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Abstract

Objective: The problems with access to care and the special needs for educational outreach for disadvantage or

vulnerable populations of patients require innovation. This paper describes Baby CareLink use of information

technology to support communication, consultation, and collaboration among colleagues as well as with patients, their

families, and community resources. Methods: In response to the educational, emotional and communication needs of

parents of premature infants and the clinicians who care for the infants and support the families, we developed Baby

CareLink, a secure collaborative environment. Baby CareLink provides a nurturing environment where parents, even

though remote from the Neonatal Intensive Care Unit, can actively participate in decisions surrounding their baby’s

care. Results: In a southeastern hospital serving a mostly Medicaid population in a rural setting, more than 300 parents

have used Baby CareLink more than 11 000 times during the past year. Despite the common wisdom that Medicaid

families do not have access to the Internet, approximately 85% of the parents access Baby CareLink from home, at

work, from the library or other public access point. The median use of Baby CareLinks from outside the hospital by

parents is 17 separate sessions. In a city hospital in the midwestern US which exclusively serves a Medicaid population,

experience has been equally encouraging. More than 70 parents have initiated more than 600 secure sessions with Baby

CareLink. In contrast to the rural hospital, only 35% of sessions have been initiated outside the hospital. Discussion:

Experience with Baby CareLink suggests that families from all walks of life will use and benefit from collaborative tools

that keep them informed and involved in the care of their children. The most significant barrier to wider deployment is

bandwidth limitations into the homes of most families. The care of premature infants is a great example of an area

where medical knowledge and ability has grown dramatically, and where information and communication technology

holds enormous potential.
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1. Introduction

The past three decades have seen revolu-
tionary changes in healthcare but only evolu-
tionary changes in healthcare information
systems. This must change if we are to realize
the full potential of collaborative care and
shared decision-making. Providers, patients
and their families, and even payers must
leverage the power of information technology
to improve clinical care as well as satisfaction
with that care, and to reduce costs. Counter-
intuitively, perhaps the greatest potential
benefit from increased use of information
technology in healthcare would be realized
by underserved and disadvantaged popula-
tions, who are not as disenfranchised by the
‘digital divide’ as is commonly thought [1].

The explosion of scientific knowledge in
healthcare during the past three decades has
been staggering, particularly concerning the
basic understanding of pathophsyiological
processes at the genomic and proteomic level.
This new knowledge has led to the subsequent
development of therapeutics and biologicals
to alter these processes. The application of
micro-technology to modern healthcare has
been nothing less than a miracle of modern
medicine.

The progress with health information sys-
tems during the past three decades has been
less impressive. While there has been a tech-
nological revolution in our societies thanks to
the personal computer, wireless communica-
tion, increasing bandwidth, fast and cheap
storage media, and the World Wide Web, the
widespread adoption of information and com-
munication technologies in healthcare is oc-
curring more slowly.

Much has been written about why the
diffusion of information technology has been
slower in healthcare than in other industries
and previous working conferences on hospital
and health information systems have docu-

mented many barriers. While it is true that
healthcare is not banking, insurance, or man-
ufacturing, we do have something to learn
from the marketplace.

Much of the immediate success of informa-
tion technology in the financial sector has
been due to its ability to replace repetitive
tasks. As a result we all experience a different
level of customer service not only at the ATM
but in many routine interactions with busi-
ness. In a recent article in Information Week

25 companies were highlighted as ‘innovators
in collaboration’ [2]. Only 1 of these compa-
nies was involved in healthcare.

The article suggests that: ‘The next stage of
collaborative business (for healthcare) is
where cooperation among customers (indivi-
duals, families, and communities), suppliers
(pharmaceutical, device manufacturers and
medical supply companies), partners (national
health systems, insurance companies and
payers), and colleagues (physicians, nurses,
other care providers, and support personnel)
lets companies (health systems) do business in
different and better ways.’ Since effective
healthcare requires communication, consulta-
tion, and collaboration among colleagues as
well as with patients, their families, and
community resources, should not healthcare
information systems facilitate these basic
tasks?

2. NICU stresses family, inhibits
communication

The care of premature infants is a great
example of an area where medical knowledge
and ability has grown dramatically, and where
information and communication technology
holds enormous potential [3,4]. Medical suc-
cess [5] has increased the challenge for families
[6].
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Incubators for premature infants were de-
veloped in the 1930s and supported a con-
trolled environment for the infant. For the
most part, the prematurity of the lung was the
limiting factor to survivability of the infant.
Even modern ventilators with small rapid tital
volumes had problems expanding the small air
exchanging units in the lung called aveolae
until the 1970s when surfactant was intro-
duced. Surfactant is a naturally occurring
substance produced by the lung to decrease
the surface tension in these small air sacks.
Only mature babies produce this substance.

