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1. The condition should be an important health problem 

 
1.  What is the “condition”?  Defining hyperbilirubinemia: 
 a.)  Conjugated, Unconjugated and Total Bilirubin 

 
Hyperbilirubinemia is an excess of bilirubin in the blood.  Bilirubin, a breakdown product from 
heme from red blood cells, is yellow, and hyperbilirubinemia causes jaundice, a yellow coloration 
of the skin and whites of the eyes.  Hyperbilirubinemia can be either conjugated or unconjugated 
(or both); a simple and inexpensive test often done at the same time as the bilirubin level can 
distinguish between the two, and is generally recommended as a first step in evaluating either 
severe or prolonged hyperbilirubinemia.   
 
Conjugated hyperbilirubinemia suggests a problem with the liver or biliary tract, is much less 
common than unconjugated hyperbilirubinemia, and is significant primarily as a sign of other 
illnesses.  These illnesses include hypothyroidism, infections, and biliary atresia, for all of which 
there is an advantage to early detection.  However, because there are commonly other signs of 
illness in infants with conjugated hyperbilirubinemia (e.g., fever, hypotonia, light stools, or dark 
urine), because conjugated hyperbilirubinemia is less commonly associated with kernicterus 
(defined below), and because it is much less common, it will not be discussed further here.  
However, it should be kept in mind that a screening program for hyperbilirubinemia has the 
potential to identify some previously undiagnosed cases of conjugated hyperbilirubinemia, with 
resulting medical benefits, and to detect some false-positive elevations of conjugated 
hyperbilirubinemia, which might lead to additional unnecessary laboratory evaluation.(1) 
 
Unconjugated hyperbilirubinemia can either be a result of an increase in bilirubin production, a 
decrease in the conjugation of bilirubin, an increase in reabsorption of bilirubin from the intestine, 
or some combination of the three.  The decrease in conjugation may be due to delay in the 
maturation of the activity of the enzyme that conjugates bilirubin (UDP Glucuronosyl transferase), 
as is commonly seen in preterm infants, or to genetic variation in the activity of that enzyme, which 
leads to racial differences in the frequency of unconjugated hyperbilirubinemia.  An increase in 
bilirubin production is most often due to hemolysis (increased red cell destruction), either because 
of maternal-infant blood type incompatibility or other causes, including a common inherited 
deficiency of the enzyme Glucose-6-Phosphate Dehydrogenase (G6PD).   Because in most 
newborns almost all bilirubin is unconjugated and because most of the research and guidelines 
relate to total bilirubin, in this report we will focus on total bilirubin levels with the understanding 
that in cases of significant or prolonged elevation of bilirubin levels, the bilirubin should be 
fractionated to rule out conjugated hyperbilirubinemia, and conjugated hyperbilirubinemia should 
trigger additional evaluation. 
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b.) The definition of hyperbilirubinemia and purpose of screening vary with the age 
of the infant 

 
As is the case with other health conditions measured on a continuous scale, such as blood pressure 
or serum cholesterol, in considering how to define hyperbilirubinemia, the higher the level chosen, 
the fewer the number of affected people and the greater the level of concern in each one.   
However, unlike other entities for which the UK may have considered screening in the past, the 
task of defining hyperbilirubinemia has the additional challenge that normal bilirubin levels 
increase rapidly after birth, as do levels at which different treatments are recommended.  Thus 
interpretation of any bilirubin level must take into account the infant’s age in hours.(2) 

 
Furthermore, the short-term goal of screening for hyperbilirubinemia may vary with the age of the 
infant.  (The long term goal is always preventing kernicterus.)  During the first 24-48 hours after 
birth, the main short-term goal is to assist with risk assessment, identifying bilirubin levels that, 
while not high enough to warrant treatment, would warrant closer follow-up or future bilirubin tests 
(or, at least, a lower threshold for performing these.)  Screening at this early age may also identify 
bilirubin levels that would warrant immediate treatment.  Most such newborns would be expected 
to be jaundiced in the first 24 hours after birth, but because in the first 24 hours treatment is 
indicated at much lower levels (e.g., the American Academy of Pediatrics recommends 
phototherapy for a total serum bilirubin level of only about 125 µMol/L {7.5 mg/dL} at 12 hours of 
age in a 37-week gestation infant) significant jaundice may not be present or may be missed.*   
 
