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INTRODUCTION

Although the technology-dependent population
is frequently discussed, it has never been defined.
Simply put, technology-dependent’ children are
a vaguely defined subset of the much larger dis-
abled child population. In this technical memo-
randum, the term “technology-dependent” refers
to those children who use a medical technology
(embodied in a medical device2) that compensates
for the loss of normal use of a vital body func-
tion, and who require substantial daily skilled
nursing care to avert death or further disability.

This definition has four important character-
istics. First, medical devices are used as a basis
for defining the population, because device use
is observable. Second, OTA is including only life-
sustaining technologies in the definition. A great
many other children exist with extensive health
care needs, but they are not included here. Third,
the dependence is assumed to be prolonged. “Pro-
longed” is not defined directly, and its meaning
varies somewhat with the type of technology, but
it is assumed not to include situations such as a
premature newborn who outgrows the need for
ventilation after only a few weeks. Finally, “skilled
nursing care, ” as used in this technical memoran-
dum, means any care that requires highly tech-
nical nursing skills, including care provided by
nonprofessionals such as parents trained in these

] Some people prefer the term “technology-assisted” to the term
“technology -dependent,” but the latter term has been more com-
mon in recent legislation and is used in this technical memorandum.

2A medical device is any instrument, apparatus, or similar or re-
lated article that is intended to prevent, diagnose, mitigate, or treat
disease or to affect the structure or function of the body (161).

skills. 3 Technology-dependent children often have
mental, behavioral, or emotional disabilities in
addition to the above characteristics, but they are
set apart by the level and nature of care—both
in terms of medical device support and skilled
nursing care—required by their chronic physical
disabilities.

This chapter begins with a description of some
of the problems encountered in defining technol-
ogy dependence and the use of this term by others. q

The chapter then translates the general definition
into a working definition for the purpose of esti-
mating the number of technology-dependent chil-
dren. Four clinically distinct groups of children
are identified. Three are unquestionably technol-
ogy dependent under the general definition; the
fourth group meets the technical definition of tech-
nology dependence but has nursing needs that are
substantially lower than those of the first three
groups. (App. C presents some potential impli-
cations of this working definition. Those impli-
cations are not discussed directly in this chapter. )

The central part of this chapter presents the ex-
isting evidence on how many children are in each
group. Finally, the chapter describes trends in the
population at risk of technology dependence, par-
ticularly evidence on changes in the number and
survival of children with chronic diseases, high-
risk infants, and children with progressive, ter-
minal illnesses.

3Nursing services are generally recognized as a group of medical
services that cannot be performed by the average person without
considerable training. They differ from custodial and personal care
services (e g., dressing, bathing, or feeding a patient ) which less
trained people can perform safely.

‘The development of this chapter was greatly aided by the dis-
cussion at a workshop conducted by OTA on the subject. The work-
shop agenda and a list of participants are included in app. B.
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PROBLEMS IN DEFINING THE POPULATION

The need to define the technology-dependent
child population arises not from any inherent at-
tribute of this group but from the organization
and priorities of the health care payment system
in the United States. The home health care bene-
fits of most third-party payers—private insurers,
State governments, and Federal health programs
—have been limited both in scope and in amount.
The adaptation of sophisticated medical devices
and services to the home setting were likewise
limited. Over the past decade, however, the adap-
tation of these technologies to the home has greatly
expanded. Today, there are children with very
high long-term hospital costs who could be cared
for at home with such technology if payment for
that intense level of home care were available,
Many third-party payers have come to pragmat-
ically define technology-dependent children as
those children whose care is likely to be very ex-
pensive, who could safely be cared for at home
given sufficient services, and who are likely to cost
less to the payer if cared for in this environment.
But such a definition does not provide clinical or
functional criteria for identifying technology-de-
pendent children. Rather, it is a criterion for case-
by-case waivers of a payer’s usual limits to home
health benefits and services.

This pragmatic, payment-based definition pre-
sents a serious problem because it excludes seem-
ingly similar technology-dependent children who
might benefit greatly from nonhospital care, but
who may cost more in the home due to their par-
ticular family or home characteristics. Moreover,
this pragmatic definition provides no basis for esti-
mating the number of technology-dependent chil-
dren, even the number who would fit the defini-
tion as stated, because there exists no systematic
way to count such children.

Legislation introduced in 1985 attempted to pro-
vide more specific definitions of “technology de-
pendent. ” S. 1793 defined a “medical technology
dependent child” as “an individual under the age
of 21 who has a medical condition (specified by
the Secretary in regulations) which would require
inpatient hospital services in the absence of home
or community-based care, and who is dependent
upon medical technology in order to avoid death

or serious injury” (emphasis added). In contrast,
H.R. 2703 would have provided home care ben-
efits only to ventilator-dependent people, irrespec-
tive of age. These persons would be eligible for
benefits if they required a ventilator at least 6
hours per day; had required this technology for
a month while in a hospital or skilled nursing fa-
cility; and would require institutionalization if the
necessary respiratory services were unavailable
at home.

These definitions illustrate two congressional
concerns regarding a definition of the technology-
dependent child population. First, the population
of greatest concern is those children who, but for
the availability of special services and financing,
could not be cared for at home. Second, “tech-
nology” has been used to mean medical devices,
rather than only skilled medical services. Both of
these criteria reflect a desire to accommodate the
needs of technology-dependent children while
maintaining control over Medicaid costs.

The prototype of the technology-dependent
child is one who cannot breathe without a me-
chanical ventilator (see box A). The life of such
a child depends on an expensive and sophisticated
piece of equipment, trained personnel to perform
the necessary procedures that accompany its use,
and a multiplicity of other devices, drugs, and
therapies, Until very recently, such a child was
nearly always cared for in an acute-care hospital
until the child died or could be weaned from the
ventilator, a process that could take months or
years.

While all agree that the child on a ventilator
is technology dependent, there is still a great deal
of confusion over what other groups of children
meet this description. The population of children
who might be considered technology dependent
is enormously diverse, Variations occur in the
length of dependence; a child may be ventilator-
dependent for 10 years, or 2 years, or 2 months.
Care needs vary in frequency and intensity across
children as well. While one child may need skilled
nursing care 24 hours a day, another might need
such care only 8 hours a day, or 2 times a day
for 2 hours each. Some children require minimal
medical equipment but a great deal of skilled nurs-
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Box A.–Profile of a Ventiilator-Dependent Child

Conditions leading to ventilator dependence may develop anytime in childhood or adolescence. A
teenager, for example, may suffer permanent breathing impairment due to chronic illnesses such as cystic
fibrosis or muscular dystrophy. Spinal cord trauma, which can damage the nerves that enable breathing,
is also a fairly common cause of ventilator dependence in children and adolescents. Or, ventilator depen-
dence may be due to breathing difficulties present at birth.

A ventilator-dependent child sometimes begins life as a premature baby, initially given oxygen and
24-hour ventilator support because he (or she) is unable to breathe adequately on his own. Since the baby
is also unable to suck adequately, he must be tube fed as well. A physician may create a gastrostomy (a
surgical opening into the stomach) to make feeding easier.

When attempts are made to reduce mechanical ventilation, it becomes clear that the infant cannot
breathe on his own even for a few minutes. The infant’s windpipe becomes irritated from having the nasal
tube changed. The physician creates a tracheotomy (a surgical opening in the throat) so ventilation can
be administered more directly to the lungs. A tube, which can be connected directly with the ventilator,
is inserted into the windpipe; this tube must be suctioned frequently, so it does not become clogged with
secretions, and changed regularly with great care to prevent infection at the tracheotomy site. Since a
clogged tracheotomy tube would cut off all air, the infant must be watched constantly. The nurse must
perform these duties as well as administer nutrients several times a day through the gastrostomy tube, take
frequent blood samples to check the level of oxygen and other gases, administer aerosols and antibiotics
to moisten the airway and prevent infection, and still offer all the normal comfort and care a newborn
infant must receive. A physical therapist may begin exercises to help the infant maintain physical develop-
ment; a respiratory therapist may perform procedures to help his breathing. The infant’s parents may spend
a great deal of time with him to hold him and learn to care for him. If circumstances permit, they may
take him home.

As the infant matures, he may gradually be able to sustain breathing for longer and longer periods
of time on his own and may begin to learn to eat normally. Finally, if he becomes able to both eat and
breathe satisfactorily on his own, the tracheotomy and gastrostomy openings are surgically closed. No
longer so dependent on equipment, he may still receive frequent treatments for respiratory infections and
asthma-like attacks. He continues to receive physical and speech therapy to bring him up to the level of
other children his age.

ing (e. g., a child with both uncontrolled diabetes
and severe epilepsy), while others may need so-
phisticated medical equipment but only periodic
supervision (e. g., a capable older child receiving
overnight intravenous nutrients).

Because of the lack of existing criteria and the
diversity of the population that might be consid-
ered technology dependent, it is difficult to dis-
tinguish technology-dependent children from the
larger population of disabled children of which
they are a part. As a child’s disability becomes
gradually more (or less) immediately life-threaten-
ing, and the frequency and level of skilled medi-
cal intervention increases (or lessens), the bound-
aries between technology dependence and less
life-threatening disabilities blur. A child with
muscular dystrophy, for instance, loses muscle

strength gradually, first requiring braces, then a
wheelchair, then occasional supplemental oxygen
or ventilation, and perhaps finally a full-time ven-
tilator. The process may be reversed for an in-
fant on a ventilator whose breathing problems re-
solve over time.

