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Executive Summary
Federal Recommendation
House Bill 714 (crossfile Senate Bill 786) (2011) charged the Maryland State Advisory Council
on Hereditary and Congenital Disorders (Advisory Council) with convening an expert panel to
study and develop recommendations on the implementation of critical congenital heart disease
(CCHD) screening of newborns in Maryland. This legislation further requires that if the
Secretary of Health and Human Services (HHS) issues federal recommendations on critical
congenital heart disease screening of newborns, the Department of Health and Mental Hygiene is
required to adopt the federal recommendations. On September 21, 2011, HHS Secretary
Kathleen Sebelius recommended that CCHD be added to the Recommended Uniform Screening
Panel (RUSP); the RUSP is a list of hereditary and congenital conditions that are nationally
recommended for inclusion in each state’s newborn screening program; Maryland’s recently
enacted legislation requires DHMH to adopt HHS’s recommendation to add screening for CCHD
to the RUSP. States typically implement the national RUSP recommendations as soon as
feasible even without legislation requiring them to adopt the recommendations.
Major Findings and Recommendations of Maryland’s Expert Panel
After careful consideration of the scientific literature, national activities, and Maryland hospital
resources, the following are the findings and recommendations of the Advisory Council’s expert
panel:
•
•

•

•

All newborn infants should receive pulse oximetry screening to detect CCHD prior to
discharge from the hospital.
When screening for CCHD in newborns, hospitals should follow the screening
protocols developed by the Secretary’s Advisory Committee on Hereditary and
Congenital Disorders in Newborns and Children and published in the December
2011 issue of the journal Pediatrics. These screening protocols have been endorsed by
the American Academy of Pediatrics, the American Heart Association, and the American
College of Cardiology.
Quality assurance that all infants are screened and that positive screening results are
evaluated appropriately should be the responsibility of the birthing hospital. The tracking
and follow-up of infants who are not screened prior to hospital discharge should also be
the hospital’s responsibility. The reason for this is because the entire process from
screening to testing and management of any identified concerns occur completely within
the hospital and must be carried out within two weeks of the infant’s birth in order to
prevent or reduce morbidity and mortality.
All birthing hospitals in Maryland have the resources to perform pulse oximetry
screening; however there is variability in the capacity of hospitals to do further evaluation
of infants who screen positive. Hospitals without pediatric cardiology continuously
available and without telemedicine capabilities would need to either establish a
telemedicine infrastructure, or implement protocols that include the transport of infants
who screen positive to a facility with pediatric cardiology services.
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•

