervals, CPAP failure vs PMA at 1-week intervals,
and CPAP failure vs A-a DO2 at 100-mmHg intervals) yield-
ing cut-points for birth weight (#750 g), PMA (<26 weeks),
and A-a DO2 (>180 mmHg).We assessed the positive predic-
tive value of these variables alone and in combination.

RESULTS

Respiratory Care Groups

Following initial resuscitation and stabilization in the
delivery room and the transitional nursery, 229 (88%) infants
Variables Associated With The Early Failure Of Nasal Cpap In
Very Low Birth Weight Infants
were placed on nasal CPAP (the CPAP-started group) and 32
(12%) infants were started on mechanical ventilation (the ven-
tilator-started group) as initial respiratory support modalities.
Of ventilator-started infants, 29 of 32 (91%) underwent endo-
tracheal intubation in the delivery room; the remaining three
infants underwent endotracheal intubation on admission to
the transitional nursery. Five of 229 (2%) infants in the
CPAP-started group (two CPAP successes and three CPAP
failures), who needed endotracheal intubation and ventilation
during initial resuscitation, had their endotracheal tubes re-
moved on admission to the transitional nursery. Among the
infants in the CPAP-started group, 174 (76%) infants were
successfully treated with CPAP for at least 72 hours (the
CPAP-success group), and 55 (24%) required the placement
of an endotracheal tube for respiratory failure within the first
72 hours of life (the CPAP-failure group).

Maternal Risk Factors

In multivariate analyses controlled for PMA, SGA, and
infant gender, none of the following maternal risk factors was
associated with early CPAP failure: multiple birth, pregnancy-
induced hypertension, diabetes mellitus, PPROM, clinical
chorioamnionitis, cesarean section, fetal distress, meconium-
stained amniotic fluid, and maternal medications (corticoste-
roids, indomethacin, magnesium sulfate, antibiotics, and ter-
butaline). In these analyses both PMA and SGA were
significantly associated with early CPAP failure (adjusted
odds ratio [95% CI] = 0.53 [0.43, 0.65] for every week’s in-
crease in gestational age and 2.77 [1.21, 6.34] when infants
were SGA) and infant gender was not.

Infant Risk Factors and Characteristics

There was no significant difference between the number
of male and female infants in each of the three respiratory
support groups. Table I shows the distribution of infants by
respiratory care groups in 100-g birth weight increments.
Infants <500 g were included in this study (n = 14). Among
infants with birth weight#750 g, 73.9% (68/92) were initially
begun on CPAP and 50% (34/68) failed and required mechan-
ical ventilation. The CPAP success rates for weight groups
751 to 1000 g (n = 77) and 1001 to 1250 g (n = 92) were
80% (56/70) and 92.3% (84/91), respectively. Among infants
$26 weeks PMA, 2.8% (5/174) were initially begun on me-
chanical ventilation and 12.6% (22/169) of those started on
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Table II. Distribution of infants (n (%)) into respiratory care groups by weeks of PMA

Respiratory care
group/PMA (wk)
[no. of infants]

23
[13]

24
[35]

25
[39]

26
[39]

27
[26]

28
[41]

29
[31]

30
[15]

31
[8]

32
[7]

33
[5]

34
[2]

#34
[261]

Ventilator-started
(% of total)

7 (54) 10 (29) 10 (26) 2 (5) 2 (8) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 32 (12)

CPAP-started
(% of total)

6 (46) 25 (71) 29 (74) 37 (95) 24 (92) 40 (100) 31 (100) 15 (100) 8 (100) 7 (100) 5 (100) 2 (100) 229 (88)

CPAP-failure
(% of CPAP-started)

3 (50) 12 (48) 18 (62) 12 (32) 3 (13) 3 (8) 4 (13) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 55 (24)

CPAP-success
(% of CPAP-started)

3 (50) 13 (52) 11 (38) 25 (68) 21 (87) 37 (92) 27 (87) 15 (100) 8 (100) 7 (100) 5 (100) 2 (100) 174 (76)

Table III. Comparison of infant characteristics by respiratory care group (continuous variables)

Median [95% Confidence Interval]* Post hoc comparisons**

Ventilator-
started A

CPAP-
started B1C

CPAP-
failure B

CPAP-
success C A:(B1C) A:B B:C

Gestational age (wk) 24 [23.1, 24.9] 27 [26.2, 27.8] 25 [24.5, 25.5] 28 [27.7, 28.3] ,.001 .004 ,.001
Birth weight (g) 622.5 [457, 692] 900 [843, 957] 669 [610, 727] 973 [907, 1034.7] ,.001 .06 ,.001
Apgar (1 min) 2 [0.4, 3.6] 6 [5.3, 6.7] 6 [5.0, 7.0] 7 [6.0, 8.0] ,.001 ,.001 .002
Apgar (5 min) 7 [6.0, 8.0] 8 [8.0, 8.0] 8 [7.6, 8.4] 8 [8.0, 8.0] ,.001 ,.001 .002

First arterial blood gas values
pH 7.21 [7.17, 7.25] 7.29 [7.27, 7.31] 7.28 [7.26, 7.30] 7.30 [7.28, 7.32] ,.001 ,.001 .20
pCO2 48 [40.9, 55.1] 47 [45.1, 48.9] 49 [46.7, 51.3] 46 [44.0, 47.9] .11 .38 .39
pO2 63.5 [45.3, 78.7] 86 [77.2, 94.8] 87 [62.1, 111.9] 85.5 [75.6, 94.4] ,.001 .005 .08
Base excess (mmol) 27 [28.5, 25.5] 23 [23.6, 22.4] 24 [25.1, 22.9] 23 [23.5, 22.5] ,.001 ,.001 .20
paO2/FIO2 0.75 [0.42, 0.98] 2.25 [2.02, 2.48] 1.76 [1.34, 2.17] 2.45 [2.20, 2.68] ,.001 ,.001 ,.001
A-a DO2 559.5 [492, 627] 154 [133, 176] 235.5 [189, 281] 118 [98, 137] ,.001 ,.001 ,.001

*95% confidence intervals for median obtained using Maritz Jarrett estimate of standard error.
**P values for post hoc comparisons obtained using Mann-Whitney test. Rejection P value of .019, based on studentized critical values
for the three comparisons made for each variable.
CPAP failed. There were no CPAP failures after 29 weeks
gestation (Table II).

Infants who succeeded on CPAP were about 3 weeks
more mature and weighed about 300 g more than those who
failed (Table III). Median 1-minute Apgar scores were signif-
icantly lower in the ventilator-started group than in theCPAP-
started group (2 vs 6) but median 5-minute scores were similar
(7 vs 8). The decision to apply mechanical ventilation (vs start-
ing nasal CPAP) was made during the first several minutes of
life (probably within the first minute) and was based mainly
on the degree of depression of the newborn rather than on
size or maturity. Results of the first ABG, usually performed
within the first hour of life, differed sharply between those
who were initially ventilated and those who were started on
CPAP but not between those who succeeded and those who
failed CPAP. However, the level of respiratory support re-
quired to obtain these gases was not the same: the medians of
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PaO2/FIO2 andA-aDO2 differed significantly in a continuum
between groups.

Ventilator-started infants were about 30 times more
likely to have received positive pressure, via a bag and mask,
at delivery than infants who were started on CPAP (91% vs
24%; OR = 29.9, 95% CI [8.8, 102]). Those who had endotra-
cheal intubation and ventilation at delivery were overwhelm-
ingly more likely to remain in the ventilator-started group
(91% vs 2%, OR = 433, 95% CI [98, 1908]). The proportion
of infants judged to have radiographic evidence of severe
RDS was significantly higher for infants who were ventila-
tor-started than for infants who were CPAP-started (63% vs
25%, OR = 4.9, 95% CI [2.3, 10.7]). Eighty-one percent (47/
58) of cases of severeRDS in theCPAP-started group occurred
among those who ultimately failed CPAP. The mean and me-
dian times to early CPAP failure were 18.4 hours (±SD 14.0
hours) and 16 hours, respectively. The mean and median
The Journal of Pediatrics � September 2005



Table IV. Adjusted odds ratios for mortality and morbidities by respiratory care groups

Ventilator-started: CPAP-failure CPAP-failure: CPAP-success

Outcome factor AOR [95% CI] P value AOR [95% CI] P value

Pneumothorax 2.06 [0.82, 5.15] .06 5.23 [1.60, 17.12] .003
CLD (any severity) 1.83 [0.85, 3.94] .06 2.77 [1.50, 5.11] ,.001
CLD (moderate-severe) 0.83 [0.19, 3.68] .91 2.32 [0.69, 7.83] .09
PDA (Symptomatic) 0.40 [0.22, 0.75] .002 0.95 [0.58, 1.57] .42
PDA (ligation) 0.88 [0.39, 2.01] .38 1.36 [0.71, 2.59] .17
Necrotizing enterocolitis (clinical diagnosis) 0.82 [0.27, 2.47] .36 1.35 [0.53, 3.45] .27
ROP (All grades) 0.78 [0.32, 1.88] .29 1.25 [0.68, 2.32] .24
ROP (photocoagulation) 0.44 [0.10, 1.90] .14 0.96 [0.36, 2.54] .47
IVH (all grades) 1.83 [1.03, 3.47] .03 1.79 [1.03, 3.12] .02
IVH (grade III-IV) 2.71 [1.29, 5.67] ,.001 2.20 [1.03, 4.69] .02
Death 4.50 [2.08, 9.71] ,.001 7.21 [2.55, 20.45] .001

Only survivors to eligibility of complication included in counts. Logistic model of outcome factor regresses against respiratory support modality
controls for PMA, SGA, and presence of severe RDS on initial chest x-ray.
AOR, adjusted odds ratio.
FIO2 requirement at the time of CPAP failure were 0.66 (SD
0.2) and 0.67, respectively. Mean ABG values at the time of
failure for infants failing CPAP were pH = 7.15 (SD 0.10),
PaCO2 = 69 mmHg (SD 19), PaO2 = 57 mmHg (SD 22). A
blood culture taken at birth was positive in two infants success-
fully maintained on CPAP and two infants in the ventilator
started group.

In a multivariate analysis controlling for PMA and
SGA, the adjusted OR and 95% CI for association with early
CPAP failure were 2.37 [1.02, 5.52] for PPV at delivery, 2.91
[1.30, 6.55] for A-a DO2 >180 mmHg, and 6.42 [2.75, 15.0]
for severe RDS on the initial chest x-ray.

Mortality and Morbidities

Death occurred in 21 of 32 (66%) of ventilator-started
infants and 20 of 229 (9%) of CPAP-started infants.
Mortality in the CPAP-failure group was 18 of 55 (33%),
and the mortality in the CPAP-success group was 2 of 174
(1%). Periventricular leukomalacia was noted only in one
survivor, an infant in the CPAP failure group. Among sur-
vivors, the median duration of oxygen therapy differed signifi-
cantly between the ventilator-started and the CPAP-started
groups (50 days [17, 83] vs 3.0 days [2.1, 3.9], respectively,
P = .003) but not between the ventilator-started group and
the CPAP failure group (35 days [20, 51], P = .863).

The adjusted OR for the logistic regression models with
mortality andmorbidity variables as outcomes are given inTable
IV.Themodelswere controlled for PMA,SGA, andpresence of
severe RDS on the initial chest x-ray. Only infants who survived
to eligibility for the complication were included in the analyses.
CLD and IVH (any grades) were progressively more likely to be
associated with ventilator-started than CPAP-failing infants
and CPAP-failing than CPAP-succeeding infants. PDA was
more common among CPAP-started than ventilator-started
infants. Significantly higher rates of mortality, pneumothorax,
CLD (all grades), IVH (all grades and grades 3 and 4) were
associated with CPAP failure compared with CPAP success.
Variables Associated With The Early Failure Of Nasal Cpap In
Very Low Birth Weight Infants
Surfactant Administration

No infant who succeeded on CPAP in the study received
replacement surfactant. The proportion of infants who received
surfactant in the ventilator-started group was equal to that in
the CPAP failure group (53% vs 51%, OR = 1.1, 95% CI
[0.5, 2.6]). Those infants with severe RDS by chest x-ray
were more likely to receive surfactant (OR = 4.5, 95% CI
[1.8, 11.4]). Infants in the CPAP failure group who received
surfactant were those who failed earlier (11.8 hours [SD
10.3] vs 25.1 hours [SD 14.3], P <.001). There was no positive
or negative significant association between receipt of surfactant
and any of the adverse outcomes, including mortality, pulmo-
nary hemorrhage, PTX, CLD, PDA requiring ligation, IVH,
severe IVH,ROP (any grade), severeROP (requiring photoco-
agulation), necrotizing enterocolitis, or the duration of oxygen
therapy. The power to detect possible associations between
surfactant administration and any these complications within
each respiratory care group was insufficient.

Prediction of Early CPAP Failure

The dichotomous variables birth weight #750 g, PMA
<26 weeks, and A-a DO2 >180 mmHg maximized the speci-
ficity and sensitivity of birth weight, PMA, and A-a DO2 to
predict early CPAP failure. Early CPAP failure rates for these
variables were 50%, 55%, and 51%, respectively. Only 53% of
CPAP-started infants with radiographic evidence of severe
RDS failed CPAP. These failure rates are equivalent to the
positive predictive values of the individual tests. There was
no improvement in positive predictive values when these cri-
teria were used in combination.

DISCUSSION
Progress in neonatal intensive care is closely related to

improvements in the management of respiratory failure in
small infants. Current modalities of ventilatory assistance
range from CPAP to various modes of mechanical ventilation.
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The advent of less invasive methods of delivering CPAP to in-
fants with RDS is associated with reduced need for intubation
and mechanical ventilation and a lower incidence of CLD.1,15-16

The clinical outcomes for infants who succeed on CPAP are
excellent, with low rates of mortality, IVH, ROP requiring
photocoagulation, and lower neurodevelopmental sequelae
in school-age children who had been VLBW infants managed
with respiratory strategy that minimizes ventilatory interven-
tion.15,17-22 Although many retrospective studies attest to
the effectiveness of bubble nasal CPAP in the management
of RDS in preterm infants,6,17-19,23-28 no published randomized
prospective controlled trial compares the use of CPAP with
other management strategies applied at birth.

At the Children’s Hospital of New York, bubble nasal
CPAP delivered with Hudson� prongs (Hudson Respiratory
Care Inc., Temecula, Calf) is the initial ventilatory support
modality for all spontaneously breathing infants regardless of
PMA or birth weight. In our study, 76% of spontaneously
breathing VLBW infants (birth weight #1250 g) were man-
aged successfully with nasal CPAP. Even at the lowest
PMA (23-26 weeks), CPAP was successful in about half of
the infants.

Few studies have examined factors that might predict
CPAP failure in VLBW infants. In a study from Malaysia of
infants with moderate or severe RDS, septicemia and pneumo-
thorax during CPAP therapy were found to be significantly as-
sociated with failure of CPAP in preterm infants <37 weeks.29

More than half of infants in this study were on bubble nasal
CPAP using Hudson� nasal prongs. In our study, we chose
to examine data that could be collected as close as possible to
the time of birth to attempt to predict failure and design alter-
native management strategies that could usefully be applied
early in the course of the disease.We found that the factors as-
sociatedwith earlyCPAP failure were those related to the small
birth size (birth weight #750 g), immaturity (PMA <26
weeks), severity of RDS (as indicated by A-a DO2 >180
mmHg and severe RDS on the initial chest x-ray) and need
for PPV at delivery. These factors essentially define a ‘‘small,
sick baby’’ who may be somewhat depressed at birth. Although
each of these factors was strongly associated with early CPAP
failure, none had a positive predictive value above 55%; all
were relatively poor predictors of failure even in the lowest birth
weight and gestation age ranges included in the study. Part of
the difficultywith predictingCPAP failuremay involve the dif-
ficulty in predicting severity of RDS at birth. The median fail-
ure timewas 16 hours of age; perhaps if we had chosen a slightly
later time (but one still early enough to give rescue surfactant
effectively), for example, at 4 to 6 hours of age, to collect our
data, the PPV of associated factors might have been higher.
The higher morbidity/mortality among CPAP failures could
reflect either the overall poor health condition of the infant
that is associated with adverse sequelae or the stress of a
CPAP trial that predisposes to poor outcomes.

Several small studies have demonstrated improved respi-
ratory outcomes when surfactant administration has been
followed by extubation to CPAP at birth,30-32 and even when
surfactant has been administered at a median age of 18 hours.23
346 Ammari et al
None of the infants in our study who succeeded on CPAP re-
ceived surfactant; among those who failed CPAP, surfactant
was given only after CPAP failure and treatment withmechan-
ical ventilation, and only then if the oxygen requirement stabi-
lized at FIO2 $0.60. The fact that only half of our inborn
infants in the ventilator-started and CPAP failure groups re-
ceived surfactant is at variance with generally accepted practice.
Our practice of giving a trial of CPAP to all spontaneously
breathing VLBW infants with respiratory distress regardless
of their birth weight and length of gestation limited the use
of early surfactant to those infants who received endotracheal
intubation and mechanical ventilation at birth. However, two
thirds of infants with severe RDS by x-ray received surfactant,
and three quarters of the surfactant given was administered to
this group. Although we found that surfactant receipt was not
associated with any reduction in the rates of mortality or com-
plications in the groups of infants who either failed CPAP or
were initially ventilated, our observational study was not de-
signed or powered to examine outcomes related to surfactant
receipt. Nor is it possible to compare our surfactant-related
outcomes with those of infants at other institutions who re-
ceived different patterns of surfactant administration and ven-
tilatory management.30,33 Whether or not infants at risk for
early CPAP failure are better off being treated initially with
mechanical ventilation and surfactant is a question that only a
prospective, randomized controlled trial can settle. Such a trial
might be performed in a group that has about equal odds of
CPAP success and failure, that is, in infants with a birth weight
#750 g or PMA <26 weeks in our study.

It may be useful to discuss briefly the kind of questions
that have been addressed by our study that a controlled trial will
not need to answer. Given that essentially every infant who
could have been possibly started onCPAP received thismodal-
ity, our observational, retrospective study is adequate to exam-
ine the circumstances and outcomes of early CPAP failure.Our
study also defines the ‘‘outer limits’’ of complication rates in the
CPAP failure group. That is, if infants who failed CPAP fared
worse in any important outcome category than the group of
very small, very sick babies who required PPV/endotracheal in-
tubation in the delivery room and subsequent mechanical ven-
tilation, then itmight be wrong to useCPAP in any infant with
a reasonable chance of failure. We found that mortality and
complication rates were significantly lower among those failing
CPAP than among infants who were ventilator-started, con-
trolling for gestation and initial severity of RDS, but worse
than for infants who succeeded on CPAP. This is modest but
essential reassurance.

We would like to acknowledge the editorial assistance of Dr. Karl
Schulze.
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SHORT- AND LONG-TERM CARDIOVASCULAR EFFECTS OF MIXED

AMPHETAMINE SALTS EXTENDED RELEASE IN CHILDREN

ROBERT L. FINDLING, MD, JOSEPH BIEDERMAN, MD, TIMOTHY E. WILENS, MD, THOMAS J. SPENCER, MD, JAMES J. MCGOUGH, MD,
FRANK A. LOPEZ, MD, AND SIMON J. TULLOCH, MD ON BEHALF OF THE SLI381.301 AND .302 STUDY GROUPS

Objective To assess the short- and long-term cardiovascular effects of once-daily treatment with a mixed amphetamine salts

extended-release formulation (MAS XR; Adderall XR�) in children age 6 to 12 years with attention-deficit/hyperactivity disorder

(ADHD).

Study design Short-term cardiovascular effects were assessed during a 4-week, double-blind, randomized, placebo-

controlled, forced–dose-titration study of once-daily 10, 20, and 30 mg MAS XR (n = 580). Long-term cardiovascular effects

were assessed in 568 subjects during a 2-year, open-label extension study of MAS XR (10 to 30 mg/day). Resting sitting blood

pressure and pulse were measured at baseline and weekly during the short-term study, then monthly during long-term

treatment.

Results Changes in blood pressure, pulse, and QT interval corrected by Bazett’s formula (QTcB) in children receiving MAS

XR were not statistically significantly different than those changes seen in children receiving placebo during short-term

treatment. Mean increases in blood pressure after 2 years of MAS XR treatment (systolic, 3.5 mm Hg; diastolic, 2.6 mm Hg) and

pulse (3.4 bpm) were clinically insignificant, and there was no apparent dose-response relationship.

Conclusions Cardiovascular effects of short- and long-term MAS XR were minimal during short- and long-term MAS XR

treatment at doses of # 30 mg/day in otherwise healthy children. (J Pediatr 2005;147:348-54)

A ttention-deficit/hyperactivity disorder (ADHD) is a serious neurobehavioral
disorder and one of the most prevalent chronic health conditions in children,
affecting up to 10% of school-age youth in the United States.1,2 Psychostimulant

medications are known to reduce the core symptoms of hyperactivity, impulsivity, and
inattention. Stimulants are considered among first-line medication therapy for ADHD.3-6

Many once-daily long-acting stimulant formulations have been developed to simplify the
dosage regimen for subjects with ADHD. These include Adderall XR�, a mixed
amphetamine salts extended-release (MAS XR) formulation (50% immediate-release
beads, 50% extended-release beads).

The available extended-release stimulant formulations each have unique pharma-
cokinetic and pharmacodynamic profiles, but all stimulants have sympathomimetic effects
that can lead to increases in systolic blood pressure (SBP) and diastolic blood pressure
(DBP) and pulse at therapeutic doses.7 However, the cardiovascular effects of immediate-
release (IR) amphetamine and methylphenidate (MPH) formulations that have been
documented in children and adolescents appear to be modest. In a scientific statement
released in 1999, the American Heart Association recommended no specific cardiovascular
monitoring for children and adolescents receiving IR stimulant medications (eg,
dextroamphetamine, MPH, pemoline).7 Rapport and Moffit8 reviewed the cardiovascular
effects of short-term treatment with MPH IR and reported pulse increases of 3 to 10 bpm,

ADHD Attention-deficit/hyperactivity disorder
AE Adverse event
ANOVA Analysis of variance
DBP Diastolic blood pressure
ECG Electrocardiogram
IR Immediate release

MAS XR Mixed amphetamine salts extended-release
formulation

MPH Methylphenidate
QTcB QT interval corrected by Bazett’s formula
SBP Systolic blood pressure
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SBP increases of 3.3 to 8 mmHg, and DBP increases of 1.5 to
14 mm Hg. In one of the largest studies systematically
assessing the cardiovascular effects of stimulants in young
people, clinically insignificant effects on blood pressure and
pulse (increases of < 5 mmHg and < 5 bpm) occurred with 5-,
10-, and 15-mg once-daily doses of mixed amphetamine salts
(MAS) IR (Adderall�) and 5-, 10-, and 15-mg twice-daily
doses of MPH IR.9 In the only published report of long-term
cardiovascular effects associated with an extended-release
(XR) stimulant formulation, Wilens et al10 reported small
increases in blood pressure and pulse (increases < 3 mm Hg
and < 4 bpm) during a 12-month study of osmotic-release
MPH in children with ADHD.

Herein we present an analysis of cardiovascular data
collected from 6- to 12-year-old children with ADHD, most
of whom began MAS XR treatment during a large, well-
controlled, short-term study of MAS XR and continued
treatment in a 2-year, open-label extension study.11,12 We
hypothesized that MAS XR would have no clinically signif-
icant effect on pulse or blood pressure during short- or long-
term treatment.

METHODS

Subjects and Study Design

Subjects who participated in the open-label extension
study were previously enrolled in 1 of 2 double-blind, placebo-
controlled MAS XR studies. One was a 4-week (1-week
placebo washout and 3 weeks of active treatment), multicen-
ter, randomized, double-blind, parallel-group, placebo-
controlled, outpatient study of once-daily MAS XR (10, 20,
or 30 mg) or placebo in 580 children age 6 to 12 years with
ADHD.11 The other was a 6-week, randomized, double-
blind, crossover analog classroom study of 3 doses of once-
daily MAS XR (10, 20, and 30 mg), placebo, and an active
control (MAS IR 10 mg) in 51 children age 6 to 12 years with
ADHD.13 Of the 568 children who continued treatment in
the 2-year long-term study, most (n = 525) participated in the
outpatient study and 43 participated in the analog classroom
study. Only cardiovascular data from the 4-week outpatient
and the 2-year open-label extension studies are presented here.

To be eligible for the open-label extension study,
subjects were required to complete either the analog classroom
or outpatient study without any clinically relevant adverse
events (AEs), or to have withdrawn from either study for
reasons other than AEs. Subjects were boys and girls age 6 to
12 years with blood pressure and pulse in the normal range (as
judged by the investigator) who satisfied the American
Psychiatric Association’s Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV) criteria for a primary
diagnosis of ADHD, combined or hyperactive-impulsive
type,14 as required by the previous short-term studies.11,13

Subjects were required to be in good health. Children were
recruited into the short-term studies using a combination of
advertising and distribution of information about study
participation at local outpatient clinics. All study procedures
and informed consent/assent forms were approved by the
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institutional review board at each participating research site.
Parents or caregivers provided written consent for their child’s
enrollment after receiving both written information and an oral
explanation of the study procedures, and subjects age 7 years
and older provided written assent for study participation.

Children were ineligible to participate in the short- or
long-term studies if they were incapable of following the study
instructions or had a comorbid psychiatric diagnosis (eg,
psychosis, bipolar illness, pervasive developmental disorder,
severe obsessive-compulsive disorder, severe depressive or
severe anxiety disorder), history of seizure, hypersensitivity to
MAS, hyperthyroidism, or glaucoma. Prohibited concomitant
medications in all studies included anticonvulsant drugs,
clonidine, guanfacine, and any medications that may have
affected blood pressure, pulse, or central nervous system
performance.

Dosing

The short-term outpatient study design used a dose-
escalation regimen for the MAS XR treatment groups in
which subjects were assigned treatment to 1 of 4 arms: placebo,
a 10-mg MAS XR group, a 20-mg MAS XR group, or a
30-mg MAS XR group. After a 1-week placebo washout, all
children receivedMAS XR 10 mg for the first treatment week,
those assigned to the 20-mg and 30-mg groups received 20 mg
for the second week, and those assigned to the 30-mg group
received 30 mg for the third week. Regardless of the dose
received in previous short-term studies, MAS XR was
initiated at 10 mg once daily every morning for the long-
term open-label study. Upward dose adjustments were allowed
weekly during the first month of the open-label study, then at
any monthly clinic visit for the duration of the study. Dose
adjustments were allowed in 10-mg increments (maximum
dose, 30 mg/day) based on clinical judgments of optimal
effectiveness and tolerability. For most subjects who continued
in the long-term study (n = 568), the baseline visit was the
final study visit of the previous 6-week analog classroom study
or the 4-week outpatient study.

Cardiovascular Measures

Cardiovascular measures included resting sitting SBP
and DBP and resting sitting pulse rate. Blood pressures were
measured in the same arm by the same study personnel using
the same cuff (either manual or automated), after the subject
had been seated for at least 3 minutes at every study visit.
Measurements were taken at baseline and weekly during the
short-term study. During the long-term study, cardiovascular
measurements were taken at baseline (or at the last visit of the
short-term study), weekly during the first month, and then
monthly up to 24 months. Blood pressure and pulse measure-
ments preceded venipunctures in all studies. The timing of
vital sign assessment relative to medication administration was
not standardized; however, most clinic visits were likely to
have occurred within 12 hours of the morning MAS XR dose.

Electrocardiogram (ECG) measurements were per-
formed using a 12-lead ECG. For the short-term study,
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ECGs were completed at the screening or baseline visit
(baseline ECG) and again at the final study visit (after 3 weeks
of MAS XR treatment or at the final clinic visit if a participant
withdrew from the study early). For the long-term study, the
endpoint ECG from the short-term study was considered the
baseline ECG; repeat ECGs were conducted at months 12,
18, and 24. A central laboratory was used to evaluate all ECG
readings (Covance Central Diagnostics, Reno, Nev). If the
central laboratory deemed an ECG abnormal, then the study
investigator evaluated the abnormality for clinically significant
changes from baseline. If the investigator considered the ECG
abnormality to be clinically significant, then a pediatric
cardiologist reviewed it. Bazett’s formula was used to correct
QT intervals for heart rate effect (QTcB).15 Blood pressure,
pulse, and ECGs were not assessed with respect to time of
medication dose administration or assessed in relation to peak
blood levels of MAS in any study.

Table I. Demographic and baseline characteristics
for the subjects in the long-term study*

Characteristic
Safety population

(n = 568)

Age, mean ± SD (years) 8.7 ± 1.8
6 to 8, n (%) 264 (46)
9 to 121, n (%) 304 (54)

Gender, n (%)
Boys 442 (78)
Girls 126 (22)

Race, n (%)
White 412 (73)
Black 67 (12)
Hispanic 53 (9)
Other 24 (4)

Weight (kg), mean ± SD (range) 33.5 ± 11.5 (16.4–93.6)
Height (cm), mean ± SD (range) 134.4 ± 11.4 (104.1–170.2)
ADHD diagnosis, n (%)
Combined 518 (91)
Hyperactive-impulsive 27 (5)
Inattentive (protocol deviation) 11 (2)

Comorbidity, n (%)
Yes 168 (30)
No 388 (68)

ADHD treatment before enrollment
in previous short-term studies, n (%)

Stimulant 353 (62)
Amphetamine only 44 (8)
Methylphenidate only 79 (14)
Not specified 230 (40)
Other treatment 8 (1)
No prior medication treatment 177 (31)
None listed 30 (5)

SD, standard deviation.
Numbers may not add up to 100% because of missing data or rounding.
*525 of the 568 (92%) subjects enrolled in the long-term study had
participated in the short-term study.
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Statistical Analyses

All analyses were performed using SAS statistical
software, version 6.12 or higher (SAS Institute, Cary,
NC).16 A mixed-model analysis of variance (ANOVA) was
conducted to determine the effect of MAS XR treatment and
time on blood pressure and pulse in the short-term study.
Group mean ECG interval measurements at endpoint were
compared with baseline values using a 1-way ANOVA of
MAS XR versus placebo. For the long-term study, monthly
group mean changes in blood pressure and pulse were
compared with baseline values using a 1-sample t test.
Multiple linear regression analysis was used to explore the
relationship between changes in vital signs and mean MAS
XR dose (mg/kg) over time. Mean ECG interval measure-
ments at 12, 18, and 24 months were compared with mean
baseline measurements using a paired t test. Alpha was set at
0.05 for all analyses.