Table 2 describes children who are presently

served by several programs that offer alternatives
to hospital care for severely physically impaired
children. These children display a wide range of
medical problems. While many are obviously tech-
nology dependent, requiring both highly sophis-
ticated medical equipment and highly skilled and
intensive nursing care, others require constant
caretaking and monitoring that depends neither
on expensive equipment nor on intensive medi-
cal training.
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Table 2.—The Population of Children Currently Served in Programs Emphasizing Alternatives to Hospital Care

Categories Description Services Sample diagnoses
Children who have acute
medical/surgical problems

Children who have a terminal
illness

Children who are severely
intellectually disabled

Children who have chronic
medical problems

Children who have chronic
respiratory problems

Children who have Central
Nervous System (CNS)
dysfunction

Children with acute medical/
surgical problems who are
discharged early from the hospital
but who continue to need
individualized technical care
for limited periods of time

Children requiring technical care
for a terminal illness that is
expected to result in death within
6 months.

Children who as the result of an
illness, trauma, congenital
anomaly, or hereditary disease are
severely intellectually disabled so
that they cannot and will not in
the future be able to care for
themselves.

Children who will have chronic
medical problems for long periods
of time and are dependent on
technical care.

Children who will be oxygen
dependent for relatively long
periods of time.

Children who need ventilation
assistance for periods of time

Children who are completely
ventilator dependent

Children who have CNS problem,
either the result of trauma or CNS
disease so that they cannot and
will not be able to care for
themselves.

These children may require
medications, unusual feedings,
monitoring of vital signs, certain
forms of technical treatment, etc.

These children may for a period of
time require oxygen, assistance in
feeding, and/or medication for
comfort.

These children require varying
degrees of assistance in feeding,
defecation, urination, positioning,
and other personal care.

These children may require
complex alimentation, certain
medications, suctioning,
catheterization, intravenous
therapy, tracheotomies,
equipment monitoring, prescribed
therapy regimens, and/or
colostomies/ ileostomies.

These children will require oxygen
and may require suctioning or
cardiopulmonary monitoring

These children will require
ventilator care and bronchial
suctioning. They may require
cardiopulmonary monitoring and
gastrostomy feeding.

These children require constant
ventilator care, bronchial
suctioning, and cardiopulmonary
monitoring and may require
gastrostomy feeding.

These children may require
assistance in physical positioning,
feeding, defecation, and/or
urination. (Some may also be
ventilator dependent.)

Severe infectious disease
Postoperative conditions
Low-birthweight infants

Terminal cancer
Renal failure

Severe microcephaly
Severe post meningitis
Severe hydrocephalus

Chronic malabsorption
syndrome

Severe cystic fibrosis
Multiple congenital anomalies
Severe seizure disorder
Dystrophies
Atrophies
Myasthenia
Chronic aspiration syndrome
Short gut syndrome

Chronic bronchopulmonary
dysplasia (BPD)

Chronic BPD
Post encephalitis
Progressive CNS disease
Tracheo-bronchial malacia
Ondine’s curse

Chronic BPD
Post encephalitis
Progressive CNS disease

Progressive CNS disease
Spinal cord trauma

SOURCE J MacQueen, “Alternatives to Hospital Care, ” unpublished, Aug. 5, 1986

ESTIMATING

OTA’s Working

THE PREVALENCE OF TECHNOLOGY DEPENDENCE

Definition sources must be available whose categories are
consistent with the definition. The most easily

To estimate the size of a population quickly and identifiable aspect of technology-dependent chil-
with reasonable accuracy, criteria are needed that dren is their continual dependence on a medical
can easily distinguish this population from others, device to replace or compensate for a vital body
Therefore, concrete characteristics (e.g., a particu- function or avert immediate threat to life. Thus,
lar diagnosis or the use of a very visible technol- in this study, four groups of children are identi-
ogy) should be the basis of the definition, and data fied whose reliance on medical devices and nurs-



ing care for maintenance of life make them can-
didates for classification as technology dependent:

●

●

●

●

Group I: Children dependent at least part of
each day on mechanical ventilators. s

Group II: Children requiring prolonged in-
travenous administration of nutritional sub-
stances or drugs.
Group III: Children with daily dependence
on other device-based respiratory or nutri-
tional support, including tracheotomy tube
care, suctioning, oxygen support, or tube
feeding.
Group IV: Children with prolonged depen-
dence on other medical devices that compen-
sate for vital body functions who require
daily or near-daily nursing care. This group
includes:
— infants requiring apnea (cardiorespiratory)

monitors,
—children requiring renal dialysis as a con-

sequence of chronic kidney failure, and
—children requiring other medical devices

such as urinary catheters or colostomy bags
as well as substantial nursing care in con-
nection with their disabilities.

The groups are designed to be mutually exclusive.
If a child requires technologies from more than
one group, he or she is considered only as part
of the applicable group with the lowest number.
For example, a child requiring both ventilation
and parenteral nutrition would be placed in Group
I.

Groups I, II, and III comprise children whose
characterization as technology dependent is gen-
erally accepted in discussion among parents, pro-
viders, payers, and policy makers (although the
range of service needs of such children varies
widely). In contrast, Group IV encompasses a
broad range of children whose technology depen-
dence is less life-threatening and requires less fre-
quent or less complex nursing tasks. The children
in this group are less susceptible than children in

In this technical memorandum, ventilators refer both to devices
that apply negative pressure, such as the “iron lungs” that were used
to treat polio patients, and to devices that use positive pressure to
force air into the lungs.
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the first three groups to long-term institutionali-
zation as a consequence of their disabilities, and
they are not universally recognized as technology
dependent. They are included here because they
demonstrate how the numbers of technology-de-
pendent children change as additional groups are
included in the definition.

Data Sources and Sampling Problems

The lack of a formal definition of technology
dependence, its rarity, and the difficulty in de-
tecting it have thus far prevented any reasonable
estimation of the size of the population from ex-
isting common health surveys. Table 3 summa-
rizes a number of these surveys and the popula-
tions they describe. They are generally of two
types: institution-based surveys, such as surveys
of hospital discharge records (which list items such
as age, diagnosis, and surgical procedures for a
large sample of hospital patients); and household
interview surveys, in which family members are
asked about various aspects of their health. None
of the information from these surveys is directly
correlated with technology dependence as defined
in this technical memorandum.

Approximately 2 percent of noninstitutional-
ized children (over 1 million children) are limited
in their major daily activity (e. g., attending school)
(123,124). An additional group of mentally and
physically handicapped children reside in insti-
tutions. Whatever the exact size of the technology-
dependent child population, it must be consider-
ably less than this total disabled population. There
are two basic approaches to estimating the size
of such a small population: counting it directly,
and statistical estimation based on a sample of
children. Because technology dependence is rare,
a sound statistical estimate would require a very
large sample. As table 3 shows, there are no ma-
jor national health surveys that are comprehen-
sive enough or detailed enough to support a prev-
alence estimate for this population.

The primary sources of data used as the bases
for the OTA estimate of the number of technol-
ogy-dependent children are State-based programs
(in most cases relating to home care provided un-
der public medical aid programs) and national
home nutrition program registries. Table 4 sum-



Table 3.— Major National Health Surveys and Data Systems

Survey or data system Population surveyed

National Health Interview Survey
(NH IS)

NHIS Child Health Supplement

National Medical Care Utilization

. .
Approximately 40,000
households (about 30,000
children).

1 child per above household
(about 15,000 children)

and Expenditures Survey

National Hospital Discharge
Survey

National Ambulatory Medical
Survey

Care

National Health and Nutrition
Examination Survey

Birth Defects Monitoring Program

office of Special Education

Survey of Institutionalized Persons

Census of the Population

Approximately 6,600
households (about 4,500
chiIdren)

Discharges from approximately
420 short-stay hospitals

Office visits to approximately
3,000 physicians

Households, Including about
6,000 to 7,000 children

Discharges from 928 hospitals,
about 22% of U.S. births

State-reported data on children
served in special education
programs

Persons living in facilities with
average stays over 30 days

All households; sample of
institutionalized persons

Periodicity Relevant data elements Selected limitations
. ——.
Annually

1981; may be
done in future
again

1977, 1980,
planned 1987

Annually

Annually from
1983-1981 ; 1985

1971-1975;
1976-1 980;
planned 1988

Annually

Annually

1976 only

Every 10 years

. .