As the age of the baby increases beyond about 48 hours, the main goal moves from risk assessment 
to identifying levels already high enough to warrant  treatment, because bilirubin levels typically 
peak 3 to 5 days after birth.  However as newborns get older and the bilirubin levels at which 
treatment is indicated rise, the ability to identify infants needing bilirubin testing by physical 
examination for jaundice increases.  If screening is defined as: "the application of a test to detect a 
potential disease or condition in people with no known signs or symptoms of that disease or 
condition"(3), the goal of screening these older infants is to identify significant hyperbilirubinemia 
that is in some sense occult -- i.e., that is not accompanied by a level of jaundice that would 
otherwise have triggered a bilirubin measurement.   
 

2.  Public health significance 
 
The significance of hyperbilirubinemia derives primarily from its potential to cause kernicterus, a 
form of brain damage that can cause death or long term sequelae including cerebral palsy and 
hearing loss.   The incidence of kernicterus appears to vary geographically, with much higher rates 
reported in Africa and India than in North America or Europe.  A recent report from The British 
Paediatric Surveillance Unit estimated the incidence at about 1 per 100,000 live births in the United 
Kingdom.(4) (Hyperbilirubinemia may also have some significance as a predictor of outcome in 
very premature infants(5-7), however this area is still under active investigation and will not be 
covered in this review.) 
 

                                                 
*  The example is for illustrative purposes only – recent experience of one of the authors of this report (MJM) suggests 
that phototherapy may not always be necessary at the levels currently recommended by the AAP for infants less than 
24 hours old, as bilirubin levels sometimes rise steeply for 12 hours and then level off rapidly. 



   

 3 

Less serious than kernicterus, but more common, and therefore also of public health significance, is 
treatment for hyperbilirubinemia, either with exchange transfusion (which has significant morbidity 
and mortality)(8-10) or with phototherapy, which while apparently safe, leads to expense, 
separation of mother and infant, and carries with it  the remote possibility of as yet unidentified or 
unconfirmed adverse effects.(11)  Population-based data on the frequency of exchange transfusion 
are not available.  Anecdotally, there has been a significant decline in use of exchange transfusions, 
but there also has been wide variation across institutions.  Surveys of pediatricians indicate 
significant variability in the bilirubin levels at which exchange transfusion and phototherapy are 
endorsed.(12-14)  
 
Finally, jaundice in newborns has public health significance, because it can be a source of concern 
to parents and other family members.(15, 16 )  A screening program for hyperbilirubinemia might 
lead to reassurance of some families that otherwise might have excessive levels of concern about 
jaundice.  On the other hand, as discussed below, it might lead to an increase in parent and provider 
concern. 
 
2. The epidemiology and natural history of the condition, including development from latent 
to declared disease, should be adequately understood and there should be a detectable risk 
factor, disease marker, latent period or early symptomatic stage. 
 
This item makes the most sense for the current discussion if we consider the "condition" to be 
kernicterus, and the detectable risk factor to be hyperbilirubinemia.  Then the question is: how well 
is the development of kernicterus from hyperbilirubinemia understood?  The best data relate to who 
is not at significant risk of kernicterus.  Among term infants without hemolysis in the US and 
Western Europe, the risk of kernicterus is extremely low if the bilirubin remains below 428 µMol/L 
(25 mg/dL), (17-21) and is also quite low (none observed out of 130 infants) if the bilirubin is 428 
to 513 µMol/L (25-30 mg/dL) and promptly treated.(22).   Most cases of kernicterus in these 
newborns occur at bilirubin levels above 513 µMol/L, but the actual risk in these infants has not 
been well quantified and many escape with no apparent sequelae if promptly treated.(22-25)  
 