Categorical Analyses

For both the short- and long-term studies, a categorical
analysis of blood pressure and pulse was completed to
determine whether any blood pressure or pulse measurements
exceeded normal values for age. Because no a priori limits were
specified that would dictate withdrawal from the study or a
change in MAS XR dose, limits of normality were defined
post hoc. For pulse, values > 140 bpm are likely to be clinically
significant.17,18 For blood pressure, the upper limits were
defined by the 95th percentile values for 12-year-old children
(> 130 mm Hg for SBP and > 90 mm Hg for DBP).19 Any
QTcB value exceeding 500 msec was considered clinically
significant.20 Adverse event data were reviewed to determine
whether any subjects discontinued fromeither study or required
a change in MAS XR dose because of a cardiovascular AE.

RESULTS
Of the 568 subjects who continued MAS XR treatment

in the long-term study, 525 (92%) participated in the short-
term study (Table I).

Short-Term MAS XR Treatment

In the short-term study, 173 of 210 subjects (82%)
randomized to receive placebo and 336 of 374 (90%) subjects
randomized to receive MAS XR completed all 3 active
treatment weeks. There were no serious cardiovascular AEs.
Mean blood pressure and pulse for the placebo and 10-, 20-,
and 30-mg MAS XR groups during the short-term study are
presented by treatment week in Table II. The mixed-model
ANOVA results indicate that short-term treatment with
MAS XR 10, 20, or 30 mg/day had no statistically significant
effect on SBP, DBP, or pulse rate. In addition, the ANOVA
indicates no effect of MAS XR treatment over time. The
number of subjects in the placebo group who had at least
1 SBP measurement > 130 mm Hg (n = 5) was similar to the
number of subjects (n = 4) receiving any dose of MAS XR
who had at least 1 potentially clinically important SBP
measurement. Of these 4 subjects receiving MAS XR,
The Journal of Pediatrics � September 2005



Table II. Blood pressure and pulse over time and by dose of MAS XR in the short-term study

Randomized treatment group

Timepoint

Placebo
(n = 209)

(mean ± SD)

MAS XR 10 mg
(n = 129)

(mean ± SD)

MAS XR 20 mg
(n = 119)

(mean ± SD)

MAS XR 30 mg
(n = 123)

(mean ± SD)

Baseline
Diastolic BP (mm Hg) 63.2 ± 7.2 63.8 ± 7.5 64.4 ± 6.8 63.3 ± 7.8
Systolic BP (mm Hg) 103.4 ± 8.7 102.8 ± 10.6 103.0 ± 9.2 101.8 ± 10.4
Pulse (bpm) 86.7 ± 11.1 84.7 ± 11.2 86.6 ± 9.8 86.9 ± 11.8

Week 1
Diastolic BP 64.3 ± 7.8 63.9 ± 7.2 64.2 ± 7.9 64.2 ± 7.3
Systolic BP 103.6 ± 9.8 101.6 ± 9.8 103.4 ± 10.4 103.2 ± 10.0
Pulse 86.4 ± 10.9 85.7 ± 11.8 84.5 ± 9.1 86.4 ± 11.2

Week 2
Diastolic BP 62.7 ± 6.8 63.7 ± 7.0 64.2 ± 7.2 64.2 ± 7.4
Systolic BP 102.2 ± 8.4 103.3 ± 11.3 103.5 ± 9.6 102.3 ± 9.8
Pulse 86.4 ± 10.2 86.7 ± 11.4 85.2 ± 10.3 85.5 ± 11.6

Week 3
Diastolic BP 62.7 ± 8.0 63.7 ± 7.6 63.6 ± 8.3 64.7 ± 7.2
Systolic BP 103.2 ± 10.6 103.1 ± 10.5 103.9 ± 9.5 103.9 ± 9.8
Pulse 86.0 ± 10.6 85.8 ± 10.2 85.5 ± 11.0 86.5 ± 11.8

ANOVA results
Treatment effect Time effect

Diastolic BP F3, 1610 = 1.29, P = .2765 F3, 1610 = 0.71, P = .5461
Systolic BP F3, 1610 = 0.28, P = .8399 F3, 1610 = 2.01, P = .1107
Pulse F3, 1606 = 0.63, P = .5925 F3, 1606 = 0.19, P = .9019
1 received 10 mg, 1 received 20 mg, and 2 received 30 mg.
Most of the SBP measurements > 130 mm Hg ranged from
131 to 139 mm Hg; these measurements were sporadic and
appeared to resolve spontaneously. Only 3 of the 9 subjects had
more than 1 SBP measurement > 130 mm Hg; the highest
recorded SBP was 152 mm Hg. No subjects had a DBP > 90
mmHg or a pulse > 140 bpm during the short-term study. No
subjects required a change in MAS XR dose or were
discontinued from the short-term study because of cardiovas-
cular AEs.

One-way ANOVA revealed no statistically significant
differences between group mean ECG interval measurements
for theMASXR group compared with placebo. The change in
mean QT interval at endpoint was 4.5 ± 24.9 msec for the
placebo group, compared with 0.9 ± 27.3 msec for the MAS
XR group (P = .1244). For ECG pulse, the mean change at
endpoint was 21.0 ± 10.2 bpm for the placebo group,
compared with 0.3 ± 11.7 bpm for the MAS XR group
(P = .2127). The mean change at endpoint for the QTcB was
2.5 ± 20 msec for the placebo group, compared with 2.1 ± 18.8
msec for the MAS XR group (P = .8244). Mild ECG
abnormalities were observed in 10 subjects at endpoint. The
findings for 5 children (n = 1 in the placebo group, n = 2 in
the 10-mg group, n = 1 in the 20-mg group, and n = 1 in the
30-mg group) were deemed clinically insignificant or a normal
age-dependent variant by a pediatric cardiologist. In the other
Short- And Long-Term Cardiovascular Effects Of Mixed Amphetamine
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5 cases, the following abnormalities were noted on initial
ECG: nonspecific T-wave abnormality (n = 1), minor R-wave
intraventricular conduction delay and a nonspecific T-wave
abnormality (n = 1), P-wave terminally negative in V1 and an
R-on-T variant (n = 1), nonspecific ST-segment abnormality
(n = 1), and premature atrial systole (n = 1). For these 5
subjects, a repeat ECG (interpreted by a pediatric cardiologist)
was normal. No subject had a QTcB interval measure-
ment > 500 msec during short-term treatment.

Long-Term MAS XR Treatment

Of the 568 subjects who enrolled in the extension study,
277 completed 2 years of MAS XR treatment. Changes in
mean blood pressure (Figure 1) and pulse (Figure 2) during up
to 2 years of MAS XR treatment were modest and not
clinically significant. Some monthly mean blood pressure and
pulse values were statistically significantly different than mean
baseline values (P < .05), but the magnitude of mean changes
from baseline and from month to month were very small. The
initial MAS XR dose for all subjects enrolled in the long-term
study was 10 mg/day, and the mean dose ranged from 20 mg/
day at 3 months to 22 mg/day at 24 months. Most subjects
received 20 mg/day for the duration of the long-term study.

The correlation between height and skeletal age
has been found to be stronger than the correlation between
height and chronological age; also, physical maturation, not
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chronologic age, has been found to be the most powerful
determinant of normal blood pressure.21 The implication of
these findings is that physical characteristics such as height
and skeletal maturation are more consistent predictors of BP
than is chronologic age. Therefore, we analyzed the relation-
ship between vital signs and both mg/kg dose and height over
time during this 2-year study. The mean MAS XR dose was
0.62 mg/kg at month 12, 0.59 mg/kg at month 18, and 0.58
mg/kg at month 24. There was no relationship between the
weight-corrected dose of MAS XR and change in either blood
pressure or pulse. For DBP, a model that included mg/kg dose
and height accounted for much of the variation in DBP over
time (R2 = .76; P = .0009), but the modest increase in DBP
over time was affected by the increase in height (P = .0057)
and not by the magnitude of the mg/kg dose (t = 1.10,
P = .3351). Results were similar for SBP (R2 = .74;
P = .0012), and the small increase in SBP over time was
related to increased height (P = .0026) but not to weight-
adjusted dose (P = .1075). As might be expected,22 a model
including height and mg/kg dose did not explain much of the
variation in pulse over time (R2 = .38; P = .0888); there was
no relationship between pulse and height (P = .8200) or pulse
and mg/kg dose (P = .3474).

Clinically important blood pressure and pulse measure-
ments were sporadic and appeared to resolve spontaneously
during long-term MAS XR treatment. Only 2% (11/568) of
the subjects in the long-term study had a DBP measure-
ment > 90 mm Hg at any visit during up to 2 years of MAS
XR treatment. Of these 11 subjects, only 1 had 2 DBP
measurements > 90 mmHg (98 and 95 mmHg); the other 10
subjects had only 1 measurement > 90 mm Hg. The highest
recorded DBP during long-term MAS XR treatment was 98
mm Hg. Less than 10% of subjects had a SBP measure-
ment > 130 mmHg (n = 50). Of these 50 subjects, most were
in the range of 131 to 139 mm Hg; only 6 subjects (1%) had
more than 5 SBP measurements > 130 mm Hg throughout
the long-term study. One SBP measurement in the 140 to 149
mm Hg range was recorded for 4 subjects, 1 measure-
ment > 150 mm Hg was recorded for 3 subjects, and the
highest SBP measurement (166 mm Hg) was recorded for
1 subject on 1 occasion. No subjects had a pulse > 140 bpm at
any clinic visit during long-term treatment. The mean MAS
XR dose for the 517 subjects (91%) with no potentially

Figure 1. Change in mean blood pressure (± 1 standard devia-
tion) over time during long-term MAS XR treatment. *P < .05
compared with mean baseline value by 1-sample t test.
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clinically important blood pressure or pulse measurements was
19 mg/day, and this dose was similar to the mean dose for
subjects with 1 or more clinically important SBP (20 mg/day)
or DBP (24 mg/day) measurements.

There were no serious cardiovascular AEs during long-
term treatment with MAS XR. Study medication was
discontinued because of cardiovascular AEs for only 4/568
subjects (0.7%) during long-term MAS XR treatment. Of
these 4 subjects, 1 subject experienced tachycardia (108 bpm at
baseline, 101 to 121 bpm during long-term treatment) that
was considered both moderate in severity and related to MAS
XR 20 mg/day. Two subjects experienced intermittent chest
pain that resolved and was considered mild in severity and
possibly related to MAS XR 20 mg/day for both subjects. One
of the subjects with intermittent chest pain was receiving
MAS XR for 9 months; sinus bradycardia was noted on
baseline ECG but was not considered clinically significant,
and premature ventricular contractions were noted at the end-
of-study ECG. There is no follow-up ECG for this subject.
The other subject with intermittent chest pain was receiving
MAS XR 20 mg for 12 months; sinus arrhythmia and sinus
bradycardia were noted at the baseline ECG, and sinus
bradycardia for age was noted at the end-of-study ECG. A
fourth subject experienced hypertension (130/90 mmHg after
12 months) that was considered of moderate severity by the
investigator and possibly related toMAS XR 10 mg/day; sinus
arrhythmia was noted on baseline ECG, and sinus bradycardia
(pulse 63 bpm) was noted on end-of-study ECG. This subject
was not hypertensive at baseline and had no past medical
history or any medical comorbidities indicating a predisposi-
tion to hypertension. At a 1-month follow-up visit, this
subject’s blood pressure was 115/80 mm Hg. MAS XR was
discontinued for these 4 subjects, and all were withdrawn from
the long-term study.

Group mean QTcB values were not statistically signif-
icantly different from baseline after 12, 18, and 24 months of
MAS XR treatment. The changes in the mean QT interval
from baseline of 29.4 ± 28.1 msec at month 12 and 26.0 ±
27.5 msec at month 24 are statistically significant at P < .001,
but are not clinically important and are likely explained by the
slight increases in pulse at months 12 and 24 (Table III). No
subject had a QTcB interval measurement > 500 msec during
long-term treatment. The most common ECG abnormalities

Figure 2. Change in mean pulse (± 1 standard deviation) over
time during long-term MAS XR treatment. *P < .05 compared
with mean baseline value by 1-sample t test.
The Journal of Pediatrics � September 2005



Table III. Summary of ECG measurements during long-term treatment with MAS XR

Timepoint in long-term study

ECG measurement
(mean ± SD)

Baseline
(n = 565)

Month 12
(n = 409)

Month 18
(n = 277)

Month 24
(n = 276)

QT interval (msec) 343.2 ± 27.8 333.4 ± 28.5 (P , .001) 339.0 ± 28.6 (P = NS) 337.2 ± 28.3 (P , .001)
Pulse (bpm) 82.7 ± 11.7 87.0 ± 11.9 (P , .001) 85.2 ± 12.1 (P = NS) 86.7 ± 11.5 (P , .001)
QTcB interval (msec) 400.1 ± 17.2 398.5 ± 16.4 (P = NS) 400.9 ± 17.1 (P = NS) 402.4 ± 17.1 (P = NS)

NS, not statistically significant compared with baseline value by the paired t test; SD, standard deviation.
recorded after 24 months of MAS XR treatment included
sinus arrhythmia (n = 25), ST-T wave abnormalities (n = 5),
and poor anterior R-wave progression (n = 4), none of which
were considered clinically significant.

DISCUSSION
Previous investigations of the cardiovascular effects of

IR stimulants in youth with ADHD indicated clinically
insignificant increases in blood pressure and pulse that were
typically dose related. In a systematic comparison of the
cardiovascular effects of equipotent doses of MPH IR and
MAS IR in 195 youths, Findling et al9 observed a linear dose-
response relationship between blood pressure and pulse and
MAS IR or MPH IR dose during short-term treatment. The
changes in blood pressure and pulse during long-term MAS
XR treatment were similar in magnitude to changes previously
reported for MAS IR and MPH IR treatment, but no dose-
response relationship was apparent during short- or long-term
MAS XR treatment. The lack of a dose-response relationship
in the MAS XR studies may be attributable to differences in
timing between dosing and cardiovascular measurements in
the studies, or to differences between IR and XR formulations.
Findling et al9 instructed participants to ingest the dose of
MAS IR or MPH IR approximately 2 hours before each clinic
visit, whereas participants in the MAS XR studies were
instructed to take the medication once daily in the morning
regardless of scheduled clinic visits. The MAS XR capsule
contains a 1:1 ratio of IR beads, which release the first half of
the dose on ingestion, and XR beads, which begin to release
the second half of the dose 4 hours later. However, interin-
dividual variations of the pharmacokinetic properties of MAS
XR have been reported,23 and variation in peak stimulant
blood levels may affect both blood pressure and pulse. In
addition, blood pressure and pulse of children and adolescents
are affected by circadian rhythms, so precision is lost if
measurements are not qualified by the time of day,24 and pulse
values vary widely in all age groups.22

The cardiovascular effects of short- and long-termMAS
XR appear to be similar both in magnitude and lack of a dose-
response relationship to the effects of long-acting MPH
formulations in children with ADHD. An analog classroom
comparison of osmotic-release MPH (Concerta�) and MPH
XR capsules (Metadate� CD) evaluated changes in pulse and
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BP and found no dose-response relationship for BP or pulse
changes during a 3-week study.25 No statistically significant
changes in DBP occurred during the 12-hour analog class-
room day; the mean increase in SBP was 5.2 mm Hg for
osmotic-release MPH at 7.5 hours postdose (mean decrease of
0.6 mmHg in the MPH XR group); and the mean increase in
pulse was;9 bpm for both medications 1.5 hours postdose. In
a 1-year open-label extension study of osmotic-release MPH
in 432 children age 6 to 13 years, mean changes in blood
pressure and pulse were strikingly similar to the changes
observed during long-term MAS XR treatment. Osmotic-
release MPH treatment produced statistically significant, but
clinically insignificant, changes in SBP (3.3 mm Hg), DBP
(1.5 mmHg), and pulse (3.9 bpm) at endpoint compared with
off-drug baseline values, but there was no clear dose relation-
ship despite a 25% increase in mean dose from month 1 to
month 12 (from 1.0 to 1.25 mg/kg/day).10

The results presented here are from a post hoc analysis of
short- and long-term studies that were designed to demon-
strate the overall safety and efficacy of MAS XR. Subjects
enrolled in the short-term study (and who continued in the
long-term study) were required to have normal blood pressure
and pulse on study entry, and subjects with hypertension or
any other cardiovascular disorder were excluded from partic-
ipation. The effects of short- or long-term use of MAS XR in
subjects with significant cardiovascular dysfunction or blood
pressure abnormalities are unknown. The study population
included only children age 6 to 12 years who were not
receiving any other medications that could affect blood
pressure or pulse. The lack of standardization in the timing
of medication administration and assessment of vital signs
could have resulted in measurements after the medication
effects had worn off, but this is unlikely given that few clinic
visits would have occurred more than 12 hours after dosing.

The pattern of blood pressure, pulse, and ECG changes
observed during both short- and long-term studies indicates
thatMAS XR has an acceptable cardiovascular safety profile in
healthy children. The cardiovascular effects of MAS XR
appear minimal, and because the effects are similar to those
reported for IR stimulants and the American Heart
Association recommendation that routine cardiovascular
monitoring is not indicated for IR formulations, it appears
that specific cardiovascular monitoring during either short- or
long-term MAS XR treatment also is not indicated.
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REGIONAL VARIATION IN ICU CARE FOR PEDIATRIC

PATIENTS WITH ASTHMA

SUSAN L. BRATTON, MD, MPH, FOLAFOLUWA O. ODETOLA, MD, JAMIE MCCOLLEGAN, BS, MICHAEL D. CABANA, MD, MPH,
FIONA H. LEVY, MD, MBA, AND HEATHER T. KEENAN, MDCM, PHD

Objective To determine adherence to guidelines for severe asthma care and evaluate regional variability in practice among

pediatric intensive care units (PICU).

Study design A retrospective cohort study of children treated for asthma in a PICU during 2000 to 2003.

We utilized the Pediatric Health Information System (PHIS) database to identify patients and determine use of asthma

therapies when patients did not improve with standard therapy (inhaled b-agonists and systemic corticosteroids).

Results Of 7125 children studied, 59% received inhaled anticholinergic medications. Use of other therapies included

systemic b-agonists (n = 1841 [26%]), magnesium sulfate (n = 1521 [21%]), methylxanthines (n = 426 [6%]), inhaled helium-

oxigen gas mixture (heliox) (n = 740 [10%]), and endotracheal intubation with ventilation (n = 1024 [14%]). Use of therapies

varied by census region. Over half the patients (n = 524) who received ventilation did so for #1 day. Adjusted for severity of

illness, use of mechanical ventilation varied significantly by census division; however, much of the variation was among children

ventilated for #1 day.

Conclusion Adherence to national guidelines for use of inhaled anticholinergics among critically ill children is low, and

marked variation in use of invasive ventilation exists. More explicit guidelines regarding indications for invasive ventilation may

improve asthma care. (J Pediatr 2005;147:355-61)

A sthma remains the most common cause of hospitalization for children <15 years of age1 and is a common reason for
admission to a pediatric intensive care unit (PICU).2 Acute care costs for asthma have been estimated to range from 35%
to 78% of all asthma-related charges.3,4 Improved asthma diagnosis and management are recognized as both a national

and international imperative.5,6 Strategies to alleviate the impact of asthma on patients and the healthcare system have included
asthma self-management education, improved access to healthcare, and improved healthcare delivery through use of care
guidelines.7

The Global Initiative for Asthma (GIA) with endorsements by the World Health
Organization and the National Heart Lung and Blood Institute (NHLBI) issued the
Pocket Guide for Asthma Management and Prevention in Children6 that includes a
treatment flowchart for hospital-based care of asthma exacerbations. Although this
guideline includes more potential treatments reserved for patients unresponsive to usual
therapy and criteria regarding need for intensive care compared with prior NHLBI
guidelines, the recommendations remain somewhat vague for treatment of the most
severely ill patients.5

GIA recommendations regarding therapies for a severe exacerbation of asthma
include inhaled b-agonists, inhaled anticholinergics, and intravenous glucocorticoids, with
consideration of systemic administration ofb-agonists and intravenousmethylxanthines for
children who are not improving. Finally mechanical ventilation is listed as a therapy to
consider; however, no criteria are given for when it is appropriate to implement this support.

APR-DRG All patient refined–diagnostic related groups
CHCA Child Health Corporation of America
CMI Case mix index
heliox Inhaled helium-oxigen gas mixture
GIA Global Initiative for Asthma

NHLBI National Heart Lung and Blood Institute
PICU Pediatric intensive care unit
PHIS Pediatric Health Information System
PRISM III Pediatric risk of mortality
RRR Relative risk ratio
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To better understand national practice regarding ther-
apies for severe asthma, we examined an administrative
database, determining the therapies used in the management
of patients with asthma admitted to a group of PICUs in the
United States for patients who did and did not receive
mechanical ventilation.

METHODS

Data Source

This study utilized data from a large, multi-institutional
administrative database, the Pediatric Health Information
System (PHIS). The PHIS database is maintained by the
pediatric hospital members of the Child Health Corporation
of America (CHCA), which currently includes 41 member
hospitals.8 CHCA is a business alliance of pediatric hospitals
that provides a range of products and services designed to
reduce cost, increase revenue, and enhance the competitive-
ness of children’s hospitals. The database contains member-
specific standardized data on demographics, diagnoses,
procedures, interventions, and outcomes for all pediatric
patients admitted to each participating pediatric institution.
Available data elements are abstracted and coded by the
collaborating medical records departments using PHIS data
quality guidelines including the following: standard demo-
graphic data, dates of service, and International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM).9 Data quality checks occur at member hospitals and
again at the data coordination center. Routine monthly
meetings occur to resolve discrepancies and prevent data
errors. For this study, we extracted data for patients discharged
from 2000 to 2003 who had been admitted to a PICU for
treatment of acute asthma. Patients were included if they had
had a primary diagnosis of acute asthma (ICD-9 code of
493.0-493.9) and had been charged for at least 1 day of PICU
care. PHIS captures therapies and medications that generate
charges to the patient. We included all children admitted to a
PICU for treatment of acute asthma from 2000 to 2003.

Variables

Data on patient age, gender, race, payer, use of asthma
medications and therapies, as well as charges and outcome
were examined. Duration of invasive ventilation was calculated
in calendar days and length of PICU, and hospital stay was
based on daily census at midnight. Severity of illness was
assessed by the case mix index (CMI) and all patient refined–
diagnostic related groups (APR-DRG).10,11 APR-DRGs are
the most widely used method for severity-of-illness and risk-
of-mortality adjustment. Elements that determine the score
include diagnosis and procedure codes, age, gender, status at
discharge, and days on the ventilator. The CMI is based on
primary and secondary diagnoses as well as procedures,
including mechanical ventilation.

Outcome

We analyzed the use of specific medications (eg,
inhaled ipratropium bromide, intravenous magnesium sulfate,
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systemic administration of terbutaline, aminophylline, or
theophyline, as well as the use of specific mechanical support
heliox, noninvasive ventilation, or endotracheal intubation
with invasive mechanical ventilation).12-16 The analysis
focused on these medications and supportive therapies as
they are typically utilized when patients do not improve in
response to standard treatment of inhaled b-agonist and
systemic corticosteroids. Both the presence of the given
asthma therapy and duration of use in days were recorded.

Analysis

Hospitals were grouped into geographic regions based
on US Census divisions (Appendix). The Pacific census
division hospitals had the lowest use of mechanical ventilation
and were used as the reference group. Rates of mechanical
ventilation were determined, and compliance with recom-
mendations for acute care management based on the GIA
pathway6 was assessed for patients who received and those
who did not receive invasive mechanical ventilation.

All statistical analyses were conducted using the
Statistical Package of the Social Sciences, version 12.0 for
Windows (SPSS Inc, Chicago, Ill). Data were expressed as
medians (with 25th and 75th quartiles) or percentages. Data
were compared using the x2 unadjusted relative risk ratio
(RRR) with 95% CI and the Kruskal-Wallis H test with a
Bonferroni adjustment for multiple pairwise comparisons.
Binomial logistic models were analyzed to assess differences in
OR for use of invasive ventilation by census division adjusting
for factors including asthma therapies, APR-DRG severity
category, and other potential confounding factors such as age,
presence of infection, black race, andMedicaid insurance.2,16-18

Asthma therapies were coded as dichotomous variables. The
data did not allow a determination of the sequence of asthma
therapies; models that did not include asthma therapies also
were assessed, and the estimates by census division were not
substantially altered. Need for ventilation >1 day and venti-
lation#1 day were separately evaluated with the same models
to assess differences between census divisions for short
duration of mechanical ventilation. Statistical significance
was defined as P <.05.

RESULTS
Of 87,875 pediatric patients treated for asthma in a

participating hospital during the study period, 7125 (8%)
received care in a PICU. Selected demographic features of
the PICU patients are shown in Table I. One thousand
twenty-four children (14%) received invasive ventilation. Use
of mechanical ventilation differed by area of the country, as
did severity of illness assessed by APR-DRG (highest
severity score). Use of mechanical ventilation varied from
6% in the Pacific census division children’s hospitals to 27%
in the East North Central census division children’s hospi-
tals, whereas APR-DRG extreme severity of illness ranged
from 4% in the West North Central to 22% in the Mountain
division. Nineteen percent of patients with extreme
The Journal of Pediatrics � September 2005



APR-DRG severity of illness grading received mechanical
ventilation.

Compliance with the GIA pathway6 was assessed,
stratified by use of invasive ventilation (Table II). Among
patients who were not invasively ventilated, 3445 (57%)
received inhaled anticholinergic medications. In addition to
systemic corticosteroids and inhaled b-agonists, inhaled
anticholinergic therapy is recommended as standard care of
children with severe exacerbations.6 Among patients who
received invasive ventilation, 748 (73%) received inhaled
anticholinergic therapy, which was almost twice as likely
compared with children not receiving invasive ventilation
(RRR 1.9, 95% CI 1.7-2.2).

The GIA pathway recommends consideration of meth-
ylxanthines, systemic administration of b-agonists and mag-
nesium sulfate for patients with severe exacerbations not
improving from treatment with inhaled b-agonists, systemic
corticosteroids, and inhaled anticholinergic therapy.6 Among
non-intubated patients, 4% received methylxanthines, 26%
received systemic administration of b-agonists, and 20% were
treated with magnesium sulfate. There was significant vari-
ation by region for use of the medications (Table II). Among
children who received invasive ventilation, 17% received
methylxanthines, 23% were treated with systemic b-agonists,
and 32% received magnesium sulfate. Use of methylxanthines
or magnesium sulfate was approximately twice as high among
children treated with invasive ventilation (RRR 2.1; 95% CI
[1.8-2.4] and RRR 1.7; 95% CI [1.5-2.0], respectively); the
use of systemic b-agonists however, did not differ significantly
between children who received invasive mechanical ventilation
and those who did not. Among children who received invasive
mechanical ventilation, only 404 (40%) received one addi-
tional therapy recommended for consideration by the GIA
pathway when patients were not improving with first line
therapy. One hundred forty-eight (15%) received two
therapies, and 14 (0.8%) received all three. Children
not treated with invasive mechanical ventilation received
significantly fewer of these therapies: 2272 (37%) received
one, 368 (6%) were treated with two, and 16 (0.3%) got all
three.

The use of heliox or noninvasive ventilation for severe
asthma exacerbations are not addressed in the GIA pathway.
Nevertheless, five hundred and fifty-three (9%) children who
were not intubated received heliox gas, and 142 (2%) received
noninvasive ventilation (Table II). One-hundred eighty-seven
patient received heliox and invasive ventilation. The database
does not distinguish patients who received heliox via the
ventilator; however, clinical experience suggests this is a rare
event given concerns regarding errors in measured tidal
volume with heliox gas mixtures,19 suggesting that the vast
majority likely received heliox via a mask rather than an
endotracheal tube. Forty-three children received both nonin-
vasive and invasive ventilation. The order for mechanical
support cannot be determined for children who received both
methods of ventilation on the same day. Seventy-seven
percent of the children who received noninvasive ventilation
did not go on to require invasive ventilation.
Regional Variation In ICU Care For Pediatric Patients With Asthma
TheGIA pathway states that use of sedative medications
in the treatment of patients with asthma is contraindicated.6

Despite these recommendations, 218 (4%) non-intubated
patients received ketamine, an anesthetic medication often
selected for its bronchodilatory properties (Table II). The use
of other sedative agents was not assessed. Among invasively
ventilated patients 37% received ketamine sometime during the
PICU stay, such use varying significantly by census division.

