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Newborn dried bloodspot screening: mapping the
clinical and public health components and activities

Alan R. Hinman, MD, MPH', Marie Y. Mann, MD, MPH, and Rani H. Singh, PhD, RD’

Purpose: To define components and activities of the entire Newborn
Dried Bloodspot Screening process, highlighting long-term follow-up—
both clinical and public health—as a basis for defining requirements for
information systems to support the process. Methods: Convene a
workgroup of experts involved in various aspects of Newborn Dried
Bloodspot Screening and conduct an analysis of the components and
activities involved, applying Business Process Analysis, part of a col-
laborative requirements definition process conceived by the Public
Health Informatics Institute. Results: The Newborn Dried Bloodspot
Screening workgroup identified four primary business processes:
screening, confirmatory/diagnostic testing, transition to long-term fol-
low-up, and intervention management (long-term follow-up). Long-
term follow-up includes care coordination/ongoing treatment, continu-
ous quality improvement, knowledge generation, and knowledge
management and dissemination. In addition, the Newborn Dried Blood-
spot Screening workgroup identified public health care coordination as
anew and important role to assure successful long-term follow-up. This
role is defined in some detail. Conclusion: Successful newborn screen-
ing systems rely on effective partnerships to ensure that there is appro-
priate screening, diagnosis, and follow-up. Coordinating care across
multiple settings and service providers, ensuring continuity of care over
time, and generating new knowledge about heritable disorders requires
information systems that can fully support the process. Developing such
information systems requires a clear understanding of the Newborn
Dried Bloodspot Screening process and documentation of the roles and
responsibilities for all involved. Business process analysis can be ap-
plied to Newborn Dried Bloodspot Screening and other child health
programs to help achieve that outcome. Genet Med 2009:11(6):
418-424.
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In the early 1960s, Guthrie! showed that it was feasible to test
a newborn for phenylketonuria using a heel stick blood sam-
ple collected on a filter paper. The dried bloodspot approach
was widely adopted, and now all states require that newborns be
tested for phenylketonuria. Subsequently, it was shown that it is
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feasible to screen for many other congenital and heritable con-
ditions using a dried bloodspot. Improvements in science and
technology have generated even more sensitive testing mecha-
nisms, such as tandem mass spectrometry. This has made it
possible to screen for an expanded number of conditions.?
Acknowledging advanced screening technology and increasing
genetic knowledge, the Department of Health and Human Ser-
vices Secretary’s Advisory Committee on Heritable Disorders
in Newborns and Children (ACHDNC) recommended in 2005
that newborns be screened for a core set of 29 conditions. With
the exception of audiologic assessment in newborn hearing
screening, screening for the core conditions is accomplished by
using a dried bloodspot as the means of specimen collection.
Newborn Dried Bloodspot Screening (NDBS) is the process of
collecting a heel stick blood sample onto a filter paper collection
device, analyzing the specimen using approved laboratory meth-
ods, and reporting results to health care providers and families. The
NDBS program is established throughout the United States to
identify infants who are at high risk of particular congenital and
hereditary conditions and who likely would benefit from early
diagnosis and treatment. As an accepted public health activity,
newborn screening programs in state public health agencies oper-
ate under policies determined at the state level. Of course, obtain-
ing a dried bloodspot is merely the first step in a complex and
long-term process that includes education, laboratory testing, di-
agnosis, treatment/management, and evaluation.?> Both the clinical
care and public health systems play vital roles in nearly every
aspect of the process—both individually and working together.
Each has responsibilities regarding testing, evaluation, and follow-
up. Smooth functioning of the NDBS system requires extended
collaboration and communication among all groups involved in the
care and management of a child throughout his or her lifespan.
In the United States, NDBS programs reside in state health
departments, where public health officials generally are respon-
sible for development, implementation, and oversight of new-
born screening policies and procedures. For the most part,
NDBS programs have followed infants from screening through
diagnosis and initiation of therapy (short-term follow-up
[STFU]). They rarely have followed children through treatment
and transition to adulthood (long-term follow-up [LTFU]).#
Recently, ACHDNC issued a statement defining LTFU, its key
features, and its major components.® The principal goal of
LTFU is to, “assure the best possible outcome for individuals
with disorders identified through newborn screening.” LTFU
was defined as comprising assurance and provision of quality
chronic disease management, condition-specific treatment, and
age-appropriate preventive care throughout the individual’s
lifespan. The four components were defined as follows: care
coordination through a medical home, evidence-based treat-
ment, continuous quality improvement, and new knowledge
discovery. The ACHDNC definition of LTFU provided the
opportunity to document the scope of the NDBS process, from
STFU through LTFU. This documentation could pave the way
for states as they develop their LTFU programs, a task that has
acquired even more importance with the passage of the “New-
born Screening Saves Lives Act of 2007 (PL 110-204).” This
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act requires that, to receive funding authorized under the act,
grantees are, “. .. to adopt and implement the guidelines and
recommendations of the Advisory Committee that are adopted
by the Secretary. . .”¢