Other newborns, including premature newborns, those with hemolysis from isoimmunization or 
G6PD deficiency, those with other illnesses (such as infections) and those born in other countries 
are at higher risk, but the magnitude of the increase in risk and the biologic mechanisms are 
generally not clear.(26-28) 
 
There are no recent studies of the natural history of significant hyperbilirubinemia, in particular 
none in which levels approaching those at which kernicterus has been reported have been left 
untreated.  Thus, for example, the number-needed-to-treat to prevent one case of kernicterus at 
differing levels of hyperbilirubinemia is not known. 
 
If the condition for which we are screening is hyperbilirubinemia warranting treatment that would 
otherwise not have been detected, i.e., hyperbilirubinemia not associated with jaundice sufficiently 
concerning to trigger a bilirubin level, then less is known about the epidemiology or natural history.  
There are case reports of newborns who were known to be jaundiced but did not have bilirubin 
levels tested and subsequently developed kernicterus.(29, 30)   It is thought that if their bilirubin 
had been measured at an earlier time, intervention might have prevented their kernicterus.  
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However, other cases of kernicterus have occurred despite treatment of known hyperbilirubinemia; 
these presumably would not be impacted by a screening program.  
 
3. All cost effective primary prevention interventions should have been implemented as far as 
practicable. 
 
The major program for primary prevention of jaundice and kernicterus is identifying Rhesus-
negative women during pregnancy, and treating them with Rh immune globulin (Rhogam) to 
prevent sensitization to the Rh(D) antigen.  This treatment has been dramatically successful and has 
been widely implemented.   Pharmaceutical treatment to inhibit bilirubin production is another 
primary prevention strategy, likely to be quite effective,(31-33) however safety and cost-efficacy 
are not yet known.  Because such treatment would be given to large numbers of infants to prevent a 
rare outcome, even a very rare serious adverse effect might lead to an unfavorable risk:benefit ratio.  
This issue was nicely illustrated by the concerns raised about 15 years ago about adverse effects of 
prophylactic Vitamin K in newborns.(34) 
 
Encouraging and supporting breast feeding may be helpful, since more frequent breastfeeding is 
associated with lower TSB levels in observational studies.(35-37)  Although a randomized trial 
failed to confirm a benefit,(38) there was a trend towards lower TSB levels in the frequent feeding 
group (-0.6 mg/dL; P=0.1) and the efficacy may have been underestimated because TSB levels 
were measured relatively early, at a median age of 53 hours.  In any case, support of lactation is 
likely to be  cost effective for other reasons. 
 
4. Does screening identify carriers of a mutation?  
 
While screening for hyperbilirubinemia does not itself identify carriers of a mutation, it might 
identify people in whom additional testing for G6PD deficiency (or possibly other mutations) 
would be indicated.   
 
5. There should be a simple, safe, precise and validated screening test 
 
Screening for hyperbilirubinemia can include physical examination for jaundice, or measurement of 
bilirubin in the skin (transcutaneous bilirubin or TcB) or in the serum (total serum bilirubin or 
TSB).  Physical examination for jaundice can utilize the progression of jaundice from the face to 
the extremities as bilirubin levels rise.(39)  Correlations between bilirubin levels estimated from 
physical examination by observers at various levels of training and TSB levels have been fair (0.4 
to 0.70),(40, 41) but these studies have included mostly newborns with TSB levels of 200 µMol/L 
or less, thus not directly addressing how commonly TSB levels high enough to warrant treatment 
would be missed.  Several studies suggest that the vast majority (> 95%) of newborns with levels of 
200 µMol/L or more will have jaundice below the level of the nipples, although many infants with 
lower TSB levels will, too.(39-42) 
 