•

•
•
•

Due to the variability in patient population, regional resources, and existing referral
patterns, each birthing hospital will need to develop its own procedures for the follow-up
and management of abnormal results that arise from pulse oximetry screening for CCHD
in newborns.
DHMH should collect surveillance data on infants screened in each hospital, as well as
the results of screening tests, to assist with quality assurance. The collection of data that
will allow for the evaluation of the effectiveness of CCHD screening in newborns is
strongly recommended.
Education should be provided to consumers, clinical staff performing the screening test,
and community pediatric healthcare providers using a variety of formats.
The Office of Healthcare Quality should require each hospital to provide a protocol for
newborn pulse oximetry testing and for the tracking and follow-up of infants who were
not screened prior to discharge.
The main costs to hospitals for implementing CCHD screening in newborns are costs
associated with hospital staff time to screen and track results and follow-up on missed
infants, education of parents and providers, staff training, the purchase and maintenance
of screening equipment (pulse oximeters and echocardiography ultrasound machines),
and verification and evaluation of a positive screen. Additionally, hospitals without
pediatric cardiology available seven days per week would need to invest in a
telemedicine infrastructure or else transport infants with a positive screen to a facility
with pediatric cardiology services. CCHD screening also has a fiscal impact on the State,
primarily for DHMH to conduct data surveillance and program evaluation, and to a lesser
extent for education and technical assistance relating to quality assurance.
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Introduction
House Bill 714 (crossfile Senate Bill 786) (2011) charged the Maryland State Advisory Council
on Hereditary and Congenital Disorders (Advisory Council) with convening an expert panel to
develop recommendations on the implementation of critical congenital heart disease (CCHD)
screening of newborns in Maryland. The recommendations are to be based upon findings made
after: (1) reviewing medical and public health studies and literature, and (2) examining the
impact of implementing mandatory CCHD screening, including an examination of costs,
insurance reimbursement, necessary medical equipment and staff training, screening protocols,
quality oversight, and risk of harm. The legislation further requires that if the Secretary of
Health and Human Services (HHS) issues federal recommendations on CCHD screening for
newborns, the Department of Health and Mental Hygiene (DHMH) shall adopt the federal
screening recommendations (see Appendix A for SB 786 (CF HB 714) (2011)).
The Advisory Council convened an expert panel comprised of neonatologists, pediatricians,
geneticists, pediatric cardiologists, and nurses to evaluate the use of newborn pulse oximetry
screening for CCHD. On September 21, 2011 which occurred during the expert panel’s study,
HHS Secretary Kathleen Sebelius recommended that CCHD be added to the Recommended
Uniform Screening Panel (RUSP); the RUSP is the national recommendation informing states of
the hereditary and congenital conditions that should be included in each state’s newborn
screening program. Therefore, DHMH is required to adopt HHS’s federal recommendation on
CCHD in newborns. Although the federal CCHD recommendations must be followed, the
Advisory Council’s expert panel proceeded with its CCHD study and implementation
recommendations.
The expert panel was divided into three subcommittees: Clinical/Feasibility, Education, and
Quality Assurance (see Appendix B for a list of Advisory Council and expert panel
subcommittee members). Each subcommittee met a minimum of three times via conference call,
and corresponded between calls through e-mail. The subcommittees then developed consensus
recommendations regarding their focus area, and reported to the Advisory Council. These three
reports were combined to produce this Legislative Report.
Overview of Critical Congenital Heart Disease
CCHD is a group of heart-related conditions present at birth that cause three percent of all infant
deaths in the first year of life. The seven defects targeted by CCHD screening are:
• Hypoplastic left heart syndrome
• Pulmonary atresia (with intact septum)
• Tetralogy of Fallot
• Total anomalous pulmonary venous return
• Transposition of the great arteries
• Tricuspid atresia
• Truncus arteriousus
While congenital heart disease affects nearly one percent of newborns, CCHD affects only one
quarter of those infants. CCHD requires intervention soon after birth to prevent significant
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morbidity or mortality. Some babies with CCHD can appear healthy at first and may be
discharged from the hospital before their heart defect is detected. Failing to detect CCHD in
early infancy may lead to cardiogenic shock or death. Later detection of CCHD in infants also
increases the risk of brain damage, resulting in neurologic injury and developmental delay.
In the United States, it is estimated that approximately one to two infants per 1,000 have CCHD,
and as many as one quarter of those infants may be missed by routine newborn care with proper
cardiac examination.1 This results in about 4,800 babies born with CCHD each year in the U.S.,
and an estimated 280 infants with undiagnosed CCHD being discharged from newborn nurseries
each year.
The prevalence of congenital heart disease in Maryland was intensively studied in the BaltimoreWashington Infant Study, which took place in the 1980s. One article published from this work
found that in the eight years from 1981 to 1989, there were 76 infants who died of undetected
CCHD.2 This translates to approximately nine to 10 infant deaths per year. A recent review of
Maryland’s HSCRC-Inpatient Discharge Dataset from 2010 (hospital discharge data) revealed
that the incidence of CCHD in Maryland births is similar to that found in other studies. In 2009,
the rate was two per 1,000 births, and in 2010 it was 2.3 per 1,000 births.
The diagnosis of CCHD is frequently made by prenatal ultrasound, by observation of signs in the
newborn, or by clinical exam. Infants with CCHD have heart disease that causes low oxygen
saturation in the blood or a difference in oxygen saturation between the upper and lower body.
Because there is a gradual transition in the newborn from fetal to infant circulation, affected
infants are sometimes able to compensate for their abnormal heart/blood vessel structure in the
first weeks of life and appear normal. These infants are at risk for significant morbidity or
mortality prior to detection and treatment since they lose their ability to compensate for structural
anomalies as their circulation matures.
Approximately 60 percent of cases of CCHD in newborns can be detected using pulse oximetry
screening, which is a simple, non-invasive, and painless test to determine the amount of oxygen
in the blood. Pulse oximetry screening is performed by a nurse or nurse extender, and involves
placing a small sensor on both the baby’s hand and foot to measure oxygen saturation of blood
hemoglobin. The typical screening protocol calls for a baby with an abnormal pulse oximetry
reading to be examined by a physician. If no other reason for low oxygen saturation is found, an
echocardiogram (an ultrasound of the heart) is done to check for CCHD. Infants diagnosed with
CCHD must then be seen by cardiologists and receive special care and treatment to reduce the
risk of death and rates of long-term disability.
Literature and Data Review
Major strengths of using pulse oximetry to detect CCHD are that it adds an additional safety net
for detecting CCHD in newborns, it is inexpensive, non-invasive, and all Maryland birthing
hospitals have and are trained in the use of pulse oximeters. However, pulse oximetry screening
identifies a little over 60 percent of infants with CCHD, a rate comparable to that of physical
examination alone. Using both methods combined, about 80 percent of infants with CCHD are
identified. This has led to the examination of the effectiveness of implementing pulse oximetry
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testing, given the questions surrounding the sensitivity (proportion of positives correctly
identified) and specificity (proportion of negatives correctly identified) of this tool to detect
CCHD in newborns.
Whether pulse oximetry is a reliable diagnostic tool to detect CCHD has been examined in the
scientific literature since the late 1990s. Until recently, however, these have been relatively
small studies with variability in the screening protocol and in how pulse oximetry was
performed. Variables included which extremities were used for testing, how long after birth the
test was performed, how many times testing was repeated if abnormal, and what cutoff scores
were used.
In 2007, a group in the United Kingdom conducted a meta-analysis of eight studies on the use of
pulse oximetry screening for CCHD in newborns.3 There were 35,960 infants screened across all
eight studies. Authors of this meta-analysis concluded that newborn pulse oximetry screening
has potential as a useful tool in detecting infants with CCHD, but that given the small number of