Concomitant with the introduction of im-
proved ventilation was a dramatic improve-
ment in fertility technologies. Pharmaceuticals
were developed to help stimulate ovulation
and support tenuous pregnancies. Women
were also able to receive already fertilized
eggs to overcome biological barriers to con-
ception. The result of these advances has been
that pre-term birth rate has increased 9% since
1990 and 23% since 1981 [7].

The smaller infants lack the ability to
control their body temperature, breast or
bottle feed, or sometimes breath without
machine support. These infants require the
support of highly specialized doctors and
nurses and the Neonatal Intensive Care Unit
(NICU). Today children smaller than 500 g
(approx 1 lbs) are cared for in the NICU and
have excellent prospects of growing up to be
normal adults [5].

NICU is truly a miracle of modern medi-
cine, but it comes at a cost, both a dollar cost
and an emotional cost for families who
experience prolonged and unexpected critical
care needed for their children. In the US the
monetary costs of NICU and care for the first
year of life of these infants exceeds 1% of the
annual healthcare expenditure [8].

The emotional costs, while hard to quan-
tify, are profound as well. Parents hope for
and expect to bring home a healthy baby.

Many parents in their teens, twenties, thirties
and even forties have had little previous
contact with the health system, much less
with the type of high-tech medicine they
encounter in the NICU. A variety of emotions
frequently overwhelms the new parent of a
premature infant in the NICU, the central
concern, of course, being whether the child
will live or die. Parents often describe the
experience as an ‘emotional rollercoaster.’

In addition families are faced with logistical
issues as well. If there are other young
children at home, who will care for them
when the parents want to be in the NICU with
their baby? If a parent has maternity or
paternity leave from work, do they use this
time while their baby is in the NICU or
several months later when the child can
come home?

During the prolonged hospitalization par-
ents must assimilate a large body of knowl-
edge relevant to their baby’s care. This
includes not only information about routine
baby care, but also the special needs of their
high-risk infant. Their learning is often im-
peded by fear and anxiety and they become
overwhelmed with information and advice
from multiple sources.

A study by Brazy showed that during the
first week of their baby’s life, more than half
of parents spend at least 20 h seeking infor-
mation [6]. Even after 4 weeks of hospitaliza-
tion, more than one-third of parents perform
the equivalent of a half-time job seeking
information about and for their child. In
addition, and perhaps more alarming to
parents, the need for information and pro-
blems with its access do not end when the
baby goes home. Skills and knowledge gained
at one point may be lost or forgotten in the
whirlwind that can exist during the early days
following discharge. Almost 40% of babies
discharged from the NICU return within 30
days to an emergency room, and half these
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visits are generally recognized as medically
unnecessary.

3. Communication technology linked to higher
family satisfaction

In response to the educational, emotional
and communication needs of parents of pre-
mature infants and the clinicians who care for
the infants and support the families, we
developed Baby CareLink, a secure collabora-
tive environment. Baby CareLink was origin-
ally funded by the National Library of
Medicine [9] and is now commercially sup-
ported be Clinician Support Technology
(Newton, MA).

Baby CareLink provides a nurturing envir-
onment where parents, even though remote
from the NICU, can actively participate in
decisions surrounding their baby’s care. The
improved communication and customized
education gives parents more confidence
about overall care of the premature infant.
As communication between parents and clin-
icians improves, quality of care also improves
dramatically.

With Baby CareLink, parents monitor their
babies from home, schedule visits and find
medical information about their child’s con-
dition. From home, parents monitor their
babies at any time, and check on the latest
available information updates via Daily Re-
ports, Doctor’s Notes and a Baby Growth
Chart. Perhaps more important, from the
privacy of home at any time of day or night,
a parent can research some 700 newborn-
related subject areas stored in a massive
database containing clinical content and re-
sources such as baby care and safety reference
material.

Early every morning, parents log onto Baby
CareLink to see an updated daily clinical
report. Often they will find a message from

the night shift nurse. Sometimes, the nurse
suggests a topic for parents to review like
‘giving your child a bath.’ With the click of a
mouse, the parent is directed to a topic related
to their child’s care. At the very least, every
morning a new digital picture may be posted
on the secure website dedicated to each child.

Baby CareLink also provides information
to expedite and streamline the hospital dis-
charge process. By the end of 2 months
parents are more comfortable, confident and
competent to take their small children home
knowing that they are still connected to the
NICU doctors and nurses. Baby CareLink
helps parents through a time of crisis and
provides continued support throughout the
first year of life.