Most states have individual protocols for the acquisition and
analysis of dried bloodspot specimens, dissemination of screening
results, and the mechanism of data input and information ex-
change. This does not allow for the easy flow and exchange of
critical information between the public and private sectors within
the newborn screening system. This type of linkage is essential,
particularly if LTFU is to be achieved. Therefore, current public
health practice and research focuses on developing the seamless
integration of clinical and public health information systems in
newborn screening to increase the likelihood that every newborn
receives the appropriate and requisite services.

Currently, newborn screening programs have developed in-
formation systems that support their programmatic efforts to
ensure that all children are screened and followed up appropri-
ately. These information systems typically do not include in-
formation about LTFU. At the same time, state, federal, and
health industry initiatives are guiding the evolution of single-
purpose information systems into interoperable interfaces that
bring disparate records within technological reach at the point
of care. The ultimate goal of an integrated health information
system is to improve the quality of care. The purpose of our
project was to define the components and activities of the entire
NDBS process as a basis for defining the requirements of infor-
mation systems to support all aspects of the process, highlighting
LTFU and the role of both clinical and public health providers.

MATERIALS AND METHODS

The number of people/agencies involved in the NDBS pro-
cess makes it critical that information systems have the capacity
and capability of providing needed information to anyone in-
volved in the process. Identifying the requirements for infor-
mation systems that support these activities begins with an
analysis of WHO does WHAT with WHOM—the business
processes. Although this description seems quite straightfor-
ward, most newborn screening practitioners and health profes-
sionals do not identify with the term itself. A business process
has been defined as “a collection of activities that takes one or
more kinds of input and creates an output that is of value to the
customer.”” As a first step toward identifying the requirements
for information systems to support NDBS activities, the Public
Health Informatics Institute conducted a Business Process Analysis
(BPA) of the NDBS process. The institute defines business process
analysis as “the effort to understand an organization and its purpose
while identifying the activities, participants, and information flows
that enable the organization to do its work. The output of the
business process analysis phase is a model of the business pro-
cesses consisting of a set of diagrams and textual descriptions to be
used for design or redesign of business processes.”®

To conduct the business process analysis, the Institute con-
vened a workgroup of experts involved in various aspects of
newborn screening, including clinicians, screening and diagnos-
tics laboratorians, and health department representatives. The
NDBS workgroup used the Institute’s Collaborative Require-
ments Development Methodology to define the workflow for
the NDBS process and to identify the individuals involved with
guiding infants and families through the screening process—
both STFU and LTFU. Members of the NDBS workgroup are
listed at the end of this article.

The NDBS workgroup had two face-to-face meetings to
facilitate rigorous and focused discussion regarding the scope of
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the NDBS program, describe the series of screening and testing
events in detail, and use the Institute’s methodology to define
the business process matrices, context diagrams, and task flows
for each event. The NDBS workgroup also participated in a
series of telephonic/electronic discussions and review of docu-
ments as the iterative consensus process went forward. A small
external group (including primary care providers [PCPs]) re-
viewed and commented on the documents before finalization.

Tools involved in the analysis were an overall conceptual
diagram, business process matrices, context diagrams, and task
flows. The overall conceptual diagram (Fig. 1) lays out the
scope of the NDBS system. It indicates the general categories of
the steps and the direction of the workflow involved in the
NDBS process. Also shown are the tools involved in LTFU that
include continuous quality improvement and knowledge man-
agement. Business process matrices identify the goals, objec-
tives, business rules, triggers, task sets, inputs, outputs, and
(measurable) outcomes for each business process. Figure 2
shows the general format of a business process matrix. Context
diagrams are used to illustrate the participants and the flow of
information within the work environment. Context diagrams
consist of two graphical elements: circles and arrows. The
circles represent entities (a person or group of persons who
perform one or more tasks involved in the process depicted).
Arrows represent transactions that involve the exchange of
information among entities. Figure 3 shows the context diagram
for care coordination/ongoing treatment during intervention
management (LTFU). Task flow diagrams capture the basic
temporal flow of tasks and the individual or groups responsible
for each task. Figure 4 depicts the task flow diagram for care
coordination/ongoing treatment during intervention manage-
ment (LTFU). Graphical elements in a task flow diagram depict
inputs, processes, and results for each step that make up a task.
These elements are displayed across horizontal areas of the task
flow diagram referred to as swim lanes. The swim lanes repre-
sent the individual or groups (entities) involved in each task
(e.g., family, medical home). The graphical elements may re-
main in one swim lane, indicating that the task is confined to
that person or group, or may cross two or more swim lanes, in
which case the task that these elements depict can be carried out
by any of the entities displayed in those swim lanes.

