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Prevention of severe neonatal hyperbilirubinemia in
healthy infants of 35 or more weeks of gestation:
implementation of a systems-based approach

Vinod K. Bhutani,1 Lois Johnson2

Newbornswith jaundice or unrecognized hyperbilirubine-

mia are a vulnerable population which is likely to be deprived

from preventive and/or therapeutic healthcare services in

their transition from birthing hospital to

their homes. Of the 4million infants born

each year in the United States, over

3.5 million are born at 35 or more weeks

of gestation. Most have benign outcomes

with little or no threat of neurological

compromise from medical conditions

during their first year of life. Over the

past 4decades, provenpreventivehealth

measures provided at well-baby nurseries and at delivery

rooms have been effective in reducing infant mortality and

morbidity. However, nearly all healthy infants have some de-

gree of hyperbilirubinemia and over 60% develop jaundice

during their firstweekof life.Whenunmonitored or untreated

in a timelymanner, hyperbilirubinemia canbecomeexcessive

and may be unrecognized if the infant is not under medical

supervision.1 An adverse outcome could be a spectrum of

bilirubin-induced neurologic dysfunction (BIND) and its se-

verest manifestation: kernicterus, a lifelong athetoid cere-

bral palsy with sensorineural auditory impairment.

Hyperbilirubinemia increases within hours after birth. Hour-

specific total serum bilirubin (TSB) levels > 95th percentile

(for healthy infants) is equivalent to > 17 mg/dL beyond the

age of 72 hours. This cohort of “at-risk” infants could be vul-

nerable to BIND if the progression to excessive hyperbiliru-

binemia is unmonitored. Most of

these “at-risk” infants have in-

creased bilirubin production and/or

impaired bilirubin elimination. Delay

in the natural ability to eliminate bi-

lirubin is evident in infants < 38

weeks of gestation, and in thosewith

decreased milk intake or with inter-

current infection. Severe hyperbi-

lirubinemia, either based on the risk for neurotoxicity2 as

defined by TSB threshold levels (20mg/dL ormore for a term

healthy low-risk infant), or as a TSB increase > 0.20 mg/dL

/hr,
3,4
has called forth the recommendation for intervention

with intensive phototherapy. Clinicians have recognized that

infants at risk for severe hyperbilirubinemia have more com-

plex healthcare needs. These needs are often confounded by

fractured healthcare services encountered by families during

the first 2-3 weeks after birth.

The underlying root cause for the recent U.S. experience

with kernicterus has been identified as a systems failure in

neonatal services.5 Primarily, health services are often pro-

vided by multiple providers at multiple sites. Secondly, the

professional community of physicians, nurses,maternal child

healthcare providers, child health advocates, lactation con-

sultants, as well as the lay society, often has insufficient un-

derstanding and knowledge about the potential of bilirubin

neurotoxicity. The resultant interacting root causes includea)

early hospital discharge at age < 72 hours (before the extent

of jaundice is known); b) lack of adequate concern for the

risks of excessive jaundice in healthy term and near-term

newborns; c) a laudable increase in breastfeeding, but with-

out support and counseling to monitor adequacy of milk

transfer and optimal lactogenesis; d) perceived medical cost
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constraints complicating reimbursement for follow-up at age

3 to 5 days; e) paucity of educational materials to enable and

empower families to seek healthcare in a timelymanner; and

f) limitations within healthcare systems to provide pre-

discharge screening, identification of families and infants at

increased risk to ensure post-discharge follow-up. To address

these root causes, we have proposed and implemented a

model for a family-centered, systems-based approach that

builds constructive parent/healthcare partnerships aimed at

the prevention of BIND and related disabilities.3,4

Regardless of the cause of jaundice, the potential risk for

unrecognized, unmonitored, untreated severe hyperbiliru-

binemia has raised concerns for patient safety. The focus of

the 2004 AAP guidelines has shifted to a preventive ap-

proach.2 Early and intermediate stages of acute bilirubin en-

cephalopathy may be reversible with prompt and effective

bilirubin reduction strategies. It is in this context that the AAP

recommends universal application of the principles enunci-

atedby the InstituteofMedicine for patient centeredness, pa-

tient safety, and timeliness of care and use of effective

interventions to prevent kernicterus.2 A public health goal6

for the contemporary society has been enunciated as: “One

caseof kernicterus is one toomany;we canprevent themall”.