Activity limitations, certain
chronic conditions, hospital and
physician use

Detailed perinatal and child care,
child development, child health
problems

Same as NHIS plus additional
data on income, Insurance,
medical expenditures

Age, race, sex, medical diagnoses,
procedures done in the hospital

Age, race, sex, reason for visit,
diagnoses, procedures performed

Data from physical exam and
laboratory tests

Discharge abstract data for 161
birth defect categories

Number of children served by
handicapping condition categow

Age, race, sex, cost of care,
condition treated, physical
limitations

Age, race, sex, education, region,
type of institution

Institutional population excluded, sample
too small to detect very rare conditions,
functional limitation measures very
general

Same as NHIS

Same as NHIS

Sample too small to detect very rare
conditions, not an unduplicated count of
persons, no data on outpatients,
nonhospitalized children

Sample too small to detect very rare
conditions, excludes clinic and
institutional visits, not an unduplicated
count of persons

Small sample, institutionalized
population excluded

May not be representative sample of
births, newborn data only, cannot directly
detect technology dependence

Handicapped categories very broad,
categories not consistently defined
among States, do not include children
not served by programs

Limitation categories very broad,
noninstitutionalized population excluded,
data old, analysis excluded some
institutions

No health-related functional data
included, institutional categories very
broad

SOURCES: F M. Ellman, National Association of State Directors of Special Education, Inc , Washington, DC, personal communication. January 1976, M A. McManus, S.E. Malus, C H Norton, et al , Guide to
National Data on Maternal and Child Health (Washington, DC: McManus Health Policy Inc., 1966), U S. Department of Commerce, Bureau of the Census, 1976 Survey of Institufionalfzed Persons”
A Study of Persons Receiving Long-Term Care, Current Population Reports Special Studies, series P-23. no. 69, June 1978, U S Department of Education, Office of Special Education, 9th Annual
Report to Congress on the Implementation of the Education of the Handicapped Act, 1987



Source

State data
I I I I nols

Louisiana

Maryland

Massachusetts

New Mexico

North Carolina

Wlsconsln

American Associatlon
Respiratory Care

for

Table 4.— Data Sources

Population Included
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Used as Bases for OTA Estimates

All ventilator-dependent children in State; all
other children served In State program for
handicapped children

Ventilator-dependent children served in special
State home care program

Children dependent on respiratory support
devices who are served in special State home
care program

People dependent on ventilators for longer than
3 weeks

Ail children served by State Medicaid waiver for
technology-dependent children; other similar
children identified in State but not eligible for
the program

All children in State who are ventilator
dependent and have been medically stable for
at least 2 months

Children eligible for Medicaid home services on
the basis of being disabled and at a level that
would otherwise require institutionalization

Res Respiratory therapists nationwide via their State
representatives (37 States responded); asked to
provide information on all ventilator-dependent
patients they were serving

Commercial nutrition reaistries Individuals served by companies or
organizations maintaining ‘the registries between
October 1984 and April 1985

OAISIS registry, Oley
Foundation

Hambrecht & Quist home
infusion market analysis

Abbott Laboratories home
infusion market analysis—

Patients served by hospital and community -
based programs responding to a 1985 survey of
such programs

National hospital discharge data and detailed
information from a nonrandom sample of
hospitals

Not speci f ied

Original purpose of information collection

State Information; evaluation program for similar
State programs

State Information, evaluation program for similar
State programs

State Information, evaluation program for similar
State programs

Survey to determine the numer of ventilator
dependent Individuals

State Information, Medicaid requirements

Demonstrate potential need for pediatric
respiratory unit

State information, Medicaid requirements

Document the number of ventilator-de~endent
persons and the degree of institutionalization

Develop a database of persons on home
nutritional support technologies

Develop ongoing database of characteristics of
persons using home nutritional support

Provide estimates of the current and future
market for home Infusion technologies

Provide estimates of the current and future
market for home Infusion technologies

SOURCES M J Altken  and L A Aday, Home Care for the Chron/ca//y  /// and/or Dmab/ed  Technology Ass/sfed  Ch//d  An Eva/uat/on  Model,  unpublished. November 1985
E LIS, Crippled Children’s Serwces  Chicago,  IL, personal communlcatlon,  April 198Q K Valdez,  Human Services Department, Santa Fe NM, personal
commu nlcat!on  July 22, 1986,  P Tschumper,  Department of Health and Soc Ial Serv!ces,  M adtson.  WI, personal communl  cat ton J u I y 22. 1986. G Worley,
Duke Unlverslty  Medical Center, Durham NC, personal commun!catlon,  July 1986, Care for Life, paper prepared for U S Congress Off Ice of Technology
Assessment 1985, Oley Foundation, paper prepared for U S Congress, Off Ice of Technology Assessment 1985, B B Rucker  and K A Holmstedt  Home
/ndustry  Therapy Industry  (San Francisco CA Ham brecht  & Qulst,  April 1984), Blue Cross and Blue Shield Assoclat!on,  /n fusion Therapfes  In Home Hea/th
Care (Chlcaco,  IL BC/BSA January 1986)

marizes these data sources and some of their char-
acteristics. The OTA estimates are not derived
from large random samples; their validity rests
on the fact that very different and independent
sources of information yield estimates that are
within an order of magnitude of each other.

Estimating Prevalence
The number of cases of a disease in the popu-

lation can be described in three ways:

• the number of new cases during a period of
time (incidence),

● the total number of cases during a given
period of time (period prevalence), and

● the total number of cases at a single point
in time (point prevalence).

The size of the technology-dependent popula-
tion depends on which of these measures are used
and, for incidence or period prevalence, the length
of the period. Point prevalence is analogous to
an instantaneous total count of the population.
Period prevalence is more relevant to surveys,
which often take several months to conduct, and
to programs, which usually estimate budgets for
serving a population over a period of a year. Thus,
period prevalence—specifically, the estimated to-
tal number of technology-dependent children dur-
ing 1987—is used in this technical memorandum.
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A major problem with the data sources used
in this chapter to estimate the prevalence of tech-
nology dependence is that they enumerate cases
during different time periods. Some of the sur-
veys present the prevalence of a condition (e. g.,
ventilator dependency) over one or more months,
rather than over a year. To obtain the total prev-
alence in a year, one should add to this monthly
total the number of new cases that arose during
the succeeding months in that year. However,
there is no basis for estimating how many of those
new cases would arise. In such cases OTA as-
sumes an incidence and duration of technology
dependence consistent with what few data are
available. That assumption is stated in the dis-
cussion of the estimate.

In deriving consistent prevalence figures from
the data, OTA also uses the implicit assumption
that the incidence and duration of technology de-
pendence are stable. However, there are indica-
tions that duration of technology dependence may
be increasing as children on these technologies sur-
vive longer. Incidence may also be rising with in-
creased survival of extremely premature babies
and the advent of acquired immunodeficiency
syndrome (AIDS), two conditions that can lead
to technology dependence. An increase in either
incidence or duration of technology dependence
would increase the prevalence of the population.
These and related issues are discussed further in
the second half of this chapter.

Estimates
Group I: The Ventilator-Dependent Population

The most soundly-based estimates are those for
ventilator-depedent children. To estimate the size
of this population, OTA used the numbers ob-
tained from each of the States and organizations
that have attempted to identify such children.
From these numbers, OTA obtained a rate per
child under the appropriate age group (e. g., un-
der age 18) in the State. That rate was then ap-
plied to the entire U.S. child population to obtain
an estimate of the number of ventilator-dependent
children that would exist if every State’s medical
practice patterns and other relevant characteris-
tics were similar to the reference State. To accom-
modate differing age boundaries, OTA provides
estimates both for children under age 18 and chil-
dren under age 22. ’

Table 5 presents the estimated number of venti-
lator-dependent children in six States and one
multi-State survey documented during the past
3 years. The populations varied considerably
among the States; different States identified or re-
ported children in different age groups, ranging
from children under age 16 (Massachusetts) to
— .——

bIn extrapolating estimates to the different age groups, the lower
bound of an estimate assumes that no individuals between the ages
of 18 and 22 require the technology, while the upper bound assumes
that these individuals have this attribute at the same rate as those
under age 18,

Table 5.—Estimates of the Number of Ventilator-Dependent Children

Number Rate per Extrapolation to US. Extrapolation to U.S.

Survey Survey Age ventilator million per survey period per yeara

Percent in
State year period group dependent children Under 18 Under 22 Under 18 Under 22 institutions

Illinois . . 1985 1 year 0-21 74 19,0 1,191 1,500 1,191 1,500 3 6 %
Louisiana . . . . . 1986 1 year 0-21 35 23.8 1,305 1,643 1,305 1,643 1 3 %

Maryland . . . . . . 1985 1 yearc 0-17 26 23.9 1,498 1,886 1,498 1,886 2 3 %

Massachusetts . 1983 1 month 0-15 14 13.5d 843 1,062 1,096 1,381 8 6 %
N e w  M e x i c o 1986 <1 month 0-21 4 74 577 726 753 948 7 5 %

North Carolina . . 1986 1 month 0-17 7f

4.3 268 337 421 530 43 ”/0

AARC survey
(37 States) . . . . 1985 1 month 0-17 445 8.3 520 655 679 845 5 5 %

asee footnote 7 in text for explanation of conversion from monthly to annual Prevalence
bllllnois, Louisiana and Maryland have active programs to place ventilator-dependent children at home
cNOt reported, apparently at least a Year
dAdjusted  for 82 percent  response  rate Remalnlng  lflstltutions were assumed  slmliar  to responding Ones
eFigure  applles  t. ail patients in the survey, Including  adults
fFour  of the seven ~hlldren  had been discharged home on ventilators  during tfle past s years lt IS unknown  Wflettler all four children cared for at home are still alive

and ventilator-dependent, but they were assumed to be so for the purposes of this  table Thus, (n converting from monthly to annual prevalence, 4/7 of the U.S extrapo-
lation was not converted up, stnce  this part of the number represents a 3-year prevalence rather than a I.month one

SOURCES. Office  of Technology Assessment, 1987 Data from K Klrkhart,  Children’s Hospital, New Orleans, LA, personal communication, January 1987; M.J Altken
and L A Aday, Home Care for the Chron/ca//y  /// and/or Dsabled Technology Ass/steal ChI/d  An Eva/uaf/on  Model,  unpublished, November 1985, K Valdez,
Human Services Department, Santa Fe, NM, personal communication, July 1986,  G. Worley,  Duke Un!verslty  Medical Center, Durham, NC, personal commu.
nlcatlon,  July 1986, Care for Life, “Life Sustaining Technologies and the Elderly Prolonged Mechanical Ventllat!on,  ” paper prepared for U S Congress, Office
of Technology Assessment. 1985
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children under age 22 (Maryland and New Mex-
ico). The operational definition of individuals on
“prolonged” ventilation also varied.