Among the 1024 patients who received mechanical
ventilation, the median duration of ventilation was 1 day and
the interquartiles are 1 and 4. Median charges were $26,798
(25th and 75th quartile: $13,909, 58,959, respectively) which
was significantly greater than hospital charges among children
who did not receive invasive ventilation (median $10,909, 25th

and 75th quartile: $7323, $17,141, respectively). The multi-
variate models regarding risk of invasive ventilation and US
Census division are presented in Table III. Risk of mechanical
ventilation varied significantly when hospitals were grouped
by US Census division, despite adjustment for APR-DRG
severity of illness and other confounding factors. The time

Table I. PICU patients with acute asthma

N = 7125 n (%)

Males 4279 (60)
Age (years)
(median, 25th and 75th quartiles)

5.9 (2.4, 10.7 years)

Race
White 3483 (49)
Black 2926 (41)
Other 543 (8)
Missing 173 (2)

Medicaid Insurance 3471 (49)
Region of United States
Mid Atlantic 352 (5)
South Atlantic 939 (13)
East North Central 1362 (19)
East South Central 709 (10)
West North Central 776 (11)
West South Central 873 (12)
Mountain 120 (2)
Pacific 1994 (28)

HMO
(median, 25th and 75th quartiles)

35% (26, 44%)

Length of PICU stay (days)
(median, 25th and 75th quartiles)

1 (1, 2)

Length of hospital stay (days)
(median, 25th and 75th quartiles)

3 (2, 5)

Hospital charges ($)
(median, 25th and 75th quartiles)

11,900 (7725, 19,615)

Hospital Outcome
Discharged alive 7056 (99)
Transferred 43 (0.6)
Died 24 (0.3)

HMO, health maintenance organization.
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Table II. Regional variation in ICU therapies for asthma

Patients Who Did Not Receive Mechanical Ventilation, N = 6101

N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Ip Xanthine Terbutaline MagSO4 Heliox Bipap Ketamine

Mid Atlantic (n = 288) 241 (84) 5 (2) 45 (16) 40 (14) 137 (48) 0 23 (8)
South Atl (n = 780) 621 (80) 0 169 (22) 290 (37) 55 (7) 2 (0.3) 59 (8)
E N Central (n = 989) 765 (77) 70 (7) 215 (22) 162 (16) 106 (11) 108 (11) 39 (4)
E S Central (n = 612) 213 (35) 72 (12) 204 (33) 83 (14) 73 (12) 7 (1) 22 (4)
W N Central (n = 714) 397 (57) 55 (8) 146 (20) 66 (9) 8 (1) 1 (0.1) 5 (1)
W S Central (n = 751) 258 (35) 23 (3) 202 (27) 228 (30) 52 (7) 17 (2) 46 (6)
Mountain (n = 93) 83 (89) 22 (24) 18 (19) 11 (12) 2 (2) 0 3 (3)
Pacific (n = 1874) 867 (47) 13 (1) 604 (32) 313 (17) 120 (6) 7 (0.4) 21 (1)
Total 3445 (57) 260 (4) 1603 (26) 1193 (20) 553 (9) 142 (2) 218 (4)

Patients Who Did Receive Mechanical Ventilation, N = 1024

Mid Atlantic (n = 64) 47 (73) 4 (6) 12 (19) 21 (33) 43 (67) 0 35 (55)
South Atl (n = 159) 129 (81) 1 (0.6) 33 (21) 67 (42) 48 (30) 1 (0.6) 72 (45)
E N Central (n = 373) 332 (89) 97 (26) 76 (20) 75 (20) 39 (11) 25 (7) 92 (25)
E S Central (n = 97) 40 (41) 33 (34) 28 (29) 34 (35) 6 (6) 11 (11) 38 (39)
W N Central (n = 62) 29 (47) 12 (19) 15 (24) 21 (34) 4 (7) 1 (2) 22 (36)
W S Central (n = 122) 73 (60) 7 (6) 30 (25) 56 (46) 8 (7) 2 (1) 63 (52)
Mountain (n = 27) 25 (93) 16 (59) 7 (26) 4 (15) 1 (4) 0 18 (67)
Pacific (n = 120) 73 (61) 6 (5) 37 (31) 50 (42) 38 (32) 3 (3) 41 (34)
Total 748 (73) 176 (17) 238 (23) 328 (32) 187 (18) 43 (4) 382 (37)

All therapies differed significantly by region except systemic terbutaline use among ventilated patients.
Atl, Atlantic; Bipap, bi-level positive airway pressure; EN Central, East North Central; ES Central, East South Central; Heliox = helium-oxygen gas mixture;
Ip, ipratropium bromide; MagSO4, magnesium sulfate; WN Central, West North Central; WS Central, West South Central; xanthine; aminophylline
or theophylline.
course for institution of asthma therapies and their relation-
ship to invasive ventilation could not be determined more
finely than by calendar day, hence any association between the
treatments and the risk of invasive ventilation cannot be
evaluated in this analysis. The only therapy that was associated
with a significantly lower risk of invasive mechanical venti-
lation was noninvasive ventilation, which appeared to decrease
the risk (OR 0.5; 95% CI 0.3-0.8). However, the use of
noninvasive ventilationwas associatedwith substantial hospital
charges, and median charges did not differ significantly from
children who received invasive ventilation (median $26,367,
25th and 75th quartile $18,497, $37,006, respectively).

Five hundred twenty-four (51%) patients received
mechanical ventilation for #1 day, which suggested regional
differences for relatively brief duration of mechanical venti-
lation. To evaluate this regional variation in duration of
mechanical ventilation several comparison were made. First,
children ventilated #1 day were compared with children who
were not ventilated; then children ventilated >1 day were
compared with those ventilated for #1 day (Table III).
Comparison of the models regarding risk of invasive ventila-
tion for >1 day showed that risk associated with census
divisions was more similar, and greater regional variability in
the risk of invasive ventilation was found among patients
ventilated#1 day. For instance, the risk of invasive ventilation
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for severe asthma in children’s hospitals in the East North
Central census division for #1 day was 11 times greater
compared with the Pacific census division (OR 11.4; 95% CI
[7.9-16.4]); however, use of ventilation >1 day was less than
half (OR 0.4; 95% CI [0.2-0.7]).

Only 24 patients (0.3% of PICU patients) died. Factors
significantly associated with death included older age and use
of invasive mechanical ventilation (OR 20.4; 95% CI [6.9-
59.9]). Region, use of other therapies, race, and Medicaid
insurance were not significantly related to death.

DISCUSSION
Our study found large variability in use of asthma

therapies for pediatric patients with severe exacerbations.
Variability was noted in the administration of recommended
medications such as inhaled anticholinergics as well as
medications with less convincing evidence to support their
use for severe exacerbations (eg, methylxanthines and systemic
b-agonists). There was marked regional variation in the use of
inhaled heliox, noninvasive mechanical ventilation, and inva-
sive mechanical ventilation in the United States.

The use of inhaled anticholinergics and the avoidance of
sedative agents are endorsed by the GIA.6 Surprisingly, >60%
of children treated in two census divisions did not receive
The Journal of Pediatrics � September 2005



Table III. Risk of invasive ventilation: ventilation 1 day and >1 day

All Ventilation Ventilation #1 day Ventilation >1 day

OR (95% CI) OR (95% CI) OR (95% CI)*

Region of Country
Mid Atlantic 2.0 (1.3-3.0) 3.1 (1.8-5.5) 0.8 (0.4-1.6)
South Atlantic 2.8 (2.1-3.8) 2.9 (1.8-4.5) 1.3 (0.7-2.3)
East North Central 6.4 (4.9-8.3) 11.4 (7.9-16.4) 0.4 (0.2-0.7)
East South Central 2.7 (1.9-3.8) 5.7 (3.7-8.7) 0.3 (0.1-0.5)
West North Central 1.7 (1.1-2.4) 2.3 (1.4-3.7) 0.6 (0.3-1.2)
West South Central 2.2 (1.6-3.0) 1.4 (0.8-2.3) 2.7 (1.4-5.2)
Mountain 1.9 (1.0-3.3) 2.4 (1.1-45.0) 0.9 (0.4-2.5)
Pacific 1 reference 1 reference 1 reference

Models are adjusted for Medicaid insurance, African-American race, gender, presence of infection, age, APR–DRG (categorical 1-4), and use
of asthma therapies.
Presence of infection was significantly associated with increased risk of ‘‘all’’ ventilation (P <.0001) and ventilation >1 day (P <.0001), whereas Black race
was significantly associated with decreased risk of ‘‘all’’ ventilation (P <.0001) and ventilation#1 day (P <.0001) but not ventilation >1 day. Medicaid insurance
was associated with increased risk of ‘‘all’’ ventilation (P = .013).
*The comparison group for this model is patients ventilated #1 day, whereas the comparison for the other two models are patients who are not ventilated.
inhaled anticholinergics for severe asthma exacerbations.
Although adherence overall was not optimal, our results are
similar to a report by Salmero et al among adult patients
treated in French emergency departments for asthma.20

Ketamine use among children not treated with mechanical
ventilation was 3.6%.We did not evaluate use of other sedative
and analgesic medications. Use of sedation among patients in
respiratory distress should only occur in a well-monitored
setting and only for select cases. As expected, use of ketamine
among children receiving mechanical ventilation was signif-
icantly higher compared with non-intubated patients.

Systemic b-agonists were the most commonly used
medications (26%) among therapies recommended for consid-
eration among children not responding to treatment with
inhaled b-agonists, inhaled anticholinergics, and systemic
corticosteroids in the GIA pathway. However, use of systemic
b-agonists was not more common among children treated
with mechanical ventilation, although the endotracheal tube
and ventilator circuit increase dead space and are known to
severely limit delivery of inhaled medications.21-23

Methylxanthines were used in only 6% of patients. The
Cochrane meta-analysis concludes that addition of methyl-
xanthines to asthma care for status asthmaticus improves
asthma symptoms within the first 24 hours; however, use is
limited by adverse effects such as nausea and vomiting.24 One
large randomized study of children with severe asthma showed
that the addition of methylxanthines significantly decreased
the risk of mechanical ventilation.25 However, no large studies
have shown whether systemic b-agonists or methylxanthines
are more effective as an additional therapy for severe asthma.26

There was remarkably low use of second tier therapies to
prevent intubation and mechanical ventilation. Less than half
of patients treated with mechanical ventilation received a
second tier therapy, and only 15% received two. Mechanical
ventilation for asthma severely limits delivery of inhaled
medications and is fraught with potential complications thus
Regional Variation In ICU Care For Pediatric Patients With Asthma
intensive efforts should be made to avoid invasive ventilation
when possible.

Neither heliox nor noninvasive ventilation is recom-
mended in the GIA pathway6; however, these supportive
therapies were used to treat severe asthma exacerbations in a
minority of cases (10% and 3%, respectively). Unlike meth-
ylxanthines and systemic b-agonists, heliox is nontoxic;
however, helium’s effect on gas flow can be limited by
hypoxia and need for higher concentrations of inspired
oxygen. Trials regarding heliox have been small, and the
beneficial effects appear to be most pronounced in the first
hour of therapy.13 Heliox gas mixtures have been shown to
improve aerosol delivery among both intubated and non-
intubated patients.27,28

Noninvasive ventilation was first described for use in
adults with chronic obstructive pulmonary disease.29 How-
ever, recent reports have shown that noninvasive ventilation
can be used in both adults and children with asthma. It
decreases subjective work of breathing,15,30 and aerosol
therapy can be delivered via the mask.31 Use of noninvasive
ventilation was not widespread in our study. Patient charges
were similar to those who received invasive mechanical
ventilation, which is not surprising given the need for attentive
respiratory care services as well as ventilator charges. One of
the study limitations is that we did not have conventional
severity of illness scores other than the APR-DRG severity of
illness, and likewise we did not have blood gas values to assess
disease severity to adequately compare patients treated with
noninvasive ventilation with similar patients who did not
receive noninvasive ventilation. In most PICU settings,
noninvasive ventilation is attempted before intubation; we
assume that it was predominately used in this manner at the
study hospitals. However, noninvasive ventilation also may
be utilized to prevent respiratory failure after extubation.32 In
the multivariate analysis, we found that use of noninvasive
ventilation was significantly associated with decreased risk of
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invasive ventilation; however, given our data limitations, this
finding should be considered preliminary and deserves further
study.

A striking finding pertained to the varied use of
mechanical ventilation. The unadjusted rates of invasive
ventilation ranged from 6% to 27% of patients with asthma
treated in different census division PICUs. This may be
explained by severity of illness and other processes of care such
as the availability of respiratory step-down units. However,
over half of the patients were ventilated #1 day, and after
adjustment for severity of illness (APR-DRG) and other
potential confounding factors, there were significant and large
associations between risk of short use of invasive ventilation
and census divisions. Our finding of large variation in practice
mirrors a study by Roberts et al,2 who found that among 14
PICUs the average use of mechanical ventilation for asthma
patients was 17%; however, such use varied significantly by
center with the use of mechanical ventilation ranging from 3%
to 47%. After adjustment for worst respiratory rate, age, and
pediatric risk of mortality (PRISM III) score,33 children at
high-use centers were two and a half times more likely to
receive ventilation compared with low-use centers.

Our study finding that over half the patients who were
intubated received ventilation for#1 day suggests either rapid
improvement in clinical status or alternatively a lower clinical
threshold for institution of invasive ventilation early in the
patient’s acute care. More detailed guidelines regarding
clinical parameters that suggest need for intubation and
invasive ventilation along with provider education may help
decrease such large variation in practice. Preventing unneces-
sary intubation and invasive ventilation is important because it
is potentially harmful and expensive.34,35 If neuromuscular
blocking agents are required for a prolonged period, patients
may develop myopathy.36

Studies that utilize databases benefit from large sample
size but have other limitations. We could not ascertain
whether patients were intubated in the prehospital, emergency
department or PICU setting: this knowledge would be helpful
to target the appropriate group of providers for education
regarding critieria for intubation among children with asthma.
As therapies were recorded by date rather than time, we could
not clearly determine the escalation order of asthma therapy in
most cases. This makes inferences between therapies and risk
of intubation impossible. Likewise we were unable to assess
dose, so we can only report if a therapy was used, rather than if
an optimal dose was utilized. Variability was reported by
geographic region rather than hospital. Because one census
region contained a single hospital we could not utilize a
statistical model that adjusted for both hospital and region.

We did not have physiological data or standard risk of
mortality scores such as PRISM or pediatric index of mortal-
ity37 but rather had to rely on theAPR-DRGseverity of illness,
which is increased in part by use of mechanical ventilation. Our
findingsmirror those of Roberts et al who did adjust for severity
of illness with PRISMIII.2 Because of concern regarding use of
the APR-DRG severity of illness (a 4-point classification of
mild, moderate, severe, and extreme),10 models using the CMI
360 Bratton et al
were evaluated, and the variability by census region remained
and were of similar magnitude compared with the analysis
with APR-DRG. We relied on charge information to capture
medications and mechanical support. Therapies for which a
charge was not generated would not be included and thus may
be under reported. Finally we report on a sample of children’s
hospitals and thus the findings may not mirror care for all
critically ill children with asthma. We report variability related
to region that reflect hospital practices within that region;
however, the point remains that asthma practice varies within
the United States.

Our study shows large variability in asthma care for
patients treated in PICUs at children’s hospitals. Use of
mechanical ventilation and noninvasive ventilation were
associated with significantly greater costs, and half of patients
who received invasive ventilation did so for #1 day. More
detailed guidelines regarding escalation of therapy and when to
initiate mechanical support may benefit this group of children.
Many children who are treated withmechanical ventilation did
not receive recommended inhaled anticholinergic therapy
before intubation. There is need to clarify and better define
asthma guidelines that relate to PICU care, particularly
becasue adherence to asthma guidelines in outpatient settings
has been shown to improve patient quality of life.38,39

APPENDIX

United States Geographic Regions

New England: ME, NH, VT, MA, RI, CT
Mid Atlantic: NY, NJ, PA
SouthAtlantic:DE, MD,DC,VA,WV,NC,SC,GA,FL
East North Central: OH, IN, IL, MI, WI
East South Central: KY, TN, AL, MS
West North Central: MN, IO, MO, ND, SD, KS
West South Central: AR, LA, OK, TX
Mountain: MT, ID, WY, CO, NM, AZ, UT, NV
Pacific: WA, OR, CA, AK, HI
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PEDIATRICIANS’ SCREENING URINALYSIS PRACTICES

COLIN M. SOX, MD, MS, AND DIMITRI A. CHRISTAKIS, MD, MPH

Objective To determine pediatricians’ routine screening urinalysis practices.

Study design This was a survey of a nationally representative sample of pediatricians practicing in the U.S. regarding their

screening urinalysis practices in childhood.

Results Of the 1502 pediatricians sampled, 653 eligible subjects participated, for an estimated response rate of 49.5%. The

vast majority of participants (78%) routinely screen asymptomatic children with urinalysis in at least 1 age group. Pediatricians’

screening urinalysis practice varies based on age group: 9% screen during infancy (<1 year), 60% screen during early childhood

(1 up to 5 years), 55% screen during late childhood (5 to 12 years), and 58% screen during adolescence (13 to 20 years). The

majority of pediatricians (58%) routinely screen more than 1 age group. Some 38% of the pediatricians surveyed believe that the

overall health of children is improved by screening all asymptomatic children with urinalysis.

Conclusions Many pediatricians routinely conduct screening urinalysis during childhood, frequently at ages not

recommended by the American Academy of Pediatrics. (J Pediatr 2005;147:362-5)

O ffice-based urinalyses can test urine for glucose, red blood cells, protein, and
leukocytes. In the past, urinalysis was the most widely recommended screening
test used for children in the United States.1,2 In both 1977 and 1992, the

American Academy of Pediatrics (AAP) recommended that screening urinalysis be
performed during 4 periods of a child’s life: infancy, young childhood, late childhood, and
adolescence.3,4 Debate about whether screening urinalysis should be routinely conducted
on asymptomatic children5-7 led to a revision of these guidelines in 2000.8 The AAP now
recommends that screening urinalyses be done routinely on 2 groups: 5-year-old children
and sexually active adolescents.8

Given the recent attention that screening urinalysis has received, we were surprised to
discover that little was known about pediatricians’ routine screening urinalysis practices.
Although it has been reported that pediatricians perform frequent screening urinalyses,5,6 to
date no empirical study has examined pediatricians’ routine practices or their beliefs about
the importance of conducting screening urinalysis. Because attitudes toward a practice may
influence clinicians’ compliance with guidelines, we sought to determine both pediatricians’
attitudes toward screening urinalysis and their routine screening urinalysis practices.

METHODS

Subjects

Seeking a random sample of pediatricians practicing general pediatrics in the United
States, we recruited subjects from the AmericanMedical Association (AMA) master file of
licensed physicians. Compiled for the U.S. Department of Defense, this list is considered
a complete collection of physicians’ names, addresses, specialties, age, and sex, and is not
limited to members of the AMA. From the 44,561 pediatricians with no secondary
specialty listed in the master file in December 2001, 1502 were randomly selected for
participation. We conducted this study using data collected with a questionnaire that we
designed to address multiple research questions, including a trial investigating the effect of

AAP American Academy of Pediatrics
AMA American Medical Association

USPSTF United States Preventative Services Task Force
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decision support on medical decision making (results to be
reported separately). We chose a sample size of 1502 to ensure
that the trial of decision support would be appropriately
powered.

Survey Instrument

We developed a questionnaire and piloted it among a
different group of 22 pediatricians. One of our goals for the
questionnaire was to measure the subjects’ reported practices
and attitudes toward screening urinalysis. To measure prac-
tices, we asked all subjects to check the box next to each
childhood age group for which they routinely conduct
screening urinalysis on asymptomatic patients at least once:
infancy (<1 year), early childhood (1 up to 5 years), older
childhood (5 to 12 years), and/or adolescence (13 to 20 years).
To measure attitudes, we asked subjects to check either ‘‘yes’’
or ‘‘no’’ in response to the following question: ‘‘Do you
think that the overall health of children is improved by
screening all children with urinalysis?’’ These 2 questions
were asked of all subjects and were not part of the trial of
decision support.

To collect information on subjects’ training, we asked
whether they were board-certified in pediatrics, a graduate of a
medical school located in the United States, and currently in
a pediatric residency program. We defined ‘‘foreign medical
school graduate’’ as a graduate of a medical school located
outside of the United States.

To collect information about practice, we asked subjects
to report the percent of clinical time spent in general pediatrics
and whether they worked in a practice that had 1 or 2
pediatricians or more.We defined a ‘‘small primary practice’’ as
one whose primary practices included 1 or 2 pediatricians. We
defined a ‘‘general pediatrician’’ as one who reported spending
more than 80% of his or her clinical time in general pediatrics.
We categorized subjects’ location by U.S. region using the
state of practice and regional definitions used by the National
Cancer Data Base: northeast (CT, ME, MA, NH, NJ, NY,
PA, RI, VT), southeast (DE, FL, GA, MD, NC, SC, VA,

Table I. Subject characteristics

Variable
Number
(total 653)

Percent
(%)

Male 284 44
U.S. medical school graduate 516 80
Pediatric resident 100 16
Board certified in pediatrics 519 81
General pediatrician 521 80
Small primary practice 137 22
U.S. region
Northeast

198 30

Southeast 119 18
Midwest 129 20
South 97 15
Mountain-Pacific 110 17
Pediatricians’ Screening Urinalysis Practices
DC, WV), south (AL, AR, KY, LA, MS, OK, TN, TX),
midwest (IL, IA, IN, KS, MI, MO, MN, MS, NE, ND, OH,
SD,WI), and mountain-Pacific (AZ, CO, ID,MT, NV, NM,
UT, WY, AK, CA, HI, OR, WA).9

We mailed each subject a 4-page questionnaire, a
prepaid return envelope, a dollar bill as a token of appreciation,
and a letter assuring that participation was voluntary and that
responses would be kept confidential. We gave each subject
the opportunity to decline participation. We sent each
nonrespondent a replacement survey at 4-week intervals, for
a maximum of 4 mailings per subject, and sent a reminder
postcard after the second mailing. We contacted the institu-
tion of each subject who did not respond to confirm that the
subject’s mailing address was correct. The University of
Washington Institutional Review Board approved the design
of this study.

Statistical Analysis

We used the x2 test to investigate associations between
a subject’s characteristics and whether the subject conducts
routine screening urinalysis in at least 1 childhood age group.

RESULTS
Of the 1502 potential subjects, we excluded 43 who did

not currently practice general pediatrics in the United States
and 106 whose questionnaires were returned by the Postal
Service with no forwarding address. Of the 1353 remaining,
653 returned completed surveys and 59 actively refused to
participate, leaving 641 potentially eligible nonresponders.
The estimated response rate was 49.5%.1 We found no
statistically significant differences between responders and
nonresponders by sex or age. Participants graduated from
medical school a mean of 16.3 years before responding to the
questionnaire (standard deviation, 11.7; median, 14; range,
1 to 55); other participant characteristics are presented in
Table I.

The vast majority of participants (78%) routinely
conduct screening urinalysis on asymptomatic children in at
least 1 age group, and the majority (58%) routinely screen in
more than 1 group. Pediatricians’ screening urinalysis practices
varies by child age, with 55% screening in the age group that
includes 5-year-olds (Table II). More than 1/3 of subjects
(38%) stated that they believe that the overall health of

Table II. Pediatricians’ screening urinalysis practices
and beliefs

Number
(total 653)

Percent
(%)

Routinely screen all asymptomatic
children at least once in:

Infancy (age ,1 year) 51 9
Early childhood (age 1 to 5 years) 371 60
Late childhood (age 5 to 12 years) 335 55
Adolescence (age 12 to 20 years) 349 58
363



children is improved by screening all asymptomatic children
with urinalysis.

General pediatricians are more likely than pediatricians
who spend less than 80% of their clinical time in general
pediatrics to conduct screening urinalysis routinely at least
once during childhood (82% vs 64%; P < .001). Foreign
medical school graduates are more likely than U.S. medical
school graduates to conduct screening urinalysis routinely at
least once during childhood (91% vs 75%; P < .001).
Pediatricians who have completed residency are more likely
than residents to conduct screening urinalysis routinely at
least once during childhood (81% vs 66%; P = .001). We
found no significant regional variation in pediatricians’ routine
screening urinalysis practices (northeast, 79%; southeast, 78%;
Midwest, 81%; south, 79%; mountain-Pacific, 73%; P = .62).

DISCUSSION
Wefound that the vastmajority of pediatricians routinely

screen asymptomatic children with urinalysis at some point
during childhood. The AAP currently recommends urinalysis
screening of all 5 year-old children,8 and we found that more
than 50% of pediatricians routinely screen in the age group that
includes this age. Because we did not specifically ask about
screening children at age 5, we do not have a precise estimate of
the proportion in compliance with the AAP guidelines; we can
only say that no more than 55% of participants were in
compliance with this guideline. We also found that many
screen children at ages not recommended by the AAP (infancy,
early childhood, and adolescence). We found an interesting
inconsistency between pediatricians’ beliefs and practices.
Although a minority of participants believe that the overall
health of children is improved by screening all children with
urinalysis, the vast majority routinely screen asymptomatic
children with urinalysis at some point.

Our findings that pediatricians’ screening urinalysis
practices are not compliant with the AAP recommendations is
consistent with previous work that found that pediatricians
frequently do not comply with clinical practice guidelines.10-12

Given the paucity of evidence supporting screening urinalysis,
it is interesting to note that many pediatricians screen so often.
Perhaps pediatricians overscreen because they do not know
that the AAP revised their guidelines in 2000 to advise that all
children be screened only once, at age 5 years.8 Possibly adding
to confusion over the guidelines, in the mid-1990s both the
United States Preventative Services Task Force (USPSTF)13

and the Canadian Task Force on Preventative Health Care14

recommended against screening children for bacteriuria, and
the 2004 USPSTF guidelines specified urinalysis screening
recommendations only for adults, not for children.15

The reason for the disassociation between some pedi-
atricians’ screening urinalysis beliefs and practices is not clear.
Perhaps some are aware of the poor quality of evidence
supporting performing routine screening urinalysis to detect
bacteriuria13,14 or significant renal disease,16-20 whereas others
may conduct screening urinalysis only to comply with
requirements of insurance groups or for school entry.
364 Sox and Christakis
Several limitations of the present study warrant com-
ment. First, this study is subject to response bias, because the
physicians who returned completed surveys might be different
than those who did not. However, we were reassured that
there were no significant sex or age differences between
responders and nonresponders and that our response rate was
similar to the mean response rates in previously published
studies of physician surveys.21,22 Second, participants’ stated
screening urinalysis practices might not represent their actual
clinical practices; however, there does not appear to be any
obvious social response bias in answering our questions. Third,
our question addressing attitudes toward screening urinalysis
has not been externally validated; however, we feel that this
question was posed in a straightforward manner and has face
validity. Finally, we did not gather information on other
factors that may influence screening behavior, such as
requirements established by Medicaid or schools.

Our study confirms previous reports5,6 that pediatricians
perform screening urinalyses frequently. These findings have
important implications. Our findings that pediatricians report
conducting screening urinalysis on groups of children for
whom the AAP does not recommend screening is of concern,8

because screening children with urinalysis multiple times
during childhood is costly.5 Educational interventions to
improve this practice may be warranted. Perhaps such
interventions should emphasize that inappropriate testing
can lead to false-positive results, which frequently trigger a
cascade of follow-up tests and related anxiety.

This work was conducted while Dr. Sox was a Robert Wood Johnson
Clinical Scholar at the University of Washington. The Robert Wood
Johnson Generalist Physician Faculty Scholar program supports Dr.
Christakis. The opinions expressed herein are those of the authors and
not of the Robert Wood Johnson Foundation.
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REDUCED NOCTURNAL BLOOD PRESSURE DIP AND SUSTAINED

NIGHTTIME HYPERTENSION ARE SPECIFIC MARKERS OF

SECONDARY HYPERTENSION

TOMÁŠ SEEMAN, MD, PHD, DANIELA PALYZOVÁ, MD, JIŘÍ DUŠEK, MD, PHD, AND JAN JANDA, MD PHD PROF

Objective To investigate with the use of ambulatory blood pressure (BP) monitoring whether nocturnal BP dip and

nighttime BP values are different in children with untreated primary and secondary hypertension.

Study design Ambulatory BP monitoring studies from 145 children with untreated hypertension were retrospectively

analyzed. Forty-five children had primary hypertension and 100 children had secondary hypertension.

Results Children with secondary hypertension had lower nocturnal BP dip for systolic and diastolic BP in comparison to

children with primary hypertension (8% ± 5% vs 14% ± 4% for systolic and 14% ± 7% vs 22% ± 5% for diastolic BP, P < .0001 for

both). Eleven percent of children with primary hypertension were classified as nondipper (BP dip <10%) for systolic BP and no

child for diastolic BP; on the contrary, in children with secondary hypertension, 65% were nondippers for systolic and 21% for

diastolic BP. Nocturnal systolic and diastolic BP loads were significantly greater in children with secondary hypertension than in

those with primary hypertension.

Conclusions Reduced nocturnal BP dip and sustained nighttime BP elevation are specific markers of secondary

hypertension in children with untreated hypertension. Children with blunted nocturnal BP dip or sustained nighttime

hypertension should be thoroughly investigated searching for the underlying cause of hypertension. (J Pediatr 2005;147:

366-71)

A mbulatory blood pressure monitoring (ABPM) has become a valuable method
in the treatment of children with arterial hypertension.1,2 Hypertension in
childhood can be secondary (caused mainly by renal, endocrine, or cardiovascular

disorders) or primary, that is, without identified underlying disorder.3,4 Early differen-
tiation between primary and secondary hypertension is of high diagnostic, therapeutic, and
prognostic importance because it facilitates initiation of specific treatment for the
underlying condition.