AAP has sought to monitor and facilitate the implementation

of the guidelines and ascertain the barriers to the micro

health environment unique to clinical practices, communities

and healthcare infrastructure.7 Practicing clinicians, at the

front line of health delivery, often deal with realities of a non-

existent seamless transfer of clinical information during the

transition after birth and would benefit from strategies that

provide continued vigilance. Fernando Perazzini Facchini et

al.8 report a systems approach implemented at Faculdade de

Ciências Médicas, Universidade Estadual de Campinas (UNI-

CAMP), Campinas, Brazil. This strategy includes universal

pre-discharge bilirubin screeningwith an Ingram icterometer

and/or transcutaneous bilirubin screening (TcB), selective

TSB screening with a mandatory follow-up by a patient-

friendly, nearly seamless follow-up of infants with pre-

discharge bilirubin levels > 40th percentile and early

identification of severe hyperbilirubinemia and its timely

treatment. In a cohort of 11,259 neonates of 35 or more

weeks of gestation managed through this approach, the fre-

quency of excessive hyperbilirubinemia is shown and com-

pared to several North American and European studies

(Tables 1, 2, 3). None were identified with a TSB level 30

mg/dL. A commendable success!

Regional and practice variations that impact barriers to

healthcare services, neonatal screening, and timely inter-

vention have led 1 in 650 to 15,000 infants (35 ormoreweeks

of gestation) to develop TSB values 427 μmol/L ( 25 mg

/dL) and zero to 1 in every 10,000 infants to develop TSB lev-

els 510 μmol, 30 mg/dL.8-14 As shown in Tables 1 and 2,

implementation of systems-based practices is associated

with lower or minimal occurrences of excessive and danger-

ous hyperbilirubinemia. There are limited population-based

studies of the incidence of either acute bilirubin encephalopa-

thy and/or chronic bilirubin encephalopathy (kernicterus). In

Denmark, Ebbesen reported eight cases of kernicterus for an

incidence of 1.4/100,000 live births between 1994 and 2002,

but no cases had been reported in the previous 20 years.14

Between 2002 and 2005, with a more vigilant approach, no

more cases were seen in Denmark, and the overall incidence

dropped to 1.1/100,000 live births from1994 to 2005.18 A UK

surveillance study has reported an occurrence of kernicterus

of 1 in 100,000 live-births.11 The frequency of severe hyper-

bilirubinemia (serum bilirubin > 425 μmol/L) was 1 in 2,840

live births in Canada, of which 13 (2/100,000 live births) had

abnormal neurologic outcomes at hospital discharge.12 The

frequency of extreme hyperbilirubinemia (serum bilirubin >

510 μmol/L) was 1 in 14,084 live births in the UK.11 There is a

societal expectation to provide a universally available safe

birthing experience that includes a safe experience with neo-

natal jaundice. Thus, kernicterus (or a TSB level > 30mg/dL,

> 513 μmol/L)) is now considered a “never-event” by the

public health community. A goal achieved by the Campinas

program.

More importantly, 8,807 (78.2% of the Campinas cohort)

were reassured and needed a less intensive follow-up.8 Deci-

sion regret was limited to one infant who returned spontane-

ouslywith jaundice at a level requiring treatment. This failure

was attributed to inadequate assessment at the time of dis-

charge, since this patient was only observed clinically and

was judged to be “mildly” jaundiced. The low frequency of in-

fants with TSB levels > 15 mg/dL and occasional re-referral

would also suggest anunderestimationof TSBbynoninvasive

techniques, specifically by the Ingram icterometer. However,

theperceived low-costnatureof this approachwassuggested

by the experience of a single post-discharge follow-up for

79.7% of the study infants. Only 11.4% needed two post-

discharge visits, whereas 3.5% had three or more follow-up

visits. These data are among the first to prospectively inform

a post-discharge outpatient management strategy based on

the percentile-based hour-specific nomogram. The Campi-

nas study demonstrates an implementation strategy that

may be applicable to similar clinical practices.