The lower bound of the ventilator-dependent
estimate is based on a survey conducted during
one month in 1985 by the American Association
for Respiratory Care. This survey yielded data
from 37 States, which when extrapolated to the
U.S. population as a whole yielded an estimated
520 ventilator-dependent children under age 18
that month, or roughly 680 children per year.7

This estimate is slightly higher than the lowest
State-based estimate. It is used instead of that
number because of the evidence that at least a few
States have much higher prevalence. The high-
est estimate is based on data from Maryland
which imply a nationwide population of 1,886
ventilator-dependent children per year under age
22. OTA has arbitrarily increased this number by

“TO de-r~ve  an annual prevalence from a monthly one, OTA as-
sumes an average duration of 3 years for ventilator dependence
( Prc)bab]y ]OW but consistent with pre-1 984 data from Louisiana).
The monthly incidence is then multiplied by 11 and added to the
monthly prevalence to yield annual prevalence.

10 percent, to 2,000, to obtain an upper estimate.
This upper bound accounts for both a possible
undercount of the universe of ventilator-dependent
children in Maryland and for any increases in the
population between 1985 and 1987.

Group II: The Intravenous Therapy Population

Parenteral (Intravenous) Nutrition.—To esti-
mate the number of children requiring parenteral
nutrition, OTA extrapolated from the available
State data to the United States as a whole and
compared those numbers with nutritional regis-
try data. Extrapolations and registry figures are
summarized in table 6.

The State data from Illinois, New Mexico, and
Wisconsin are underestimates of the children on
parenteral nutrition in these States, because they
include only home patients who are monitored
by these programs. However, since the universe
of ventilator-dependent children is known in 11-
linois r and the proportion of those children served
by the Services to Children with Special Health
Care Needs program is also known, an estimate

Table 6 .—Estimates of the Number of Children Requiring Parenteral Nutrition

Source Basis for estimate Comments on manipulation Extrapolated U.S. estimate

Commercial registries, 373 children under age 18 on
1984-85 home parenteral nutrition

documented on one of two
registries supported by home
nutrition companies.

Illinois, 1985 5 children requiring parenteral
nutrition served by State
program (compared to 22
children in program on
vent i Iators).

New Mexico, 1986 2 children on parenteral
nutrition served by State
program (compared to 5
children in program on
ventiIators).

Wisconsin, 1986 4 children on parenteral
nutrition served by State
program (compared to 5
children in program on
ventilators).

Assumed to be a national
minimum estimate.

Total of 74 ventilator-
dependent children known in
entire State. Assumed
children on parenteral
nutrition are represented in
proport ion.

Probably not total State
population of children on
parenteral nutrition, Used
simple extrapolat ion.

Probably not total State
population of children on
parenteral nutrition, Used
simple extrapolation.

373 children on parenteral
nutrition under age 18 (per
7-month period).

341 children on parenteral
nutrition under age 22 (at time
of program documentation).

232 children on parenteral
nutrition under age 18; 292
under age 22 (at time of
survey).

At least 192 children on
parenteral nutrition under age
18 (at time of documentation).
Fewer children on parenteral
nutrition than on ventilators,

About 13°/0 of patients in
commercial registries under
age 18; apply to this figure.

Hambrecht & Quist Estimated U.S. home care
market estimate, 1983 market of 2,700 patients per

year requiring parenteral
nutr i t ion,

SOURCES Oley Foundation “Nutriltional Support and Hydration for critically and Terminally Ill Elderly, ” paper prepared for Office of Technology Assessment, September
1985, E Lisj Crippled Children’s Services, Chicago, IL, personal communication, April 1986, G Cleverly, Human Services Department, Santa Fe, NM, personal
communication 1986 P Tschumper, Department of Health and Social Services, Madison, Wl, personal communication, April 1986, B B Rucker and K A
Holmstedt, Home Infusion Therapy Industry (San Francisco CA Hambrecht & Quist, Inc , April 1984)

351 children on parenteral
nutrition under age 18 in 1983
(for 12-month period); market
assumed growing.
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of the universe of children on intravenous nutri-
tion in Illinois can be derived by assuming that
the latter children are represented in the program
at the same rate as the former. If children on
parenteral nutrition are less likely than ventilator-
dependent children to be served by this program
(e.g., if Medicaid or private insurers cover home
parenteral nutrition costs more comprehensively
than ventilation costs), this method will under-
estimate the nutrition population. g

Equivalent calculations cannot be performed
with the Wisconsin or New Mexico estimates.
Nonetheless, these data provide additional evi-
dence that there are somewhat fewer children on
prolonged parenteral nutrition than on prolonged
ventilation.

The commercial registries provide the most
comprehensive data on children who received
home parenteral nutrition. The registry data avail-
able cover only 7 months, however, and not all
patients served are represented by these data. The
cumulative total from this source roughly agrees
with the estimate from the market analysis report.
Both sources are underestimates of the prolonged
parenteral nutrition population, because they as-
sume that no such children reside in institutions.
Based on these figures and the State extrapola-
tions, OTA’s estimated lower bound for the num-
ber of U.S. children receiving prolonged paren-
teral nutrition is 350 children per year.

An upper bound for this population would ac-
commodate several assumptions: 1) that the pop-
ulation documented in the registry would have
been higher had the registry covered a full year,
2) that all children served at home even during
that 7 months were not documented on the regis-
try, 3) that some additional children on paren-
teral nutrition reside in institutions, and 4) that
the population has increased somewhat since
1985. An upper bound of 700 (double the mini-
mum estimate) accommodates these hypotheses
to a reasonable degree. However, even this up-
per bound may soon be an underestimate given
-—— —-—

“Children requiring parenteral nutrition would be more likely to
have adequate home care insurance coverage than ventilator-depen-
dent children, for example, if shift (e. g., 8-hour) nursing were an
uncommon benefit. Lack of nursing is more likely to absolutely pro-
hibit a ventilator-dependent child from going home than a nutri-
tional-dependent child.

current trends in diseases and therapy (discussed
later in this chapter).

Intravenous Antibiotic Therapy and Chemother-
apy.—Intravenous drug therapies are generally
administered for weeks or months, rather than
months or years as is the case for other technol-
ogies. They are included here because they are
technologies that require substantial skilled nurs-
ing and involve issues in nonhospital care that are
very similar to the issues surrounding parenteral
nutrition.

Market analyses and literature reports on the
number of individuals served in various home in-
travenous drug programs are used as the basis of
estimates of the size of this portion of the Group
11 population, because they are the only sources
available. Table 7 summarizes these sources and
the estimate derived from them. The foundation
of the estimate is a market analysis figure. The
primary data sources and reliability of the mar-
ket analyses are unreported in detail. Data from
specific programs are used to estimate the propor-
tion of the relevant population that is children.
To the extent that these programs are geared
towards adults rather than children, they under-
estimate the population. Home program numbers
were adjusted by OTA to account for equivalent
children not served at home.

An estimate of the number of children who re-
ceive intravenous drugs and chemotherapy is par-
ticularly sensitive to whether one is considering
patients per year or patients actually receiving in-
travenous therapy at a single point in time. The
number of cases per year is estimated here. Based
on the information presented in the table, between
268 and 8,275 children receive prolonged intra-
venous drug therapy per year.

Group III: Children Dependent on Other
Nutritional or Respiratory Support

Group 111 children are similar in many ways to
Group I and 11 children. Their nursing needs are
often less intensive and complex than those of chil-
dren in the first two groups, however, and these
children may be more likely to be served at home
or in other nonhospital settings, particularly chil-
dren with very-long-term dependence.
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Table 7.—Basis for Estimate of the Population
of Children Requiring Extended Intravenous

Drug Therapy

/intravenous antibiotic therapy:
Total home intravenous antibiotic therapy

market, 1984 (patients/year)a . . . . . . . . . . . 2,000 to 5,000
Proportion children (range given

in Iiterature reports of individual
programs) b . . . . . . . . . . . . . . . . . . . . . . . . . . 4.3°/0 to 46.6°/0

Implied total number of children per year
on home therapy . . . . . . . . . . . . .