Ambulatory blood pressure monitoring is a potential tool for differentiation between
these two forms of hypertension. There are several studies in adult patients showing that
nocturnal blood pressure (BP) decrease (dip) is reduced in patients with secondary
hypertension in comparison to patients with primary hypertension.5-11 In children, only
one study systematically investigated this issue.12 Flynn12 has shown in this study on 93
mostly treated hypertensive children that pediatric patients with secondary hypertension
also have a blunted nocturnal BP dip compared with children with primary hypertension.
He did not find any difference in nocturnal BP dip between these two groups when the
subgroup of untreated children was considered; this is probably a result of the small number
of untreated children.

The aim of our study was to investigate in a larger cohort of untreated hypertensive
children whether nocturnal BP dip is different in patients with secondary hypertension
compared with patients with primary hypertension and to identify further BP character-
istics of children with secondary hypertension that could differentiate them from children
with primary hypertension.

ABPM Ambulatory blood pressure monitoring
BP Blood pressure

GFR Glomerular filtration rate
NKF National Kidney Foundation
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METHODS
We retrospectively reviewed all ABPM studies obtained

in our center between January 1995 and December 2002.
Indications for ABPM studies were elevated clinic BP or an
underlying disease (renal, endocrine, or cardiovascular) sug-
gesting BP alterations regardless of clinic BP. The results of
the ABPM studies were used for detection of sustained or
white coat hypertension but were not used to classify the
children as having either primary or secondary hypertension.
Institutional review board approval was received for the study
design.

Oscillometric monitors SpaceLabs 90207 or 90217
(SpaceLabs Medical, Redmond, WA) were used. An appro-
priate cuff13 was placed on the nondominant arm by a
physician who also informed the child and parents in detail of
the operation of the monitor. Monitors were programmed to
measure BP automatically every 20 minutes during the day and
every 30 minutes at night. According to the reference values by
Soergel et al,14 data were analyzed by using standardized
daytime (8 AM to 8 PM) and nighttime (12 AM to 6 AM)
periods.

Mean systolic and diastolic BP at daytime and at
nighttime were calculated. Nocturnal BP dip was calculated
as a percentage of mean nighttime BP decline compared with
mean daytime BP: [(mean daytime BP – mean nighttime BP):
mean daytime BP] 3 100. It is not yet known what is
abnormal nocturnal BP decline in children15; therefore,
reduced nocturnal BP dip was defined using adult criteria as
systolic BP dip <10% and/or diastolic BP dip <10%.16

Children with reduced nocturnal systolic and/or diastolic BP
fall were classified as nondippers. Blood pressure load for
daytime and nighttime BP was calculated as a percentage of
readings higher than the 95th percentile for healthy children.15

Inclusion criteria for the study were (1) abnormal
ABPM recording defined as mean systolic and/or diastolic
BP at daytime and/or nighttime $95th percentile values for
healthy children, using the data from the study by Soergel14;
(2) no antihypertensive medication (including diuretics); (3)
no steroids, cyclosporine, or tacrolimus medication; (4)
sufficient number of BP measurements during ABPM study
(only recordings with a minimum of 40 readings and without
breaks longer than 2 hours). Exclusion criteria for the study
were (1) children with end-stage renal failure treated with
dialysis; (2) children after renal transplantation.

Children were classified as having primary or secondary
hypertension after a standardized comprehensive diagnostic
evaluation recommended by the Working Group on
Hypertension Control in Children and Adolescents that
included appropriate clinical, laboratory, and radiographic
studies, as recommended by this consensus group.13 This
laboratory diagnostic evaluation included complete blood
count, urinalysis, urine culture, serum electrolytes, blood urea
nitrogen, creatinine, uric acid, cholesterol, triglycerides, renal
ultrasound, and echocardiography in all children and hormo-
nal studies and renoparenchymal or renovascular imaging in
selected patients.
Reduced Nocturnal Blood Pressure Dip And Sustained Nighttime Hypertensi
Are Specific Markers Of Secondary Hypertension
Statistical Analysis

Data are expressed as mean ± SD, or as percentages.
Statistical analysis was performed by using the SPSS statistical
program. The Mann-Whitney U test and unpaired 2-tailed
t test were used to examine differences between groups. The
Fisher 2-sided exact test was used to determine the difference
in group proportions. Receiver operator curve analysis was
used to evaluate sensitivity and specificity of nocturnal BP
dip and BP load for predicting the presence of secondary
hypertension. P values <.05 were considered statistically
significant.

RESULTS
All 921 ABPM studies performed in our pediatric

department between January 1995 and December 2002 were
reviewed. Seven hundred seventy-six studies were excluded
from the analysis, 372 (48 %) because of mean BP values <95th

percentile (ie, normotension), 295 (38%) because of treatment
with antihypertensive medications, diuretics, steroids, cyclo-
sporine, or tacrolimus, 70 (9%) because of renal replacement
therapy (dialysis or renal transplant), and 39 (5%) because of
insufficient BP readings during the ABPM study.

A total of 145 ABPM studies from 145 different
children fulfilled the inclusion criteria. Forty-five children had
primary hypertension and 100 children had secondary hyper-
tension. The underlying cause of secondary hypertension was
renoparenchymal disease (n = 90; primary renal disease
included glomerulonephritis in 22 children, reflux nephrop-
athy in 20 children, obstructive uropathy in 11 children,
congenital hypoplasia/dysplasia in 9 children, autosomal
recessive polycystic kidney disease in 9 children, autosomal
dominant polycystic kidney disease in 7 children, chronic
tubulopathy in 7 children, and residual renal abnormalities
after hemolytic uremic syndrome in 5 children); renal artery
stenosis (n = 5) and endocrinopathy (n = 5; glucocorticoid-
remediable aldosteronism in 2 children; and pheochromocy-
toma, Cushing syndrome, and congenital adrenal hyperplasia
caused by deficiency of 11-b hydroxylase in 1 child each).

Renal function was normal according to the National
Kidney Foundation (NKF) classification17 in all children with

Table I. Clinical and anthropometric characteristics of
children with primary and secondary hypertension

Primary HT
(n = 45)

Secondary HT
(n = 100) P value*

Age (years) 15.7 ± 3.4 11.8 ± 4.2 ,.0001
Height (cm) 173 ± 17.4 147.5 ± 24.7 ,.0001
Weight (kg) 73.6 ± 19.9 43.8 ± 19.6 ,.0001
Weight (percentile) 82.0 ± 21.4 51.6 ± 34.9 ,.0001
BMI (kg/m2) 24.3 ± 4.8 19.1 ± 4.0 ,.0001
BMI (percentile) 78.0 ± 23.7 53.0 ± 32.9 ,.0001
Female sex (%) 13 34 ,.0001

HT, indicates hypertension; BMI, indicates body mass index.
*Two-way, unpaired t test.
on
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Table II. Comparison of dipping status and likelihood of secondary hypertension with a non-dipping status

Systolic
BP dip

Diastolic
BP dip

Non-dipping for
systolic BP <10%

Non-dipping for
diastolic BP <10%

Non-dipping for systolic
BP <10% and diastolic

BP <10%

Primary HT (n = 45) 14 ± 4 22 ± 5 11% 0% 0%
Secondary HT (n = 100) 8 ± 5 14 ± 7 65% 21% 19%
P value ,.0001y ,.0001y ,.0001z = .0002z ,.0001z

Sensitivity NA NA 65% 21% 19%
Specificity NA NA 89% 100% 100%

HT, indicates hypertension; BP, indicates blood pressure; NA, indicates not applicable.
yunpaired 2-tailed t test.
zFisher exact test.

Table III. Comparison of blood pressure loads in children with primary and secondary hypertension

Daytime systolic
BP load

Daytime diastolic
BP load

Nighttime systolic
BP load

Nighttime diastolic
BP load

Primary HT (n = 45) 65.9 ± 17.9 32.6 ± 19.4 43.4 ± 25.6 25.4 ± 19.9
Secondary HT (n = 100) 53.7 ± 30.6 41.0 ± 31.5 70.7 ± 28.1 59.4 ± 29.2
P valuey = .03 NS ,.0001 ,.0001

HT, indicates hypertension; BP, indicates blood pressure; NS, indicates not significant.
yunpaired 2-tailed t test.
primary hypertension (mean calculated glomerular filtration
rate [GFR], 132 ± 17mL/min/1.73 m2; range, 106 to 159) and
in all children with renovascular and endocrine forms of
secondary hypertension; 20 children with renoparenchymal
hypertension had mildly reduced renal function (GFR, 60 to
89 mL/min per 1.73 m2), and 8 children had moderately
reduced renal function (GFR, 30 to 59 mL/min per 1.73 m2)
according to the NKF classification (mean GFR in all children
with secondary hypertension, 99 ± 43 mL/min per 1.73 m2;
range, 30 to 227).

The mean time studied by ABPM was 24.5 ± 11.6
hours, the mean number of BP readings during this time was
59 ± 26, and ABPM was generally well tolerated by the
children (93% of attempted readings were successful).

The demographic data of children with primary and
secondary hypertension are shown in Table I. All were white.
Children with primary hypertension were significantly older
and heavier (according to absolute as well as relative body
weight and body mass index) than children with secondary
hypertension. Children with primary hypertension were less
likely to be of female sex than children with secondary
hypertension.

Children with secondary hypertension had significantly
lower nocturnal BP dip for systolic as well as for diastolic BP in
comparison to children with primary hypertension (Table II).
Their nocturnal systolic and diastolic BP dip was also
significantly lower than in healthy children (mean nocturnal
dip in systolic BP 13% and in diastolic BP 23% in healthy
children; data from Soergel et al14). On the contrary, children
with primary hypertension had nocturnal BP dip not signif-
368 Seeman et al
icantly different from healthy children. A subgroup of children
with renovascular hypertension had higher systolic and
diastolic BP dip (12% and 23%) than a subgroup of children
with endocrine hypertension (3% and 11%, P < .05) and higher
diastolic BP dip (23%) than a subgroup of children with
renoparenchymal hypertension (14%, P < .05).

In children with primary hypertension, 11% were
classified as nondippers for systolic BP, and none of them
were nondipper for diastolic BP. In children with secondary
hypertension, 65% were nondippers for systolic BP and 21%
for diastolic BP. The specificity of nondipping phenomenon
for predicting secondary hypertension was 89% for systolic BP
dip and 100% for diastolic BP dip (Table II). The thresholds
of nocturnal BP dip for predicting the presence of secondary
hypertension with 100% specificity and the best sensitivity
were found to be <5% for systolic and <13% for diastolic BP.
These thresholds had sensitivity of 26% for systolic and 36%
for diastolic BP for predicting secondary hypertension. The
thresholds with the best specificity and sensitivity together for
predicting secondary hypertension were found to be <10% for
systolic and <16% for diastolic BP (receiver operator curve area
0.828 for systolic BP dip and 0.819 for diastolic BP; specificity
and sensitivity index, 1.539 for systolic and 1.506 for diastolic
BP dip).

Children with secondary hypertension revealed higher
systolic as well as diastolic BP loads during the nighttime
than children with primary hypertension (Table III). On
the contrary, children with primary hypertension had higher
systolic BP load during the daytime than children with
secondary hypertension. Daytime diastolic BP load was
The Journal of Pediatrics � September 2005



Table IV. Likelihood of secondary hypertension with an elevated blood pressure load

Nighttime systolic BP
load >85%

Nighttime diastolic
BP load >60%

Nighttime systolic BP load >85%
and nighttime diastolic BP

load >60%

Primary HT (n = 45) 3 pts (6%) 1 pt (2%) 1 pt (2%)
Secondary HT (n = 100) 41 pts (41%) 47 pts (47%) 29 pts (29%)
P valuez ,.0001 ,.0001 ,.0001
Sensitivity 41% 47% 29%
Specificity 94% 98% 98%

HT, indicates hypertension; BP, indicates blood pressure; pts, indicates patients.
zFisher exact test.
not significantly different between these two groups
(Table III).

Examination of the relation between BP load and the
likelihood of secondary hypertension is summarized in Table
IV. Based on the distribution of BP loads in the study
population, cutoff values of 25% to 95% were tested as
potential thresholds for the prediction of secondary hyperten-
sion. The most significant thresholds were found to be 60% for
nighttime systolic BP load and 85% for nighttime diastolic BP
load (Table IV). Both of these thresholds had a sensitivity of
almost 50% and a specificity of more than 90%.

DISCUSSION
The most important indications for introducing ABPM

in a pediatric patient are confirmation of sustained hyperten-
sion or detection of white coat hypertension18,19 and assess-
ment of nighttime BP profile. There are several studies in
adults showing that patients with secondary hypertension have
more often disturbed circadian BP rhythm with nondipping
BP pattern than patients with primary hypertension.5-9 We
have found that children with reflux nephropathy have isolated
elevation of nighttime BP with reduced BP dip.20 In children,
there is only one study that demonstrated that children with
secondary hypertension, both untreated and treated, have
blunted nocturnal BP dip and higher nighttime systolic and
daytime diastolic BP loads than children with primary
hypertension; however, having evaluated separately only
untreated children, the difference in BP dipping status was
no longer seen.12 In Flynn’s opinion, the failure to show any
difference would have been caused by the small number of
untreated children in this study.

In this study, we have retrospectively evaluated all
ABPM studies in our pediatric center. During the last 8 years,
we have performed ABPM in nearly 1000 children. Only
ABPM studies that showed persistent hypertension in un-
treated children have been included to exclude possible influ-
ence of drugs on the BP level and circadian rhythm. Despite
these hard exclusion criteria, the number of 145 children with
untreated hypertension is more than 3 times greater than in the
study done by Flynn. Our study demonstrated that untreated
children with secondary hypertension had much lower noc-
turnal BP dip than children with primary hypertension.
Reduced Nocturnal Blood Pressure Dip And Sustained Nighttime Hypertensio
Are Specific Markers Of Secondary Hypertension
Furthermore, the nondipping phenomenon for diastolic
BPwas foundonly in childrenwith secondary hypertension and
never in a child with primary hypertension. In other words, the
specificity of diastolic nondipping in predicting secondary
hypertension in an untreated child with hypertension was
100%.On the other hand, the low sensitivity of the nondipping
phenomenon to predict secondary hypertension in children
(only 21%) shows that more than three fourths of children with
secondary hypertension have normal nocturnal dip of diastolic
BP. The sensitivity of nondipping phenomenon in systolic
BP to predict secondary hypertension was considerably higher
(65%); however, the specificity reached only 89%. Overall, the
nocturnal BP dip in children with secondary hypertension is on
average approximately 2 times lower than in children with
primary hypertension (Table II).

The thresholds of nocturnal BP dip with 100% speci-
ficity and the best sensitivity for prediction of secondary
hypertension were found to be <5% for systolic and <13% for
diastolic BP. It is not yet known how abnormal BP dipping
should be defined in children,15 and therefore adult criteria
(<10% for both diastolic and systolic BP) are usually used. We
could speculate whether the use of cut-points that can
differentiate between children with primary and secondary
hypertension with 100% specificity should be used to define
abnormal dipping in children. The use of adult criteria of
nondipping also in pediatrics makes approximately 30% of
healthy children nondippers for systolic BP according to the
normative data by Soergel et al.14

The exact mechanism of diminished nocturnal BP fall in
patients with secondary hypertension still needs to be exam-
ined, although it appears that different mechanisms are
responsible for nondipping in different underlying disorders.1

The possible mechanisms involved in the nondipper pattern in
different disorders include impaired renal sodium excretion,
high-salt diet, raised sympathetic tone, disassociation of BP
with the autonomic nervous system, or the tendency to
orthostatic hypotension during the day with normally func-
tioning baroreflex.1,11

We have further demonstrated that children with
secondary hypertension have higher nocturnal BP loads for
both systolic and diastolic BP than children with primary
hypertension. As opposed to the study by Flynn, we have not
found any significant differences in daytime diastolic BP
n
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between these two groups and have found higher daytime
systolic BP load in children with primary hypertension. One of
the possible reasons that the results of our study differ from
those of Flynn is that Flynn’s study also included children with
renal transplants who often have severe diastolic hypertension.

The best thresholds of the BP loads for predicting the
presence of secondary hypertension were found to be the
nighttime systolic BP load >85% and nighttime diastolic BP
load >60%. Blood pressure loads greater than these thresholds
were highly specific for predicting secondary hypertension
(specificity, 98% and 94%), although the sensitivity was only
approximately 50%. High nighttime BP loads can be also used
as a sensitive predictor of secondary hypertension with
similarly high specificity as the nondipping phenomenon.

The results of this study confirm that ABPM could be a
useful initial investigation tool for children with elevated clinic
BP values. It can be used not only for the classic indications
such as confirmation of persistent hypertension and exclusion
of white coat hypertension but it can provide also valuable
information for differentiating primary and secondary hy-
pertension. This is a very important task in pediatrics, where
secondary hypertension is more common than in adults.
An early clue for a diagnosis of secondary hypertension is
of therapeutic significance because the physician is able to
initiate specific treatment. The specificity of nondipping
phenomenon and high nocturnal BP loads for predicting
secondary hypertension are very high, reaching 89% to 100%.
Therefore, all children with reduced nocturnal BP dip or
sustained nocturnal hypertension have to be seen as highly
suspicious of having secondary hypertension and have to be
thoroughly evaluated for possible underlying renal or endo-
crine disorder.

As could be expected, the demographic and anthropo-
metric data have demonstrated that children with primary
hypertension were generally older and heavier than children
with secondary hypertension. This was shown also in the study
by Flynn12 and is in agreement with the general concept, that
primary hypertension is more prevalent in older children21 and
that overweight and obesity is one of the major determinants
of BP level and risk factor for developing hypertension in
children.22-24 However, the demographic and anthropometric
data were not as sensitive or specific in predicting primary or
secondary hypertension; for example, 69% of children with
primary hypertension were overweight but also 34% of
children with secondary hypertension were overweight, mak-
ing the specificity of overweight or obesity in predicting
primary hypertension low.

Adult as well as pediatric patients with decreased renal
function reveal higher prevalence of hypertension and more
often blunted nocturnal BP dip than patients with normal
renal function.25-27 In our study, 28% of children with
secondary hypertension had decreased renal function accord-
ing to the NKF criteria. We did not find any significant
differences in nighttime BP loads or nocturnal BP dips
between children with impaired renal function and children
with normal renal function (data not shown). It is well known
that children with end-stage renal failure or after renal
370 Seeman et al
transplantation have often blunted nocturnal BP dip.28,29 We
did not include any child with end-stage renal failure or after
renal transplantation in our study (exclusion criterion), to
improve the value of our data for a routine clinical practice in
pediatric hypertension, where children with renal failure are
not routinely treated. This could be one of the possible reasons
for the failure to observe any differences in nighttime BP loads
and nocturnal BP dips between children with normal and
impaired renal function.

The reproducibility of nighttime BP values and dipper
status remains unclear. Some studies have demonstrated a
good reproducibility of ABPM values; however other have
shown a limited reproducibility.30-32 However, the very strong
statistically significant differences in dipping status and
nighttime BP loads between the groups of children with
primary and secondary hypertension makes bias caused by
poor reproducibility of the ABPM values unlikely.

The authors thank Marie Hladı́ková for performing the statistical
analysis.
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SLEEP DISTURBANCE AND RAGE ATTACKS IN OPSOCLONUS-MYOCLONUS

SYNDROME: RESPONSE TO TRAZODONE

MICHAEL R. PRANZATELLI, MD, ELIZABETH D. TATE, C-FNP, MN, WILLIAM S. DUKART, MD, MARY JO FLINT, MD,
MICHAEL T. HOFFMAN, MD, AND AMY E. OKSA, MD

Objectives Parents of children with opsoclonus-myoclonus syndrome (OMS) frequently describe poor sleep and rage

attacks. We hypothesized that these manifestations are related and could result from underlying monoaminergic dysfunction.

Study design We clinically characterized the sleep and behavioral characteristics of 51 young children with OMS; 19 of

those with the most disruptive sleep patterns were treated with trazodone, a soporific serotonergic agent.

Results Sleep disturbances, including prolonged sleep latency, fragmented sleep, reduced quantity of sleep, snoring, and

nonrestorative sleep, were reported in 32 children, and frequent rage attacks were reported in 25. In 59% of the poor sleepers,

parents felt that the problem was severe enough to warrant treatment. Children sleeping <10 hours/night had a higher rage

frequency than those who slept more. Of the children who required trazodone, 84% were receiving corticosteroids or

adrenocorticotropic hormone (corticotrophin), compared with 37% in the subgroup with normal sleep. Trazodone (3.0 ± 0.4

mg/kg/day) improved sleep and behavior in 95% of the children, significantly increasing total sleep time by 72%, decreasing the

number of awakenings by 76%, and reducing rage attacks by 33%.

Conclusions Children with OMS exhibited multiple types of sleep disturbances, which contributed to rage attacks.

Trazodone was effective in improving sleep and decreasing rage attacks and was well tolerated, even in toddlers. (J Pediatr

2005;147:372-8)

O psoclonus-myoclonus syndrome (OMS) is a neuroblastoma-associated parane-
oplastic disorder with serious neuropsychiatric sequelae. Of all of the behavioral
symptoms of OMS, such as cognitive impairment, attention deficit disorder

(ADD), and obsessive-compulsive disorder, sleep disturbance and rage attacks are the most
difficult for the family to cope with.1 Reduced quality of sleep can also harm the developing
child by impairing emotional development, learning, and growth.2Multiple pharmacologic
interventions have been unsuccessful in children with OMS, because of a lack of efficacy or
the propensity for paradoxical reactions to sedatives in this disorder.3

Trazodone hydrochloride, a sedating triazolopyridine derivative with some anxiolytic
and hypnotic properties, was first marketed in the United States as an antidepressant in
1983. It is principally a serotonergic agent.4 In adults, the antidepressant effect occurs at
doses of 300 to 600 mg, but in sub-antidepressant doses (50 to 100 mg), it also treats
depression-associated sleep disorders.5 Although understudied in children under 12 years
old, it is used in older children to treat migraine headaches,6 disruptive behavior,7

depression,8 and sleep disorders.9

We hypothesized a perturbation of monoaminergic neurotransmission to account for
sleep disturbances and rage attacks in OMS. Abnormalities of cerebrospinal fluid (CSF)
monoamine metabolites have been found in OMS10 and in disruptive behavioral disorders
of children and adolescents.11 Trazodone, with its serotonergic properties and good safety
index, seemed like an ideal drug for sleeping problems in this population, and after seeing

ACTH Adrenocorticotropic hormone (corticotropin)
ADD Attention deficit disorder
ADHD Attention deficit hyperactivity disorder
CSF Cerebrospinal fluid
5-HIAA 5-hydroxyindoleacetic acid

5-HT 5-hydroxytryptamine
HVA Homovanillic acid
m-CPP m-chlorophenylpiperazine
OMS Opsoclonus-myoclonus syndrome
REM Rapid eye movement
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Table I. Characteristics of subjects with sleep problems and response to trazodone

All OMS
(from n = 51)

%

Sleep problems
(from n = 51)

Response to trazodone
(from n = 19)

Characteristic Yes % No % Yes % (n) No % (n)

Age category
Toddlers 43 33 10 37 (7) 5 (1)
Preschool 33 20 14 42 (8) 0
School-age 24 12 11 16 (3) 0

Gender
Boys 43 25 18 42 (8) 0
Girls 57 39 18 53 (10) 5 (1)

Etiology
No tumor found 59 31 26 53 (10) 5 (1)
Tumor found 41 33 10 42 (8) 0

Rage attacks
Infrequent 51 29 22 42 (8) 0
Frequent 49 35 14 53 (10) 5 (1)

Attention problems/hyperactivity
No 45 27 18 37 (7) 0
Yes 55 35 20 58 (11) 5 (1)

Current steroids or ACTH
No 41 22 23 16 (3) 0
Yes 59 41 14 79 (15) 5 (1)

OMS motor severity category
Mild 61 39 22 79 (15) 0
Moderate 25 14 12 5 (1) 0
Severe 14 12 1 11 (2) 5 (1)

OMS duration category
Acute 12 10 2 5 (1) 5 (1)
Subacute 31 24 8 21 (4) 0
Chronic 57 31 25 69 (13) 0

‘‘Problems sleeping’’ refers to >2 types of sleep disturbances. ‘‘Response to trazodone’’ indicates a ‘‘yes’’ response from parents to the question of whether
trazodone improved their child’s sleep. Age category was defined as infant = <1.5 years; toddler = 1.5 to <3 years; preschool = 3 to <5 years; school age = $5
years. Rage attacks were designated as infrequent if <3/week. OMS severity category was based on total score as follows: mild = 0 to 12; moderate = 13 to 24;
severe = 25 to 36. OMS duration category was defined as follows: acute = <3 months; subacute = 3 to 12 months; chronic = >12 months. Clinical
characteristics had no statistically significant effects on problems sleeping or response to trazodone, except for current steroids or ACTH (P = .0015; Fisher’s
exact test).
its benefit, we adopted it into our practice. We now report on
the sleep and behavioral characteristics of children with OMS
and a retrospective series on the response to trazodone as
symptomatic therapy. Because many were being treated with
corticosteroids or corticotropin (ACTH), which can modify
sleep12 and CSF monoamines,13 anti-inflammatory therapy
was identified as an important variable.

METHODS

Subjects

Fifty-one children with OMS, who were recruited from
2001 to 2004 through the National Pediatric Myoclonus
Center and its website (www.omsusa.org) or physician refer-
rals, underwent comprehensive clinical data collection and
neurologic evaluation under an Institutional Review Board–
Sleep Disturbance And Rage Attacks In Opsoclonus-Myoclonus
Syndrome: Response To Trazodone
approved protocol. Informed consent was obtained from the
parents. Each child had been evaluated previously for occult
neuroblastoma, and those with a tumor had undergone
surgical resection. The clinical characteristics of the study
population are presented in Table I. Mean age ± standard error
of the mean for the entire cohort was 4.3 ± 0.5 years (range,
1.7 to 17 years).

Subjective Sleep Assessment

Parents had been interviewed as to whether their child
regularly had trouble falling asleep (insomnia), could not sleep
through the night (fragmented sleep), had fitful or restless
sleep, habitual snoring, sleeptalking (somniloquy), or sleep-
walking (somnambulism), or woke up tired and cranky (poor
awakening quality, nonrestorative sleep). They were asked
about the total number of hours that the child usually slept each
373
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night and the number of nightly awakenings. Prolonged sleep
latency was defined as taking more than 30 minutes to fall
asleep, parents were well aware of it because they had to lie
down with, hold, or otherwise console the child until sleep
onset. Many of the children slept with their parents or went to
their parents’ bed during the night when they woke up, so the
parents had no problemproviding the other information either.

Behavioral Assessment

Parents were questioned about rage attacks, which were
described to them as extremely exaggerated temper tantrums.
Rage was semiquantitated on a Likert scale from 0 to 5 as
follows: 0 = none, 1 = 1 to 2 episodes/week, 2 = 3 episodes/
week, 3 = 1 episode/day, 4 = 2 episodes/day, 5 = multiple
episodes/day. Parents were also asked about aggressive behav-
ior (eg, biting, kicking, hair pulling, shoving) and symptoms of
ADD (eg, hyperactivity, distractability, poor attention span).14

OMS Severity Assessment

The children were videotaped using a standardized
format. A trained observer scored the videotapes using the
OMS Evaluation Scale, a 12-item scale for assessing motor
impairment.15 Each item was rated from 0 to 3, and subscores
were tallied into a total score, which was used for subsequent
comparisons.

Drug Administration

When parents had requested medication for their child’s
sleep disturbance, trazodone had been started as a single oral

Figure 1. Percentages of various types of sleep problems (A) or rage
and other behaviors (B) in 51 children with OMS. (A) ‘‘Multiple
sleep problems’’ was defined as more than 2 types of problems
sleeping. ‘‘Reduced sleep’’ was defined as <10 hours/night. All other
designations are the result of yes/no answers. (B) ‘‘Frequent rage’’ was
defined as rage score$3. ‘‘ADD or hyperactivity’’ refers to symptoms
of ADD/ADHD described to parents, who were then asked to rate
them. Children with moderate or severe symptoms are represented by
‘‘moderate/severe ADHD.’’
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dose 1 hour before the desired bedtime. Toddlers were started
on 25 mg, and the parents were instructed to increase the dose
by 25 mg at 2-week intervals up to 100 mg if necessary to
improve sleep and control of rage. For older children, the
starting dose was 50 mg, with titration up to 150 mg as
needed. Most parents were willing to increase the dose to
achieve the desired effect, but some could not be persuaded to
go above the starting dose.

Data Analysis

Statistical analysis was performed using Microsoft Excel
and the Statistical Analysis System (SAS) as follows: com-
parisons of number of subjects by Fisher’s exact test or the x2

test, group means by 2-tailed t-tests or analysis of variance,
trends in frequency by the Cochran-Armitage trend test,
posttreatment changes in the percentage of subjects with sleep
or behavioral problems by McNemar’s test, and posttreatment
changes in means by paired t-tests. The level of significance
was set at P < .05. Primary independent variables were key
sleep characteristics (prolonged latency of sleep onset, number
of nocturnal awakenings, sleep duration), behavior (rage and
attention deficit symptoms), and ACTH or steroid treatment.
Sleep duration, predetermined to be the most fundamental
sleep variable, was used to divide the dataset into 3 groups
based on reduced sleep time. A cutoff of 10 hours of sleep per
night was chosen, based on a conservative estimate of the
number of hours of sleep a child needs at age 4 years,3 the
mean age of the children in our study.