Adoption of a variety of systems approaches to institu-

tional, regional or national programs to prevent severe hy-

perbilirubinemia could reduce theburdenof communities and

possibly prevent BIND (Table 4). Fernando Perazzini Facchini

et al. have demonstrated the first three steps at one clinical

site.8 Thenext two stepswould require validation, reviewand

consensus for a national strategy. Thus, as nationwide cam-

paigns for prevention of severe neonatal hyperbilirubinemia

are planned, an emphasis should focus on the education and
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empowerment of both parents and clinical providers. Salient

messages should rely on a) evidence-based and transparent

public health messages and b) a coordinated outreach initia-

tive that is consistent with the prevailing infrastructure of the

healthcare system. On the other hand, alarmist public health

messages for vulnerable communities of expectant mothers

and new parents without adequate and concurrent attention

to healthcare infrastructure may have unplanned conse-

quences.

In summary, as we balance evidence-based medicine,

patient safety and protective care for all newborns entrusted

to the care of health professionals, partnership with parents

should lead to implementationof a kinder, gentler andprotec-

tive approach. An effective clinical and community health

strategy would allow a clinician tomore easily and effectively

identify and worry about those few at risk-infants. Protective

care of those at risk for severe neonatal hyperbilirubinemia

would prevent virtually all cases of kernicterus.

Table 1 - Frequency of total serum bilirubin 30 mg/dL

Regions Health practice (type of review) Study period Frequency

Canada National survey data9 2002-2004 NA

USA (CA) HMO system data10 1995-1998 1 in 10,000

UK National review data11 2003-2005 1 in 14,084

USA (HCA) Health system data12 2003 1 in 14,651

USA (PA) prospective Systems-based: universal
bilirubin screening3

1990-2003 zero

Brazil (SP) prospective Systems-based: universal
bilirubin screening8

2001-2005 zero

The first four studies are retrospective: bilirubin screening and follow-up done at MD discretion.
CA = California; HCA = Hospital Corporation of America; HMO = Health Maintenance Organization; PA = Pennsylvania;
SP = São Paulo.

Table 2 - Frequency of total serum bilirubin 25 mg/dL

Regions Health practice (random review) Study period Frequency

USA (CA) HMO system data10 1994-1998 1 in 700

USA (UT) Health system data13 2002 1 in 1,522

USA (HCA) Health system data12 2003 1 in 1,878

Canada National survey data9 2002-2004 1 in 2,840

Denmark National review: home follow-up14 1994-2002 1 in 4,320

Brazil (SP) prospective Systems-based: universal
bilirubin screening8

2001-2005 1 in 5,630

USA (PA) prospective Systems-based: universal
bilirubin screening3

1990-2003 1 in 15,000

The first four studies are retrospective: bilirubin screening and follow-up done at MD discretion.
CA = California; HCA = Hospital Corporation of America; HMO = Health Maintenance Organization; SP = São Paulo;
PA = Pennsylvania; UT = Utah.
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Turn off the lights and the oxygen, when not needed:
phototherapy and oxidative stress in the neonate

Augusto Sola *

In this issue of Jornal de Pediatria, Aycicek & Erel1 publish

an illuminating article on the potentially serious detrimental

effects of “therapywith light” onneonatal

defenses against oxidant stress. This is

the first report showing an association

between serum oxidant/antioxidant pa-

rameters in phototherapy-treated term

infants. It is amazing, indeed, that little is

known about the potential damage of

phototherapy and its possible mecha-

nisms and that so little attention has

been paid to possible adverse effects of such a commonly

used therapy.Whowould have imagined that only 48 hours of

exposure to phototherapy soon after birth in full termhealthy

neonates may lead to metabolic derangement of the already

poorly functioning and underdevelo-

ped neonatal defenses against oxi-

dant stress? What the authors

describe emphasizesmymotto in re-

lation to oxygenation and neonatal

health hazards: “More important

than what we see is what we do not

see.” Through the illumination of this

manuscript, we must now wonder:

What is the light doing that leaves us in the darkness? Based

on these authors’ findings, it seems that phototherapy oxidi-

zes termbabies. If this is so, what happens to preterm infants

who are placed under the light ‘just in case’ and are also given

oxygen in excess of what they need?What a potentially really

bad combination: one therapy which decreases antioxidants

and one which increases them! Sadly, most of the time heal-

thcare providers give both these therapies to an infant, in

combination or separately, without any proven need and to

produce no known benefit. Making a newborn hyperoxic and
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