RESULTS

The NDBS workgroup identified four primary business pro-
cesses consistent with the NDBS components identified by
ACHDNC:

e Screening
e Acquire blood spot
e Routine second screen
e Requested repeat screen
e Screening testing
e Normal (in-range) results
e Abnormal (out-of-range) results
e STFU
o Confirmatory/diagnostic testing
e Transition to LTFU
e Intervention management (LTFU)
e Care coordination/ongoing treatment
e Continuous quality improvement
e Knowledge generation
o Knowledge management and dissemination

Figures 2—4 show the business process matrix, context dia-
gram, and task flowchart associated with care coordination/
ongoing treatment during LTFU. The process is initiated based
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Fig. 1. Conceptual diagram, scope of NDBS program.

on the transition from STFU. As the process gets underway, the
clinical team, including the PCP and specialist are involved with
coordinating activities related to and ensuring effective com-
munication among all entities involved in LTFU (Fig. 3). Ac-
tivities include knowledge generation, and the entities are as
follows: the family, the medical home, the laboratory, hos-
pital, ancillary services, and the Public Health Care Coordi-
nator (PHCC).

As shown in Figure 4, the clinical team reviews/updates the
management plan, performs tests and monitors the patient,
makes decisions about laboratory testing, hospitalization, and
ancillary services, and interacts with the PHCC. The PHCC
compiles information from several patients. Both the clinical
team and the PHCC are involved in knowledge generation.

Business process matrices, context diagrams, and task flow
diagrams were constructed for each of the business processes.
Workgroup members felt that the process used helped them
articulate the activities and information exchanges that would
be required to carry out the ACHDNC-identified NBDS system
components. A more complete report showing all the charts is
available at www.phii.org/NDBS_BPA.

DISCUSSION

The NDBS workgroup used BPA to describe the core com-
ponents and activities within the NDBS system. Defining these
core activities is the initial step in defining requirements for
information systems that can support the effective exchange of
information among all the stakeholders involved in the overall
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NDBS process, both within a state and among states. This
analysis also contributes to the development of future informa-
tion systems that will conform to National Health Information
Network interoperability standards. The draft report of the
NDBS workgroup has been shared with the work group that
developed the detailed newborn screening use case for the
American Health Information Community.®

Applied within the context of the NDBS system, BPA depicts
the practical realities of screening by describing the responsi-
bilities of all involved entities as well as the necessary workflow
essential to the smooth and comprehensive exchange of infor-
mation that can lead to a better standard of care. The NDBS
workgroup sought to clarify the roles and activities conducted
by public health programs, families, clinicians, ancillary ser-
vices, and others. The NDBS workgroup believes that the activities
described can lead to improved communication and better in-
tegration of information systems, which will in turn support
comprehensive, continuous, culturally effective, and family-
centered care that includes public health involvement coordi-
nated through a medical home.

The NDBS workgroup recognized the importance of clearly
outlining the steps and individuals involved with ensuring that
a child is screened, appropriately diagnosed, and managed in the
newborn screening system throughout his or her lifetime. Al-
though the process was initially unfamiliar to NDBS workgroup
members, they quickly grasped the potential utility to this
approach and participated enthusiastically. The NDBS pro-
cesses and activities leading up to the transition to LTFU were
quite familiar to participants, and this is reflected in the greater
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Fig. 2. Business process matrix.

detail associated with the initial series of activities. These pro-
cesses describe what is currently being done and reflect “best
practices” (or, at least, “pretty darn good practices”).

In accordance with the ACHDNC definition of LTFU, the
NDBS workgroup identified the roles of the clinical care and
PHCCs as key members of the LTFU and management of an
identified child throughout his or her lifespan. Although clinical
care coordination (CCC) within the medical home is generally
understood, the existence and activities of the PHCC present a
new definition of the role of organized public health in long-
term management.