RESULTS

Characterization of Sleep Disturbances

More than 90% of parents reported that their child
had some difficulty sleeping, and 65% reported more than
2 sleep problems (Figure 1A). The percentage of affected
children was highest for awakenings during the night (65%)
and was otherwise similar for prolonged sleep latency, reduced
sleep, nightmares, sleeptalking, and snoring (31% to 41%).
Sleepwalking occurred infrequently.

In the prodromal phase of the illness, before opsoclonus
or myoclonus, children exhibited extreme irritability, accom-
panied by sleeplessness or 15-minute sleep intervals. Some
demanded to be held almost constantly. The parents reported
feeling stressed and sleep-deprived.

Previously, several different drugs, including clonaze-
pam, codeine, diazepam, diphenhydramine, lorazepam, and
melatonin, had been tried unsuccessfully for sleep. Parents
recalled that during the acute phase of OMS, intravenous
morphine, fentanyl, or midazolam had been given in the
hospital, with paradoxical reactions or lack of efficacy.

Characterization of Rage

Rage attacks were reported in 75% of the children
(Figure 1B), with frequent attacks (at least 1 rage episode per
day, or a rage score of$3) in as many as 49%. This percentage
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was comparable to that for parent-reported symptoms of
attention deficit hyperactivity disorder (ADHD).

Parents volunteered such terms as ‘‘meltdowns,’’ even
‘‘nuclear meltdowns,’’ to describe the episodes. These occurred
as attacks of screaming, often brought on by the child not
getting his or her way, but at other times with frustration or for
no apparent reason. Attack duration was 20 minutes to several
hours. During the episodes, the children were unconsolable.
Aggression was directed toward other family members, often a
specific parent. Parents and grandparents showed bruises or
scars where they had been bitten. Children often bit them-
selves on the arms or banged their heads on the floor or wall
during the attacks. Parents had no difficulty distinguishing
these rage attacks from normal tantrums, which they thought
of as being orders of magnitude less severe. After a rage attack,
many children were remorseful, and the transition back to
normal mood was ‘‘as if a switch had been thrown.’’ Multiple
episodes in a day were not uncommon.

Rage attacks sometimes occurred in the clinic.
Characteristics of these attacks included trivial provocations,
sudden changes in mood, ear-piercing screaming, loss of self-
control, and ‘‘shutting down.’’ Some children crawled under an
office chair, getting close to the wall or corner, and engaged in
head banging or hiding their faces while crying. Others
kicked, hurled objects, threw back their heads, and slammed
doors. One slapped his mother across the face and yanked her
hair during the peak of crying.

Table II. Effect of sleep duration on other sleep
variables and behaviors

Variable

Group 1
(n = 19)

%

Group 2
(n = 13)

%

Group 3
(n = 19)

% P value

Any sleep
problem

83 92 100 .06

Two sleep
problems

33 69 84 .0015*

Awakenings 55 85 100 .0007*

Prolonged sleep latency 28 46 53 .13
Nightmares 33 58 60 .12
Sleeptalking 33 46 47 .39
Sleepwalking 0 0 16 .042*

Snoring 28 46 42 .38
Any rage 56 92 84 .044*

Frequent rage 28 69 58 .07
Any ADD/ADHD
symptoms

44 62 63 .25

More severe
ADHD symptoms

18 54 44 .12

Ordered severity groupings were created by whether children slept $10
hours (normal sleep time; group 1), <10 hours without parents requesting
sleep medication (reduced sleep time; group 2), and <10 hours with parents
asking for sleep medication (reduced sleep time; group 3). Children with
reduced sleep had multiple other sleep problems.
*Statistically significant trend across groups; Cochran-Armitage trend test.
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Relation of Clinical Variables

The only clinical or demographic variable that signif-
icantly affected sleep disturbance was current steroid or
ACTH use (Table I). When OMS was classified on the basis
of total sleep time ($10 hours, normal sleep; <10 hours,
reduced sleep), 3 groups were created: normal sleep duration
(group 1), reduced sleep duration for which parents did not
seek treatment (group 2), and reduced sleep duration for
which parents sought treatment (group 3). Steroids or ACTH
were currently used in 37% of group 1 children, 54% of group 2
children, and 84% of group 3 children. The proportion of the
combined steroid and ACTH-treated children increased with
increasing sleep disurbances (P = .01; x2 test). Although the
proportion of steroid-treated children remained unchanged,
that of ACTH-treated children increased (P = .001). This
represented a significant trend across the groups. In group 3,
when ACTH dose was divided at the median into ‘‘low-dose’’
(<10 U/m2/day) and ‘‘high dose’’ ($10 U/m2/day), the
number of hours of sleep was lower in the high-dose group
(4.8 ± 0.5) than in the low-dose group (7.1 ± 0.8) (P = .028;
2-tailed t-test).

Statistically significant trends were found across the
3 groups (Table II). Children with reduced sleep also had
multiple other sleep problems and more nighttime awaken-
ings, sleepwalking, and rage. Although total motor score and
OMS duration did not differ significantly between groups,
rage score was significantly higher in groups 2 and 3 than in
group 1 (Table III). The rage score was higher in children with
symptoms of ADD (3.2 ± 0.4) than in those without such
symptoms (2.0 ± 0.4) (P = .044; 2-tailed t-test). When group
3 was divided into infrequent rage (score <3) and frequent rage
($3), sleep latency was longer in those with frequent rage
(41.7 ± 8.8 min) than in those with infrequent rage (17.9 ± 5.1
min) (P = .049; 2-tailed t-test).

Children in group 3 were more likely to have received
multiple immunotherapies in the past than those in group
1 (P = .007; 2-tailed t-test). The same was true of immuno-
therapy during trazodone treatment (P = .002; t-test). In
group 3, 8 of 10 children with $4 awakenings/night had
tumors, compared with 0 of 7 with <4 awakenings (P = .002;
Fisher’s exact test).

When group 3 was divided into snoring and nonsnoring
subgroups, there were no statistically significant differences in

Table III. Relation of reduced sleep to rage
frequency

Group N Age (years) Rage score P values

1 18 4.3 ± 0.7 1.7 ± 0.5 —
2 13 4.7 ± 1.0 3.4 ± 0.5 .038*

3 19 4.1 ± 0.8 3.2 ± 0.5 .015*

Rage was scored on a scale from 0 to 5, with 3 representing 1 episode/day.
There was a statistically significant main effect of group on rage frequency
(F = 3.5; P = .038; analysis of variance).
*Rage score (an index of rage frequency/severity) was increased significantly
in groups 2 and 3, compared to group 1 (2-tailed t test).
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number of night awakenings, rage scores, or percent with
ADD/ADHD symptoms. Snoring was not significantly more
frequent in those on high-dose ACTH than in those on low-
dose ACTH.

Response to Trazodone

Treatment with trazodone significantly reduced the
number of children with sleep problems (Figure 2). Trazodone
also improved quantitative features of sleep and rage (Table
IV). The mean dose was 3.0 ± 0.4 mg/kg/day (range, 1.2 to 6.9
mg/kg/day; median, 2.6 mg/kg/day). The mean duration of
trazodone therapy was 1.1 ± 0.2 years (range, 0.08 to 2.4 years;
median, 1.0 year).

The effects of trazodone on sleep were not dose-
dependent, and trazodone dose did not correlate with the
ACTH dose. To further assess the effect of trazodone dose,
the children were divided into low-dose (n = 8) and high-dose
(n = 9) groups at the median dose of 2.6 mg/kg. The high-
dose subgroup contained significantly more girls (P = .03),
younger children (P = .01), and more severe motor symptoms
(P = .04) (data not shown), preventing further analysis.

DISCUSSION
This study demonstrates the prevalence of sleep distur-

bance in children with OMS and these children’s responsive-
ness to trazodone. The 94% of children with OMS who had
difficulty sleeping exceeds the estimated 24% to 43% of
children with sleep problems in the general population.16 Poor
sleep quality, caused by sleep fragmentation or sleep depriva-
tion,17 may increase irritability and behavior problems, and
tired children tend to become hyperactive.2 Restricting sleep
by as little as 1 hour in young children has been associated with
significant neurobehavioral decline.18 The abnormalities in
sleep initiation and maintenance in these children with OMS
were similar to those reported for depression.19

Figure 2. Histogram of the effect of trazodone on the percentage of
children with sleep problems, rage, and other behaviors in OMS.
‘‘Reduced sleep’’ was defined as <10 hours/night. ‘‘Awakenings’’ was
defined as $4/night. ‘‘Prolonged sleep latency’’ denotes sleep latency
>30 minutes. Trazodone significantly reduced morning moodiness
(P = .0027) and snoring (P = .025), according to McNemar’s test.
Variance was lacking for posttreatment nightly awakenings (0%) and
pretreatment reduced sleep (100%), so no statistical test could be
used, but the response to treatment was dramatic.
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Trazodone was well tolerated, even in toddlers, at the
doses prescribed. We are not aware of any previous study of
trazodone in this very young population. There has been only a
single case report of trazodone for OMS, and sleep was not
studied in that case.20 Although those authors reported
improvement in the motor signs of OMS, total motor score in
our trazodone-treated group did not change significantly.

Another novel observation was that poor sleep contrib-
uted to rage attacks and aggressive behavior, which became
less frequent during trazodone therapy. Because children with
rage had poor sleep and responded to trazodone, we recom-
mend that trazodone be used as a first-line agent for the
symptomatic treatment of rage in OMS. Of course, treatment
of the primary immune defect should always be the preferred
therapy,15 and when rage does not respond to trazodone, the
possibility of an exacerbation of the underlying immunologic
abnormality should be considered. Although there have been
no previous studies of trazodone for rage, some older children
with disruptive behavioral disturbances have responded to
trazodone.7

Where rage falls within the classification of emotional
outbursts in children is not straightforward. Temper tantrums
are common between age 18 months (87% of children) and
4 years (59%),21 the same age range of OMS onset.1 The
spectrum of behaviors encompassed by tantrums is broad,
overlapping in severe cases with what we are calling rage, but
tantrums usually are not so extreme, and 75% last less than
5 minutes.21 Rage has been defined as ‘‘an unpredictable and
primitive display of violence that is out of proportion to the
provoking incident and often threatens serious self-injury
or harm to others.’’22 The medical literature contains over-
lapping terms to describe severe emotional outbursts, in-
cluding explosive rage, episodic-dyscontrol syndrome, and
intermittent explosive disorder (a DSM-IV classification).
We find that ‘‘rage’’ is a simple descriptive term that parents
can relate to.

Many parents ask whether steroids or ACTH are
responsible for the sleep disturbance of OMS. Our data
suggest that these agents can contribute to it. ACTH does
activate rapid eye movement (REM)-related phasic inhibition
during REM sleep.12 However, irritability and sleeplessness
are characteristic features of the OMS prodrome, well before
any treatment is initiated. In addition, some parents report
that their child’s sleep is much improved on steroid or ACTH

Table IV. Effect of trazodone on quantitative
features of sleep and rage in group 3

Characteristic Pretreatment Posttreatment P value*

Hours of
sleep/night

5.7 ± 0.4 9.8 ± 0.4 .00000025

Number of
awakenings

4.1 ± 0.4 0.97 ± 0.26 .00000016

Rage score 3.3 ± 0.5 2.2 ± 0.5 .04

*Paired t- test, n = 17.
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treatment, or that withdrawal from steroid or ACTH therapy
is associated with increased sleep problems.

The exact mechanism of trazodone’s soporific effect in
OMS is unclear because of its multiple potential modes of
action, some of which are opposing.4 The greatest affinities are
for 5-HT receptors, possessing not only agonist-like actions
by virtue of inhibiting 5-HT reuptake, but also antagonist
properties at 5-HT2A/2C receptors at higher doses. The
trazodone metabolite m-CPP is an agonist at 5-HTIA and
5-HTIC receptors and a weak antagonist at 5-HT2 receptors.
However, the sleep disruption and behavioral activation
caused by administration of m-CPP alone suggest that the
sedative-hypnotic effect of the parent compound is unrelated
to m-CPP in humans.23 Trazodone also has some non-
serotonergic properties that may be at play.24

The complexity of sleep physiology and pharmacology
implicates multiple neurotransmitters (ie, serotonin, nora-
drenaline, dopamine, g-aminobutyric acid, adenosine, acetyl-
choline)4,25 and brain regions (ie, dorsal raphe nuclei, locus
ceruleus, dorsal pontine tegmentum, hypothalamus, thalamus,
preoptic/basal forebrain, and superchiasmatic nucleus).26 Be-
cause opsoclonus and myoclonus appear to be brainstem-
mediated in OMS,27 the 3 major projection pathways
(serotonergic, noradrenergic, and cholinergic) emanating
from the brainstem and involved in sleep physiology may be
most relevant. However, primitive emotions, such as rage, are
increased in certain childhood disorders of the cerebellum,28 a
site involved in OMS.27

Trazodone therapy significantly reduced snoring. Loss
of upper airway muscle tone contributes to obstructive sleep
apnea/hypopnea, and a 5-HT deficiency state has been
suggested.29 The involved muscles, innervated by the hypo-
glossal nerve, are under serotonergic control, and 5-HT2

receptor antagonists (including trazodone) can reduce sleep
apnea/hypopnea. Although sleep apnea may precipitate day-
time inattention, learning difficulties, and possibly hyperac-
tivity, emotional symptoms, and bad conduct,30 it seems
unlikely that it is a major contributor to the problems seen in
our patients, given its relatively low frequency and lack of
relation to reduced sleep. Moreover, adenotonsillar enlarge-
ment, the most common cause of childhood sleep apnea,31

would not be helped by trazodone therapy.
The therapeutic advantage of trazodone over antide-

pressant agents for sleep disturbance is that trazodone does not
suppress REM sleep and increases deep sleep,32 which is
thought to be important to restorative sleep. This highly
lipophilic heterocyclic compound, exhibiting linear kinetics, is
relatively safe in overdosage,4 which is an important safety
issue for young children. It produces the well-known sleep
alterations of classical sedative amitriptyline-type antidepres-
sants with fewer side effects.32 Children old enough to discern
and communicate did not complain of dry mouth or dizziness.
Priapism, a rare but serious potential side effect, was not an
issue.

Based on how well trazodone is tolerated, we suggest
using higher doses as needed in children with more severe rage
who have no predisposing risk factors. The dose-equivalent
Sleep Disturbance And Rage Attacks In Opsoclonus-Myoclonus
Syndrome: Response To Trazodone
high-dose range used in adults is about 5 to 8 mg/kg/day.
Trazodone doses used in pediatric studies have ranged from
1 to 6 mg/kg/day.6,7 Although the relative risks are low, we
would not recommend using trazodone in children with
OMS who have active seizure activity33 or ACTH- or steroid-
induced cardiac problems.4
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INLET PATCH: HETEROTOPIC GASTRIC MUCOSA—ANOTHER

CONTRIBUTOR TO SUPRAESOPHAGEAL SYMPTOMS?

SUHASINI MACHA, MD, SUSHMA REDDY, MD, RAJA RABAH, MD, RONALD THOMAS, PHD, AND VASUNDHARA TOLIA, MD

Objective To determine prospectively the incidence of an inlet patch (IP) in children requiring esophagogastroduode-

noscopy (EGD) and assess the prevalence of presenting symptoms between children with and without an IP.

Study design All patients undergoing EGD in a 2-year period were assessed for the presence of an IP with biopsy

confirmation. IP, distal esophagus, and stomach biopsy specimens were blindly reviewed by a pathologist for the presence and

degree of inflammation and intestinal metaplasia. Symptoms from children with and without an IP were compared.

Results From 407 EGDs done by a single endoscopist, 24 patients had confirmed IP (incidence of 5.9%). The presence and

degree of inflammation were always relatively greater in the columnar mucosa of the IP than in the antral/body gastric mucosa in

the same patient (P = .0027) Inflammation was similar in the squamous epithelium around the IP and in the distal esophagus

(P = .46). Two patients had intestinal metaplasia of the IP. The patients with IPs had a higher prevalence of respiratory

symptoms than the control group (P = .03).

Conclusions Children with IPs may have a higher frequency of respiratory symptoms. Periodic surveillance should be

performed in children with intestinal metaplasia of an IP. (J Pediatr 2005;147:379-82)

A n inlet patch (IP) is a distinct region of ectopic gastric mucosa located in the proximal esophagus.1,2 IP has been
described in adults as a round/oval shaped, flat, sharply demarcated area from the normal adjacent esophageal mucosa,
averaging 20 mm in size. It has been identified in 0.3% to 10% of the adult population undergoing diagnostic

endoscopy.3-7 It is usually seen on the lateral or posterior surface of the proximal esophagus during careful withdrawal of the
endoscope, and can easily be missed during a routine procedure.6 Esophageal strictures, ulcerations, tracheoesophageal fistula,
webs, gastrointestinal bleeding, fatal esophageal bleeding, perforation, and colonization by Helicobacter pylori have been reported
with IP.8-10 Furthermore, IP has been associated with Barrett’s esophagus and adenocarcinoma.6,7,9

We performed a prospective study to determine the incidence of IP in children undergoing esophagogastroduodenoscopy
(EGD), to study its macroscopic and microscopic characteristics, and to determine its association with clinical symptoms.
Gastroesophageal reflux disease (GERD) has been linked to diseases of supraesophageal organs, including otolaryngologic (ie,
ear, nose, and throat [ENT]), respiratory, and dental organs.11-13 Because there is evidence of acid secretion from the IP,14 we
hypothesized that the abnormal, strategic location of the acid-secreting gastric mucosa in the proximal esophagus may contribute
to supraesophageal symptoms of GERD in affected children.

METHODS
All patients undergoing EGD by a single endoscopist (VT) for routine indications

of persistent abdominal pain, recurrent vomiting, dysphagia, and chronic diarrhea were
prospectively assessed for the presence of IP over a 2-year period (January 1, 2001 to
December 31, 2002) at Children’s Hospital of Michigan. An Olympus GIF-160 video
gastroscope (Olympus America, Melville, NY) was used for each procedure.

IP was identified as a discrete, salmon-pink or yellowish type lesion in the proximal
esophagus, usually within 5 cm of the cricopharyngeus (Figure 1). It was seen most
commonly during slow withdrawal and rotation of the gastroscope during mild inflation.
Usually, the IP was well demarcated from the surrounding pearly white normal esophageal
mucosa.

EGD Esophagogastroduodenoscopy
ENT Ear, nose, and throat

GERD Gastroesophageal reflux disease
IP Inlet patch
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An additional biopsy specimen was obtained from the
patients with suspected IP. All biopsy specimens were blindly
reviewed by a single pathologist (RR). The squamous mucosa
was examined for changes of reflux esophagitis,15 and the
columnar mucosa was examined for the presence and degree of
inflammation and/or intestinal metaplasia according to the
modified Sydney classification system.16

An age-matched control groupwas randomly selected for
review from the rest of the patients undergoing EGD during
the same time period. Symptoms related to the gastrointestinal
tract (eg, nausea, vomiting, abdominal pain, diarrhea, dyspha-
gia) and supraesophageal symptoms pertaining to respiratory
(eg, cough, wheezing, choking/gagging, asthma), or ENT

Figure 1. Endoscopic appearance of an IP, seen as a sharply
differentiated red area (arrows) from surrounding mucosa.
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organs (eg, recurrent otitis media, sinusitis, pharyngitis) were
assessed in patients with IP and in a control group. Our
institutional review board approved the study design.

Statistical Analysis

Comparison of symptom incidence between the 2 groups
was performed using nonparametric Fisher’s exact test.
Comparisons of continuously scaled variables were performed
using a parametric independent samples t-test. If assumptions
for proper application of the parametric t-test (ie, normality
and/or homogeneity of variance) were violated, then a non-
parametric Mann-Whitney U-test was substituted. Statistical
significance was considered achieved at a P value # .05
(2-tailed test). All statistical analyses were performed using
SPSS Version 11.5 (SPSS Inc, Chicago, Ill).

RESULTS
A total of 407 EGDs were performed during the study

period. IP was suspected in 38 patients and biopsy-confirmed
in 24. (for an incidence of 5.9%). In this study group, 12 were
male and 12were female, themean agewas 10 years (range, 1 to
17 years), and the racial/ethnic breakdown was 12 caucasians,
10 African-Americans, and 2 Asian-Americans. Single IP was
found in 23 patients; double IP, in 1 patient. The IP averaged
5 mm, as assessed against the span of an open biopsy forceps.

On histology, 21 out of the 24 patients with IP had
oxyntic and cardiac mucosa. One contained only cardiac
mucosa (Figure 2), and 2 showed intestinal metaplasia
suggestive of Barrett’s esophagus (Figure 3). The incidence
of Barrett’s changes in these patients with IP was 8.3% (2/24
patients).

The presence and degree of inflammation were always
relatively greater in the columnar mucosa of the IP than in
the antral/body gastric mucosa in the same patient (P = .0027)
(Figure 4). There was no difference in the degree of inflamma-
tion in the squamous epithelium adjacent to the IP and that
in the distal esophagus (P = .46).

Patients with IP demonstrated a higher incidence of
respiratory symptoms, specifically cough, wheezing, and
asthma, compared with the control group (P = .03). There
was no significant difference in the incidence of recurrent
abdominal pain (P = .74), nausea/vomiting (P = .53), choking/
gagging/dysphagia (P = .34), or ENT symptoms (ie, recurrent
otitis media, sinusitis, pharyngitis) (P = .23) between the 2
groups. Of the 2 patients diagnosed with intestinal metaplasia
of the IP, 1 underwent a repeat endoscopy 1 year later with
resolution of the intestinal metaplasia and is being followed
periodically; the other patient was lost to follow-up.

DISCUSSION
IP has been defined as a rose- or salmon-colored velvety

mucosa clearly demarcated from the surrounding pearly gray
esophageal mucosa in the proximal esophagus, just below the
upper esophageal sphincter. Its surface can be flat, slightly
raised, or depressed; it may even resemble a sessile polyp.5 IP
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was first described by Schmidt in 1805 during postmortem
examinations.17 Autopsy studies report an incidence of
aberrant gastric mucosa in the esophagus of 4.5% in infants
and 11.8% in children.1,2 A case report of a child with a
circumferential lesion just below the cricopharyngeus con-
taining gastric epithelium with ulceration causing progressive
dysphagia and odynophagia has been described.1

In this study we determined the incidence and symp-
toms of children with IP detected during endoscopy. IP was
suspected in 38 patients, and was confirmed in 24 of these on
biopsy. Inaccurate targeting of IP for biopsy or mucosal ap-
pearance resembling IP could account for the discrepancy in
the numbers between endoscopic suspicion and histologic
confirmation.

The upper end of the esophagus harboring IP is the
least-inspected area during upper endoscopy. Repeated con-
tractions of the upper esophageal sphincter make a thorough
inspection, photography, and biopsy of this area difficult.8 It is

Figure 2. Squamous mucosa on the left side in continuity with the
cardiac-type gastric mucosa seen in a proximal esophageal biopsy
specimen.

Figure 3. Intestinal metaplasia evident by the presence of goblet
cells (arrow) in the columnar mucosa of the IP. (Alcian Blue stain at
pH 2.5.)
Inlet Patch: Heterotopic Gastric Mucosa—Another Contributor
To Supraesophageal Symptoms?
essential that the endoscope be withdrawn slowly at the end
of the procedure, to rule out the presence of IP.

Microscopically, IP represents gastric-type mucosa with
parietal and chief cells and a variable degree of inflamma-
tion.7,18 Presence of gastric heterotopic mucosa in the upper
esophagus is thought to represent a remnant of gastric mucosa
left behind during the descent of the stomach in the first 2
months of embryologic development.6,18,19 Another hypoth-
esis is that IP is an acquired lesion with pathogenesis similar
to that of Barrett’s mucosa in the distal esophagus.8

Heterotopic gastric mucosa has been described through-
out the gastrointestinal tract, including the tongue, floor of
the mouth, submandibular gland, small intestine, pancreas,
gallbladder, and Meckel’s diverticulum.10 Although it may
appear as a benign incidental finding at EGD, erosions,
ulcerations, cystic dilations of the glands, fibrosis, intestinal
metaplasia, dysplasia surrounding an adenocarcinoma, and
even angiodysplasia have been associated with IP.5,20 The
presence of intestinal metaplasia suggests that long-term
follow-up with periodic surveillance is needed in these
patients. In our study, the incidence of Barrett’s changes in
patients with IP was 8.3% (2/24).

Figure 4. Severe inflammation of the columnar mucosa in the IP
(A) compared with the gastric body mucosa (B) in the same patient.
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We demonstrated that patients with IP in the pediatric
population have a significantly higher incidence of respiratory
symptoms, specifically cough, wheezing, and asthma, com-
pared with the control group (P = .03); however, the prevalence
of gastrointestinal and ENT symptoms was similar in the
2 groups in our study. Although a previous study using pH
monitoring in infants had not elicited increased acid reflux at
the proximal level with respiratory symptoms,21 the findings
of the present study support our hypothesis that the proximal
location of acid-secreting gastric mucosa in the IP may
contribute to supraesophageal symptoms that affect the
airway.11 One previous study reported an association of
dysphagia, retrosternal pain, and laryngeal symptoms, includ-
ing cough and dyspnea, with IP in adults.20

The precise mechanism by which reflux causes re-
spiratory or ENT complications remains uncertain. Vagally
mediated reflux triggered by acid in the esophagus, leading to
heightened bronchial reactivity, a direct axonal reflex, neuro-
genic inflammation, and microaspiration of gastric acid have
been implicated as possible mechanisms.12,22 Such stimulation
is more likely to occur if acid is present in the proximal
esophagus. Whether long-standing inflammation can lead to
ENT symptoms remains to be determined.

Incidental identification of IP does not require
additional specific treatment unless significant respiratory
symptoms are present. These symptoms should be sought by
direct questioning if not reported. These lesions must be
biopsied for detection of unsuspected findings.

We conclude that although IP is usually considered
a benign incidental finding, it could contribute to the in-
creased respiratory symptoms typically associated with
GERD. Careful examination of the proximal esophagus
during upper endoscopy for evaluation of any metaplastic
changes, followed up with periodic surveillance, is recom-
mended. Further prospective studies in children and adults
will help further define the role of IP in supraesophageal
symptoms.
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HOME NOCTURNAL HEMODIALYSIS IN CHILDREN

DENIS F. GEARY, MB, MRCP(UK), FRCP(C), E. PIVA, RN, J. TYRRELL, RN, M. J. GAJARIA, BSC, CDP, G. PICONE, MSW,
L. E. KEATING, BA, MSC, AND E. A. HARVEY, MD, FRCP(C)

Objective To describe the effect of home nocturnal hemodialysis (NHD) in North American children.

Study design Four teenagers underwent NHD for 8 hours, 6 to 7 nights/week, using either central venous lines or fistulae

for periods of 6 to 12 months. Blood flow approximated 200 mL/min, and dialysate flow was 300 mL/min; the dialysate

contained potassium and phosphate. The procedure was remotely monitored.

Results The children had unrestricted diets and fluid allowance and did not require phosphate binders. Persistent relative

hypotension developed in 2 of 4 children. Weekly Kt/V urea values were consistently >10; other biochemical measures varied.

Quality of life and school attendance improved in 3 of 4 children. The workload and reported emotional burden of NHD was

substantial. No significant complications occurred. Dialysate losses of calcium, phosphate and carnitine required supplemen-

tation. The annual cost per patient was $64,000 Canadian, which represented a 27% savings compared with thrice weekly in-

center hemodialysis.

Conclusions NHD is feasible in selected children, allows free dietary and fluid intake, and improves patient wellbeing.

The burden on the family is substantial, and NHD requires support of a dedicated multidisciplinary team. (J Pediatr 2005;

147:383-7)

Hemodialysis (HD) was first introduced as a maintenance therapy for children with chronic renal failure in 1968.1

Approximately a decade later, continuous ambulatory peritoneal dialysis was introduced.2 Since then, peritoneal dialysis
(PD) has become the most widely used dialysis modality for North American children.3 The use of hemodialysis as a

home nocturnal treatment (NHD) was developed for adults in 1994,4,5 and the use of this treatment has expanded in the adult
renal failure population, in whom it reportedly improves dialysis delivery and patient wellbeing, at reduced cost.6-12 We describe
our experience with NHD in 4 children at The Hospital for Sick Children in Toronto, including clinical, psychosocial, and
economic outcomes.

PATIENTS

Patient 1

Patient 1 was a 13-year-old male with end-stage renal disease caused by focal
segmental glomerulosclerosis who started PD at age 4 years, and subsequently underwent
bilateral nephrectomy and renal transplantation at age 8. At age 11, because of recurrent
disease in the graft and chronic allograft nephropathy, he underwent graft nephrectomy
and restarted PD. He had recurrent peritonitis and 2 episodes of pancreatitis, which
necessitated a switch to HD. On HD, he remained malnourished, had multiple central
venous access clots and infections, was markedly hypertensive and repeatedly fluid
overloaded, and was unable to comply with dietary and medication prescriptions. In June
2002, he started NHD.

Patient 2

Focal segmental glomerulosclerosis developed in this 15.5-year-old female patient at
age 5 years, and she started maintenance PD 3 years later. In 1996, she received a cadaveric

AV Arteriovenous
CVL Central venous lines
HD Hemodialysis

NHD Nocturnal hemodialysis
PD Peritoneal dialysis
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renal transplant, which was complicated by recurrence of her
original disease, development of seizures and facial palsy,
chronic allograft nephropathy, and malnutrition. In 1998, she
restarted cycling PD and had a gastrostomy tube inserted for
supplemental feeds. She was referred to our hospital in 2003
because of increasing morbidity associated with ultrafiltration
failure, despite approximately 20 hours daily of cycling PD.
Because of her distance from the hospital, the family elected to
start NHD.