infants currently undetected, larger studies were needed to clarify the sensitivity of the test to
determine if screening should be universally recommended.
A joint statement of the American Heart Association (AHA) and the American Academy of
Pediatrics (AAP) was published in 2009.4 This statement acknowledged the need for larger
studies, stating that while pulse oximetry screening for the detection of CCHD in newborns
appears promising, “future studies in larger populations across a broad range of newborn
delivery systems are needed to determine whether this practice should become standard of care
in the routine assessment of the neonate.” The joint statement further indicated that pulse
oximetry in hospitals with pediatric cardiology services could be done at little cost and with little
risk of disruption to newborn care under most circumstances. However, the 2009 AHA/AAP
statement noted concerns that the costs and the stress to families with a positive screen would be
quite different in hospitals without pediatric cardiology services available. In addition, the joint
statement acknowledged that pulse oximetry screening still misses some infants with CCHD, that
hospitals need to assure the quality of their pulse oximetry testing, and that families need to be
informed that a negative screen does not rule out CCHD.
There have now been three large studies evaluating the effectiveness of CCHD screening in
newborns, all of which were conducted in Europe. All of the studies reviewed by the expert
panel in the course of their evaluation are included in the Reference section of this report.
However, only summary data and a more detailed review of the recent, larger studies are
included within the main body of this report.
The first was a large study conducted by Granelli et al. in Sweden, and involved over 38,000
newborns.5 This study does not comment on any diagnoses prenatally, and infants were screened
on the hand and foot at a median age of 38 hours. Of the 38,429 infants in their final analysis, 87
infants (0.2 percent) had a positive screen: 18 (or 20 percent of those with a positive screen) had
true CCHD; 31 (or 36 percent of those who screened positive) had another condition requiring
treatment; and 38 (or 44 percent of those who screened positive) were found to be normal. Of
the 38,269 infants who screened negative, 10 were ultimately found to have CCHD. One infant
out of 73 who had inconclusive screens was ultimately found to have CCHD. In summary, pulse
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oximetry screening identified 62 percent of the infants in this study who had CCHD, and 44
percent of those who had a positive screen did not have a condition requiring treatment. The
authors noted that pulse oximetry is a tool to be used in conjunction with the physical
examination, as each method of evaluation may identify infants that are missed by the other
method. Each method independently identified 62 percent of the infants with CCHD. When
used together, these methods identified 83 percent of the infants with CCHD.
Another large study was conducted in Germany by Riede, et al.6 In this study, 63 percent of
infants with CCHD were detected prenatally, and these were excluded from screening. Infants
were screened between 24 and 72 hours of life and only one extremity was tested – either the left
hand or a foot. Of the 41,445 infants screened, 54 (0.1 percent) were positive: 14 of these infants
(or 26 percent of those who tested positive) had CCHD; 13 (or 24 percent of those who tested
positive) had infections; and 27 (or 50 percent of those who tested positive) had no condition
requiring treatment. There were four infants who had a negative screen that were later found to
have CCHD.
The third large study was done in the United Kingdom and included 20,055 infants screened at
birth.7 Infants were still included in the study if they were suspected prenatally of having
CCHD. There were 192 infants who screened positive (one percent of infants). Eighteen of
these infants (nine percent of those who screened positive) had CCHD. Forty infants (21 percent
of those who screened positive) had other conditions requiring treatment, and 134 infants (or 70
percent of those who screened positive), required no intervention. One of the reasons for the
high number of positive screens was that the majority of infants were screened before 24 hours
of life, resulting in many more infants who were still transitioning to life outside the womb. It is
more common for such young infants to have mildly low oxygen saturations. Of the 4,953
infants screened at greater than 24 hours of life, there were 32 who screened positive (0.6 percent
of those screened), and only one infant had CCHD (three percent of those who screened
positive). There were also 11 false negative screens in this group, meaning that 11 infants (0.2
percent of those screened) passed the screening despite having CCHD. In the entire study, 63
percent of the infants who screened positive did not have a disorder requiring treatment, and 38
percent of those with CCHD were missed by pulse oximetry screening.
In summary, because each of these studies used different protocols, it is difficult to combine the
results of the studies to make overall predictions regarding the potential number of infants that
would be identified in a newborn screening program for CCHD. The study by Granelli et al.
uses the protocol most closely aligned with that recommended by the expert panel for
implementation in Maryland. Using this study’s results, approximately 0.2 percent of infants
would be expected to screen positive. Of these, 20 percent would have CCHD, while another 36
percent would have another diagnosis requiring treatment. Forty-four percent of babies who
screen positive would not have a diagnosis requiring any intervention, and would therefore be
false positives.
National Activities
In October 2010, the U.S. HHS Secretary’s Advisory Committee on Hereditary Disorders in
Newborns and Children (SACHDNC) recommended newborn pulse oximetry screening to
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promote early detection of CCHD in newborns. Secretary Sebelius responded saying that the
SACHDNC’s recommendations were not ready for adoption. The Secretary instead referred the
SACHDNC’s recommendations to the Interagency Coordinating Committee on Screening in
Newborns and Children (ICC) for additional review and input regarding implementation.
Specifically, the Secretary asked the ICC to review evidence gaps and propose an
implementation plan to address: identification of effective screening technologies, development
of diagnostic processes and protocols, education of providers and the public, and strengthening
service infrastructure needs for follow-up and surveillance. Consequently, the SACHDNC
convened a CCHD workgroup consisting of representatives chosen by the SACHDNC from the
AAP, the AHA, the American College of Cardiology (ACC), as well as physician and nurse
providers, public health professionals, and academicians to carry out these activities.
On September 21, 2011, after reviewing the ICC Plan of Action, Secretary Sebelius decided to
adopt the recommendation to add CCHD screening to the RUSP (see Appendix C). The
Secretary simultaneously cited the need for the following federal actions to take place in a timely
manner to facilitate state implementation of CCHD screening: (1) The National Institutes of
Health should fund research activities to determine the relationship between CCHD screening
and health outcomes of affected newborns; (2) The Centers for Disease Control and Prevention
(CDC) should fund surveillance activities to monitor the link between CCHD and infant
mortality and health outcomes; (3) Health Resources Services Administration (HRSA) should
guide the development of screening standards and infrastructure for a public health approach to
point of care screening for CCHD; and (4) HRSA should fund the development of CCHD
education and training materials for families and public health and health care professionals.
HRSA funding opportunities for demonstration projects were also recommended. The ICC Plan
of Action contains a caveat that the federal agencies will carry out these activities commensurate
with available resources.
The complete SACHDNC’s CCHD workgroup report, which Secretary Sebelius also considered
in arriving at her decision, was published in the journal Pediatrics in December 2011 (see
Appendix D for a copy the article entitled “Strategies for Implementing Screening for Critical
Congenital Heart Disease”).8 This article contains valuable guidance to states in implementing
CCHD screening. The expert panel recommends that Maryland hospitals review this article in
full for important guidance on CCHD protocols, including those involving screening technology,
screening criteria, and diagnostic strategies. The screening protocols outlined in this article were
recently endorsed by the AAP, AHA, and ACC.
Other States’ CCHD Legislation and Pilot Programs
Prior to the HHS recommendation to add CCHD to the RUSP, state level support was already
emerging for the use of pulse oximetry to screen for CCHD in newborns in the United States.
Beyond the CCHD legislation that was recently enacted in Maryland, there are currently two
other states with statutes mandating the use of pulse oximetry for CCHD screening of all
newborns – Indiana and New Jersey. The two CCHD state mandates require the following:
•