A major task of the NDBS workgroup was to build on the
emerging concept of LTFU for newborn screening by describ-
ing the care coordination functions and the process of LTFU.
Because the ACHDNC definition of LTFU is quite recent and
because few health departments have previously played a sig-
nificant role in LTFU, there is less experience with the
ACHDNC-defined components of LTFU. In consequence, de-
scriptions of the business processes associated with LTFU re-
flect what NDBS workgroup members thought ought to be done
and therefore these might be viewed more as “aspirational
practices.” In particular, the definition and functions of a PHCC
reflect members’ views as to how the ACHDNC-defined com-
ponents could most effectively be carried out. The notion of
CCC is generally understood, but is variably practiced. The
notion and role of a PHCC is not generally understood. There
remain many unanswered questions about PHCC, such as the
organizational location, source of financing, and potential legal
issues. These need to be addressed for this important new
function to be carried out.

The NDBS workgroup recognized that LTFU may be some-
what different for different conditions identified through NDBS.
However, they felt that the activities/roles described present a
generic approach that could readily be modified as appropriate.

Care coordination is defined as “a process that links children
and youth with special health care needs and their families with
appropriate services and resources in a coordinated effort to achieve
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good health.”1® The CCC is responsible for ensuring that the
affected child receives the range of appropriate services from
the point of diagnosis into adulthood. As the services are pro-
vided, the CCC will evaluate the family to ensure that all needs
are met, update the management plan, and provide reports to
providers and relevant entities. The CCC also provides updates
to the PCP, specialist, and ancillary services (this, in addition to
traditional social services, may include support groups, such as
those for sickle cell disease). The challenges of health care
transition for adolescents with chronic conditions are well doc-
umented.!! According to the Society for Adolescent Medicine,
“health care transition is most successful when there is a des-
ignated professional who, together with the patient and family,
takes responsibility for the process.”!?

As proposed by the NDBS workgroup, the PHCC provides
oversight of LTFU by monitoring the child and family’s needs
and assisting in addressing service gaps. This includes request-
ing needed services from members of the medical home and
ancillary services. In describing the functions of the PHCC, the
NDBS workgroup acknowledged the need for an active public
health presence in fulfilling the coordination and provision of
care. Overall, the PHCC assesses the completeness of care and
provides assurance of the delivery of care. As the monitor of
LTFU, the various activities of the PHCC as described by the
NDBS workgroup are to:

e Ensure that periodic testing takes place (blood measure-
ments, biomarkers, laboratory assessments)

e Assess whether the child is adhering to needed services

e Monitor and document the provision and coordination of
services

e Coordinate information about the child and share relevant
information with those entities that need the information,
including the medical home, ancillary, and community
services

e Assess health outcomes (including school developmental/
psychological assessments)
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Fig. 3. Context diagram, care coordination/ongoing treatment during LTFU.

e Facilitate medical homes’ timely access to test results and Having carried out the BPA, the next steps are to consider
relevant public health information whether any redesign of the business process is warranted
e Report outcomes to clinicians, research entities, health and to collaboratively develop the requirements for informa-
plans, and community groups tion systems to support the NDBS system. This work is
e Participate in program and policy developments proceeding with support from the Southeastern Regional
Genetics Group and the Health Resources and Services Ad-

The PHCC opens a case once notified of a child’s abnor- ministration, Maternal and Child Health Bureau.

mal result. The CCC and PHCC work closely together to
monitor the care that the child receives. The CCC is actively
involved in the patient’s management on an ongoing, day-

to-day basis, whereas the PHCC has a broad range of respon- SUMMARY AND CONCLUSIONS
sibilities.

The PHCC regularly interfaces with the CCC to gather Successful newborn screening systems rely on effective
information about the clinical services provided to the child partnerships among the family, clinical care providers, com-
as a means of program evaluation. The PHCC may also munity-based systems of services, and public health pro-
periodically interface with the family and assess the quality grams to ensure that there is appropriate screening, follow-
of the care that the child receives. This evaluation could take up, and timely sharing of screening results with the medical
the form of a patient survey, the results of which are reported home for appropriate management and LTFU. Coordinating
to the public health department. The PHCC uses information care across multiple settings and service providers, ensuring
from the CCC, medical home, and family to update the continuity of care over time, and generating new knowledge
child’s management plan from the public health perspective, about heritable disorders requires information systems that
i.e., laboratory and ancillary services. can fully support the process. Developing such information

Both the clinical care and PHCCs are in place to provide systems requires a clear understanding of the NDBS system
continuity of care to the affected child and his/her family, and documentation of the roles and responsibilities for all
and to ensure the consistent exchange of information among involved. By employing Business Process Analysis, we hope
the medical home, public health entities, and ancillary ser- to have achieved that outcome. A significant result of this
vices. The ultimate goal of the care coordinators is to ensure analysis was recognition of the importance of public health
the best possible outcome for the child. care coordination and CCC during LTFU.
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Fig. 4. Task flow diagram, care coordination/ongoing treatment during LTFU.
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