Patient 3

This 16-year-old boy developed Wegener’s granuloma-
tosis with crescentic glomerulonephritis at age 15 years. He
progressed to end-stage renal disease and started PD. The
family requested a switch to NHD after 6 months because of
peritonitis and severe hypertension.

Patient 4

Hemolytic uremic syndrome developed in this 12.5-
year-old girl with end-stage renal disease and severe hyper-
tension at age 3 years, requiring bilateral nephrectomies. In
2001, she underwent a living-donor kidney transplant, but
chronic allograft nephropathy and end-stage renal disease
developed. Because of geographic location and fears of
increasing obesity if she was treated with PD, the family
elected to start NHD.

METHODS
The technical considerations, including home renova-

tions, dialysis machines and water purification units, the
possible need for water softeners, and the remote monitoring
process, were previously reported for our program and for
adults.13,14

Vascular access was provided initially with central
venous lines (CVL) in all 4 patients and, subsequently,
arteriovenous (AV) fistulae in 2 patients. During NHD,
central venous lines are held in place with a locking device
described by Pierratos.7 Access through AV fistulas has been
with both single-needle and 2-needle techniques; we used a
‘‘buttonhole’’ technique by repeated insertion of the access
needles at the same location to form a needle-track,15 which
facilitated access by the care provider at home. The parent
supervisor, patient, or both was taught this technique for
access of a fistulae by the teaching nurse.

Dialysate flows of 200 to 300 mL/min were used,
with blood flows of 150 to 200 mL/min. Dialysis was pro-
vided for approximately 8 hours nightly, 6 to 7 times per
week, usually while the patient was sleeping. The dialysate
contained potassium at a concentration of 2 to 3 mEq/L.
Calcium content of the dialysate was adjusted between 3.0 and
3.5 mEq/L, because chronic negative calcium balance may
develop with large ultrafiltration volumes. Phosphate was
added to the acid dialysate concentrate as a sodium phosphate
(Fleet) enema, which provided a concentration approximating
3 mg/dL.
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Staff Requirements

The NHD program was a collaborative effort be-
tween the nurses, technologist, social workers, dieticians,
and medical staff. The nursing commitment was substantial
and demanded expertise in HD and family education.
Collaboration with Fresenius Medical Care greatly facilitated
the process because of their staff expertise and provision of
teaching materials.

Cost Analysis

Estimation of program costs, expressed in Canadian
(Cd) dollars, included: home renovations, including plumbing,
electrical, cost of water testing, and installation of phone lines,
were measured as actual costs and amortized over 1 year. Costs
for the 6-week training period were itemized prospectively and
amortized over 1 year. Equipment, including dialysis ma-
chines, water softeners, reverse osmosis machines, computer
hardware, and home centrifuge, were itemized individually
and amortized over 5 years. Dialysis disposables/surgical
supplies were individually itemized and included as actual
costs. Staff costs were prospectively itemized and are presented
as themean for the 4 patients; nursing costs for ongoing patient
care were calculated with a nurse-to-patient ratio of 1:8, with
training costs extra. Program development costs (including
initial supplies, teaching materials, staff time) are provided
separately. No costs are included for physicians or medication.

Psychosocial and Clinical Evaluations

Psychosocial evaluations were performed by a social
worker (G.P.) on the basis of comments provided by the
children, their parents, or both, an analysis of the number of
clinic visits for 6 months preceding and subsequently during
each 6 months while undergoing NHD, and a record of school
attendance.

Quality of life was estimated using the PedsQL version
4.0 generic core scale.16 This 23-item self-report questionnaire
includes 8 items to determine physical functioning; psycho-
social functioning is evaluated by 5 questions each related to
emotional, social, and school-functioning. Responses to all
questions are scored to provide a total of 0 to 100, with higher
scores indicating a better health-related quality of life.

A large number of clinical and biochemical tests were
monitored to evaluate efficacy of dialysis and clinical well-
being, and results are reported in tabular form. Single pool
Kt/V urea was estimated with the Daugirdas logarithmic
formula.17 Clinical and biochemical outcomes were collected
at baseline and 3, 6, and 12 months. Results are presented in
descriptive form, because only 4 patients are included.
Comparative statistical analysis is not provided.

The NHD program was initiated for clinical care
reasons. However, because data were collected prospectively
and there was intent to publish our experience, Research
Ethics Board approval was obtained before patients started the
program. Also, because these patients are a small group that
might be identifiable, written consent was obtained to include
the data in the case reports.
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RESULTS

Patient Selection

The 4 families who met eligibility criteria agreed to
participate in the program and completed the training
requirements. No families have been denied access to this
program. Clinical and biochemical outcomes are reported at 3
and 6 months for all patients; 12-month data are available for
patients 1 and 2. Patient 1 received NHD for 1 year before
switching to a hybrid form of dialysis of NHD Sunday to
Wednesday nights inclusive, with an in-center HD on Friday
for respite purposes. There have been no dropouts from the
program, and no patient deaths.

Technical and Vascular Access Evaluations

TECHNICAL. Few technical problems were encountered.
Remote monitoring was used for all procedures, but no phone
calls to patient homes were required because of a failure to
respond to an alarm in timely manner. One family was called
when an air detect alarm was noted by the monitor.

VASCULAR ACCESS. Episodes of CVL dysfunction were
treated with interdialytic instillation of intraluminal tissue
plasminogen activator. One CVL infection (Staphyloccoccus
aureas) was documented in patient 1 when he fell in a lake
at camp, and 1 tunnel infection was observed in patient 2
(diphtheroid organism). The frequency of these episodes was
not considered different than in our general HD population.
The use of the ‘‘buttonhole’’ technique to access a fistula
repeatedly through the same site was associated with the
development of an aneurysm at the site, but to date this has not
interfered with its continued use. No line disconnections were
reported.

STAFF REQUIREMENTS. Patients and their parents were
trained for 6 weeks: 3 in-center 6-hour sessions per week for
5 weeks, followed by 1 week (3-5 sessions) of nights at the
hospital, where the parents are required to perform all duties;
the nurse is also available overnight. In addition, parents were
required to write 7 tests, with a passing grade considered to be
>80% for each examination. Ongoing monitoring of safety and
efficacy includes remote monitoring, weekly blood tests, and
monthly clinic visits.

COST EVALUATION. The costs for development of the NHD
program were Cd $4200 (approximately $3400 in US dollars).
Patient/family training cost averaged Cd $9000 for the 6
weeks, as aforementioned. The costs of the training are
amortized over 1 year and included in the overall annual cost
estimate of Cd $64000.

Psychosocial and Clinical Evaluations

Variability in many of these outcomes is thought to
reflect the diversity, complexity, and multiplicity of the
problems that were present before initiation of NHD in these
patients. Consistent findings among the 4 patients included
normal plasma calcium and phosphate values, increased single-
Home Nocturnal Hemodialysis In Children
pool Kt/V urea measurements and high b2-microglobulin
levels (Table I; available online at www.jpeds.com). Bone
density remained poor in patients 2 and 4, and deteriorated in
patients 1 and 3, which suggests the need to avoid sustained
negative calcium and phosphate balance. Both free and total
plasma carnitine values were below reference range in all
patients, until supplemented. The clinical significance of this
finding is uncertain, although it might represent a deficiency
caused by solute clearance. Many inconsistencies were also
observed in outcome measures. The rise in PTH levels in
patient 1 between 6 and 12 months could be caused by
frequent interruption to his NHD schedule and line function
problems during this time (Table I). This patient had a fistula
created and transferred to hybrid dialysis after 12 months
for respite. Increased CRP levels were also noted in 3 of the
4 patients; the significance of this is unknown.

Information on medications for blood pressure, anemia
(erythropoietic therapy), phosphate binders and carnitine
supplements are presented in Table II (available online at
www.jpeds.com).

Although all the children had unrestricted diets and
fluid intakes, weight gain was variable. Requests for accurate
documentation of dietary intake were not regularly adhered to,
so the effect of frequent dialysis on nutritional state remains
unclear. However, for patient 2, who was completely G-tube
dependant at the start of NHD, it was documented that her
oral intake increased to 25% to 50% of her dietary require-
ments. Also, when weight loss has occurred, it is unclear
whether this is in part caused by increased exercise/activity.
Normalized protein catabolic rate was not measured.

Blood pressure control was also variable. Patients 2 and
3, with native kidneys in situ, required anti-hypertensive
medication, whereas relative hypotension developed and
persisted in patients 1 and 4. These latter 2 anephric children
received Midodrine before dialysis to prevent exacerbation of
their hypotension.

Quality of life (Table I; online at www.jpeds.com)
physical and psychological scores improved in 3 of 4 patients.
Patient 1, who had a decreased quality of life score between 6
and 12 months, required respite relief and started hybrid
dialysis at 12 months.

School attendance, as a reflection of psychosocial
behavior, improved substantially in 3 children, and teacher
reports included improved interaction with peers and im-
proved performance overall. Patient 3 had persistent and
significant numbers of days missed from school related to
complications of his underlying Wegener’s granulomatosis
and the associated immunosuppressant treatment.

Specific comments from the children and parents
included: ‘‘Because this program has changed my life
completely, by making the quality of my life ten times
better.’’; ‘‘I feel like a normal kid’’; ‘‘She can’t remember
the last time she felt so good’’; ‘‘I used to push her around
the block in a wheelchair, and now she is canvassing door-
to-door to raise money for her school.’’

Negative comments about NHD reflected the intensity
of the workload and parental anxieties related to the
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complexity of care provided at home. The mother of patient
1 was psychologically and emotionally worn out, until respite
was provided when a hybrid form of dialysis was instituted.
Others described disruption for other family members and
difficulty establishing a new routine within the home.

DISCUSSION
This report describes the successful implementation of

NHD for children. Although introduced approximately 10
years ago for adults, the only previous pediatric experience
with NHD, published in abstract form from Sweden,12

described 4 children with ages similar to our own patients.
They used CVL as blood access, whereas we have also
successfully used AV fistulas. Overall, their brief report
suggests that outcomes are comparable to our own, and that
NHD provides an improvement in patient well-being com-
pared with other dialysis modalities.12 Consequently, we
recommend that this modality be considered for all teenagers,
and some younger school-age children starting dialysis.

The success of NHD is perhaps best exemplified by the
continuation of the procedure in all patients. No patients have
died, although the severity of uremia and its complications
when starting NHD was extreme for patients 1 and 2.

The Hemo Study for hemodialysis patients18 and the
ADEMEX Study of peritoneal dialysis patients19 suggested
that increasing the clearance of urea as measured with Kt/V
urea, beyond certain limits, does not produce further im-
provement in patient outcomes. However, we do not believe
that the results of these studies are applicable to NHD.
Rather, the Hemo Study results suggest that for intermittent
therapies, there are limitations to what can be achieved; the
Hemo Study can be interpreted to suggest that more frequent
dialysis, allowing for less interdialytic accumulation of toxins,
may be the only remaining way to improve outcomes for
patients undergoing HD. Data in small numbers of patients
receiving NHD suggest that long-term survival is improved
when compared with conventional dialysis modalities.8 As an
alternative to NHD, the introduction of short daily dialysis at
home may be considered. Short daily dialysis has the
advantage that it can be provided during the daylight hours
when the family is awake, and therefore remote monitoring
will not be required. However, the amount of dialysis provided
using a short daily regimen is less than that achieved by
overnight dialysis, and because the set-up and tear-down time
and supplies needed are the same for each modality, short daily
dialysis is less cost-effective.

The introduction of NHD to a patient’s home is a huge
undertaking. However, the improvement in clinical status,
school attendance and performance, which we have noted, and
the small but consistent improvement in quality of life
reported by our patients suggest that the outcomes justify
the psychosocial burden that accompanies NHD. Significant
concerns were expressed about the introduction of nocturnal
cycling PD to patients� homes.20 The same concerns can be
expressed about the introduction of NHD. However, because
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most children with end-stage renal disease are now treated
with overnight cycling PD,3 it is reasonable to consider that
with further experience and familiarity, NHD will become
increasingly accepted if the improvements in patient well
being that we report are substantiated by others.

Remote monitoring of NHD was provided for all our
patients. This provides a safety net and a psychological security
blanket for patients and caregivers undertaking NHD. We
recommend that some form of monitoring be in place for other
patients starting this procedure, despite the fact that home
monitoring is no longer recommended for all adult pa-
tients.8,21 However, it is also important to inform families that
remote monitoring may be insufficient if a major dialysis-
related complication occurs.

Our overall costs were estimated at Cd $63,670 per
patient annually, which compares favorably with our in-center
HD costs, both currently (Cd $88,000) and a decade ago (Cd
$76,000).22 This represents a savings of 27% for each patient
receiving NHD, compared with thrice-weekly in-center HD,
and exceeds the savings reported in adult NHD.9,10 Although
the cost of supplies is double that of conventional HD, savings
still result because of the reduction in staff use. The savings are
greater in children than adults because the nurse-to-patient
ratio in the pediatric HD unit exceeds that of an adult unit.
When the patients remain onNHD >1 year, our cost estimates
would be lower because we amortized the costs of patient
training, and home renovations over 1 year. If the equipment
(eg, reverse osmosis and dialysis machines) is used for longer
than 5 years, further savings would be realized. Finally, our
estimate of appropriate nurse-to-patient ratio of 1:8 was
arbitrary. Adult centers report a nurse-to-patient ratio of 1:20
for their home HD programs, but we feel that ratio will not be
achievable for children because of the increased psychosocial
component of pediatric care.

The possibility that morbidity might result from excess
dialysis must be considered for children receiving NHD.
Phosphate and calcium losses in the dialysate have been
documented,8 and supplements of each were added to the
dialysate in our patients to prevent hypocalcemia and hypo-
phosphatemia. Calcium deficiency may be compounded by the
fact that, unlike patients receiving conventional dialysis,
patients receiving NHD do not take calcium-containing
phosphate binders. Sustained negative calcium balance,
although not documented by us, potentially may adversely
affect bones. A deficiency of carnitine, requiring supplemen-
tation, was documented in our patients. The potential for
carnitine deficiency with frequent dialysis has been addressed
in the report of the Carnitine Consensus Conference,23

although this concern was not mentioned in previous reports
of NHD in adults. Prolonged deficiency of carnitine may
result in muscle weakness, cardiomyopathy, intradialytic
hypotension, and anemia and should be considered in patients
receiving NHD who manifest these symptoms.

The authors wish to thank Dr Andreas Pierratos from the Humber
River Regional Hospital in Toronto and Michaelene Ouwendyk from
Fresenius Medical Care for their assistance in the development of our
Home Nocturnal Hemodialysis program.
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GRAND
ROUNDS

SLEEP TERRORS IN CHILDHOOD

THORNTON B. A. MASON II, MD, PHD, AND ALLAN I. PACK, MBCHB, PHD

S leep terrors are dramatic events that represent a partial arousal state from deep sleep. Over the years, these episodes have also
been referred to as night terrors, parvor nocturnus (in children), and incubus attacks (in adults). Sleep terrors are characterized
by marked autonomic nervous system activation: tachycardia, tachypnea, tremulousness, mydriasis, and sweating are often

present. Facial expressions of terror or intense fear are associated with uncontrollable shouting, screaming, gasps, moans, and
agitation.1 Although the respiratory rate is mildly increased, tidal volume is increased tremendously.2 Some semipurposeful
movements can occur, yet both speech and motor activities are perseverative and confused. The full-blown sleep terror is a fight-
flight episode. Although some children with sleep terrors may remain in bed, others may walk or run during attacks. Bodily injury
and property damage are possible.3 The duration of sleep terrors is usually brief, often from less than a minute to several minutes;
however, some sleep terrors may last as long as a half hour.4 Attempts to awaken a child fully during a sleep terror may increase the
child’s agitation, and the sleep terror may actually be prolonged5; indeed there is a ‘‘curious paradox’’ with endogenous arousal
coexistent with external unarousability.6 Episodes cease rather abruptly,2 with the child rapidly returning to a deep sleep.

Although some aspects of the sleep terror may be recalled by the child immediately after an episode, complete amnesia for
the event the following morning is typical. In those instances when a child is able to relate some details of the imagery associated
with a sleep terror, there is often no detailed storyline or sequence (in distinction to the typical nightmare). The child’s
descriptions are fragmented and brief. School-aged children may report indistinct recollections of threats (such as monsters,
spiders, snakes, etc.) from which they have to escape or defend themselves.7 They may speak only of ‘‘something’’ that ‘‘is after me’’
or ‘‘that is going to get me.’’ It has been suggested that this perception of threat or attack may underlie the resistance to parental
attempts at restraint.8

Sleep terrors form part of a larger group of parasomnias. Parasomnias are undesirable movements and behaviors that occur
predominantly during sleep and include disordered arousal, partial arousal, and sleep stage transition.1 The arousal disorders
spectrum includes sleep terrors, sleep walking (somnambulism), and confusional arousals (often seen in children, with features
common to both sleep walking and sleep terrors). Confusional arousals are marked by mental confusion after arousals and
awakenings but do not include the fear or autonomic activation seen in sleep terrors; it should be borne in mind that many
parasomnia events previously labeled as sleep terrors in the literature would be classified as confusional arousals on the basis of
current classification schema (International Classification of Sleep Disorders).1 In a landmark study, Broughton9 summarized his
prior work with Gastaut and their coworkers demonstrating that arousal disorder parasomnias such as sleep terrors and sleep
walking occurred during arousal from slow-wave sleep, rather than from rapid eye movement (REM) sleep. He concluded that the
slow-wave sleep arousal episode is a normal cyclic event, and that the postarousal state after
slow-wave sleep appeared to be the necessary, but not sufficient, condition for confusional
sleep disorders to occur. Importantly, ‘‘pre-existing constellations of physiological changes
predispose a subject to a particular type of attack during the arousal episode.’’9 Moreover,
external stimuli delivered in slow-wave sleep may precipitate a sleep terror.10

EPIDEMIOLOGY
The prevalence of sleep terrors is greater in childhood than in later life, with a peak

between ages 5 to 7 years and resolution typically before adolescence.11,12 Sleep terrors have
been reported to affect approximately 3% of children and <1% of adults.13 Prevalence
estimates may vary because of different criteria and definitions used, including the
frequency of night terrors; in a recent sample of 480 children aged 6 to 11 years, 6.3% had
more than 5 sleep terrors (‘‘fearful awakenings’’) per month, with no gender difference
reported.14 Children have more slow-wave sleep than adults, and therefore sleep
architecture differences could set the stage for sleep terror prominence in childhood.

EEG Electroencephalography
PLMS Periodic limb movements in sleep

REM Rapid eye movement
RLS Restless legs syndrome
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RISK FACTORS
Factors that may increase the likelihood of occurrence of

sleep terrors in susceptible individuals include acute stress
associated with fever15 or sleep deprivation.16 If sleep is
disrupted from any cause, or if there has been inadequate
prior sleep with a consequent stronger drive for restoring ade-
quate slow-wave sleep, then a child may be further predisposed
to sleep terrors. Children may, for example, have more frequent
sleep terrors when naps are restricted or eliminated entirely.
Thus, obtaining a detailed history about amounts of sleep and
timing of sleep is a key part of evaluation of children with sleep
terrors. If there is an indication that children are chronically
sleep deprived, then having the parents take steps to increase
the amounts of sleep is an important therapeutic step; sleep
could be increased by reinstituting a daytime nap, fostering a
more regular sleep schedule, or otherwise increasing sleep
opportunities or sleep quality. Adults with arousal parasom-
nias (sleep walking) have been found to have lower slow-wave
activity during the first sleep cycle, as well as lower sleep
efficiency during the first sleep cycle compared with control
subjects.17,18 These findings of lower slow-wave activity com-
pared with control subjects are somewhat surprising in view of
the role of sleep deprivation facilitating sleep terrors in children
through enhanced homeostatic sleep drive (and associated
increased pressure for slow-wave sleep). Children with sleep
terrors, like adults, may have sleep disturbances detected by
electroencephalography (EEG) such as an increase in sleep
instability and in microarousals during slow wave sleep that
persist independently of frank sleep terror behavior.

Medications that can trigger sleep terrors include neuro-
leptics, sedative-hypnotics, stimulants, and antihistamines6;
parents should always be asked about such medication use or
exposure as part of the evaluation of sleep terrors. An associa-
tion between childhood migraine headaches and parasomnias
has been reported, possibly with a common underlying distur-
bance in serotonin levels.16,19 Other medical conditions may
precipitate arousal parasomnias, such as nocturnal asthma and
gastroesophageal reflux.20 Given the dramatic manifestations
of sleep terrors, it has been debated whether psychic conflicts
or psychopathology may play a role. Any associated psycho-
pathological component is believed to be extremely rare in
childhood21; in adults, there is controversy, but no close asso-
ciation has been established.22 Nevertheless, the possibility of
anxiety at bedtime and during sleep onset should be explored,
because such fears may further exacerbate sleep terrors in
childhood.

Intrinsic sleep disorders have also been implicated as im-
portant factors influencing sleep terrors.Recently,Guilleminault
et al7 reported in children that sleep-disordered breathing on
polysomnography (ie, obstructive sleep apnea) or periodic limb
movements in sleep-restless legs syndrome (PLMS-RLS) may
trigger sleep terrors (and sleep walking) in childhood, because
these parasomnias disappeared after treatment of the sleep-
disordered breathing or PLMS-RLS.7 In another recent study,
examining a community-based cohort of children, those with
sleep-disordered breathing experienced more parasomnias
Sleep Terrors In Childhood
than those without.14 In adults with sleep terrors and sleep
walking, sleep-disordered breathing has also been found to
be frequently associated with parasomnia episodes.23 Thus
sleep-disordered breathing needs to be considered as a risk
factor for sleep terrors. Overnight polysomnography is re-
commended for those children who continue to have frequent
sleep terrors in spite of efforts to restore adequate sleep or have
a history suggesting that the child has obstructive sleep apnea
or PLMS.

There has long been evidence of a genetic risk factor for
sleep terrors. Hällström24 found support for inheritance in a
3-generation family, possibly consistent with an autosomal
dominant disorder. Kales et al25 reported that the prevalence
of sleep terrors and sleep walking in first-degree relatives of
individuals with sleep terrors was 10-fold greater than in the
general population; the authors calculated a 60% increased
chance of a child being affected if both parents were affected.
Ooki26 in a questionnaire-based study of monozygotic and
dizygotic twins found that sleep terrors were under moderate
to strong genetic control. Importantly, sleep terrors may co-
occur with other parasomnias as a result of shared genetic
effects. Hublin et al27 in twin studies found that sleep talking
in children and adults co-occurred with sleep walking, night-
mares, and bruxism. It should be kept in mind, however, that
a shared family environment complicates interpretation of
heritability. Moreover, the heritability of sleep terrors could be
secondary to other sleep disorders because there is evidence of
familial aggregation of RLS28-30 and sleep-disordered breath-
ing.31-33 Thus other sleep disorders may result in familial sleep
terrors indirectly.7

DIAGNOSIS
The diagnosis of sleep terrors may be supported in

several ways. An adequate medical history is paramount, taken
directly or aided by a questionnaire (For examples of screening
questionnaires for pediatric sleep see references 34 and 35).
A videotape of a typical episode recorded by parents at home
may be very helpful to the clinician.36 Sleep diaries can high-
light irregularities of sleep/wake schedules and help determine
whether episodes are triggered by sleep deprivation. The
differential diagnosis of sleep terrors includes nightmares,
panic attacks, epileptic events, and cluster headaches (in young
children). Nightmares occur within REM sleep and are
therefore more prominent in the second half of the night;
children arousing from a nightmare usually become fully alert
quickly, respond positively to comforting, and may offer a
detailed description of dream content after awakening the
following morning. Compared to sleep terrors, nightmares are
characterized by lower levels of autonomic discharge, vocal-
ization, and mobility, and by less intense apparent anxiety.2

Epileptic seizures rarely present as sleep terrors or sleep
walking episodes. Seizures are often very short-lived and
stereotypic; a patient may or may not have daytime seizures in
addition. Patients should be questioned about daytime staring
spells that could represent nonconvulsive seizures, as well as
paroxysms of repetitive limb movement or of increased muscle
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tone. If epilepsy is suspected, because EEG with an expanded
montage is so important in establishing the diagnosis of epi-
lepsy, expanded EEG should be performed in patients who
have brief, repetitive events (lasting only 1 to 2 minutes or less)
with a consistent, predictable sequence from one episode to
the next. The relationship between epilepsy and sleep terrors is
complex: epilepsy can also produce parasomnias through sleep
disruption, although during slow-wave sleep, seizures are un-
common.20 Cluster headaches, while rare in early childhood,
may present as paroxysmal arousals followed by agitation.37

On physical examination, features that may contribute to
sleep disruption should be sought, including those related to
obstructive sleep apnea (eg, tonsillar hypertrophy, micro-
gnathia, macroglossia) or periodic limb movements in sleep
(eg, myelopathy, peripheral neuropathy). If an intrinsic sleep
disorder such as obstructive sleep apnea or periodic limb
movements in sleep is suspected, then overnight polysomnog-
raphy is clearly indicated.

Overnight polysomnography has proved valuable as a
research tool in detailing the physiological events associated
with sleep terrors. As noted above, a key association rests with
transitions from slow-wave sleep (also known as delta sleep or
non-REM sleep stages 3 and 4). Slow-wave sleep occurs
predominantly in the initial sleep cycles, that is, early in the
night, and sleep terror onset is typically noted in the first third
of the night.1 Indeed, it has been estimated that about two
thirds of sleep terrors occur in the first non-REM period.
Although a sleep terror attack is initiated out of slow-wave
sleep, the EEG during the event appears as light sleep or
wakefulness. For example, the EEG may show alpha rhythm.
The patient is neither fully asleep when the sleep terror occurs,
nor fully awake.38 During the sleep terror attack, there is
altered or decreased cortical responsiveness to visual stimuli
and an inability to integrate sensory input.9,39 In a study of
adult patients, maximal heart rate was reached within 15 to
30 seconds from the start of the attack, to rates as high as
triple baseline values. The respiratory rate and more so the
amplitude increases significantly; this stands in contrast to
the REM nightmare, where respiratory rate increases, but the
amplitude of respirations may actually decrease.38 Because of
both heightened autonomic activity and arousal, skin resis-
tance shows a marked and instantaneous decrease at arousal.38

EEG spectral analysis in adult patients with sleep terrors has
demonstrated increased disruptions during sleep with addi-
tional frequent, brief nonbehavioral arousals on EEG.39 More
studies are needed to characterize the electroencephalographic
features of sleep terror arousals, especially in children, but
Halász et al40 has shown that adult patients with arousal
parasomnias have an increased frequency of microarousals
preceded by slow wave synchronization (K complexes, bursts
of delta waves) compared with control subjects.

MANAGEMENT
Management of sleep terrors may take many forms.

Treatment starts with parental reassurance and guidance.
Parents should be reassured that sleep terrors occur in many
390 Mason and Pack
children and rarely persist into adulthood. A major focus
should be placed on relief of sleep debt. A careful history about
sleep patterns and duration is key, with evaluation of the
night-to-night stability of sleep achieved, periods of relative
sleep deprivation, occurrence of recuperative (rebound) sleep,
and nap history (frequency, timing, and duration of naps).
Sleep hygiene changes should be reviewed and implemented as
needed, including advising routine naps for children <4 years
age to ensure adequate sleep. Parents of children with sleep
terrors and significant sleep onset anxiety issues should help
their children focus on safe, comfortable thoughts at bedtime.
For those patients who have sleepwalking as a component
of sleep terrors, safety concerns should prompt appropriate
measures such as securing doors and windows to limit egress,
placing mattresses on the floor, using sleeping bags to reduce
wandering, and blocking access to stairs and kitchen. Some
children have a nightly pattern of sleep terrors, and scheduled
awakenings 10 to 15 minutes beforehand have been reported
to help ameliorate sleep terrors41,42; we (TM) have not found
this intervention to be practical or effective.

For those children who continue to have frequent sleep
terrors in spite of efforts to restore adequate sleep, overnight
polysomnography is recommended to evaluate for intrinsic
sleep disorders. It should be noted that overnight polysom-
nography is generally not helpful in establishing the diagnosis
of sleep terrors because even in individuals with a convincing
history of sleep terrors, the likelihood of capturing a typical
home sleep terror in the laboratory is low. For example in one
study, only 1 of 6 children with a clear history of sleep terrors
when monitored in a sleep laboratory for 1 to 4 nights had a
sleep terror; in this case, the polysomnographic data demon-
strated that the sleep terror arose from slow-wave sleep during
the first non-REM sleep period and was associated with
typical autonomic activation and behavioral features.38 On
the other hand, polysomnography is helpful for identifying
triggers for sleep terrors (such as obstructive sleep apnea or
PLMS) or for distinguishing sleep terrors from other condi-
tions. If an associated sleep disorder such as sleep-disordered
breathing or periodic limb movement disorder is supported by
polysomnography, these coexistent conditions need to be
treated.43-45

Generally, medications should be reserved for those
rare, protracted, complex cases where an associated sleep dis-
order has been excluded, where sleep terrors occur repeatedly,
and where there is a threat of injury to the patient or to
others; medications used with success have included benzo-
diazepines (clonazepam) and tricyclic antidepressants (imip-
ramine).5,6,8,13,46 The effectiveness of benzodiazepines may
relate to sedative effects or to decreases in slow-wave sleep.
Low doses should be used initially, with upward titration as
needed; patients should be monitored for daytime sedation,
which may be a prominent issue for medications such as
diazepam that have a long half-life. Medications should be
given at least 90 minutes before bedtime to achieve effective
drug levels in the first part of the night when sleep terrors
predominate. A benzodiazepine treatment interval of 3 to 6
weeks may be curative, with resolution of sleep terrors after
The Journal of Pediatrics � September 2005



discontinuation of the medication.8 Recently, results of a
randomized, open-label trial of L-5-hydroxytryptophan sug-
gest efficacy in the treatment of sleep terrors.47 L-5-
hydroxytryptophan is a precursor of serotonin and as such
may modify central serotoninergic system dysfunction or
enhance production of sleep-promoting factors. Referral to a
pediatric sleep disorders center would be appropriate whenever
polysomnography or pharmacotherapy is being considered.