Studies of TcB measurements with various devices have found them to correlate closely with TSB 
levels, generally within 35 – 50 µMol/L.(43-48)  However, again, most of the infants in these 
studies had only moderate elevations of bilirubin levels, and there is some evidence that the 
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transcutaneous instruments are less accurate at higher bilirubin levels. The Minolta JM-103 is 
easiest to use, but tends to overestimate bilirubin levels in dark-skinned infants.(46)    
 
The “gold standard” in most of these studies has been a TSB level measured in a clinical 
laboratory, but even these may not be accurate -- significant interlaboratory variability in TSB 
measurements, with coefficients of variation across laboratories of 10-15% has been reported.(49, 
50)  However, more recent studies using a more appropriate standard show promise in reducing this 
variability.(51, 52)  Certainly before embarking upon any screening program for 
hyperbilirubinemia, it would be important to optimize and document the accuracy of TSB 
measurements in clinical laboratories. 
 
6. The distribution of test values in the target population should be known and a suitable cut-
off level defined and agreed 
 
As previously mentioned, interpretation of bilirubin levels is complicated by their rapid rise over 
the first few days after birth, as well as the fact that treatment thresholds vary depending upon the 
gestational age and other illnesses of the baby.  If the goal of screening is to identify newborns in 
need of immediate treatment, it would be fairly straightforward for the NSC or its designates to 
review and either endorse or modify the treatment guideline suggested by the AAP, which provides  
bilirubin levels at each age and in three different risk strata at which phototherapy and exchange 
transfusion are recommended.   
 
On the other hand, if the goal is risk assessment, more work would need to be done to agree upon 
what alterations in management would be indicated in newborns with different bilirubin levels, 
taking into account clinical risk factors for jaundice (especially gestational age).(53)  A good place 
to start would be plotting the bilirubin on the “Bhutani Nomogram,”(54) which has been shown in 
several studies to be a good predictor of risk of significantly increasing TSB levels.(47, 53-55)  
However, the percentile labels on this nomogram are not valid even in the population from which 
they were derived,(2) and may be far from the mark in other populations.  For example, the 95th 
percentile for TcB levels in a recent study from Michigan was between the 40th and 75th percentiles 
in the Bhutani nomogram.(56) 
 
7. The test should be acceptable to the population 
 
Measurement of bilirubin transcutaneously will likely be very acceptable to the population, as the 
test is painless and takes only a minute or two to do.  Measurement of total serum bilirubin is likely 
to be more acceptable if combined with a blood draw for routine screening.  Measurement of blood 
levels after that is likely to be acceptable if the newborn is significantly jaundiced and/or if a 
transcutaneous measurement suggests the need for a serum bilirubin level.   Universal TSB testing 
in outpatients is likely to be met with resistance because it will require a blood test (with resulting 
pain to the infant and inconvenience to the family and provider) and providers and parents may 
appropriately doubt that it is necessary if the infant is not jaundiced or the jaundice is clearly 
minimal or improving. 
 
8. There should be an agreed policy on the further diagnostic investigation of individuals with 
a positive test and on the choices available to those individuals 
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This is partly discussed under #6 above.  Policies would need to be developed with regard to what 
levels of TSB would warrant additional diagnostic evaluation, including G6PD screening, blood 
type and direct anti-globulin (Coombs’) testing, hemoglobin levels, etc.   
 
9. If the test is for mutations are all possible mutations being screened for? 
 
Not applicable; see above. 
 
10. There should be an effective treatment or intervention for patients identified through 
early detection, with evidence of early treatment leading to better outcomes than late 
treatment 
 
There is considerable evidence that phototherapy can lower bilirubin levels and/or keep them from 
rising.(21, 57)   Although there is not direct evidence that this treatment reduces the risk of 
kernicterus, there is strong evidence that kernicterus is caused by extreme elevations in bilirubin 
levels, thus it seems very likely that phototherapy is effective at preventing kernicterus and that the 
major issue is not lack of efficacy but (depending upon the treatment threshold) a potentially high 
number-needed-to-treat because of the rarity of the outcome and generally benign natural history of 
jaundice. 
 