The results of a randomized study of Baby
CareLink showed a 75% reduction in reports
of quality-of-care problems. The number of
respondents answering positively to the ques-
tion, ‘Was there a problem with your child’s
care?’ was cut from 13 to 3% for respondents
using Baby CareLink. Moreover, parents
reported better communication, higher levels
of satisfaction with care and tended to take
their children home earlier.

This study, with only 58 families, suggests
an unmet need with substantial clinical bene-
fits if such collaborative technology could be
widely deployed. The results suggest that
families in crisis would embrace Internet-
based tools and services regardless of their
prior use of computers or the Internet, their
socio-economic status, or their educational
level, providing they can read English.

4. Bridging the digital divide

Many believe that families who live on the
far side of the so-called ‘digital divide’ have
other pressing health and social problems that
need to be addressed before providing them
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with Internet access and tools. In fact, physi-
cians and politicians have reportedly sug-
gested that families should be given taxi
vouchers instead of Internet tools if access to
healthcare and information is the problem.
They have also suggested that parents should
be provided brochures and books on the
subject because they are free or relatively
low cost.

These views reinforce stereotypes and
ignore the fact that traditional approaches to
healthcare for disadvantaged populations
contributes to the ‘healthcare divide’ in our
country. Morbidity and mortality rates for
infants and children of Hispanic and African
Americans is significantly higher than for
white American’s and this gap is growing
[7,10]. The problems with access to care and
the special needs for educational outreach
require innovation. Recent data from the
Pew Internet and American Life Project
suggest that access to the Internet by Hispanic
Americans increased 19% in the past year;
faster than any other population segment
(http://www.pewinternet.org).

Experience shows, however, that the most
significant barrier to wider deployment is
bandwidth limitations into the homes of
most families. During the first 2 years of
operation of Baby CareLink, getting broad-
band into the home required two-business-
weeks to install and was not possible in some
locations [9]. Commercial support for Baby
CareLink required adapting the technology to
available bandwidth. Moreover, about 40% of
families of low birthweight infants live in
inner cities and/or are on Medicaid, the
federally funded and state administered health
payment system in the US. A second barrier
to wide deployment is that a large proportion
of this population speaks languages other
than English, such as Spanish.

With these known barriers in mind, Baby
CareLink was redesigned to support broad

populations of patients, including those who
are considered disadvantaged. Based upon the
work of Brennan [11], Gustafson [12] and
others, Baby CareLink’s content was re-writ-
ten to support multiple learning styles. To
accommodate low comprehension down to a
sixth grade reading level (functional literacy),
Baby CareLink offers multimedia presenta-
tion of content including streaming video,
animation, and voice-over reading of content.
The variety of presentation styles, simple
universal graphics, and a consistent frame-
work for navigation make Baby CareLink
usable by those parents and clinicians with no
prior Internet experience. A demonstration of
Baby CareLink’s functions and capabilities
can be accessed at http://www.babycarelink.-
com.

Baby CareLink has been deployed in a
variety of health settings on the east coast
and midwest of the US in both rural and
urban settings. Onsite access and onsite train-
ing are provided for families. Mothers and
fathers are given separate passwords and can
access Baby CareLink from outside the hos-
pital.

In a southeastern hospital serving a mostly
Medicaid population in a rural setting, more
than 300 parents have used Baby CareLink
more than 11 000 times during the past year.
Despite the common wisdom that Medicaid
families do not have access to the Internet,
approximately 85% of the parents access Baby
CareLink from home, at work, from the
library or other public access point. The
median use of Baby CareLink from outside
the hospital by parents is 17 separate sessions.
The nurses now use Baby CareLink as the
principal discharge planning tool for all
patients.

In a city hospital in the midwestern US
which exclusively serves a Medicaid popula-
tion, experience has been equally encouraging.
More than 70 parents have initiated more
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than 600 secure sessions with Baby CareLink.
In contrast to the rural hospital, only 35% of
sessions have been initiated outside the hospi-
tal. However, staff report more frequent and
longer duration visits by families, more in-
formed questions from families, and fewer
return visits of the children after they are
discharged.

Experience with Baby CareLink suggests
that families from all walks of life will use and
benefit from collaborative tools that keep
them informed and involved in the care of
their children. While all parents might benefit
from programs like Baby CareLink, parents
from populations that are considered vulner-
able have poorer health outcomes and conse-
quently have more to gain. While gains in
healthcare knowledge and medical technolo-
gies have improved health outcomes, the
effective use of information technology holds
the potential to further enhance care through
better collaboration and communication. Bet-
ter outcomes, lower costs, and higher patient
and provider satisfaction will be the likely
result.
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