Inflation for past exclusion of patients for
home care due to financial, medical, or
psychosocial reasonsc . . . . . . . . . . . . . . . .

Total number of children per year
receiving prolonged antibiotic therapy . .

Intravenous chemotherapy:
Total home intravenous chemotherapy

market, 1984 (patients/year)a . . . . . . . . . . .
Approximate proportion childrend . . . . . . . .
Total number of children per year,

minimum estimate . . . . . . . . . . .
California hospital discharges of children

with leukemia undergoing venous
catheterization (discharges/year)e . . .

Extrapolation to U.S. (discharges/year) . .
Leukemia as proportion of all childhood

cancers f. . . . . . . . . . . . . . . . . . . . . . . . . .
Extrapolated U.S. number, all childhood

cancers . . . . . . . . . . . . . . .

Total number of children per year under-
going chemotherapy . . . . . . . . . . . . . . . .

Total intravenous drug therapy
population, children per year . . . . .

. .

. .

. .

. .

. .

.—

86 to 2,330

166 ”/0

143 to 3,868

2,500
5%

125

160
1,469

33%

4,407

125 to 4,407

268 to 8,275
aSee reference 137
bsee references 50,78,%,130,151
CUp to 40 percent of all patients I n the studies cited here were rejected for home

therapy for these reasons Since 4 of every 10 original pattents were excluded
and 6 of every 10 were Included, the figure for potential home antibiotic therapy
must be re-inflated by 1660/0 to estimate the total maximum number of children
that would be eligible if these barriers did not exist

dA Pennsylvania report  on 139 patients receiving outpatient (not home) chemo-

therapy gives the range of ages of these patients as 16 to 86, with a mean age
of 57 (86) It IS unlikely that more than 5 percent of these pattents were under
age 21

‘See reference 15
‘See reference 98

SOURCE Off Ice of Technology Assessment, 1987

Estimates of the number of children in Group
III are derived primarily from two sources. First,
the size of this population is estimated based on
the prevalence of these children relative to venti-
lator dependence and other categories of disabil-
ity in the various States. Second, registries of in-
dividuals on home enteral and parenteral nutrition
programs are used as baselines to compare extrap-
olated estimates for tube feeding. In this case,
however, comparisons are somewhat uncertain
because many tube-fed patients may also be de-
pendent on respiratory support.

From the data presented in table 8, the mini-
mum number of medically stable children requir-
ing Group III respiratory and nutritional support
in the United States could be as low as 1,000. This
would be the case if one assumed that most of the
children on enteral nutritional support also require
respiratory support. The upper bound, however,
is much higher. Maryland data suggest that there
are over 3,500 children on respiratory support
(other than mechanical ventilation) alone; the high
relative prevalence of Group 111 children in North
Carolina, Wisconsin, and New Mexico indicates
that these children may be more than 10 times as
prevalent as ventilator-dependent children in some
States. The Illinois-based extrapolation of about
2,500 Group 111 children is a more moderate mid-
dle estimate. Based on these numbers, a range of
1,000 to 6,000 Group III children seems reason-
able. The actual number could easily reach the
higher estimate if early hospital discharge of pre-
mature infants becomes more common.

Group IV: Children Requiring Other
Life-Sustaining Medical Devices and
Associated Skilled Care

Group IV comprises children who require life-
sustaining medical devices but whose nursing care
needs are generally less complex, less prolonged,
or less frequent than the needs of children in
Groups I through III. It includes three subgroups:
1) infants requiring apnea monitors, 2) children
requiring renal dialysis, and 3) children requir-
ing other life-sustaining medical devices in con-
junction with substantial nursing care.

The Food and Drug Administration has esti-
mated that approximately 40,000 to 45,000 home
apnea monitors for infants are currently in use
(173). There is considerable controversy regard-
ing the appropriate indications for monitoring,
and many of these children may be monitored for
reasons not considered by all physicians to be
sufficient. A National Institute of Health panel
estimated that approximately 6,800 to 17,000 of
home monitors are prescribed as a result of an
apparentl y life-threatening episode in an infant
(173). OTA has used 6,800 as the lower bound
and 45,000 as the upper bound for an estimate
of the number of medically necessary home ap-
nea monitors in use and makes the simplifying as-
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Table 8.—Basis for Estimate of the Number of Children Requiring Other Nutritional and Respiratory Support

Information source Data Implications Comments
OASIS registry, Oley
Foundation

147 children ages 0-10 in
registry; 92 require parenteral
nutrition

Ratio of enteral to parenteral
nutrition is 1:1.67

Proportion of children also
using respiratory support
unknown; proportion of tube-
fed population covered by
registry unknown

Same as Oley Foundation
registry

Commercial registries 368 children in registry
requiring enteral nutrition (i.e.,
tube feeding)

7,500 persons in U.S. received
home tube feeding in 1983

Ratio of enteral to parenteral
nutrition is 1:1 .01

990 tube-fed children
in the U.S. at home

Hambrecht & Quist
market analysis

Based on discharge data and
sample of hospitals.
Extrapolation assumes that
13.2% of tube-fed populaton
are children (from commercial
registry proportion)

Unknown basis for estimate.
Same assumption of 13.2%
children as above

Of net addition to population
of 82 gastrostomies, assumes
each child received only one
gastrostomy and required it
for one year

Ratio of ventilator: Group Ill
children in program 22:36;
apply this to extrapolation of
1,500 ventilator-dependent
children in U.S. to yield total
Group Ill estimate

Assumes Maryland identified
the universe of such children
in the State

Presumably is an
underestimate if not all
similar children are served by
State program. Probably
considerable overlap between
tube feeding and respiratory
support groups. Prevalence of
Group II probably overstated

One-month survey,
hospitalized children only

per year

per year

through

Abbott Laboratories
market analysis

5,500 persons in U.S. received
home tube feeding in 1983

726 tube-fed children
in the U.S. at home

777 children tube-fedCalifornia hospital
discharge data for
children

97 gastrostomy  procedures,
15 closures in 1983 gastrostomies each year

State data:
Illinois

2,445 Group Ill children per
year in the U.S.36 children on Group Ill

technologies served by home
care program

Maryland

Wisconsin

87 children in State requiring
respiratory support; 61 require
other than ventilators

3,513 children in the U.S. per
year requiring respiratory
support other than ventilators

2,401 U.S. children requiring
tube feeding at any one point
in time; up to 4,800 requiring
respiratory support. Ratio of
ventilator: Group Ill supports
about 1:10

49 children served in State
program require tube feeding;
49 require respiratory assist
devices (other than
ventilators)

North Carolina

New Mexico

8 hospitalized children in
State with prolonged oxygen
dependence (compared to 3
on ventilators)

Ratio of ventilator: oxygen
support about 3:8

Ratio of ventilator: Group Ill
supports about 1:18

Prevalence of Group Ill
probably overstated due to

1 ventilator-dependent child;
18 other children requiring
respiratory and nutritional
support

small number of ventilator-
dependent children served

SOURCES: M,J. Aitken and L.A. Adav. Home Care for the Chrorrica//v Ill and/or Disabled Tecfrno/oav  Assisted Child:  An Evaluation Model, untwblished. November 1985.
J Bates, San Diego Children’s Hospital, San Diego, CA, personal communication, July-{986;  Blue Cross/Blue Shield Association, infusion  Therapies in Home
Health  Care (Chicago, IL: Blue Cross/Blue Shield Association, January 1966); G. Cleverly, Human Services Department, Santa Fe, NM, personal communication,
August 19&; L.L Heaphey, The Oley Foundation, Albany, NY, personal communication, August 1986, E. Lis, Crippled Children’s Servjces,  Chicago, IL, personal
communication, April 198B;  Oley Foundation, Inc , “Nutritional Supporf  and Hydration for Critically and Terminally Ill Elderly” Utilization in the Home,” contract
paper prepared for the Office of Technology Assessment, U S Congress, Washington, DC, September 1985; B B Rucker  and K A. Holmstedt,  l+orrre Infusion
Therapy Industry (San Francisco, CA Hambrecht  & Quist,  April 19B4),  and P Tschumper,  Department of Health and Social Services,  Madison, WI personal
communication, April 1986.
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Table 9.—Estimated Prevalence of Selected Chronic
Conditions in Children, Age O to 20, 1983

Approximate number
Prevalence per of children in the

Condition 100,000 children, 1980 United States, 1983

Mental retardation ., . . . . . . . . . .:. . . . . . .
—— —

2,500 1,781,300
Asthma (moderate and severe) . . . . . . . . . . . 1,000 712,500
Diabetes mellitus ... . . . . . . . . . . . . . . . . 180 128,300
Congenital heart disease (severe) . . . . . . . . 50 35,600
Spina bifida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 28,500
Sickle cell anemia . . . . . . . . . . . . . . . . . . 28 20,000
Cystic fibrosis . . . . . . . . . . . . . . . . . . . 20 14,300
Hemophilia . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 10,700
Leukemia (acute Iymphocytic leukemia) . . . . . 11 7,800
Chronic renal failure . . . . . . . . . . . . . . . . . . . . . 8 5,700
Muscular dystrophy. . . . . . . . . . . . . . . . . . 6 4,300
Traumatic brain injury . . . . . . . . . . . . . . 5 3,600
SOURCE Prevalence rates from G L Gortmaker and W. Sappenfleld “Chronic Childhood Disorders: Prevalence and Impact,

Pediatric Clinics of North America 31(1) 318, February 1984 Population size estimates calculated by OTA based
on prevalence rates and U S Census population data

sumption that this range represents the number
of monitors in use per year.