Indiana – Statute requires the Indiana State Department of Health to develop procedures
and protocols for CCHD testing and report to the Indiana Legislative Council on the costs
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•

of implementation and possible funding sources. Beginning on January 1, 2012, it is
required that every infant receive a pulse oximetry screening at the earliest possible time.
New Jersey – Statute requires licensed birthing facilities to perform pulse oximetry
screening for every newborn after they reach 24 hours of age. This law went into effect
on August 31, 2011.

CCHD Legislation has also been unsuccessfully introduced in a number of states in recent years:
2011
•
•
•
•

Missouri – House Bill 838 would expand newborn screening requirements to include
pulse oximetry before newborns can be discharged from birthing facilities.
New York – A-7941 would require all birthing facilities to perform pulse oximetry
screening on newborns a minimum of 24 hours after birth. This State’s fiscal note
indicates “no fiscal implications” of this legislation for the State.
Pennsylvania – SB 1202 would require each healthcare provider that performs birthing
and newborn care services to perform pulse oximetry screening on every newborn a
minimum of 24 hours after birth.
Tennessee – Senate Bill 65 and its crossfile, House Bill 373 would require the Genetic
Advisory Council to develop a screening program, and require hospitals and birthing
facilities to provide screening. Those born outside of hospitals must be referred to
appropriate screening facilities. In addition, all screening results must be reported to the
State health department.