In conclusion, sleep terrors are common parasomnias
that are most prevalent during childhood. There is still much
to be learned about the pathophysiology of these episodes of
partial arousal from sleep. Usually, sleep terrors can be iden-
tified through information provided by parents, and manage-
ment is straightforward. The management of more complex
cases, however, may include the use of diagnostic studies
(polysomnography, expanded EEG recordings to evaluate
for seizures) and pharmacotherapy.
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CLINICAL AND LABORATORY
OBSERVATIONS

CONTROLLED SLEEP RESTRICTION FOR RHYTHMIC

MOVEMENT DISORDER

TAMAR ETZIONI, BSC, NERI KATZ, MD, ELI HERING, MD, SARIT RAVID, MD, AND GIORA PILLAR, MD, PHD

Rhythmic movement disorder is a parasomnia that is difficult to treat. In our study, 3 weeks of controlled sleep restriction

with hypnotic administration in the first week resulted in almost complete resolution of the movements in 6 children. This

therapeutic success suggests that rhythmic movement disorder results from a voluntary self-soothing behavior. (J Pediatr

2005;147:393-5)

R hythmic movement disorder (RMD) is defined as a group of stereotyped, repetitive movements (RM), involving large
muscles, usually of the head and neck (head banging), that typically occur immediately before sleep onset and are sustained
into light sleep. Occasionally it may be seen in deep or rapid eye movement sleep.1,2 Although several studies reported that

RMD may spontaneously alleviate and even disappear with age, it may be important to treat it earlier because it may be harmful
and may persist to adulthood.2-5

Treatment of RMD may be difficult. In some cases benzodiazepines were beneficial,4,6 but in other cases they failed.3 In
several case reports, antidepressants such as imipramine produced good clinical outcome.3 Behavioral intervention7 or hypnosis8

has also been suggested, but they have not been sufficiently studied.9 Most of these studies reported the effects of short-term
treatment, and there are only few data regarding long-term effects.

One potential explanation of the mechanism underlying RMD is that these patients voluntarily generate RM to help
them fall asleep. Thus we planned a controlled sleep restriction program, with usage of hypnotics in the first part of the program,
to rebuild faith in the ability to fall asleep. We hypothesized that once good sleep initiation is established, RM would reduce
in frequency.

METHODS
Six children and adolescents (3 females) aged 7.3 ± 2.9 years (range 3.5 to 12 years),

with a diagnosis of RMD (2 of them with a previous treatment failure) were studied.
They (or the parents) completed a questionnaire, underwent a 1-week actigraphic study
(primarily to objectively determine total sleep time), and commenced a treatment protocol
(see below). Parents were asked to observe their children while falling asleep every night
during the first month of treatment and quantitatively score the existence of RM (0 = no
RM, 1 = rarely RM, 2 = occasional RM, 3 = frequent RM, 4 = continuous intense RM until
asleep). Parents scored sleep latency and RM every night during the first month of
treatment. Additional assessment took place at 1-year follow-up.

The Actigraph (Mini Monitor Actigraph, Ambulatory Monitoring, New York, NY)
is a self-contained microcomputer housed in a 2.5 3 3.5 3 0.75-inch light-weight case.
It is placed on the nondominant hand and translates movements into electrical signals
that identify wake or sleep by use of a validated scoring program.10 The children wore it for
7 consecutive days and nights in their native environment. Actigraphy was obtained before
any therapeutic intervention, and the important variables derived from it were sleep
latency (the time from ‘‘lights out reported by the parents to falling asleep defined by
the actigraph), total sleep time (TST, time of actual sleep excluding periods of wakefulness)
and sleep efficiency (percentage of TST of total time in bed).

RM Repetitive movement
RMD Rhythmic movement disorder

TST Total sleep time
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Table. Characteristics and findings of the children

Child
Age

(years) Sex
Previous
treatment

Reported
HSD (h)

Actigraph
SL (min)

Actigraph
TST (h)

Actigraph
SE (%)

1 5 m None 11 32 10.2 84
2 12 m Clonazepam 9 47 7.8 81
3 7 f None 10.5 11 10 93
4 8 f Psychological 8.5 36 8.1 86
5 8 m None 9.5 14 9.8 94
6 3.5 f None 10 15 9.5 93
Mean ± SD 7.3 ± 2.9 9.8 ± 0.9 25.8 ± 14.6 9.2 ± 1.0 88.5 ± 5.5

Reported HSD, Reported habitual sleep duration (hours); SL, sleep latency (min); SE, sleep efficiency (%).
Habitual total nocturnal sleep time was determined as
the average between the reported and the actigraphic mea-
sures. A 3-week sleep restriction regimen was determined for
each individual: first week a reduction of 1 hour from noctur-
nal TST, and administration of chloral-hydrate 0.5 mL/kg
before bedtime (no change in nap duration), second week
hypnotic was ceased but total nocturnal sleep time was still
restricted for 1 hour less than baseline, and third week a
gradual return (increment of 10 minutes every night) to the
baseline schedule.

RESULTS
Characteristics of the 6 children are presented in the

Table. Body weight, number of children in the family or their

Figure. Rhythmic movement score (upper panel) and sleep latency
(lower panel) before treatment (= 0), and at 1, 2, and 4 weeks after
treatment protocol. All data are mean ± SD. All changes were
significant compared to baseline values (paired t test), for RMD score
in P < .005 level (*), and for sleep latency in P < .01 level (§).
394 Etzioni et al
place within the family did not have an effect on the existence
of RMD or their response to treatment. Two of the children
had a previous failure of a therapeutic trial before the current
regimen was imposed. Two children had no sleep complaints,
whereas 4 reported difficulties in falling asleep, and one of
them also reported about frequent awakenings from sleep.
Families and children reported a very good compliance with
the treatment, with almost no side effects (parents reported
bearable nervousness and mild sleepiness or agitation). Both
sleep latency and rhythmic movements dramatically improved
in all children (Figure), although there was no correlation
between them (r = 0.1). Although rhythmic movements were
completely abolished at 2-week follow-up, at 4 weeks one
of the children re-experienced rare RM, which persisted at
1-year follow-up.

DISCUSSION
Our study suggests that the combination of controlled

mild sleep deprivation, with usage of hypnotics at treat-
ment initiation, may abolish RM and cure RMD. In addition,
the resolution of RMD with primarily sleep deprivation
supports the hypothesis that it can be classified as a type of
voluntary movement that serves as a self-soothing behavior
in the process of falling asleep, rather than as an involun-
tary movement disorder. Most of these latter movements
such as those from epilepsy usually aggravate with sleep
deprivation.11

Although usually a self-limiting disorder, we believe
RMD should be treated on diagnosis because treatment can
prevent secondary social/psychological consequences, physical
damage,5,8 and persistent into adulthood.2-4,12 Hypnotics
alone may fail,3 and movements can re-occur after treatment
cessation. We do not know whether the treatment should be
longer or shorter than our 3-week regimen, which was arbi-
trarily chosen. Our rationale was to build a mild sleep depri-
vation protocol for 3 weeks (and not dramatic sleep restriction
for shorter period) to allow the child to build confidence in his
or her ability to fall asleep without the assistance of the RM.
We speculate that this allowed the success to continue long
term. The optimal timing and usage of hypnotic treatment will
have to be determined on a larger group of children. However,
we believe our findings of long-term success in 5 of 6 children,
The Journal of Pediatrics � September 2005



long after cessation of medication and therapeutic interven-
tion, is an important observation.
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CONTINUOUS GLUCOSE MONITORING IN ADOLESCENTS

WITH CYSTIC FIBROSIS

CRAIG JEFFERIES, FRACP, MELINDA SOLOMON, MD, KUSIEL PERLMAN, MD, NEIL SWEEZEY, MD, AND DENIS DANEMAN, MD

The presence of cystic fibrosis (CF)–related diabetes was evaluated in 19 adolescents with CF by continuous glucose

monitoring system (CGMS) and oral glucose tolerance testing. CGMS confirmed diabetic glucose excursions in 7/19 subjects

deemed diabetic on oral glucose tolerance testing. CGMS is a useful tool for detecting hyperglycemia in CF. (J Pediatr

2005;147:396-8)

C ystic fibrosis–related diabetes (CFRD) is a common and serious problem in pancreatic-insufficient individuals with CF.1-3

CFRD is associated with both increased mortality and morbidity rates, with a close correlation to both deterioration in
lung function and loss of weight.4,5 There is often a long, and asymptomatic prediabetic period of up to 4 years before

CFRD is detected.6

Oral glucose tolerance testing (OGTT) is currently the most sensitive method for detecting CFRD.4 However, the
continuous glucose monitoring system (CGMS) (Medtronic Minimed, Northridge, CA) is a new tool that is accurate in type
1 diabetes, able to detect more glucose fluctuations and has been validated in nondiabetic adults with CF.7,8 CGMS and OGTT
were therefore studied in adolescents with CF who had declining nutritional state or lung function.

METHODS
Subjects were recruited consecutively between December 2002 and January 2004 from the Cystic Fibrosis Clinic at the

Hospital for Sick Children, Toronto. This clinic has ;300 subjects with CF, with 50% in the subject range and eligible. All
subjects were pancreatic insufficient and of either sex; recruitment was aimed at those with unexplained or rapid decline in lung
function or nutritional status, supplemental feeds, and any previous blood glucose >7 mmol/L. Exclusion criteria included acutely
severely unwell and receiving growth hormone or oral corticosteroid. Ethical approval was obtained from the Research Ethics
Board; all parents/guardians and subjects provided written informed consent.

Study Methods

All patients were assessed in the endocrine testing center after an overnight fast;
height was measured by stadiometer, weight by electronic scales, and BMI expressed as
BMI SD score. One Touch Ultra (One-touch Lifescan, British Columbia, Canada)
glucose meter (<10% discrepancy with reference) was provided, 4 tests per day were
required, and a minimum of 24 and maximum of 72 hours of CGMS was required. The
OGTT was performed using 1.75 g oral glucose/kg. A1c was measured by HPLC (Biorad
Variant 2) and glucose by automated analyzer (Bio-Rad, CA).

Statistical Analysis

Graphpad Prism (Aurora, CA) was used for appropriate statistical analysis, a P value <
.05 was required for significance. Two-hour OGTT glucose values and CGMS excursions
were similarly classified as normal if <7.8 mmol/L, impaired 7.8 to 11.1 mmol/L, and
diabetic >11.1 mmol/L. All CGMS traces were agreed on by 2 investigators (DD and CJ).

A1c Hemoglobin A1c

BMI Body mass index
CF Cystic fibrosis
CFRD Cystic fibrosis–related diabetes

CGMS Continuous glucose monitoring system
FEV1 Forced expiratory volume in 1 second
G-tube Gastrostomy tube
OGTT Oral glucose tolerance test
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Table. Glucose and CGMS results

Subject

Fasting
glucose
(mmol/L)

2-hour
glucose
(mmol/L)

OGTT
result A1c %

CGMS mean
glucose
(mmol/l)

Length of
recording
(hours)

CGMS
result

1 6.7 17.5 CFRD 7.7 10.6 60 Diabetic
2 5.7 16.7 CFRD 7.3 10.7 49 Diabetic
3 6.8 13.2 CFRD 6.2 9.4 72 Diabetic
4 6.1 12.1 CFRD 7.3 7.7 45 Diabetic
5 6.6 15.9 CFRD 7.4 7.9 52 Diabetic
6 7.8 15.5 CFRD 6.5 7.0 24 Diabetic
7 6.5 13.9 CFRD 6.2 9.7 48 Diabetic
8 5.9 8.6 IGT 6.3 7.9 61 Impaired
9 4.7 7.9 IGT 5.0 5.1 51 Normal
10 5.2 9.3 IGT 6.1 5 60 Impaired
11 5.5 9.3 IGT 6.3 5.9 36 Impaired
12 5.1 8.3 IGT 6.3 7.1 45 Impaired
13 4.6 10.5 IGT 5.3 5.0 24 Normal
14 4.3 3.9 Normal 6.4 7.1 60 Impaired
15 5.1 3.7 Normal 5.2 6.5 54 Impaired
16 5.1 4.8 Normal 5.8 4.9 46 Normal
17 6.2 5.4 Normal 5.5 7.8 50 Impaired
18 5.5 Incomplete* Normal 5.7 7.5 56 Diabetic
19 4.7 5.5 Normal 6.2 7.0 48 Normal

Mean (SD) 5.7 (0.9) 9.9 (4.5) 6.3 (0.8) 7.4 (1.8) 50 (12)

To convert mmol/L to mg/dL, multiply mmol/L by 18.8.
*Subject 18 vomited near the end of the OGTT.
RESULTS
Nineteen (7 male) adolescents were studied at a mean

age of 13.9 (2.2) years with a mean forced expiratory volume
in 1 second (FEV1) of 57 (23)% predicted and a BMI SD score
of 20.6 (0.9); 6/19 were gastic-tube fed; most were white.

There was no difference between any groups for FEV1

or BMI SDS (P > .1). The A1c was higher in those with
CFRD compared with non-CFRD subjects (6.9 ± 0.6 vs 5.5 ±
0.4%, respectively; P < .01). Seven subjects had CFRD on
OGTT, all were confirmed to have diabetic glucose excursions
on CGMS. Five subjects had with a normal OGTT, although
only 2 of them had a normal CGMS (Table). Of the 6 subjects
with impaired glucose tolerance, 4/6 had a similar result on
CGMS, and 2/6 were normal on CGMS.

This study found 7 new cases of CFRD in an estimated
;150 patients; however, they represent a select high-risk
group within the overall CF population. Mean CGMS
glucose values and A1c correlated significantly (r2 = 0.4, P <
.01). Overall, 10 subjects were initiated on insulin, with a
change in BMI SDS 20.13 for nondiabetic versus 0.3 for
CFRD/impaired subjects, P = .02 over the next 3 months.

DISCUSSION
The low sensitivity and specificity of fasting glucose and

A1c has focused attention on the OGTT as the only reliable
test for CFRD.9 This is the first study to evaluate the CGMS
in CF adolescents with CF at high risk of having disordered
Continuous Glucose Monitoring In Adolescents with Cystic Fibrosis
glucose homeostasis and shows that at least it is comparable
to OGTT.

Importantly, there were no subjects with CFRD on
OGTT that did not have diabetic glucose excursions on
CGMS. Similarly the only subject who had a normal OGTT
but was diabetic on CGMS most likely had a technically
compromised OGTT because he vomited at the end of his
glucose test. In subjects with impaired glucose tolerance,
CGMS was helpful in either confirming or denying if the
impairment was persistent. This study found 7 new cases
of CFRD in an estimated ;150 patients; however, they
represent a select high-risk group within the overall CF
population.

The goal of insulin institution in CFRD has now swung
from symptomatic relief of diabetes to preventing further
clinical decline, restoring nutritional status, and the long-term
aim of decreasing morbidity and mortality rates. CGMS is a
potential tool that may improve the detection of CFRD and
help to achieve the goals stated above.6,9 We conclude that
CGMS is a useful tool for detecting hyperglycemia in patients
with CF.

We thank S. Carpenter and L. Glabb for their excellent support and
assistance, the participants, and their parents/guardians.
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FAILURE OF CONVENTIONAL STRATEGIES TO IMPROVE NUTRITIONAL

STATUS IN MALNOURISHED ADOLESCENTS AND ADULTS

WITH CYSTIC FIBROSIS

DAINA KALNINS, MSC, RD, MARY COREY, PHD, LYNDA ELLIS, RN, PAUL B. PENCHARZ, MB, CHB, PHD, FRCPC,
ELIZABETH TULLIS, MD, FRCPC, AND PETER R. DURIE, MD, FRCPC

The use of oral dietary supplements was compared with dietary counseling in 13 malnourished patients (3 males, mean age

18.1 years) with cystic fibrosis. Energy intake and nutritional status were evaluated over 3 months. There was no significant

change in energy intake or percent ideal body weight in either group. (J Pediatr 2005;147:399-401)

Normal growth and weight gain can be achieved in patients with cystic fibrosis (CF).1 However, a subgroup of patients
suffer from malnutrition. Increased energy demands caused by respiratory illness and infection and increased losses
caused by vomiting and impaired digestion are some of the causative factors.1 The purpose of this study was to compare

the effects of oral dietary supplements with dietary counseling on energy intake and nutritional status in malnourished adolescents
and adults with CF.

METHODS
Patients over 10 years of age with <90% ideal body weight (IBW) or a 5% reduction

in percent IBW over a 3-month period were studied. Exclusion criteria included patients
with CF-related diabetes, a gastrostomy tube, CF-associated liver disease, a forced
expiratory volume in 1 second (FEV1) < 30%, O2 dependence, and those already receiving
routine supplements.

Before study entry, patients had been counseled on the general diet recommendations
forCF.2 Subjectswere randomized to receive dietary counseling, or a nutritional supplement
(Boost Plus,Mead Johnson, Ottawa,Ontario [150 kcal/100mL; 20% protein, 30% fat, 50%
carbohydrate]) with the aim of increasing energy intake by 20% of predicted energy needs
over a 3-month period.

Patients completed 72-hour weighed food records at study entry, 1 month, and
3 months. The diet counseling group was asked to increase energy intake by eating high-
calorie foods as recommended by the dietitian (DK). Dietary advice was given by phone
contact after each set of food records was completed. The supplement group was instructed
to take Boost Plus. Compliance was monitored by counting cans remaining at 1 and
3 months.

Height and weight were plotted on the Centers for Disease Control growth curves3

at study entry and 3 months. Ideal body weight was based on weight at the same percentile
as height. Percent IBW was calculated by dividing actual body weight by IBW. Pulmonary
function tests were performed at entry and 3 months.4 Anthropometry and pulmonary
function were also evaluated at 6 months. Resting energy expenditure was determined at
study entry and 3 months using indirect calorimetry and was used to predict daily energy
needs. Fecal fat output5 at baseline (or within 1 year of study entry) was divided by fat

CF Cystic fibrosis
FEV1 Forced expiratory volume in 1 second

IBW Ideal body weight
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Table. Anthropometry, dietary intake and pulmonary data

Dietary counseling (n = 6) Oral supplements (n = 7)

Entry 1 mo 3 mos 6 mos Entry 1 mo 3 mos* 6 mos

Age (yrs) 16.4 ± 6.7 — 19.5 ± 11.3
Z score wt 20.8 ± 0.8 — 20.7 ± 0.6 20.6 ± 0.9 21.2 ± 0.5 — 21.1 ± 0.7 21.3 ± 0.8
Z score ht 0.2 ± 1.3 — 0.3 ± 1.3 0.4 ± 1.4 20.2 ± 0.9 — 20.1 ± 0.9 20.1 ± 0.8
% IBW 83 ± 10 — 84 ± 13 83 ± 13 86 ± 8 — 85 ± 6 83 ± 6
Intake (kcal/d) 2800 ± 1100 2900 ± 1000 2800 ± 700 — 2400 ± 600 2200 ± 700 2700 ± 700 —
% kcal predictedy 101 ± 36 104 ± 28 99 ± 19 — 92 ± 22 88 ± 27 110 ± 34 —
FEV1 62 ± 25 — 63 ± 16 66 ± 13 66 ± 22 — 60 ± 26 62 ± 19

All values expressed as mean ± SD. Data at 6 month follow-up provided; 2 patients continued to use supplements.
*Only 5 patients continued on supplement at 3 months.
yDaily kcal intake expressed as percent of predicted daily energy needs.
intake to determine percent fat malabsorption. If results
indicated severe fat malabsorption (ie, 20%), enzyme doses
were adjusted using age-based dosing guidelines.6

Statistical comparisons were performed using a 2-tailed,
2-sample equal variance t test. Differences between means
were considered significant at P < .05. A repeated measures
analysis of variance was performed to assess the energy intakes
and anthropometrics. The study was approved by the Research
Ethics Board, the Research Institute at The Hospital for Sick
Children.

RESULTS
Thirty-six patients were approached to take part in

the study; 15 patients agreed to participate, and 13 patients
(3 males) completed the study. Reasons for dropping out (one
in each group after completing baseline) included feeling un-
well and change of mind. All patients were pancreatic insuff-
icient except for one in the supplement group. Twelve patients
had tried supplements before. Two patients in the supplement
group were no longer taking supplements at 3 months, and
their data were included in the final analysis. The supplement
group received 21% ± 14% (n = 7) and 28% ± 18% (n = 5)
of intake from supplements at 1 and 3 months, respectively.
An average of 1.6 cans/day were prescribed, and patients took
1.2 cans/day at 1 month (n = 7) and 1.6 cans/day at 3 months
(n = 5).

Repeated measures analysis of variance revealed no
differences between the groups in mean change from baseline
for percent IBW (P = .2) or energy intake (P = .8) during the
3-month study period (Table). Follow-up at 6 months also
revealed no difference. There was no significant change in
FEV1 in either group. Percent resting energy expenditure
in the diet counseling group (n = 6) was 117% ± 13.2%
and 121% ± 4%, and in the supplement group (n = 6) it was
123% ± 18% and 123% ± 13% at study entry and at 3 months,
respectively (NS). Fat malabsorption was 12.3% ± 3.8% and
16.2% ± 14.5% in the diet counseling group (n = 6) and the
supplement group (n = 5), respectively (NS). Two patients in
the supplement group did not have a fecal fat analysis; one was
400 Kalnins et al
pancreatic sufficient and one failed to complete the fecal fat
analysis.

DISCUSSION
Neither oral dietary supplements nor dietary counseling

improved nutritional status in this 3-month study. Although
only 13 patients participated, a post hoc analysis indicated an
80% power to detect a difference of 6% to 7% IBW, considered
to be clinically significant. Regardless of study intervention, in-
creased energy demands caused by chronic infection, decreased
appetite, and increased losses were most likely causes resulting
in a negative energy balance.1

Studies in the early 1980s, demonstrating efficacy of
dietary counseling and/or supplements, were conducted in
patients who had been placed on a low-fat diet before study
entry.7 These studies were performed at a time when there was
a change in philosophy toward restricting fat intake because of
the observation that unrestricted dietary fat improved nutri-
tional status and played a significant role in survival of patients
with CF.8

Recently, one study reported improvement in IBW
by 2% with dietary counseling and oral supplements over a
3-month period.9 However, it is questionable whether this is
clinically significant. Two other studies failed to demonstrate
that oral supplements improved nutritional status.10,11 Sup-
plements may replace dietary intake and therefore fail to
increase total energy intake, as appeared to be the case in our
study.

Studies on nocturnal enteral tube feedings have dem-
onstrated improvement in nutritional status.12 In one study,
nutritional status improved significantly after an 12 months
period.12 Patients who do not respond to dietary counseling
or oral supplements should be considered as candidates for
nocturnal enteral feeding.

In summary, this study raises questions about the
efficacy of conventional dietary practices in improving nutri-
tional status in malnourished patients with CF, where more
aggressive nutritional rehabilitation may be necessary. A larger
scale study is recommended to confirm these results.
The Journal of Pediatrics � September 2005
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OVERWEIGHT AND OBESITY IN nF508 HOMOZYGOUS CYSTIC FIBROSIS

DAGMAR KASTNER-COLE, MRCP, COLIN N. A. PALMER, PHD, SIMON A. OGSTON, PHD, ANIL MEHTA, FRCP, AND SOMNATH MUKHOPADHYAY, PHD

Overweight (9%) and obesity (1%) in patients with cystic fibrosis homozygous for the nF508 mutation (CFnF508) were

non-trivial. Children with CFnF508, in contrast to the general population, showed a positive association between body mass

index and lung function for all body mass index z-scores. (J Pediatr 2005;147:402-4)

Counseling and interventions to support weight gain in cystic fibrosis (CF), a condition characterized by malnutrition and
increased energy expenditure, constitute an important aspect of clinical management.1 With such strategies, however,
there exists the potential for excessive weight gain in some patients.2 In the United Kingdom, there has been a major

increase in the prevalence of obesity in the general population,3 but the influence of this factor on the CF population is unknown.
In the general population, overweight and obesity are strongly linked with ischemic heart disease, high blood pressure,

and type II diabetes. They also exert a negative effect on forced expiratory volume in 1 second (FEV1) in children4 and adults.5

Nutritional status, as measured by body mass index (BMI), exerts a beneficial effect on lung function in the average patient with
CF who is likely to be poorly or borderline nourished.6 It is not known whether this effect persists in patients with CF who are
overweight or obese.

METHODS
We queried the UK CF database in 2002 for height, weight, sex, age, and lung

function measures for all patients with CF in the United Kingdom homozygous for the
nF508 mutation (CFnF508) . The process of consent and ethics approval for the analysis
of this database has recently been described.7,8 We used international age-adjusted
standards of obesity and overweight for children9 expressed as BMI z- scores ($1.40 for
overweight and$ 2.48 for obesity). BMI values greater than 25 and 30 kg/m2, respectively,
define overweight and obesity in adults. We plotted normalized FEV1 against BMI
z-scores for children (10 to 18 years) and normalized FEV1 against BMI values for adults
(Figure). Two children with a z-score of less than 24 were excluded from the analysis.

Data were stored and analyzed using SPSS (SPSS Inc, Chicago, IL). Smoothed
(Lowess) regression lines were used for the plots assessing effect of BMI on FEV1. Fifty
percent of points fit the curve using the SPSS iterative locally weighted least squares
method10 (Figure). To investigate the relationships further, we used nonlinear regression
to compute a segmented straight line with a change in slope at a best point estimate value of
x0, so that y = b0 1 b1z for z $ z0 and y = b0 1 b1z 1 b2 (z 2 z0) for z > z0.

RESULTS
Three thousand patients (mean age 16.1 years, range 0.8 to 55.7 years) were

identified; height and weight were available for 2987 patients (Tables I and II).
The regression lines assessing effect of BMI on FEV1 showed an apparent change in

slope that was particularly marked on the adult data. In children, a significant change in
slope occurs around the best point estimate of z-score21.4 (95% confidence intervals [CI]
22.0 to 20.9) with the slope (improvement in percent predicted FEV1 per unit z-score)

BMI Body mass index
CF Cystic fibrosis
CFnF508 Cystic fibrosis homozygous for the nF508 mutation

CI Confidence interval
FEV1 Forced expiratory volume in 1 second
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Figure. Scatter plots of FEV1(as percent predicted) against (a) z-scores for BMI in children (b) BMI in adults with CF.
Lowess smoothed curves are displayed for both plots.

Table II. Body mass index and lung function in patients with CF

0-9.9 years 10-17.9 years $18 years

Males
(n = 490)

Females
(n = 430)

Males
(n = 504)

Females
(n = 445)

Males
(n = 627)

Females
(n = 491)

Mean Age (SD) 5.5 (2.7) 5.7 (2.7) 13.9 (2.3) 13.8 (2.3) 26.5 (7.1) 26.3 (7.1)
Mean BMI (SD) 16.3 (1.5) 16.1 (1.6) 18.5 (2.8) 18.8 (2.9) 21.4 (3.3) 20.7 (2.7)
Mean BMI z-score (SD) 0.80 (1.00) 0.00 (0.95) 20.28 (1.22) 20.28 (1.08) 20.81 (1.45) 20.71 (1.18)
Mean FEV1 % (SD) 77.3 (21.0) 75.6 (23.0) 55.9 (25.4) 51.1 (21.7)

(n = 459) (n = 416) (n = 618) (n = 476)

SD, Standard deviation.

Table I. Age-specific distribution of obese and overweight subjects

Children (0-17.9 years) Adults ($18 years)

Males
(n = 994)

Females
(n = 875)

Males
(n = 627)

Females
(n = 491)

Total
(n = 2987)

Overweight 79 (7.9%) 89 (10.2%) 80 (12.8%) 26 (5.3%) 274 (9.1%)
Obese 14 (1.4%) 9 (1%) 10 (1.6%) 1 (0.2%) 34 (1.1%)
being 17.7% (CI 11.5% to 23.9%) before the point estimate
and 6.5% (CI 5.0% to 8.2%) after the point estimate. Thus, in
children, lung function shows a positive association with BMI
for the entire range of BMI z-scores, although the substantial
advantage in the poorly nourished is not sustained beyond a
BMI z-score of 21.4. In adults, a significant change in slope
was observed around a threshold BMI of 23.0 kg/m2 (CI 21.9
to 24.1 kg/m2), corresponding to a BMI z-score of 0.1. The
slope for FEV1 against BMI before the threshold was 4.9%
(CI 4.1%25.7%). The slope after the threshold was 0.7% (CI
20.54% to 10.86%). Thus, in adults with CF, a BMI above
23.0 kg/m2 could represent a clinical threshold beyond which
Overweight And Obesity In nF508 Homozygous Cystic Fibrosis
there is no significant FEV1 advantage with a further increase
in BMI within the population.

We studied the possibility of a negative relationship
between height and BMI. Pearson correlation coefficients
were calculated for z scores for height against z scores for BMI
for the children and adults with CF. The values are 0.20 and
0.06, respectively. Thus we did not find a negative relationship
between height and BMI in this population.

DISCUSSION
We describe overweight and obesity, and their relation-

ship to FEV1, in a population of children and young people
403



with CF. Because large differences in nutritional status are
seen between patients with CF who are homozygous for
nF508 in comparison to those carrying other CFmutations,11

we confined our study to those homozygous for nF508, the
most common mutation.