The minimum estimate of the number of chil-
dren requiring renal dialysis is from Medicare End-
Stage Renal Disease Program data. The Health
Care Financing Administration, which adminis-
tered Medicare, documented 1,713 patients age O
to 19 receiving dialysis in 1985 (110,166). Add-
ing a minimum of 171 patients to this figure to
account for patients age 20 to 21 (one-tenth, or
2 average age years, of the initial figure) and in-
flating the total figure by 3.6 percent per year (the
increase documented from 1983 to 1984), yields
a minimum of 2,022 children under age 22 on di-
alysis during 1987. This number underestimates
the number of children requiring dialysis, since
some are covered by private insurance. A maxi-
mum estimate assumes that all children with
chronic renal failure require dialysis. The preva-
lence of this condition has been estimated at 8 per
100,000 children, or nearly 6,000 children under
age 22 in the United States (see table 9).

There exist no appropriate data at all to esti-
mate the number of children requiring other de-
vices and associated nursing care such as urinary
catheterization and colostomy care. 9 This group

— —-.
911ata  from the National Center for Health Statlstlcs, which sur-

\’e}rs a large sample ok ho~pital d]schar~es  every year, suggett  that
the annual incidence of colost<~rnies and ileostornles  {n children may
be a tew thousand  per year ( 172). The sur~’ey ]s not large enough
to estimate an accurate number of these proceciures  for children,
but it IS certainly less than 10,000 per }rear and probabl>  less than
5,000

is very large; indeed, it may be larger than all
other groups combined. If this group is included
in the population of technology-dependent chil-
dren, the size of that population will increase dra-
matically. Many children with spina bifida and
other spinal conditions, for example, require uri-
nary catheterization. The total number of children
in this group could easily be 30,000 or more (see
table 9).

If the definition of technology dependence used
in this technical memorandum were not limited
to children using medical devices, this group could
potentially include a substantial proportion of
children with hemophilia, insulin-dependent di-
abetes, and many other chronic diseases. While
most such children require periodic injections of
medications and a relatively modest amount of
nursing care by family members, a few have more
intensive needs for monitoring and nursing. It is
only the lack of dependence on a major medical
device, not necessarily a difference in nursing and
care needs, that distinguishes this population from
those children included in Group IV.

Table 9 presents prevalence estimates for sev-
eral serious chronic illnesses in children. Unfor-
tunately, no quantitative information on the level
of technology and nursing needs for this or any
other subpopulation of children with chronic ill-
ness exists. Some of these children have already
been included in groups mentioned above; for ex-
ample, children with cystic fibrosis, muscular dys-
trophy, traumatic brain injury, or severe asthma
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who meet the definition of technology dependence
likely need respiratory or nutritional assistance
and would be included in Groups I through III.
Children with rheumatoid arthritis and leukemia
would be included under Group 11 if they required
periodic intravenous drug therapy.

Wisconsin data illustrate how large the popu-
lation of “technology-dependent” children could
be if the definition did not require dependence on
a device that compensates for a vital body func-
tion as a necessary criterion (but retained the “sub-
stantial nursing needs” criterion). Wisconsin oper-
ates a program that, among other criteria, enables
children to receive certain health care benefits if
they would be permanently institutionalized with-
out these benefits and could be served less expen-
sively at home. Of 181 children served by this pro-
gram in mid-1986, one-third of the total required
a very high level of care but did not require nutri-
tional, respiratory, or other mechanical support.

What sources of information might be tapped
in the future for more precise estimates of the
number of technology-dependent children? One
possibility might be a school-based survey, tar-

TRENDS IN THE POPULATION

Future changes in the size of the technology-
dependent population will depend on three sepa-
rate

1.

2.

3.

factors:

changes in the number of children who have
the diseases and conditions that lead to tech-
nology dependence;
technological change, which can either in-
crease the size of the population (if new tech-
nologies lead to increased survival dependent
on long-term life-saving equipment), or de-
crease population size (if new technologies
allow less intensive equipment and service
needs, or prevent the development of dis-
abling conditions); and
changes in medical practice and social atti-
tudes, which are themselves affected by fac-
tors such as the emergence of new technol-
ogies and the availability of third-party
payment,

geted at the population most likely to include a
significant proportion of technology-dependent
children—those children who have been individu-
ally assessed prior to educational placement. A
similar approach is currently being used in an on-
going study to estimate more accurately the num-
ber of children with hemophilia, cystic fibrosis,
and spina bifida (73). The approach is fraught
with its own problems, not the least of which is
that very young children and children living in
hospitals or long-term care institutions would not
be captured. Also, technology-dependent children
are rare even among children assessed for possi-
ble special education placement .’” A very large
survey would be required to produce a reliable
estimate of size of the population. Still, this source
offers one possibility for estimating future appar-
ent or real changes in the prevalence of technol-
ogy dependence.

I ~In Fairfax  county, Virginia, for instance, 700 children Were
served in home or school-based special education preschool pro-
grams (ages 2 to 4 ) in August 1986 (14). Of these 700 children, 6
might have qualified as technology dependent (4 served in class-
rooms had tracheostom ies or gastrostom  ies, and 2 served at home
had special medical problems).

General Trends
and Disability

in Chronic Illness

Trends in chronic illness and disability over
time are somewhat difficult to identify. National
surveys show that the proportion of children with
reported major activity limitation has increased
substantially in recent years, from approximately
1.1 percent in 1967 to the present 2 percent (124).
However, this finding may be caused by any of
a number of influences. Some of the apparent in-
crease may be due to changes in survey method-
ology and in families’ awareness of illness over
time (123,124), rather than to real changes in dis-
ability rates. Another explanation is increased sur-
vival of children with certain chronic illnesses,
such as cystic fibrosis and spina bifida. A third
possible explanation is that new technologies and
new systems of care, such as intensive care units
for newborn infants, are resulting in more chil-
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dren who survive birth or trauma but with severe
long-term disabilities. The absolute number of dis-
abled and chronically ill children will increase as
the children survive longer, even if the rates of
onset of various disorders are unchanged .1’

The number of children with inherited chronic
diseases that can lead to technology dependence
is unlikely to change significantly due to changes
in the incidence of these disorders. Gortmaker and
Sappenfeld conducted an extensive review of the
literature in 1980 to investigate the prevalence of
a number of common childhood chronic diseases
(72). They noted that the incidence of most such
diseases has been stable over time. It is now pos-
sible that new technologies permitting prenatal
diagnosis of muscular dystrophy and cystic fibro-
sis may decrease the incidence of these diseases,
if couples choose to terminate pregnancies when
a fetus has been identified as having a genetic
marker associated with the disorder, However,
these prenatal diagnostic technologies are unlikely
to have a major effect on overall incidence of
chronic disease.

A more important factor affecting the number
of children with chronic diseases, and one with
implications for technology dependence, is the sig-
nificant improvements in survival for children
with many life-threatening diseases. Improve-
ments over the past two decades in survival rates
for children with leukemia, diabetes, certain heart
defects, sickle-cell anemia, and chronic kidney dis-
ease have greatly increased the number of such
children who live to adulthood (72). Better and
more aggressive treatments for spina bifida and
muscular dystrophy have also increased the sur-
vival of children with these disorders (35). Chil-
dren with cystic fibrosis who would have died in
early childhood two decades ago are now surviv-
ing, and over 50 percent of them live into adult-
hood (109). Long-term survival of children with
intestinal malformations will greatly increase the

1 I Evidence frc)m  pub] ic scho(>] records tends to supwrt  the Premise

that the number {~t children with severe dlsabilitles,  or at least the
number bein g served b}’ pub] ]{ sc h(~~~ls,  has I ncreawd.  The pr[~p(]r-
t](~n of multihandlcapped children, F(>r  Instance, increased from  0, 12
t(> 0.16 percent of sch(~(}l  enrollment between 1 Q70-77 and 1982-83
( 187) ,  Ho~vcver,  >ch[)(]l data (In ct]sabillty IS genera l ly  c(~n~]dered
unre]iab[[’  because 01 the  ~reatl} \ar}’ing  det Irutlon< dltterent scho(~l
d]str]c  t\ L1$L’

total number of children requiring parenteral nu-
trition.

Changes in head and spinal cord injury rates,
and changes in the survival of severe trauma pa-
tients, could affect the size of the population.
More important, however, is the rising incidence
of acquired immunodeficiency syndrome (AIDS).
AIDS is likely to continue to spread in infants as
it spreads in women, since the virus can be com-
municated from mother to fetus at or before birth
(40). This disease is likely to increase the number
of children receiving prolonged intravenous drug
therapy, nutritional support, and considerable
nursing care. A few hospitals have experienced
dramatic increases in the number of babies with
AIDS and in the number of those babies grow-
ing up in the hospital (22).