Introduced earlier than 2011
• Mississippi - House Bill 1052 (2005) would have required physicians or other persons
attending a birth to have oxygen saturation tested within 24 hours of birth, and, in the
case of oxygen saturation levels below 95 percent, to administer retesting at one and two
weeks following.
• Nebraska – LB 1067 (2010) would have required pulse oximetry screening to be
conducted on all infants. If births were attended by a person other than a physician, the
individual registering the birth would have responsibility for referring testing to be
performed as prescribed by the health department.
In addition to legislative initiatives taking place in the aforementioned states, a number of states
are also implementing pilot programs (http://www.cchdscreeningmap.com/, accessed October 4,
2011). Since the announcement by Secretary Sebelius in September 2011 that she had decided to
adopt the SACHDNC’s recommendation to add CCHD to the RUSP, some states are beginning
to plan for implementation of screening without legislation.
Implications for Maryland
Maryland has approximately 74,000 births per year. It is estimated that the University of
Maryland Hospital and Johns Hopkins Hospital identify about 68 percent of infants with CCHD
prenatally; however, when infants born in all hospitals across the State are considered, the rate of
prenatal diagnosis is likely lower since many infants identified with CCHD before birth are
referred to these tertiary care hospitals for delivery. If approximately 2.3 out of 1,000 infants
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born in Maryland each year have CCHD, as was found in the review of hospital discharge data
previously noted, and about 60 percent of those are identified prenatally, this leaves at least 70
infants a year in Maryland not previously diagnosed. Using the combined estimates from the
Granelli study cited above, 0.2 percent (148 infants) of the 74,000 live born infants in Maryland
could be expected to screen positive. Of these, 20 percent, or 30 babies, can be expected to have
CCHD. Another 36 percent, or 53 infants, will have another cause for low oxygen saturation
that may require treatment. Forty-four percent, or 65 babies who screen positive, will not have a
condition requiring intervention. Another 20 infants a year with CCHD may still leave the
hospital undiagnosed. In conclusion, since it is estimated that 60 percent of infants with CCHD
would be identified by clinical examination, if all Maryland hospitals implemented CCHD
screening for newborns, it is estimated that 10 babies with CCHD who would have otherwise
been undetected would be identified.
Comparison to Other Newborn Screening Programs
Newborns receive many types of routine care in the nursery. Checking of vital signs, blood
sugar testing, and vitamin K shots are all considered routine standard of care. However, other
procedures carried out in the nursery are the result of mandated newborn screening in Maryland.
With one exception, these newborn screening tests consist of blood spot testing for a number of
hereditary and congenital disorders. The only mandated newborn screening testing in Maryland
that does not involve the laboratory analysis of dried blood spots is newborn hearing screening.
However, both blood spot testing and newborn hearing screening involve in-hospital testing, and
rely on later follow-up by DHMH after the baby is discharged from the hospital. Ample time is
available for DHMH to conduct its follow-up activities which generally occur within the first
months after discharge.
In contrast, CCHD screening is very different in that the entire process from screening to followup and management of any identified concerns must occur entirely at the hospital. As a result,
the role of public health agencies and staff is also very different than it is for other newborn
screenings. The timeline for pulse oximetry screening and follow-up does not allow a direct role
for DHMH in immediate follow-up for these infants with positive screens, as their diagnostic
evaluation and emergency care must be initiated prior to discharge. Additionally, there is no
practical way for DHMH to follow-up in a timely manner on those infants who missed screening
prior to hospital discharge, since there is only a small window of opportunity, at most two weeks,
in which to identify infants with CCHD to prevent or reduce morbidity and mortality. Also,
many infants with a positive pulse oximetry screen have other conditions besides CCHD that
require treatment. Therefore, the expert panel recommends that pulse oximetry testing should be
performed on all newborns as part of the standard of care in the routine assessment of infants, not
as part of a State newborn screening program. (It is important to note that pursuant to Maryland’s
recently enacted statute on CCHD screening, the requirement that DHMH adopt the HHS
Secretary’s recommendation to add CCHD to the RUSP of the State’s newborn screening
program supersedes the expert panel’s recommendation that CCHD screening be made a part of
routine care rather than a State newborn screening program). Furthermore, because pulse
oximetry testing of newborns has been promoted nationally as a newborn screening program, and
since the federal recommendation is to add CCHD screening to the RUSP, it is unlikely that
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professional organizations would publish policies recommending that the screening should be
standard of care instead.
Implementation
Despite the State’s inherent limitations with respect to its role in CCHD screening of newborns,
DHMH is able to provide surveillance and program evaluation. Data regarding numbers of
infants screened, positive and negative results, and the process for resolving positive screens can
be collected. Birthing hospitals currently enter data on all Maryland births into the electronic
database for newborn hearing screening. This database can be modified to include a module for
newborn pulse oximetry screening results that will collect information on whether an infant was
screened, and results of that screen. A newborn screening follow-up nurse will then be able to
contact birthing hospitals regarding infants with a positive screen in order to determine what tests
were required to evaluate the infant and the ultimate outcome. The screening and follow-up data
will provide information that can be used to evaluate the success of the screening program.
It would be beneficial to states, healthcare facilities, and individual clinicians to have the
SACHDNC and other public health experts partner with HRSA to provide guidelines regarding
the role of state health departments, and to provide technical assistance with regard to follow-up
of missed infants. Even absent such guidance, implementation of newborn pulse oximetry
screening to detect CCHD in Maryland presents a unique opportunity to collect information on
the effectiveness of this screening and costs, and to expand the body of scientific knowledge on
this topic.
The initiation and maintenance of this screening program will require resources (see Costs
section). HRSA recently announced a funding opportunity for demonstration projects on pulse
oximetry screening for newborns. DHMH plans to partner with academic institutions to pursue
this grant funding which, if received, will help to defray the burden of initial costs of CCHD
screening implementation. The grant award must be used for enhancing the state screening
infrastructure, including the implementation of an electronic health information exchange for
reporting and collecting pertinent information from hospitals, as well as education and training of
various stakeholders on testing methodology and follow-up protocols. This funding opportunity
will enable HRSA to make an estimated seven grant awards of $300,000 each year for three
years.
Feasibility
To determine Maryland’s readiness to implement newborn screening for CCHD, a survey to
assess birthing hospital readiness for pulse oximetry screening of newborns was e-mailed to all
nursery nurse managers in Maryland (Appendix E). Questions addressed whether the hospital
was currently performing newborn pulse oximetry screening, as well as resources currently
available on-site for performing both the screening test and follow-up for infants who do not pass
the screen. Currently, 11 out of 34 birthing hospitals in Maryland perform pulse oximetry
screening of all newborns. All birthing hospitals have the resources to perform the actual pulse
oximetry screening; however, there is great variability in the capacity of hospitals to do followup evaluation of infants who screen positive. The majority of hospitals have either cardiology
consultation available seven days per week, or the ability to do an echocardiogram and consult
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pediatric cardiology via telemedicine. An echocardiogram on a newborn requires not only
knowledge and skill, but ongoing practice. Although hospitals may have a pediatrics-trained
technician, without sufficient practice in doing pediatric echocardiograms, the quality of the
results may be inadequate. In this case a more experienced echocardiogram technologist would
need to be available, or the baby would need to be transported.
Detailed results of the nursery survey are included at the end of this report as Appendix F.
Approximately 59 percent of nursery nurse managers reported that they had pediatric
cardiologists available, and 50 percent had access seven days per week. Seventy-eight percent of
birthing hospitals have echocardiography technicians who have pediatric training, and all but one
of these hospitals has technicians available seven days per week. Sixty-nine percent of birthing
hospitals have the capacity for pediatric telemedicine consultation for cardiology, making
approximately two-thirds of Maryland’s birthing hospitals well-equipped to follow-up on
newborns with positive pulse oximetry screens. The remaining one-third of the birthing
hospitals will need to create a mechanism for handling these infants.
Many infants that do not have CCHD will have a positive pulse oximetry screen. Some of these
infants may have other conditions requiring treatment; some may require an echocardiogram.
Most of these infants will be born at facilities with the resources for follow-up; a small
percentage of infants without another cause for low oxygen may be born in facilities without
access to pediatric cardiology services. DHMH is working with the Maryland Hospital
Association (MHA) to determine what support is needed for those hospitals that do not currently
have access to the services needed to evaluate infants who screen positive.
Clinical Considerations
The expert panel recommends following the screening procedure that was endorsed by the AAP,
AHA, and ACC (see Appendix D). This recommended protocol involves screening all healthy
term newborns prior to discharge but not before 24 hours of age, and performing pulse oximetry
on the right hand and either foot. Recommended cut off scores are defined for passing, failing,
and borderline readings that require repeat testing after an hour. Infants in the Neonatal
Intensive Care Unit (NICU) routinely receive pulse oximetry monitoring, so any infant
discharged from the NICU at greater than 24 hours of age would not be included in this
screening protocol. It is important to note that this screening does not replace observation,
careful physical examination, or the recommendation that newborns remain in the hospital for 48
hours after birth. Since pulse oximetry screening is non-invasive, the only risk of harm from this
screening is the stress caused to families of infants with a positive screen.
The screening protocol recommended by the expert panel is set forth in the algorithm
immediately below. For the full discussion of this screening protocol see Appendix D.
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The expert panel recommends that DHMH distribute the aforementioned endorsed screening
protocol to all birthing hospitals and offer educational Webinars on implementation. Primary
care providers should also be educated about the initiation and implementation of this screening
program, as they must help assure that all of their newborn patients are screened. In addition,
primary care providers must be made aware that some types of CCHD will not be detected, so
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that they do not lower their threshold for evaluating a symptomatic baby based on a negative
screen.
One study done in Maryland to evaluate the feasibility of pulse oximetry screening is currently in
press.9 Study authors made their results available early to the authors of this report. In order to
evaluate implementation of pulse oximetry screening for CCHD, Children’s National Medical
Center in Washington, DC partnered with Holy Cross Hospital, a large community hospital in
Silver Spring, Maryland. During the research period of January 2009 – June 2010, 6,860 infants
were enrolled and 6,745 infants (98 percent) were fully screened. The average amount of time
required to conduct a screen was 3.5 minutes, although the expert panel, experienced in the
initiation of blood spot screening, estimates that the time to complete the entire process of
finding the infant, doing the screening, and recording results, will likely take at least five minutes
per baby. Obstacles with equipment were reported with one percent of infants screened,
obstacles with the infant were reported with 0.3 percent of infants screened, obstacles with the
family were reported with 0.1 percent of infants screened, and obstacles with the staff were
reported with 0.6 percent of infants screened. Average time to overcome these obstacles was 3.2
minutes. No additional staff was added to support screening.
Quality Assurance
Three specific concepts were considered paramount for quality assurance:
1) How can appropriate screening be assured (quality assurance of the test)?
2) How can screening of all babies be assured?
3) How can appropriate follow-up evaluation of babies with abnormal screening results
be assured?
The difference between ideal versus realistic quality assurance was considered, as well as
possible outcomes if pulse oximetry screening of newborns was made standard of care instead of
a mandated screening program. The context of the expert panel’s deliberations regarding quality
assurance was that pulse oximetry is point of care testing, and further evaluation of positive test
results must occur prior to discharge from the hospital. Statewide information regarding the
effectiveness and efficiency of screening should be gathered, and while that data can be collected
by DHMH, the analysis of that data in a clinical context may be more appropriate as a research
study at an academic center.
Specifically addressing each question of the charge:
1)

How can appropriate screening be assured (quality assurance of the test)?

DHMH can provide education and guidance on how to perform the screening test, but cannot
assure the quality of the actual test. Nurses or nurse extenders with nursing oversight would be
performing the test, and although they would require basic training with regard to the placement
of the pulse oximeter and test criteria, these professionals are familiar with the basic use of this
technology. Most equipment runs self-checks upon start-up, and hospitals have biomedical
departments that inspect equipment at least annually. The actual reading of the pulse oximetry
test and follow-up using an appropriate algorithm are matters of professional practice. Quality of
the testing and the follow-up evaluation involve on-site equipment and personnel, and is the
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responsibility of the local birthing hospital or other birthing center. Oversight is provided by The
Joint Commission (an independent, not-for-profit organization, that accredits and certifies health
care organizations and programs in the United States), and by agencies that oversee professional
licensure.
2)

How can screening of all babies be assured?