 
11. There should be agreed evidence based policies covering which individuals should be 
offered treatment and appropriate treatment to be offered 
 
 Which individuals should be offered treatment is discussed under #6 above; the treatment to be 
offered is discussed under #15 below. 
 
12. Clinical management of the condition and patient outcomes should be optimized in all 
health care providers prior to participation in a screening programme 
 
We have not seen studies of how hyperbilirubinemia is managed by practitioners in the UK.  As 
mentioned previously (see #1), there appears to be wide variation in practice elsewhere.  Although 
an effort could be made to develop a new guideline or adapt the AAP guideline, one obstacle to any 
type of heavy-handed effort to secure adherence to the guideline is that it will be based primarily on 
expert opinion.(27) 
 
 
13. There should be evidence from high quality Randomised Controlled Trials that the 
screening programme is effective at reducing mortality or morbidity 
  
No randomized trials of bilirubin screening have had morbidity or mortality outcomes.  A recent 
time-series study found a decrease in readmissions for hyperbilirubinemia following institution of 
universal screening,(58) but this may be due to an increase in phototherapy during the birth 
hospitalization. 
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14. There should be evidence that the complete screening programme (test, diagnostic 
procedures, treatment/intervention) is clinically, socially, and ethically acceptable to health 
professionals and the public 
 
We know of no studies directly addressing this question.  Because of the tragic and devastating 
consequences of kernicterus and the seeming ease of preventing it, we suspect that at least the 
public might have greater difficulty accepting the status quo than a screening program. 
 
15. The benefit from the screening programme should outweigh any potential physical and 
psychological harm 
  
The risk of greatest physical harm would be if the screening program led to an increase in the use 
of exchange transfusions, but given the narrow indications for the procedure and the likelihood that 
earlier detection of hyperbilirubinemia would lead to more timely phototherapy, a decrease in 
exchange transfusion seems more likely. There also is a risk that phototherapy (or interruption of 
nursing, which is another treatment for jaundice that is included as an option by the AAP)(27) 
might interfere with breastfeeding in some cases, with resulting loss of health benefits of breast 
milk and avoidance of cow's milk formula.  Although phototherapy appears to be safe, there have 
been no studies with sufficient follow-up periods or large enough sample sizes to rule out clinically 
significant but rare and/or late adverse effects.  Furthermore, earlier studies and long-term 
experience are with doses of phototherapy considerably less than the currently recommended 
“intensive phototherapy.” As an example of a clinically significant adverse effect that might have 
escaped previous detection, phototherapy treatment was associated with later insulin-dependent 
diabetes (OR=3.79; 95% CI 3.13-4.59) in a recent Swedish study.(11)  
 
There is also a significant potential for psychological harm, since jaundice is so common, if large 
numbers of families become concerned about the risk of overt or subtle brain damage from 
jaundice.  Any screening program would need to strike a balance between raising awareness of the 
potential for jaundice to be dangerous and unnecessarily alarming parents.   
 
16. The opportunity cost of the screening programme should be economically balanced in 
relation to other medical care 
 
This will likely require subjective judgments.  One concern is that a public or physician education 
campaign related to the dangers of neonatal jaundice might lead to significant concern about 
jaundice among parents of newborns, which might in turn require healthcare providers to spend 
more time on reassuring about this particular topic, with the possible opportunity cost that other 
pertinent issues (for example, infant sleep position or parental smoking) might get short shrift as a 
result.  On the other hand, we suspect that there are other healthcare expenditures that are much less 
cost-effective than counseling about jaundice and feeding in newborns. 
 
17. There should be a plan for managing and monitoring the screening programme 
  
A plan for managing and monitoring would need to be developed.  Such a plan might include 
centralized reporting of elevated bilirubin levels in order to track progress on reducing the 
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frequency of dangerously high (e.g., > 450 - 500 µMol/L in a term baby) levels, audits to indicate 
level of adherence to screening and guidelines, periodic surveys of breast feeding, and possibly 
surveys about knowledge and level of anxiety about neonatal jaundice. 
 