The most profound changes in the incidence
and prevalence of disorders leading to technol-
ogy dependence seem to be occurring in neona-
tal care. It has been widely asserted that the in-
creased survival of very-low-birthweight (less
than 1,500 g) infants, due to improved, aggres-
sive neonatal intensive care, has resulted in a
sharp surge in the number of ventilator- and other
technology-dependent children. If this is true, con-
tinued advances towards survival of very-low-
birthweight infants can be expected to increase the
number of such children. If, on the other hand,
technologies are successfully developed that can
prevent prematurity y or moderate the development
of chronic lung disease in newborn infants, the
number of infants on long-term ventilation and
nutritional support may be considerably reduced.

Most medical evidence thus far supports the
contention that the increased survival of very-low-
birthweight infants has not increased overall rates
of disability, but it may have increased the ac-
tual number of severely disabled children. A study
of changes in infant morbidity and neonatal mor-
tality between 1976 and 1978-79 found that ne-
onatal mortality decreased by 18 percent during
this time, while infant morbidity also decreased
by 16 percent (144). Overall, therefore, newborn
survival did not lead to an increase in long-term
disability. However, the detected decrease in dis-
ability was among the minor disability categories;
“the proportion of children with severe or mod-
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crate congenital anomalies or developmental de-
lay did not change” (144). Other evidence sup-
ports three conclusions:

1.

2.

3.

within groups of infants of a given birth-
weight, handicap rates remain stable or de-
crease over time;
handicap rates are greatest in the lowest
birthweight groups; and
infants in the lowest birthweight groups are
surviving in increasing numbers (162).

If the incidence of severe disorders is unchanged
or even declines somewhat, but the total number
of neonatal survivors increases, then the number
of infants with severe disabilities increases over-
all. Box B describes a common source of respira-
tory disability in infants and the differing rates
of incidence of this disorder in infants of differ-
ent birthweights.

Future Changes Due to
New Maintenance and
Treatment Technologies

The most promising technologies to decrease
the incidence of long-term technology-dependence
are those aimed at preventing the need for long-
term respiratory support in infants. Current ef-
forts to combat chronic lung disease in newborns
are described in box C. One or more of these tech-
nologies may eventually greatly reduce the num-
ber of infants with long-term technology depen-
dence. However, significant changes are not likely
to be apparent for a few years yet.

New technologies may have other direct effects
on trends in the technology-dependent popula-
tion, aside from their effects in reducing the under-
lying disorders that lead to technology depen-
dence. For example, advances in implantable
infusion pumps for long-term chemotherapy and
implantable phrenic nerve pacers to stimulate
breathing could reduce the constant, complex
nursing needs associated with many technology-
dependent children.

Enhanced access to transplant technology may
either increase or decrease the number of children
requiring intensive long-term nursing services. As
the number of infants and children receiving bone,

liver, heart, and other organ transplants grows
due to increased transplant experience and en-
hanced insurance coverage, children recuperating
from transplants may become a group for whom
intensive home medical care is both socially and
financially desirable. Access to intensive medical
services in the home setting might allow these chil-
dren to leave the hospital earlier than would
otherwise be possible, and they may have ongo-
ing nursing and technology needs. On the other
hand, increased transplant success could obviate
the need for very-long-term dependence on tech-
nologies such as insulin (through pancreas trans-
plants), parenteral nutrition (through bowel trans-
plants), and dialysis (through kidney transplants).

Changes in Medical Practice

The wide range of prevalence estimates for tech-
nology dependence suggests that medical practice
patterns may vary considerably among regions,
States, and medical centers. Some of these differ-
ences may be in simple treatment protocols. For
example, there is some evidence that differences
in medical practice can inadvertently affect the
incidence of chronic lung disease in newborns. In
an examination of treatments and rates of bron-
chopulmonary dysplasia in eight hospitals with
regional neonatal intensive care units, Avery and
colleagues found that the rates of this newborn
chronic lung disorder varied considerably among
centers, even after adjusting for differences in the
newborn populations (11). They concluded that
the differences in routine treatment practices
among these centers were probably responsible
for the differences in the rates of this disorder,
implying that changes in the routine practices of
hospitals with higher rates could reduce the inci-
dence of dependence on long-term respiratory
support.

Other researchers have documented the varia-
tion in routine treatment patterns among physi-
cians treating people with fatal chronic diseases.
A 1981 study demonstrated that positive-pressure
ventilation may extend the lives of children and
adults with muscular dystrophy by an average of
7 years (12). Only one-third of the patients in the
study had tracheotomies. By comparison, in a
1985 survey of Muscular Dystrophy Association
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Box B.-–Bronchopdrnmary Dysplasia

One of the most common sequelae of neomtal intensive care, and one with particular implications
for technology dependence, is bronchopuhnonary dysplasia (BPD). First remgnized in the early 1960s (154),
this condition sometimes occurs in infants requiring mechanical ventilation soon afterbirth. An infant with
BPD is unable to be weaned from ventilation during the first month after birth due to certain changes in
the lung that can often be detected by X-ray (71).

Pneumonia, meconium aspiration, patent ductus arteriosus, and apnea of prematurity are among the
many conditions that can lead to the initial need for assisted ventilation (and, thus, sometimes BPD) in
newborns (71). The most common reason for initial ventilation, however, is respiratory distress syndrome.
This syndrome, characterized in its initial stages by an increasing need for oxygen, is often experienced
by very premature infants because art essential lining layer in the lung (pulmonary surfactant) has not yet
developed (99).

Table 10 presents estimates of the annual incidence of BPD by birthweight category. There are no
nationally representative data on the incidence of BPD. A multi-center study of 700 to 1,500 g babies in
1983 and 1984 found that one-third of the survivors had chronic lung disease (11). OTA used this 33 per-
cent estimate for very-low-birthweight infants, although other researchers reported rates of BPD incidence
among their institutional populations varying from 25 to 75 percent of respiratory distress syndrome sur-
vivors under 800 g at birth, and from 13 to 62 percent of survivors weighing less than 1,000 g at birth
(17,25,45,74,85,138).

Researchers have not reported in the literature on BPD incidence among the larger Iow-birthweight
infants, but the authors of a recent review article about BPD estimated its incidence at 10 to 20 percent
among infants with RDS who receive mechanical ventilation and survive (71). OTA adopted the low end
of this estimate, 10 percent, in calculating the BPD incidence among babies weighing 1,501 to 2,500 g.

Only a relatively small proportion of the babies developing BPD are obvious candidates for technology-
dependent home care. In their eight-center study, Avery and colleagues found that about 4 percent of in-
fants weighing less than l,500 g at birth still needed supplemental oxygen at 3 months of age (although
the range among institutions was considerable) (11). BPD can take mild, moderate, or severe forms, and
infants are weaned from the ventilators and/or oxygen support after variable periods of time.

In the future, the incidence of BPD will likely decline, although extremely Iow-birthweight babies sus-
ceptible to BPD—including babies weighing less than 500 g at birth-are increasingly surviving (162). Refine-
ments of existing techniques and newly introduced neonatal technologies might substantially reduce BPD
in premature infants within a few years.

Table 10.-Estimated incidence of Bronchopuimonary Dyspiasia, 1984

Birthweight U.S. births U.S. neonatal Neonatal Percent survivors Total infants with
(grams) (1964) mortality (1960) survivors with BPD BPD per year

500-1,500g 39,045 43.1 % 22,217 33% 7,332
l,501-2,500g 202,606 2.4% 197,743 1 %a

1,977
Total . . . . . . . . . . 9,309

%oldberg and Bancalari  (71) estimate that approximately 10 percent of Inftmt$  with ra$pkatoty  dktreas  syndrome (RDS)  get BPD. If approximately 10 percent
of all surviving infants get RDS (174), then approximataty  1 parcent  of etl suwlvora  oat 8PD.

SOIJRCE: Office of Technology Assessment, 1S87. Numbers of U.S. btrtha from U.S. DepertrneM  of He8ith and Human Services, Public Health Service, National
Center for Heafth Statistics, “Advance Report of Finai Netaflty  Statlstica,  1SS4, Table 24,” W@ St8t/st/cs  Repofl  35 (4, SUPP.):JUIY 18, 1988. Neonatal
mortality rates from U.S. Department of Health and Human Sewices,  Publk  Heetth Service, Oantere  for Disease Control, “National Infant Mortality
Surveillance (NIMS),”  unpublished tablea,  May 1988. BPO  Incidence rates approximated from M,E. Avary, Boston Children’s Hospitai,  Boston, MA,
personal communication, July 23, 1988; and ranges presented in J.D. Horbar, “A Multicenter  Suwey  of 28 Day Survival end Suppiementat  Oxygen
Administration in infants 701-1500 Grams,” paper presented at the Rosa Laboratories Special Conference on Topics on Neonataiity,  Washington,
DC, Dec. 7-9, 1s88.
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Box C.–Chang@g  Tedmolo&  in the Neonatal Intensive Care Unit
Preven~ the coqdidbts  of mechanical ventilation in newborns has been a focus of research for

some time. Changes in the way artificial ventilation is dministered  to newborns have been an important
pm of that rew~ (~,~~). However, medkd _ and the use of t@mokwY a  vw *h -OIW
perinatal centers. Avery and her colleagues surveyed eight centers in 1983  and 1%!4  for their  experience
with chronic  lung disease in infants weighing 700 to 1,S00 g, The msearc hers found that some institutions
did significantly better  than others, and that routine mmagemmt  techniques used for the very small in-
fants  might explain the differences (11). Refinements in existing  techniques may thus hold promise for re-
ducing the development of brcmchopuhmmary  dysplasia (BPD)  in ventilated infants in the future. Some
new technologies, such as the high frequency ventilator (which delivers multiple  smaII  breaths instead of
slower, larger ones) and extracorporeal  membrane oxygenation (essentially a heart-lung machine for new-
borns with severe asphyxia), may also have some effect.