Hospitals are responsible for performing current newborn screening tests on all infants born in
their facility, and they carry out this responsibility as part of their professional standards and
licensure. DHMH cannot follow-up in a timely manner on infants who miss screening prior to
hospital discharge, as this would require being notified of the birth, locating the family, and
directing them to screening resources all within a few days. Instead, the expert panel
recommended that the Office of Health Care Quality (OHCQ) should require all birthing
hospitals to establish protocols for performing pulse oximetry screening on all newborns and for
tracking and following-up on babies who were not screened prior to hospital discharge.
Although DHMH cannot assure screening of each individual baby, the expert panel recommends
that DHMH track the percent of newborns screened as well as screening results for each birthing
hospital. This would identify outliers and provide a basis for offering technical assistance to
those hospitals missing significant numbers of infants, or reporting unusually high numbers of
false positives. DHMH uses a database to track newborn hearing screening results. The addition
of a module will enable this same system to store CCHD testing data. This system would allow
surveillance of the CCHD screening program, as it would provide data on the number of births in
each facility, the number of infants screened, and pass/failure rates. Intermittent review of data
from each individual hospital will reveal outliers in terms of the number of infants screened and
the number of infants with positive screens. These hospitals would be offered technical
assistance from DHMH. These data can also be compared to hospital discharge data for CCHD
and provide a mechanism to evaluate the effectiveness of the screening program.
3)
How can appropriate follow-up evaluation of babies with abnormal screening results be
assured?
The quality of the evaluation and care of babies with positive screens is once again a matter of
professional standards. Physicians assessing an infant with an abnormal pulse oximetry reading
will use their clinical judgment to determine next steps. The screening protocol requires that any
infant that does not have an identified etiology for their abnormal screening test must have an
echocardiogram. Due to the variability in regional resources and existing referral patterns, each
birthing hospital will need to develop its own method for completing this evaluation. It is not
possible for DHMH to monitor compliance with recommendations for follow-up evaluation of
each individual infant in real time. However, birthing hospitals should be contacted after the fact
to determine the evaluation conducted, and the ultimate outcome for any infant who has a
positive screen.
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Education
The content of the educational material for consumers and providers can be incorporated from
national sources, including the CDC’s Webpage on CCHD screening in newborns and the
SACHDNC CCHD workgroup report published in Pediatrics. The CDC has already published a
parent brochure on CCHD screening in newborns that hospitals and providers can use. The
CCHD brochure is available online at http://www.cdc.gov/ncbddd/pediatricgenetics/pulse.html.
The recommended target audiences for educational efforts on screening for CCHD, as well as
best methods for providing this information to each audience are presented here. There are three
target audiences for educational outreach:
• Consumers - expectant parents, women of reproductive age, parents
• Individuals conducting CCHD screening - primarily nurses, nursing assistants, patient
care technicians
• Other Healthcare Providers - hospital and community-based physicians including
cardiologists, echocardiographers, OB/GYNs, pediatricians, neonatologists, general
practitioners, and nurse mid-wives
The focus of the educational materials will vary among these audiences:
• Consumers - Educational materials for expectant parents should provide an overview of
the background and significance of CCHD and pulse oximetry screening. Parents should
be informed of how the pulse oximetry screening is performed and that this screening
does not detect all forms of CCHD; it may identify other conditions associated with
oxygen deprivation such as respiratory disorders or infections. These educational
materials should be written at a literacy level that will be understandable to the lay
consumer.
• Individuals conducting the CCHD screening - Educational materials for individuals
conducting CCHD screening should provide an overview of the background and
significance of CCHD and pulse oximetry screening, screening protocols, information on
the management of patients who have failed screening, and recommendations for
communicating with parents of infants. Providers who are responsible for conducting
screening should receive training on protocols for performing pulse oximetry screening,
and methods for ensuring saturations that are reported are accurate. Nurse midwives who
attend home deliveries should be informed of variations in screening protocols based on
these circumstances. Information on additional educational resources should be provided
to those conducting screening.
• Other Healthcare Providers - Educational materials for providers who may come in
contact with the CCHD screening protocols should provide an overview of the
background and significance of CCHD and pulse oximetry screening, the screening
protocol, and management of patients who have failed screening. In addition, providers
need to be informed of recommendations for communication with parents. An important
educational message for providers is that infants who pass pulse oximetry screening may
still have CCHD.
The type of educational method used should be tailored to the target audience:
• Consumers should be informed about CCHD through fact sheets available at:
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o Healthcare provider offices
o Prenatal education classes
o Stork’s Nest Programs (March of Dimes-funded programs that provide incentives
to encourage pregnant women to attend prenatal classes and keep prenatal
appointments)
o Centering Pregnancy (model of care that provides prenatal care in a group setting)
o Local health departments
o The Newborn Screening and Children with Special Healthcare Needs pages of the
DHMH Website
•

Individuals conducting the CCHD screening should be informed through:
o Distribution of the written recommended protocol, which DHMH should
disseminate to all birthing hospitals prior to the initiation of screening.
o Nursing Seminars – Hospital-based educational programs typically offered for
continuing education units (CEUs) and conducted by nurses who are experts on
the subject matter.
o “Train the Trainer” - On-site sessions or Webinars conducted upon request at
Maryland birthing hospitals and offered for CEUs.

•

Other Healthcare Providers should be informed through:
o Grand rounds at Maryland birthing hospitals conducted upon request, to educate
healthcare providers about the CCHD screening protocol. Grand rounds are
hospital-based educational programs typically offered for continuing medical
education hours (CMEs) and conducted by physicians or other healthcare
providers who have expertise on the subject matter.
o Fact sheets to be distributed to all private and public healthcare agencies serving
pregnant women, including local health departments.
o A provider section with information and frequently asked question (FAQ) sheets
posted on DHMH’s Website for download.

Costs
There are numerous costs associated with implementing CCHD screening of newborns in
Maryland. The main costs to hospitals are those associated with hospital staff time to screen and
track results and follow-up on missed infants, education of parents and providers, staff training,
the purchase and maintenance of screening equipment (pulse oximeters and echocardiography
machines), and verification and evaluation of a positive screen. CCHD screening also has a
fiscal impact on the State, primarily for DHMH to conduct data surveillance and program
evaluation and to a lesser extent for education and technical assistance relating to quality
assurance.
Screening
The cost of the actual pulse oximetry test to detect CCHD is minimal, as it involves placing a
sensor on an infant and reading the pulse oximetry results. It is estimated to take approximately
five minutes of nursing/nurse extender time to perform pulse oximetry screening, and it is
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unlikely that hospitals will need to hire additional staff to perform the screening. Both reusable
and disposable one-time use probes are available. The cost of reusable probes can be amortized
to approximately $1 per use; these probes require cleaning between uses. Disposable probes cost
about $12 each. The cost of probes would ultimately be an expense to the hospital because
newborn service costs are bundled. Some hospitals may require new equipment to perform pulse
oximetry testing on newborns, though the survey of nursery nurse managers indicated that all
birthing hospitals had at least one pulse oximeter, and the majority have more than one. A pulse
oximeter for newborns can be obtained for approximately $200.
There will be a cost to the hospitals to track and follow-up on infants who are not screened prior
to hospital discharge. Hospitals will need to follow-up on missed babies which will require staff
time. In hospitals with a discharge coordinator for the nursery, it would likely be part of that job
function. Hospitals without a discharge coordinator will have to assign this function to other
staff. It is important for hospitals to have their tracking and follow-up protocols in place before
implementing CCHD screening. A hospital may be exposed to liability if an infant with CCHD
is not screened prior to discharge and then is not identified due to lack of or inadequate followup.
Evaluation of Infants with Positive Screens
The evaluation of babies who screen positive will result in expenses for insurance providers, or
in the case that families are uninsured, to the Maryland Medical Assistance Program (Medicaid),
or to families. The following estimates are maximal in that they include infants discharged from
the neonatal intensive care unit (NICU). There are approximately 6,000 infants a year in
Maryland discharged from NICUs. The infants in NICUs already receive ongoing pulse
oximetry monitoring, and therefore the monitoring of these infants would not result in additional
costs from the State’s implementation of CCHD for all infants.
The follow-up of infants who screen positive includes physical examination and possibly a chest
x-ray if respiratory disease is expected, or blood tests if infection or another disease is suspected.
Any infant who does not have another medical reason for their low oxygen level will require an
echocardiogram. Currently there is no data available to help predict how many infants will
receive chest x-rays or other tests, such as blood cultures, to evaluate their oxygen saturation.
The cost estimates for this report are the costs expected if all infants screening positive who did
not have another condition identified, received an echocardiogram.
The amount billed for performing and reading an echocardiogram is approximately $1,500,
which is what insurance companies and uninsured families would be invoiced. Based on a
review of the literature, an estimated 65 infants are expected to have false positive screens each
year. Approximately 40 percent of Maryland children are enrolled in the Medical Assistance
Program for children, Maryland Children’s Health Program (MCHP). MCHP reimburses $600
for an echocardiogram, so the estimated cost to the State for approximately 26 false positives
would be $15,600.
Hospitals without pediatric cardiology available seven days per week and without telemedicine
capabilities will either need to purchase telemedicine equipment or implement protocols that