The observed prevalence of overweight in CF (2002) is
comparable to the prevalence of overweight in the general
population 20 years ago.3 The introduction of our modern less
active lifestyle associated with changes in eating patterns3 has
greatly increased the prevalence of these conditions within
the general population, resulting in two thirds of men and half
of women in England currently being either overweight or
obese.3 This change in lifestyle and eating patterns in the
general population could have influenced the BMI status of
the population with CF, contributing to the observed
prevalence of overweight and obesity. Intensive clinical
interventions (caloric supplementation, gastrostomy/nasogas-
tric feeding) and genetic background may also contribute to
the development of overweight or obesity in CF. The relative
importance of these variables requires further investigation.
The near absence of obesity in adult women could be caused by
sex-related differences in weight perception and nutritional
behavior in adults with CF.12

In children, our data suggest a beneficial effect of high
BMI on FEV1 even at BMI z-score levels of 1 to 2. Because a
better percent predicted FEV1 is a recognized surrogate for
longer survival in CF, our results do not support calorie
restriction in relatively overweight children with CF, as is
currently advised for the general pediatric population.3 Caloric
counseling may be advisable for young adults with CF and a
BMI above 23 kg/m2 in view of the absence of a further
beneficial effect of BMI on lung function.However, the poten-
tially increased risks of a chronically raised BMI in adulthood
(heart disease, high blood pressure and type II diabetes in
the general population3) are currently unstudied in CF.
404 Kastner-Cole et al
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INSIGHTS

CONGENITAL LEFT BRACHIOCEPHALIC VEIN AND SUPERIOR

VENA CAVA ANEURYSMS IN AN INFANT

Figure. A, Chest radiography; B and C, venography.
Conngenital aneurysms of the mediastinal veins are extremely
rare. The case presented involves congenital left brachioce-
phalic vein and superior vena cava aneurysms associated with
respiratory arrest.

A 1-day-old male infant was referred to the neonatal
intensive care unit because of respiratory arrest. He was born at
39 weeks’ gestation, birth weight was 3610 g, and Apgar score
was 9 at 1 minute. The chest radiography (Figure, A) revealed
upper mediastinal widening and right pneumothorax. Echo-
cardiography showed no cardiac abnormalities. Chest com-
puted tomography revealed an upper mediastinal mass situated
in front of the trachea and pressing it backward toward the
spine. At 14 days of age, venography showed huge aneurysms
of the left brachiocephalic vein (Figure, B) and superior vena
cava (Figure,C). At 22 days of age, an operation was performed
to resect the left brachiocephalic vein aneurysm. It was
extremely large and bled easily, so resection was discontinued.
Instead, a thymectomy, left subclavian vein ligation, and
jugular vein ligation were performed, which slightly reduced
the size of the aneurysm. At 35 days of age, respiratory support
with a ventilator became unnecessary. At 51 days of age,
venography showed reduction of the left brachiocephalic vein
and a developing collateral vein. At 58 days of age, the patient
was discharged from the neonatal intensive care unit.

The cause of venous aneurysms is unknown. They can
be congenital in origin or acquired secondary to trauma,
inflammation, or degenerative changes in the vascular wall.1

An association between neck, thoracic venous aneurysms, and
cystic hygroma has been described.2 Complications of venous
aneurysms include venous thrombosis, pulmonary embolism,
and rupture.3
Akihisa Nitta, MD
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Safety and Efficacy of the Nicotine Patch
and Gum for the Treatment of Adolescent
Tobacco Addiction

Moolchan MT, Robinson ML, Ernst M, Cadet JL, Pickworth WB,
Heishman SJ, et al. Pediatrics 2005;115:e407-44

Context Despite the belief that nicotine replacement ther-

apy (NRT) would be beneficial in adolescent smokers, few

pharmacologic interventions have been evaluated for the

treatment of this population.

Objective To determine the safety and efficacy of the

nicotine patch and gum for adolescents who want to quit

smoking.

Design Double-blind, double-dummy, randomized, three-

arm trial with a nicotine patch (21 mg), nicotine gum (2 and 4

mg), or a placebo patch and gum; all participants received

cognitive-behavioral group therapy.

Setting Inner-city, outpatient clinic on the East Coast.

Participants Thirteen- to 17-year-old adolescents who

smoked $10 cigarettes per day (CPD), scored $5 on the

Fagerström Test of Nicotine Dependence, and were motivated

to quit smoking.

Interventions Twelve weeks of nicotine patch or gum

therapy with cognitive-behavioral therapy (CBT), with a

follow-up visit at 6 months (3 months after the end of

treatment).

Main Outcome Measures Safety was assessed on the basis

of adverse event reports for all 3 groups; prolonged abstinence

was assessed through self-report and verified with exhaled

carbon monoxide (CO) levels of #6 ppm; and smoking

reduction was measured by CPD and thiocyanate concen-

trations among trial completers.

Results A total of 120 participants were randomized (72%

white, 70% female; age: 15.2 ± 1.33 years; smoking: 18.8 ±

8.56 CPD; Fagerström Test of Nicotine Dependence score:

7.04 ± 1.29) from 1999 to 2003. Participants started smoking

at 11.2 ± 1.98 years of age and had been smoking daily for

2.66 ± 1.56 years; 75% had at least one current psychiatric
06 Clinical Research Abstracts For Pediatricians
diagnosis. Mean compliance across groups was higher for the

patch (mean: 78.4%-82.8%) than for the gum (mean: 38.5%-

50.7%). Both the patch and gum were well tolerated, and

adverse events were similar to those reported in adult trials.

Changes in mean saliva cotinine concentrations throughout

treatment were not statistically significant. Intent-to-treat

analyses of all randomized participants showed CO-confirmed

prolonged abstinence rates of 18% for the active-patch group,

6.5% for the active-gum group, and 2.5% for the placebo group;

the difference between the active-patch and placebo arms was

statistically significant. There was no significant effect of patch

versus gum or gum versus placebo on cessation outcomes.

Abstinence rates at the 3-month follow-up assessment were

sustained but were not significantly associated with treatment

group. Mean smoking rates, but not CO or thiocyanate

concentrations, decreased significantly in all three arms but

not as a function of treatment group.

Conclusions Nicotine-patch therapy combined with cogni-

tive-behavioral intervention was effective, compared with

placebo, for treatment of tobacco dependence among adoles-

cent smokers. Decreases in the numbers of cigarettes smoked

appeared to be offset by compensatory smoking. Additional

study of nicotine gum, with enhanced instructional support, is

needed to assess its efficacy among adolescent smokers.

Comment This important and well-designed study provides

evidence for the safety and use of nicotine replacement

therapy (NRT), along with group CBT, to help adolescents

quit smoking. Moolchan and colleagues conducted one of the

only randomized trials with the primary outcome being the

safety and efficacy of the nicotine patch and gum on adolescent

smoking reduction. The inclusion criteria were appropriately

rigorous, as was the sample size calculation that considered

the high attrition rates often seen with adolescent smoking

cessation trials. Reductions in self-reported smoking were

>80% for all groups by the end of the medication phase, with no

differences between groups. The clinical implication of using

NRT as a harm reduction method for adolescents is unique and

important. Not only would adolescents have less carcinogen

exposure, using NRT may also increase the chance that they

will quit successfully in the future.
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private price per dose plus administration fees) of $82.50,

adolescent vaccination would cost society $633,000 per

meningococcal case prevented and $121,000 per life-year

saved. Key variables influencing results were disease inci-

dence, case-fatality ratio, and cost per vaccination. The cost-

effectiveness of toddler vaccination is essentially equivalent to

adolescent vaccination, whereas infant vaccination would be

much less cost-effective.

Conclusions Routine MCV-4 vaccination of US children

would reduce the burden of disease in vaccinated cohorts

but at a relatively high net societal cost. The projected cost-

effectiveness of adolescent vaccination approaches that of

recently adopted childhood vaccines under conditions of

above-average meningococcal disease incidence or at a lower

cost per vaccination.

Comment The peak incidence of meningococcal disease in

the United States occurs during infancy, but the peak fatality

rate from meningococcal disease falls during adolescence and
The patch and gumwere safe and resulted in significant rates of

biochemically confirmed smoking abstinence compared with

placebo, with the patch having the highest quit rate. Using

the gum on a scheduled basis (eg, every 2 hours) rather than

‘‘as needed’’ may have improved the gum group outcome. It’s

important to note that the authors included subjects with

comorbid psychiatric conditions taking prescribed medica-

tion; this lends support to the safety and use of NRT in this

special population. Behavioral counseling is important for

smoking cessation, but the group CBT in this study may not

be feasible in an outpatient setting. However, incorporating

components of CBT over time is practical and may increase

effectiveness. As a result of this study, practitioners should feel

comfortable prescribing NRT along with behavioral counseling

to adolescents with nicotine addiction.

Tahniat S. Syed, MD, MPH
St. Christopher’s Hospital for Children

Philadelphia, PA 19107
Cost-Effectiveness of Conjugate Meningococcal
Vaccination Strategies in the United States

Shepard CW, Ortega-Sanchez IR, Scott RD, Rosenstein NE, and
the ABCs Team. Pediatrics 2005;115:1220-32

Context The US Food and Drug Administration approved a

meningococcal conjugate A/C/Y/W-135 vaccine (MCV-4) for

use in persons 11 to 55 years of age in January, 2005; licensure

for use in younger age groups is expected in 2 to 4 years.

Objective To evaluate and compare the projected health and

economic impact of MCV-4 vaccination of US adolescents,

toddlers, and infants.

Design Cost-effectiveness analysis from a societal perspec-

tive based on data from Active Bacterial Core Surveillance

(ABCs) and other published and unpublished sources.

Sensitivity analyses in which key input measures were varied

over plausible ranges were performed.

Participants A hypothetical 2003 US population cohort of

children 11 years of age and a 2003 US birth cohort.

Interventions: Hypothetical routine vaccination of adoles-

cents (1 dose at 11 years of age), toddlers (1 dose at 1 year of

age), and infants (3 doses at 2, 4, and 6 months of age). Each

vaccination scenario was compared with a ‘‘no-vaccination’’

scenario.

Main Outcome Measures Meningococcal cases and deaths

prevented, cost per case prevented, cost per life-year saved,

and cost per quality-adjusted life-year saved.

Results Routine MCV-4 vaccination of US adolescents

(11 years of age) would prevent 270 meningococcal cases and

36 deaths in the vaccinated cohort over 22 years, a decrease of

46% in the expected burden of disease. Before program costs

are counted, adolescent vaccination would reduce direct

disease costs by $18 million and decrease productivity losses

by $50 million. At a cost per vaccination (average public-

young adulthood. The American Academy of Pediatrics and the

Centers for Disease Control’s (CDC) Advisory Committee on

Immunization Practices have recommended that quadrivalent

MCV-4 be administered to adolescents at routine visits for

11- to 12-year-olds, and at visits before high school entry and

before living in college dormitories or entering the military for

those not previously immunized. The authors, from the CDC,

conducted a cost-effectiveness analysis from the societal

perspective (accounting for both medical and nonmedical

[ie, work loss] costs), comparing an adolescent MCV-4 immu-

nization program with other program options targeted at

infants and toddlers. They conclude from their mathematical

models that the adolescent strategy is themost cost-effective of

these options, at $121,000 per life-year saved. Such a program

would cost almost $5 million per death averted, and would be

expected to save 36 lives over the 22-year time horizon of their

study.

As the authors indicate, the cost-effectiveness ratio in excess

of $100,000 per life-year saved compares unfavorably with

ratios for other currently recommended childhood vaccines.

For example, varicella vaccination and hepatitis B vaccina-

tion programs are cost-saving, and vaccination with 7-valent

pneumococcal conjugate vaccine has been estimated to cost

$80,000 per life-year saved. Nonetheless, the specter of

meningococcal disease may spur providers, parents, and

payers to invest in the protection that the MCV-4 vaccine

offers, which is superior to that provided by the meningococcal

polysaccharide vaccine that preceded it.

In our increasingly cost-constrained healthcare environment,

the eventual adoption rates of vaccines such as MCV-4—as well

as others such as combined tetanus-diphtheria-acellular per-

tussis and human papillomavirus vaccines that are currently

pending either licensure or review for possible recommenda-

tion—will likely depend on their economic costs and benefits,

in addition to anticipated health effects and safety. Studies

such as this will help multiple stakeholders weigh their options

carefully.

Clinical Research Abstracts For Pediatricians 407



Oxycodone vs P
Undifferentiate

Kokki H, Lintula H,
Pediatr Adolesc Me

Context Analges

are often withheld

examination findin

has been challenge

Objectives To ev

pain relief, physical

and final clinical o

pain.

Design Prospecti

controlled trial betw

Setting Universit

Participants A to

with abdominal pa

63 children with pa

analog scale were e

Interventions Ch

either 0.1 mg/kg of

same volume of no

described the phy

diagnosis and a pr

received the study

after initial dosing.

every 30 minutes

administration.

Main Outcome Me
ence or absence

accuracy.

Results The demo

and physical signs a

groups. Both study

scores. The summe

tions was significan

18 cm, than in the p

13 cm, with a 95% c

diagnostic accuracy

done group and re

study drug admin

17 patients in the o

placebo group. Fou

exploratory laparo

placebo group was

abdominal pain, but at 14 hours, she was operated on for

appendiceal perforation.

Conclusions Early administration of buccal oxycodone

provides a significant pain relief to children with acute

abdominal pain, without adversely altering the clinical signs
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Matthew M. Davis, MD, MAPP
Divisions of General Pediatrics and

General Internal Medicine and the Gerald R. Ford
School of Public Policy
University of Michigan
Ann Arbor, MI 48109
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Comment Most physicians have been taught to withhold pain

medication in patients with acute abdominal pain for fear

that it may mask worsening symptoms and lead to an adverse

clinical outcome. This concern has not been borne out in

recent studies with adult patients. Kokki and colleagues have

conducted a well-designed, valid, randomized study of buccal

oxycodone in children. Both saline placebo and oxycodone

resulted in a reduction in pain intensity. The study was

powered to detect a difference in the main outcome measure:

the summed pain intensity difference (SPID). The SPID is the

total of each of the differences in pain ratings from baseline

to a specific point in time (every 30 minutes from adminis-

tration to 3.5 hours later). There was a statistically significant

difference in the SPID between the two groups, but this

difference was clinically small.1 Although not adequately

powered to look at the potential to miss important adverse

outcomes, the study did not find any increased adverse

outcomes among those children who were given oxycodone.

In fact, the ability to perform a more accurate examination

(specifically examining for the presence of guarding) seemed

to improve after the analgesic. If that result holds true in

larger studies, this could have important implications for

children. Finally, as the authors note, one other limitation of

the present study is that a surgeon evaluated all children

before the study medication was administered. This makes it

difficult to generalize these results to children who are

initially presenting to an emergency department and who

have not yet had a surgical evaluation—another study looking

at this group of children would be welcome.

John G. Frohna, MD, MPH
University of Michigan
Ann Arbor, MI 48109
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ALSO NOTED

The Clinical Significance of Asymptomatic
Gross and Microscopic Hematuria in Children

Bergstein J, Leiser J, Andreoli S. Arch Pediatr Adolesc Med
2005;159:353-5

The incidence of asymptomatic hematuria ranges from 0.5% to

2.0% for microscopic, and is unknown for gross hematuria. The

authors of this well-done, prospective study attempt to deter-

mine the clinical significance of asymptomatic hematuria.

Among 342 children withmicroscopic hematuria, no cause was
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LETTERS
The role of small bowel bacterial overgrowth
in infantile colic

To the Editor:
Previously in The Journal of Pediatrics, small bowel

bacterial overgrowth (SBBO) was identified as a cause of
abdominal pain and diarrhea in young children.1 We under-
took a pilot study to investigate whether the symptoms of
colic can be attributed to SBBO and whether antimicrobial
treatment may alleviate the symptoms of colic.

In a randomized, double-blind trial, 8 infants were
assigned to a 1-week treatment with metronidazole or placebo
in conjunction with breath hydrogen testing and stool tests.
Criteria for enrollment included patients who met a standard
colic definition: infants between ages 4 weeks to 16 weeks,
with crying for more than 3 hours per day, 3 or more days
per week for 3 weeks or more, were eligible. All infants had
to be term infants (>37 weeks gestation) who were growing
normally without congenital defects, excessive vomiting,
excessive diarrhea, or evidence of gastrointestinal disease.

After we obtained informed consent, subjects were
randomly assigned into 2 groups. One group received
metronidazole 10 mg/kg/dose, 3 times daily for 7 days. The
second group received a 7-day course of placebo with a similar
appearance and taste.

At the start of the trial, the parent completed a baseline
evaluation form. A similar form was completed at the end of
the treatment week and 1 week after completion of the
treatment week. During the treatment, the child’s symptoms
were evaluated daily with an evaluation form. Parent diaries
have been shown to be valid indicators of colic behavior in past
studies.2 Adverse events were monitored by means of a daily
diary. Also, all patients had a stool culture and stool for
Clostridium difficile toxin evaluation.

In addition, before and after treatment, all subjects
underwent a Breath Hydrogen (H2) test. This required a
fasting period of 4 hours before the study. To obtain breath
samples, a 5F nasogastric tube tip was placed and taped 1 cm
into the nares. With each determination, a minimum of 2
separate samples were obtained via the nasogastric tube. If
discrepancies were noted, repeat sampling was performed.
After a baseline level was established, an oral glucose load
of 1.75 gm/kg was administered. Subsequently, breath H2
levels were obtained every 15 minutes for 90 minutes. The
concentration of H2 was measured with a model 12i
microanalyzer (Quintron Instrument Co, Inc, Milwaukee,
Wis), which determines the content of H2 in parts per
million.

The response rate to metronidazole was similar to
placebo (Table). In both groups, no definite improvement was
410 Letters
noted during the course of the study. In addition, we examined
crying time of each infant. The average crying time for infants
among both the treatment group and the control group did not
improve during the study. There were no adverse events
reported in either study group.

Besides determining whether metronidazole would be
helpful for colic symptoms, another goal of the study was to
determine whether breath H2 testing could identify patients
who would be most likely to benefit from treatment. In our
study, during the first week, 4 of the infants had abnormal
breath H2. After completing treatment, only 2 of the patients
had normalization of their breath H2 during the course of the
study. One of these infants, a control patient (subject 6), was
‘‘a little better’’ at both assessment periods; whereas, the study
patient with normalization of breath H2, subject 3, was
‘‘a little better’’ at the first assessment but was ‘‘much worse’’ at
the 2-week assessment.

In this limited study, there was no correlation between
abnormal breath H2 results and the likelihood of responding
to treatment. In addition, the cohort of patients who did
receive metronidazole was not more likely to have an improved
breath H2 on follow-up testing. In fact, one patient in the
study group, subject 4, had worsening of his breath H2. The
lack of treatment response and the lack of change of breath
H2 testing was confirmed statistically using Pearson’s v2 tests
and Wilcoxon’s signed rank tests.

As in previous studies, our study confirmed high breath
H2 levels in infants with colic.3,4 In our study, 50% had an
abnormal study result before randomization and 38% after the
1-week intervention. Elevation of breath H2 in infants is
unlikely to be related to lactose intolerance,5 but colonic
bacteria could cause false-positive breath H2 test results.
Breath H2 tests are a noninvasive way to measure bacterial
overgrowth. The most accurate method, quantitative culturing
of the small bowel, is rarely performed because of its
invasiveness and expense1; in addition, there are concerns
that this method may miss cases because of sampling error and
difficulty culturing anaerobic bacteria.6

Previously, there have been no publications regarding
the possibility of SBBO as a significant cause of elevated
breath H2 values in infantile colic. However, in otherwise-
healthy children SBBO has been identified as a cause of
diarrhea, abdominal pain, or both.1 In adults, SBBO is
increasingly recognized as a potential causative factor in
irritable bowel syndrome6; treatment of SBBO in these
patients has been shown to improve the symptoms of irritable
bowel syndrome. In this limited trial, metronidazole, when
given to patients diagnosed with infantile colic, did not
alleviate the symptoms of colic as compared to placebo.
The Journal of Pediatrics � September 2005



Jay A. Hochman, MD
Cathy Simms, RN
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To the Editor:
The study by Smith et al1 in the recent issue of the

Journal describes a randomized controlled trial to evaluate the
effectiveness of telephone asthma coaching and a monetary

Table. Study results

Subject BHT - Baseline Drug Assess after 1st week BHT – Follow-up Assess—2nd week

01 Normal Flagyl Much better Normal A little better
02 Abnormal Flagyl No change Abnormal No change
03 Abnormal Flagyl A little better Normal Much worse
04 Normal Flagyl A little better Abnormal No change
05 Normal Flagyl No change Normal No change
06 Abnormal Placebo A little better Normal A little better
07 Normal Placebo No change Normal No change
08 Abnormal Placebo Much better Abnormal Much better

The breath hydrogen results at baseline and after 1 week of therapy are noted in the third and fifth columns respectively. The parental assessments
after treatment and 1 week later are noted in the fourth and sixth columns respectively. All 8 subjects had negative stool test results for culture and
Clostridium difficile.
Improving care for asthma

To the Editor:
Smith et al1 report that their attempt at intervention

after an acute emergency department visit for asthma did
not decrease subsequent such visits or hospitalizations.1 In
discussing options to improve outcome, they focus on
providing incentives or help for primary care physicians.
Perhaps it is time to recognize the documented benefits of
specialty-based programs for asthma. Although all physicians
have access to the same medication, outcome from asthma
varies greatly among different practitioners. The major
component of morbidity from asthma, hospitalization, has
not shown signs of decreasing over the past 20 years in spite
of widely distributed national guidelines since 1991.2 This
continuing high hospitalization rate reflects the practice in
the general medical community. Although poor urban chil-
Letters
dren present a challenge in delivering care for a chronic disease
such as asthma, a study in a similar population of Medicaid
patients demonstrated substantial decreases in emergency
care and hospitalizations from a specialty-based care program.3

Similar results from specialty care have been documented in
other reports for both children and adults with asthma.4-6 This
reflects more skilled decision-making, closer follow-up with
regularly scheduled visits, use of physiological measurements
of pulmonary function, and more time and effort spent on
patient education than is generally possible in a primary care
setting. The resources spent on emergency care and hospital-
ization for asthma need to be diverted to such specialty-based
programs.

Miles Weinberger, MD
Director, Pediatric Allergy & Pulmonary Division

University of Iowa College of Medicine
Iowa City, Iowa

YMPD1491
10.1016/j.jpeds.2005.03.016
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incentive to improve post-emergency department (ED) visit
follow-up, as well as asthma outcomes over the 6 months after
the ED visit. The authors reported an increase of follow-up
asthma visits and decreased asthma symptoms in the imme-
diate post-ED visit period (within 15 days). However, there
was no increase in subsequent asthma follow-up visits or
decrease in ED visits or hospitalizations for the following
6-month period.

Successful asthma self-management includes multiple
components, such as correct prescription and proper technique
for using rescue and controller asthma medications, appro-
priate environmental management, and careful monitoring
of asthma symptoms. The National Heart, Lung, and Blood
Institute (NHLBI) guidelines recommend that clinicians
teach patients essential components of self-management and
integrate and reinforce patient education into every step of
clinical care.2

The intervention described by Smith et al1 is innovative
and adds to our understanding of how to improve post-ED
asthma care. However, the study also highlights the impor-
tance and responsibility of primary care providers in helping
sustain asthma educational efforts initiated in the ED or other
settings. Asthma self-management education must be contin-
ually reinforced and tailored to the patient’s needs. If primary
care clinicians are not properly trained to educate families or
incorporate NHLBI asthma guidelines into practice, it is
unlikely that improved asthma outcomes will be sustained.

Primary care provider education is an important com-
ponent in implementing NHLBI recommendations. For
example, in a randomized controlled trial involving 74 primary
care providers and 637 of their patients, Clark et al3 noted that
among children who were placed on inhaled corticosteroids
during the study period, those children treated by physicians
who were trained in asthma education had significantly fewer
symptoms and decreased asthma health care use. This finding
suggests that the impact of appropriate prescription of antiin-
flammatory medications can be significantly enhanced with
concurrent patient education from primary care providers.3

Although the intervention described by Smith et al1

improved patient symptoms for only 15 days, the importance of
post-ED follow-up visits should not be disregarded. Directly
including primary care providers in post-ED care interventions
may be necessary. As noted by the authors, ‘‘working with
primary care providers to help them provide effective regular
care’’ may help strengthen and sustain the post-ED inter-
ventions designed to improve overall asthma care.

Michael D. Cabana, MD, MPH
University of Michigan Health System

Ann Arbor, Michigan
YMPD1492

10.1016/j.jpeds.2005.03.017
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Reply

To the Editor:
We appreciate the interest generated by our study to

improve follow-up after acute emergency department (ED)
visits for children with asthma. These letters discuss 2
different opinions regarding the best site for regular asthma
care once the child is successfully reintegrated into the system
of regular care by encouragement from ED staff or coaches.

Dr. Weinberger suggests that asthma care provided
by sub-specialists may improve outcomes, such as ED visits
and hospital admissions, more than care provided by other
practitioners. Several studies show that sub-specialists provide
excellent asthma care, and this care can reduce ED and
hospital visits.1-3 As Dr. Weinberger points out, sub-special-
ists are able to devote the entire visit to evaluation of the child’s
asthma and provide education about asthma for the family.
Although the frequency of hospitalizations and ED visits for
asthma has decreased slightly over the past few years,4 a
substantial number of children continue to use these services.
Although sub-specialist care is likely to be beneficial for
children with asthma, there are not enough sub-specialists to
care for all children with asthma, and only those with the most
severe disease are really appropriate for referral.

There are also studies that show primary care providers,
with appropriate education, can provide regular asthma care
that is consistent with the national guideline recommenda-
tions.5-7 As Dr Cabana points out, several hurdles must be
overcome for primary care providers (PCPs) to meet these
expectations. In addition to time and financial barriers, PCPs
must also evaluate and provide care for all aspects of health
during routine visits. Caring for the whole child and providing
all of their health care needs are huge challenges. However,
PCPs are in a unique position to incorporate asthma care
and teaching with the rest of the child’s health care needs. It
is important to develop system solutions for PCPs so they have
the time and tools to meet these challenges. We agree with
Dr Cabana that system solutions need to include linking
children seen in acute care settings with their PCPs.

Certainly, sub-specialists should evaluate a child with
severe or difficult-to-control asthma. But where should the
child with mild persistent or intermittent asthma receive
regular asthma care? Perhaps it is not so much the site of care
that matters, as much as ensuring that physicians who provide
regular care for children with asthma have proper training and
resources. Physicians who care for children with asthma need
to provide appropriate medications, routine visits, and rein-
force educational issues with the children and their families.
Clearly more needs to be done to accomplish a regular visit for
asthma, with longer-term interventions that ultimately lead to
improved home management of asthma and reduced acute
care services.
The Journal of Pediatrics � September 2005
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ANNOUNCEMENTS
September 2005

Pediatrics for the Practitioner - Update 2005, September
22-23, 2005, Johns Hopkins University School of Medicine,
Thomas B. Turner Building, Johns Hopkins University School of
Medicine, Baltimore, Maryland. This conference is designed for
pediatricians, family practitioners, pediatric nurse practitioners
and physician assistants involved in providing primary care for
infants, children and adolescents. The major focus will be on
commonly encountered problems about which current contro-
versies exist and in areas that recently have undergone changes
in patient management.

Office of Continuing Medical Education, Johns Hopkins
University School of Medicine, Turner 20, 720 Rutland Avenue,
Baltimore, Maryland 21205-2195, telephone: (410) 955-2959,
fax: (410) 955-0807, e-mail: cmenet@jhmi.edu, Website: http://
www.hopkinscme.net.

2006 Certifying Examinations of the American Board
of Pediatrics

111 Silver Cedar Court Chapel Hill, NC 27514-1513
telephone: 919-929-0461 fax: 919-918-7114 or 919-929-9255
Website: www.abp.org

All applicants for certifying examinations must com-
plete applications online during the registration periods. The
final month of each registration requires payment of a late
fee. The requirements for online applications may be found
on the ABP Website: www.abp.org or may be obtained by
contacting the ABP. Additional information including
eligibility requirements and registration dates may also be
found on the ABP Website.

General Pediatrics Examination:

Examination Date: October 23 and October 24, 2006.
Registration for first-time applicants: December 1, 2005

through May 1, 2006.
The Journal of Pediatrics
Registration for re-registrants: February 15, 2006
through May 31, 2006.

Subspecialty Examinations:

Sports Medicine
Examination Dates: To be determined by ABFM.
Registration for first-time applicants: September 15,

2005, through December 15, 2005.
Registration for re-registrants: December 15, 2005,

through March 15, 2006.
Pediatric Cardiology - Examination Date: August 16,

2006.
Pediatric Critical Care Medicine - Examination Date:

August 18, 2006.
Pediatric Pulmonology - Examination Date: August 17,

2006.
Registration for first-time applicants: September 15,

2005, through December 15, 2005.
Registration for re-registrants: December 15, 2005,

through March 15, 2006.
Pediatric Rheumatology - Examination Date:November

10, 2006.
Developmental-Behavioral Pediatrics - Examination

Date: November 15, 2006.
Pediatric Emergency Medicine - Examination Date:

November 16, 2006.
Pediatric Hematology-Oncology - Examination Date:

November 17, 2006.
Transplant Hepatology - Examination Date: To be

determined by ABIM.
Medical Toxicology - Examination Date: November 14,

2006.
Registration for first-time applicants: February 1, 2006,

through May 3, 2006.
Registration for re-registrants: March 16, 2006, through

June 16, 2006.
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