Other technologies under investigation focus on preventing respiratory distress syndrome (RDS), the
recurser  of BPI) in most infants. The administration of steroids to mothers in preterm  labor in order toP

accelerate infant lung maturation has been used and studied for 16 years (9), but concerns about the long-
terrn  effects of the therapy have prevented its routine use (43). Recent large-scale studies are somewhat
contradictory buts- that the technology can rwha th~ incidence and severity of RDS,  and may im-
prove survhd in some very prenwture  infants, with no evidence of negative  Iong-tem e-s (43,174).
Even if antenatal  steroid therapy does become  generally accepted as useful, however, it will have several
limitations. It clearly does not work for all babies. And in addition, because the therapy must be initiated
at least M hours before delivery in order  to be effective, many women in preterm  labor cannot be candi-
dates for its use.

Treating surfactant defkiency by administering artifidal or natural (animal lung) surfactant to the lungs
of very premature babies at or soon after birth has the potential to greatly reduce the incidence of severe
RDS.  The bask chemistry of lung surfactant has beeh  known for a lo% time, but research is ongoing re-
garding the best mixture, the optimum dose, and the timing  and frequency of administration. At least five
recent clinical trials testing natural surkctants  document that surfactant-treated  infants have less severe
RDS (and, pl’W3Wi ably, less Mkelihood  of developirqjllP13)  than control infants (66,89,100). Studies with
artificial&  produced surf~ant,  on *he other  hand, have shown essentially no benefit to respiratory func-
tion (76,183). ‘

Lqe+cale,  multi-center trials are being uncktaken  h Ihwope,  Jq=, and the United  states to COn-
tinue to test surfactant  experimentally. It is possibl~  that surfactant  therapy could become generally avail-
able for preterm  babies within 2 to 5 years (10,143).

clinics around the country, 43 percent of venti-
lated patients were found to have permanent
tracheotomies (35). This difference may repre-
sent an increasing willingness over time to treat
end-stage muscular dystrophy patients aggressively,

The 1985 clinic survey also revealed that 24 per-
cent of the responding physicians did not provide
respiratory support systems to individuals with
degenerative neuromuscular disorders, while 33
percent prescribed such supports routinely and the
remaining 42 percent provided them only under
specialized circumstances (35). The researchers
found no standard patient-selection processes or
established protocols for respirator use. If all phy-
sicians applied the same criteria for ventilator

support as those physicians who prescribe this
treatment routinely, the number of people with
end-stage muscular dystrophy using mechanical
ventilation could triple.

Other differences in medical practice and social
attitudes may also be reflected in rates of tech-
nology dependence. Some centers now treat new-
borns weighing less than 500 g (1.1 lbs) aggres-
sively, although these babies are highly unlikely
to survive (74). The promulgation of “Baby Doe”
regulations and accompanying social attitudes has
probably had at least some marginal influence on
physicians’ decisions to treat severely premature
or disabled infants aggressively in the United
States (14.5). It is likely that the trend toward ag-
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gressive treatment of very small newborn babies
will continue, at least in the short term.

Whatever the reasons, differences among med-
ical centers and geographic areas do exist. As has
been noted by one clinician, “There are some
centers that just don’t seem to have children that
require home ventilation” (91 ). Whether this dif-
ference is due to more aggressive attempts to wean
ventilated children in those centers, or other fac-
tors that result in fewer infants who both survive
and require long-term ventilation, is unclear.

Finally, improved access to funding for non-
hospital long-term care, particularly home care,
could result in more technology-dependent chil-
dren and their more visible participation in soci-

CONCLUSIONS

Defining the population of technology-depen-
dent children is a necessary first step for both
enumerating the population and providing health
care benefits directed at this population. That ar-
riving at such a definition is not easy is clear from
the fact that, after 5 years of public debate about
the issue, no satisfactory definition exists. From
a clinical perspective, the crucial distinguishing
characteristic of these children is that they require
special equipment and an intense level of medi-
cal services that are beyond the normal capabil-
ities of untrained families. From an insurance pro-
gram perspective, the crucial characteristic of
these children is that it may be possible to care
for them more appropriately and less expensively
at home if the funding and services are made avail-
able. Although the two populations described by
each of these characteristics overlap considerably,
in that both require some form of hospital care
if services in other settings are unavailable or un-
affordable, they are not identical.

OTA’s estimates of the size of the medically sta-
ble, technology-dependent child population at any
one point in time, based on available sources of
data for four alternative groups, are as follows:

1. Approximately 680 to 2,000 children per
year in the United States are substantially or
completely dependent on mechanical venti-
lation.

ety. It is possible that providing opportunities for
children to be in home or home-like settings, com-
bined with enhanced funding for long-term care,
eliminates some of the social, financial, and med-
ical disincentives to initiate and maintain long-
term technology dependence. The three States
with the highest identified prevalence of venti-
lator-dependent children all have aggressive home
care programs to serve such children; North Caro-
lina, a State with few ventilator-dependent chil-
dren, does not. More families may consider it
worthwhile to maintain the life of a terminally
ill child as long as possible if they can afford to
take the child home, and more physicians may
consider it appropriate medical care to prescribe
long-term ventilation for children.

2.

3.

4.

Approximately 600 to 9,000 children require
intravenous therapy each year, including 350
to 700 children dependent on intravenous
nutrition.
Approximately 1,000 to 6,000 children are
dependent on some other kind of device-based
respiratory or nutritional support, such as
suctioning, tracheotomy care, oxygen, or
tube feeding. The cumulative number of chil-
dren in the above three groups is between
approximately 2,300 and 17,000 technology-
dependent children per year.
Expanding the definition of technology-de-
pendent children to include children requir-
ing apnea monitors and kidney dialysis would
increase the size of the technology-dependent
child population to between approximately
11,000 and 68,000 children per year. Add-
ing children requiring urinary catheterization
and colostomy/ileostomy care to this pop-
ulation could raise the upper bound of this
estimate to as high as 100,000 children.

There is no evidence of overall increase in the
incidence of most severe chronic disabling con-
ditions. However, the number of technology-depen-
dent children appears to have been increasing over
the past ten years, due primarily to increased sur-
vival of very-low-birthweight infants, who have
a high incidence of chronic lung disease, and in-
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creased survival of children with certain inherited
and congenital chronic disorders, particularly cys-
tic fibrosis, muscular dystrophy, and congenital
anomalies. AIDS is also increasing the technology-
dependent population. This trend is likely to con-
tinue for several years. In the long run, it is not
clear whether the trend will continue, level off,
or represent a “bump, “ analogous to the polio and
rubella epidemics that produced many severely
disabled children earlier this century.

Factors that may increase the size of the popu-
lation include:

●

●

●

●

●

●

wider acceptance of medical practices such
as aggressive treatment of individuals with
end-stage disease, severe trauma, and severe
newborn disabilities; and less aggressive at-
tempts to wean ventilated children;
consequent increased survival of children
with conditions that would be fatal if not ag-
gressively treated, and are highly likely to
result in technology dependence if they are
treated;
new severe chronic diseases, such as AIDS;
lessened acceptance of abortion;
sufficient financing to encourage aggressive
medical practices;
technologies that improve survival outcomes
for burn patients or transplant patients, but
at the cost of extended recuperative care; and

● increases in the apparent size of the existing
population due to new opportunities to ob-
tain funding for home care.

Factors that may decrease the size of the popula-
tion

●

●

●

●

It

include:

improved prenatal
chronic disease;
technologies that
dent prevention),

diagnostic tests for severe,

can prevent trauma (acci-
premature births (prena-

tal care), and specific neonatal disorders;
technologies that can lessen the intensity or
duration of technology dependence, such as
oral insulin or transplants to correct diabetes;
and
increased acceptance of palliative care for fa-
tal disorders.

is likely that the expansion of current medi-
cal practices tending to increase the size of the
technology-dependent population will continue in
the short run, perhaps for a decade or longer.
Thus, the population size estimates given in this
chapter will probably be lower than the actual
population size within a short time. In the longer
term, opposing factors—most significantly, tech-
nologies to prevent premature birth or its compli-
cations—may eventually lead to stabilization or
even a decrease in the technology-dependent pop-
ulation.