Recommendations on Screening for CCHD in Newborns
Page 21

include transport of infants who screen positive to a center capable of providing a cardiology
consultation. Approximately five percent of births in Maryland occur in hospitals that do not
have pediatric cardiology coverage seven days per week and do not have telemedicine
capabilities. Five percent of the 65 infants without CCHD would be three infants a year
requiring transport. Currently, neonatal transport to a higher level of care requires use of
intensive transport services at a cost of approximately $7,000 per transport, resulting in an
estimated cost of $21,000 per year for these services.
DHMH Activities
Quality assurance, as described above, will be the responsibility of hospitals, as it involves
equipment and professional standards, areas which are already under the oversight of other
professional organizations or hospital protocols. With the addition of a CCHD module to the
infant hearing database, DHMH will be able to identify hospitals with unusual rates of positive
or missed screens, and to target those facilities to provide technical assistance. Surveillance and
program evaluation will require data collection to determine rates of children failing screening
and the ultimate outcome of those who fail. Modification to the current electronic infant hearing
database will cost $20,000 for the addition of a new module for CCHD data collection, and an
additional $20,000 per year for a portion of maintenance for the entire database.
The initiation of a CCHD newborn screening program at DHMH will require a half-time nurse to
help create educational materials and disseminate them to target audiences. This nurse will also
be involved in setting up the surveillance system used by DHMH to track screening rates and
follow-up on infants with positive screens. Once the program is established, it is estimated that
30 percent of the follow-up nurse’s time will be spent on surveillance and program evaluation.
The ongoing surveillance will consist of monitoring the electronic database for those hospitals
with unusual rates for failed or missed screens, and the provision of technical assistance to those
hospitals. In order to evaluate the CCHD screening program, this nurse will collect data on the
evaluation process and ultimate outcomes of those infants with positive screens. The cost of the
salary and fringe benefits for the part-time nurse to carry out these activities are estimated at
$45,000 for the initial year (1/2 time nurse) and $30,000 for each subsequent year (1/3 time
nurse).
DHMH must direct its provider education at two different groups: (1) nurses and physicians
performing the screening and immediate evaluation of babies in the nursery, and (2) primary care
physicians and cardiologists who will be receiving test results and providing follow-up services
to infants after a positive screen. Nurses and physicians in hospital nurseries will need to receive
information about the expert panel’s recommended algorithm for screening and follow-up of
those with positive results.
DHMH would incur costs associated with providing educational materials. DHMH estimates
that it would contract with an outside vendor to develop 100,000 CCHD screening brochures at a
cost of approximately $60,000 for the first year, and 50,000 brochures at a cost of $30,000 for
the second year. After all of the brochures are distributed, DHMH would post the brochure
online. In addition, any additional printing of the online brochure would cost the State $.60 per
brochure. Printing costs would be minimal after the first two years. DHMH intends to post
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CCHD screening information on the Newborn Screening and Children with Special Health Care
Needs pages of the DHMH Website.
DHMH intends to work through the Maryland Chapter of the AAP (MDAAP) to have CCHD
screening information disseminated via the MDAAP’s listserve without cost. CME opportunities
for physicians provide an incentive for physicians to receive training. Certification of training
material on the CCHD screening program for continuing CMEs are estimated to cost $500
through the MDAAP. If DHMH is awarded the HRSA implementation grant that it is currently
seeking, then DHMH intends to pursue certification of training material on the CCHD screening
program for CMEs through MDAAP. This would result in a one-time cost to DHMH of $500.
(See page 15 of this report for more details on the HRSA grant application.)
Savings
Cost savings are expected for infants who would not have been identified without this screening
program. While the current number of CCHD positive infants missed by existing screening
methods is unknown, one baby presenting in significant distress and circulatory collapse not only
accrues significant medical bills for their treatment, but, if disabled as a result of their distress
and collapse, may also require special care and services over the lifespan, resulting in significant
expenditure of resources for both their families as well as society at-large.
Outstanding Issues
There are several issues which remain unresolved. These include the development of protocols
for screening infants born in birthing centers and at home, as well as procedures for the followup of infants who are not screened prior to hospital discharge. Possibilities include follow-up at
the primary care provider’s office, or through a follow-up home visit by the nurse midwife.
Conclusion
Screening for CCHD in newborns is an emerging trend that has been gaining acceptance,
particularly in recent years. New Jersey and Indiana enacted legislation in 2011 that mandates
Statewide CCHD screening of all newborns while other states have introduced CCHD legislation
that did not pass. In addition, hospitals in a number of other states have established CCHD
screening pilot programs without legislation.
Legislation enacted in Maryland during the 2011 legislative session required the State Advisory
Council on Hereditary and Congenital Disorders to convene an expert panel to study and make
recommendations on the implementation of CCHD screening of newborns in Maryland. After
considerable review, the expert panel highly recommends that pulse oximetry testing of all
newborns in Maryland should be conducted as part of routine care but not mandated as part of a
State newborn screening program involving State administration and oversight. The expert panel
determined that the screening would improve identification of infants with CCHD as well as
assist in identifying other medical conditions involving low oxygen saturation such as respiratory
disorders and infections.
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The expert panel’s reasoning was due to the inherent limitations in what would be possible for
the State’s role in such a screening program. Unlike other newborn screening programs in
Maryland, the timeline for pulse oximetry screening and follow-up does not allow a direct role
for DHMH or any other external State agency in immediate follow-up for infants with positive
screens. There is no practical way for DHMH to follow-up in a timely manner on infants who
are not screened prior to hospital discharge since there is only a narrow period of not more than
two weeks in which to identify infants with CCHD to prevent and reduce morbidity and
mortality.
Notwithstanding the expert panel’s recommendations, during the course of their study, the HHS
Secretary of Health and Human Services recommended that CCHD be added to the RUSP; the
RUSP is the national recommendation informing states which hereditary and congenital
disorders should be included in each state’s newborn screening program. States typically
implement the national screening recommendations as soon as feasible even though the
screening is recommended and not required. However, in the case of CCHD screening of
newborns, the CCHD screening legislation that was enacted in Maryland during the previous
session requires that if the HHS Secretary issues federal recommendations on CCHD in
newborns, DHMH is required to adopt the federal recommendations. Consequently, CCHD
screening in newborns must be implemented as a newborn screening program in Maryland.
Performing pulse oximetry screening on all newborn infants corresponds to the Maryland State
Health Improvement Process (SHIP) Healthy Babies Objective 2, which is to reduce infant
deaths.
Eleven out of 34 birthing hospitals in Maryland are already screening for CCHD in newborns.
DHMH intends to solicit public comment in early 2012 to obtain feedback from hospitals,
providers, and other interested parties as to a reasonable date to begin CCHD screening of all
newborns in Maryland. DHMH intends to issue policies or promulgate regulations in 2012 to
further guide implementation, including the date on which universal CCHD screening of
newborns must begin in Maryland. OHCQ, the Maryland Institute for Emergency Medical
Services, and the MHA have provided input during this study and have indicated their
willingness to continue to work with DHMH to assist in the successful implementation of CCHD
screening for all newborns in Maryland.
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Appendix B
Maryland Advisory Council on Hereditary and Congenital Disorders
Voting Members
Miriam Blitzer, PhD, Chair - Professor of Pediatrics; Obstetrics, Gynecology and Reproductive
Sciences, and Biochemistry and Molecular Biology; Head, Division of Human Genetics,
University of Maryland School of Medicine
Julie Hoover-Fong, MD, PhD, Vice Chair - Assistant Professor, Department of Pediatrics,
McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins Medical Institutions
Delegate Shirley Nathan-Pulliam, BSN, MAS - Representative, District 10
David Bromberg, MD – MedChi representative; Developmental-Behavioral Pediatrician, The
Pediatric Center; faculty, University of Maryland School of Medicine
Anne Eder - Director of Program Services, March of Dimes, National Capital Area Chapter
Colleen Gioffreda - Consumer; Adoption Liaison, Little People of America, Inc.
Neil Porter, MD - Assistant Professor of Neurology, University of Maryland School of
Medicine
Caryl Siems - Consumer; Board Member, Cystic Fibrosis Foundation
Anika Wilkerson - Consumer; President and Founder, The Lauren D. Beck Sickle Cell
Foundation, Inc.
Ex-Officio Members
Deborah Badawi, MD - Medical Director, Office for Genetics and Children with Special Health
Care Needs, DHMH
Fizza Gulamali-Majid, PhD - Division Chief, Newborn and Childhood Screening, Laboratories
Administration, DHMH
Robert Myers, PhD - Director, Laboratories Administration, DHMH
S. Lee Woods, MD, PhD - Medical Director, Center for Maternal and Child Health, DHMH
Staff
Georgia Corso - Laboratories Administration, DHMH
Julie Kaplan, MD - Medical Director, Newborn Screening Follow-Up Program, DHMH;
Assistant Professor of Pediatrics, Division of Genetics, University of Maryland School of
Medicine
Jessica Nieto, MGC - Genetics Counselor, Newborn Screening Follow-Up Program, DHMH
Johnna Watson, RN, BSN - Nursing Consultant, Newborn Screening Follow-Up Program,
DHMH
Tina Wiegand - Laboratory Manager, Newborn and Childhood Screening, Laboratories
Administration, DHMH
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CCHD Expert Panel
Subcommittee Lists
Clinical/Feasibility
Renee Fox, MD, Chair - Associate Professor, Division of Neonatology, Department of
Pediatrics, University of Maryland School of Medicine
Carissa Baker-Smith, MD, MS, MPH - Assistant Professor of Pediatrics, Division of
Cardiology, University of Maryland School of Medicine
Miriam Blitzer, PhD, Chair - Professor of Pediatrics; Obstetrics, Gynecology and Reproductive
Sciences, and Biochemistry and Molecular Biology; Head, Division of Human Genetics,
University of Maryland School of Medicine
Joel Brenner, MD - Associate Professor and Director, Pediatric Cardiology, Johns Hopkins
Medical Institutions
Debbie Burke, RN - Nurse Manager, Chester River Hospital
Edward Lawson, MD - Josephine S. Sutland Professor of Newborn Medicine; Director,
Neonatal-Perinatal Medicine, Johns Hopkins Medical Institutions
Gerard Martin, MD - Senior Vice President, The Center for Heart, Lung and Kidney Disease,
Children’s National Medical Center
Geoffrey Rosenthal, MD, PhD - Professor of Pediatrics; Director, Pediatric and Congenital
Heart Program, University of Maryland School of Medicine
Philip Spevak, MD - Associate Professor, Pediatric Cardiology, Johns Hopkins Medical
Institutions
S. Lee Woods, MD, PhD - Medical Director, Center for Maternal and Child Health, DHMH
Education
Anne Eder, Chair - Director of Program Services, March of Dimes, National Capital Area
Chapter
Carrie Blout, MS, CGC - Certified Genetic Counselor, Greenberg Center for Skeletal Dysplasia
Elizabeth Bradshaw, MSN, RN, CPN - Coordinator, Congenital Heart Disease Screening
Program, Children’s National Medical Center
Julie Hoover-Fong, MD, PhD - Assistant Professor, Department of Pediatrics, McKusickNathans Institute of Genetic Medicine, Johns Hopkins Medical Institutions
Anika Wilkerson - Consumer Member, Advisory Council on Hereditary and Congenital
Disorders; President and Founder, The Lauren D. Beck Sickle Cell Foundation, Inc.
Quality Assurance
Carol Greene, MD, Chair - Professor of Pediatrics and Director, Pediatric Genetics Clinic; CoDirector, Adult Genetics Clinic, University of Maryland School of Medicine
Neil Porter, MD - Assistant Professor of Neurology, University of Maryland School of
Medicine
Johnna Watson, RN, BSN - Nursing Consultant, Newborn Screening Follow-Up Program,
DHMH
Tanya Green, MS, CCC-A - Program Chief, Infant Hearing Program, DHMH
David Bromberg, MD – MedChi representative; Developmental-Behavioral Pediatrician, The
Pediatric Center; faculty, University of Maryland School of Medicine
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Sandra Heeley, RNC, BSN - Director, Maternal Newborn Center, Montgomery County General
Hospital
Deborah Badawi, MD – Medical Director, Office for Genetics and Children with Special
Health Care Needs, DHMH
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Pulse oximetry in the newborn nursery:

Appendix E

1. About how many babies does your hospital deliver per year? _______________
2. Does your hospital currently perform pulse oximetry to check the oxygen saturation in all
newborns before discharge home? ___ Yes ___ No
3. Does your hospital have pulse oximeters available in the newborn nursery?
___ Yes, only 1 ____Yes, more than 1 ___ No

4. Do you have staff available in the newborn nursery 7 days a week (24 hours per day) who
are trained to measure pulse oxygen saturation on nursery patients? ___ Yes ___ No
Hospital cardiac care capacity for newborns:

1. What do you do if a newborn is suspected of having congenital heart disease?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

2. Does your hospital employ pediatric cardiologists who are available to the hospital 7 days a
week?
___ Yes ___ No

3. Are pediatric cardiologists available to come to your hospital for consultation?
___ Yes ___ No

If so, are they available 7 days a week? ___ Yes

___ No

4. Do you currently have the capacity to perform echocardiograms on neonates at your hospital?
___ Yes ___ No
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If so, are the sonographers pediatric trained? ___Yes ___ No
If so, is this service available 7 days a week? ___ Yes

___ No

5. Do you currently have the capacity to perform echocardiograms on adults in your hospital? ___
Yes ___ No
If so, is this service available 7 days a week? ___ Yes

___ No

Telemedicine capacity:

1. Does your hospital have an existing relationship for remote conferencing for cardiac
consultation by telephone? ___ Yes ___ No
If yes, for adult patients?