18. Adequate staffing and facilities for testing, diagnosis, treatment and programme 
management should be available 
  
The staffing and facilities needed would be those needed to facilitate monitoring of TSB levels and 
treating those that are elevated.  For example, availability of TcB instruments to home health 
visitors, and in out- and inpatient settings would be very helpful.  Hospitals should have equipment 
necessary to do intensive phototherapy. 
 
19. All other options for managing the condition should have been considered 
 
As noted above, an alternative to screening for hyperbilirubinemia would be an attempt to optimize 
decisions based upon the history and physical examination (perhaps by educating providers about 
risk factors for hyperbilirubinemia and physical examination technique and limitations), perhaps 
with education leading to a lower threshold for bilirubin testing.   
 
20. Evidence-based information, explaining the consequences of testing, investigation and 
treatment should be made available. 
 
It is worth distinguishing between making information available, which is likely to be beneficial, 
and distributing it widely to new parents, which could have unintended consequences.  New parents 
can absorb and retain only a finite amount of information; as mentioned under #20 it would be 
unfortunate if too much information about neonatal jaundice crowded out other information that 
night be more important for many families.   
 
21. Public pressure for widening the eligibility criteria, etc, should be anticipated 
 
This is an important point.  Whatever guidelines are adopted, even if they prevent most cases of 
kernicterus, they are unlikely to be 100% effective, and one should anticipate families coming 
forward with powerful stories(59, 60) that might lead to a tendency to diagnose and treat 
hyperbilirubinemia more aggressively than would be optimal. 
 
22. Mutation screening should be acceptable … 
 
N/A 
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Reviewer’s conclusions 
 
Although rare, kernicterus is devastating and worth preventing.  We suspect that most cases could 
be prevented without screening by educating practitioners about risk factors for severe 
hyperbilirubinemia and developing and promoting adherence to guidelines for treatment of 
recognized hyperbilirubinemia.  An analysis of the cases reported by the British Paediatric 
Surveillance Unit (BPSU) would provide helpful information in this regard – how many of the 
cases were associated with risk factors, known jaundice, and/or early symptoms being ignored (as 
was the case with “Olivia”), versus how many would likely have required a screening program to 
have been prevented? 
 
A step that should be taken as soon as practical is ensuring that TSB measurements throughout the 
UK are adequately standardized.  It would be very helpful to develop the capability to monitor the 
extent of hyperbilirubinemia by mandating reporting by clinical laboratories of very high (e.g., > 
500 µMol/L) levels to a central authority.  
 
Another step that might be helpful even without a universal screening program would be to 
facilitate access to bilirubin measurements, either through distribution of a large number of TcB 
instruments or streamlining the process for obtaining TSB measurements in hospital and 
outpatients.  TcB levels are probably best used as an adjunct to physical examination to identify 
infants who should have a TSB measured. 
 
Screening with the purpose of identifying newborns who already have bilirubin levels high enough 
to warrant treatment during the birth hospitalization would be relatively straightforward.  The yield 
would probably be low, but the ease of providing immediate treatment, if needed, would be high.  It 
would make sense also to use this screening for risk assessment as well, but specific guidelines 
would need to be developed specifying how the results would be used to inform timing of follow-
up visits and subsequent bilirubin testing.   Screening all outpatients with a blood test for TSB 
would be more difficult logistically and likely less acceptable, whereas making TcB measurements 
readily available in outpatient settings, with TSB confirmation for elevated values, would likely be 
more acceptable and efficient.   
 
Summary: We suggest that a decision on universal bilirubin screening be deferred until: 

1. Adequate standardization of TSB measurements has been accomplished 
2. The cases reported to the BPSU have been analyzed (e.g., with a “root cause” analysis) 
3. A system of mandatory reporting of elevated bilirubin levels is in place to quantify the 

extent of the problem at baseline and monitor progress 
4. Ready access to TcB and TSB measurements among in- and outpatients has been assured 
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