___ Yes

___ No

For pediatric (including newborn) patients with a pediatric cardiologist? ___ Yes

___ No

2. Do you have the ability to store echocardiographic images and upload these to another site for
remote diagnosis? ___ Yes ___ No
3. Do you have the ability to perform echocardiograms with concurrent real-time monitoring by
pediatric cardiologists? ___ Yes ___ No
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Region/Hospital
Baltimore Metro
Anne Arundel Medical Center
Baltimore Washington Medical Center
Bayview Medical Center
Carroll Hospital Center
Franklin Square Hospital Center
Greater Baltimore Medical Center
Harbor Hospital
Howard County General Hospital
Johns Hopkins Hospital
Laurel Regional Hospital
Maryland General Hospital
Mercy Medical Center
St. Joseph Medical Center
Saint Agnes Hospital
Sinai Hospital
University of Maryland Medical Center
Upper Chesapeake Medical Center
Total
Percent
Eastern Shore
Chester River Health System
Memorial Hospital at Easton
Peninsula Regional Medical Center
Union Hospital
Total
Percent

Annual
Deliveries
5,200
800
1,600
1,200
2,640
4,450
1,500
3,100
1,500
900
900
2,900
2,200
1,800
2,200
1,450
1,250
35,590
NA
250
1,000
2,000
700
3,950
NA

Appendix F

Currently
Screening

X
X

Pulse OX
Equipment
Available
X
X
X
X
X
X
X
X
X
X
X

Pulse
Ox
Staff

5
29.4%

X
X
X
X
X
X
14
82.4%
X

0
0.0%

X
X
X
X
4
100.0%

X
X
3
75.0%

Pediatric
Cardiologist
Available 7
days/week
X

X
X
X
X
X

X
X
X
X
X

X

X

X
X

X
X
X

X
X
X

3
17.6%

12
70.6%

11
64.7%

X
X

X

2
50.0%

1
25.0%

X
X
X
X
X

Pediatric
Cardiologist
Available
X
X
X

X
X
X

X
X
X
X
X
X
17
100.0%

X
X
X

Employ
Pediatric
Cardiologist

X

0
0.0%

X
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Appendix F

Pulse OX
Equipment
Available

Pulse
Ox
Staff

Employ
Pediatric
Cardiologist

Pediatric
Cardiologist
Available

Pediatric
Cardiologist
Available 7
days/week

Annual
Currently
Region/Hospital
Deliveries
Screening
National Capital
8,500
X
X
X
X
X
Holy Cross Hospital
750
X
X
X
X
Montgomery General Hospital
5,000
X
X
X
X
X
X
Shady Grove Adventist Hospital
1,900
X
X
X
X
Southern Maryland Hospital
1,800
X
X
X
X
X
X
Washington Adventist Hospital
Total
16,150
4
5
5
2
5
4
Percent
NA
80.0%
100.0%
100.0%
40.0%
100.0%
80.0%
Southern Maryland
870
X
Calvert Memorial Hospital
800
X
X
Civista Medical Center
1,100
X
X
X
St. Mary's Hospital
Total
2,770
1
3
2
0
0
0
Percent
NA
25.0%
75.0%
50.0%
0.0%
0.0%
0.0%
Western Maryland
2,450
X
X
X
Frederick Memorial Hospital
275
X
X
X
Garrett County Memorial Hospital
1,950
X
X
Meritus Medical Center
1,100
X
X
Western Maryland Regional Medical Center
Total
5,775
1
4
3
0
1
1
Percent
NA
25.0%
100.0%
75.0%
0.0%
25.0%
25.0%
*Baltimore Metro includes Anne Arundel, Baltimore, Carroll, Harford, and Howard Counties, and Baltimore City. Eastern Shore includes Caroline, Cecil,
Dorchester, Kent, Queen Anne's, Somerset, Talbot, Wicomico, and Worcester Counties. National Capital includes Montgomery and Prince George's Counties.
Southern Maryland includes Calvert, Charles, and St. Mary's Counties. Western Maryland includes Allegany, Frederick, Garrett, and Washington Counties.
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Neonate
Echo

Neonate
Echo
Available 7
days/week

Echo
Staff
Pediatrics
Trained

Adult
Telemedicine

Pediatric
Telemedicine

Remote
Echo

Real
Time
Echo

X

X

X

X

X

X

X

X

X

X

X

X

X

Adult
Echo

Adult Echo
Available 7
days/week

Anne Arundel Medical Center

X

X

Baltimore Washington Medical Center

X

X

Bayview Medical Center

X

X

X

X

X

Carroll Hospital Center

X

X

X

X

X

Franklin Square Hospital Center

X

X

X

X

X

X

X

X

Greater Baltimore Medical Center

X

X

X

X

X

X

X

X

X

Harbor Hospital

X

X

X

X

X

Howard County General Hospital

X

X

X

X

X

X

X

X

X

Johns Hopkins Hospital

X

X

X

X

X

X

X

X

Laurel Regional Hospital

X

Maryland General Hospital

X

X

X

X

X

Mercy Medical Center

X

X

X

X

X

X

X

X

X

X

X

X

Baltimore Metro

X

St. Joseph Medical Center
Saint Agnes Hospital

X

X

X

X

Sinai Hospital

X

X

X

X

X

University of Maryland Medical Center

X

X

X

X

X

Upper Chesapeake Medical Center

X

X

X

X

Total

X

X

X
X
X

X

X

16

15

15

14

13

9

11

11

6

94.1%

88.2%

88.2%

82.4%

76.5%

52.9%

64.7%

64.7%

35.3%

Chester River Health System

X

X

X

X

X

X

X

Memorial Hospital at Easton

X

X

X

X

X

X

X

X

Peninsula Regional Medical Center

X

X

X

X

X

X

X

Union Hospital

X

X

X

X

X

Percent
Eastern Shore

Total
Percent

X

X

4

4

4

3

4

2

3

4

1

100.0%

100.0%

100.0%

75.0%

100.0%

50.0%

75.0%

100.0%

25.0%
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Neonate
Echo

Neonate
Echo
Available 7
days/week

Echo
Staff
Pediatrics
Trained

Adult
Telemedicine

Pediatric
Telemedicine

Remote
Echo

Real
Time
Echo

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Adult
Echo

Adult Echo
Available 7
days/week

Holy Cross Hospital

X

X

Montgomery General Hospital

X

Shady Grove Adventist Hospital

X

Southern Maryland Hospital

X

Washington Adventist Hospital

X

National Capital

Total
Percent

X

X

5

4

5

4

5

2

3

4

4

100.0%

80.0%

100.0%

80.0%

100.0%

40.0%

60.0%

80.0%

80.0%

X

X

X

X

X

X

X

Southern Maryland
Calvert Memorial Hospital
Civista Medical Center

X

St. Mary's Hospital

X

X

X

X

X

X

Total

2

1

2

2

1

1

2

2

1

66.7%

33.3%

66.7%

66.7%

33.3%

25.0%

66.7%

66.7%

33.3%

Frederick Memorial Hospital

X

X

X

X

X

X

X

X

X

Garrett County Memorial Hospital

X

Meritus Medical Center
Western Maryland Regional Medical
Center

X

X

X

X

X

X

X

X

X

X

X

X

Percent
Western Maryland

X

X

X

X
X

Total
4
3
3
3
3
2
3
3
3
Percent
100.0%
75.0%
75.0%
75.0%
75.0%
50.0%
75.0%
75.0%
75.0%
*Baltimore Metro includes Anne Arundel, Baltimore, Carroll, Harford, and Howard Counties, and Baltimore City. Eastern Shore includes Caroline, Cecil, Dorchester, Kent,
Queen Anne's, Somerset, Talbot, Wicomico, and Worcester Counties. National Capital includes Montgomery and Prince George's Counties. Southern Maryland includes
Calvert, Charles, and St. Mary's Counties. Western Maryland includes Allegany, Frederick, Garrett, and Washington Counties.

