
 

 
 
 
 
 
 
 
 
 
 

 

 

 

Not because you know everything without question, 
but rather because you question everything you 

think you know… 



Re-thinking What We Think We Know:  
Neonatal Hyperbilirubinemia 2017 

 
Cathy Hammerman 

Shaare Zedek Medical Center 
Hebrew University Faculty of Medicine 

•Bilirubin is bad for neonates 

•Phototherapy is good for neonates 





•In the neonate, most natural                               
endogenous antioxidant                                  
defenses are deficient 

•Linear relationship identified                                             
between plasma total                                            
antioxidant capacity and                                                    
neonatal TSB levels                                                                           

•Suggests that moderate increases in plasma 
bilirubin can be beneficial to infants under oxidative 
stress.  

 

  
 

Bilirubin as an Antioxidant 

(Hammerman et al., 1998)  

  



  

  

(a)Hyperbilirubinemia control Distinct villi 
and crypts with intact epithelial cells.  

(c ) Ischemia – Reperfusion Injury Severe 
necrosis of entire villus  
(b) Ischemia-reperfusion with 
hyperbilirubinemia. Overall preservation of 
normal villus architecture. 



 

BenAron et al:  
134 NICU infants.  
In neonates with any of five                                                    
disorders associated                                                                  
with oxidative stress sign.                                                       
less bilirubin rise compared                                                          
to controls 
 
 

•Conclude that bilirubin is consumed to 
cope with oxidative stress. 

Lancet. 1991;338:78–81 
 

 

 

 

 

 

 

 



 
• Hegyi et al: 25 preterm infants with illnesses associated 

with free radical production, such as NEC, BPD, IVH, 
ROP vs. 57 preterm controls. 
 

• Babies with oxidative stress related diseases had 
 

 Lower peak bilirubin levels 
 Slower rate of bilirubin rise   
 

    Suggest that bilirubin is consumed to cope with 
oxidative stress. 

 
J Perinatol. 1994 

 
 

 

 

 

 

 

 

 



Term Neonates with Neonatal Encephalopathy 

•30 babies; mean cord pH 
of 6.9+0.2 

•Mean TSB values of the 
NE babies - significantly 
lower than the 40th%ile of 
the Bhutani nomogram 
throughout the first 4 
DOL 

•Suggest that bilirubin is 
consumed to cope with 
oxidative stress. 

 



 

 

 

 

Patients with Gilbert syndrome, with slightly higher serum 
bilirubin, levels have a reduced prevalence of CVD diseases, 
cancer and metabolic syndrome. 
 

 
Suggest that bilirubin offers endogenous protection 

against oxidative stress. 
 

 
 

 

 

 

 

 

 

 



Neonatal Studies that Examined the Relationship of Bilirubin to Human Disease 

Assn with 
ORD 
Diseases 

44 infants with free radical producing diseases had significantly lower bilirubins 

than those with non-oxidative diseases 
Lancet. 1991 

25 preterm infants with oxygen radical diseases had significantly lower bilirubins 

than 57 controls with non-oxidative diseases 

J Perinatol. 

1994 

Assn with 
Total 
Antioxi-
dant 
Levels 

Plasma bilirubin levels closely correlated with antioxidant levels in term 

neonates 

FEBS Lett. 

1994 

28 preterm infants, bilirubin was correlated with total antioxidant levels Clin Sci  1998 

22 jaundiced preterm infants, bilirubins were not correlated with total antioxidant 

levels 

Arch Dis Child 

Fetal Neonatal 

Ed. 2003 

ROP - Yes 

Lower bilirubin concentrations were associated with worsened retinopathy of 

prematurity in 45 infants 
NEJM 1989 

128 premature infants, lower peak bilirubin levels were associated with greater 

vision loss 
Pediatrics 1998 

ROP – No 

Bilirubin levels were not related to retinopathy of prematurity in 151 neonates 

Br J 

Ophthalmol. 

1991 

24 infants, no protective effect of bilirubin was found for retinopathy of 

prematurity 

Eur J Pediatr. 

1994 

No relationship was found for bilirubin levels and retinopathy of prematurity 

in 157 infants of gestational age 23–26 weeks 
J Pediatr. 1999 

Elevated bilirubin levels did not protect and possibly predisposed to 

retinopathy of prematurity in 240 very low birth weight infants. 

J Perinatol. 

2003 



Oxidative 
Stress 

 Oxidants  Antioxidants 

IVH NEC ROP BPD 

 Bilirubin 

 ROS 

HIE 



  Phototherapy and 
Genotoxicity? 



  
• Term neonates with non-hemolytic hyperbilirubinemia [n=36]. 
• Conventional phototherapy [12–16 μW/cm2/nm (n=22)] vs. 

intensive phototherapy [30–34 μW/cm2/nm (n=14)] 
• Genotoxicity was assessed using the Comet assay in peripheral 

mononuclear cells. 
• Phototherapy   DNA damage                                                                 

•Amount of damage was related to                                                                                               
the duration of phototherapy 
•No difference between intensive                                           
vs. conventional PT 



Comet Assay 
• It’s the standard, very sensitive                                   

technique for  detecting DNA                                     

damage at a cellular  level and for                            

genotoxicity testing. 

•Cells are lysed; electrophoresed at                                          

high pH which results in structures                                   

resembling comets, observed by fluorescence 

microscopy.  

•The intensity of the comet tail relative to the head 

reflects the number of DNA breaks.  



Comet Assay 



  
Eur J Pediatr 2015 

•Group 1 - Jaundice / PT [n=45] 

•Group 2 - Physiological jaundice 
not requiring PT [n=45] 

•Group 3 - No jaundice / No PT 
[n=45] 

•Lymphocyte DNA damage 
assessed by Comet assay 

•No differences at baseline; No 
DNA damage 2o time or to 
jaundice alone;  after PT 
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• 33 full-term newborns with pathologic jaundice and 14 
healthy newborns with physiological jaundice.  

• PT- 6 fluorescent lamps [irradiance - 12 W/cm2/nm].  

• DNA damage in lymphocytes determined by Comet 
assay 

• DNA damage  with PT duration 



  
Lymphocyte 
DNA damage 
in the two 
groups. 
Significant 
increases only 
in PT group 
(p<0.001). 



  
The frequency of lymphocyte sister chromatid damage in 
jaundiced newborns before, during, and after PT 
 

PT  significantly                                                               
damage 
 

 
FU at age 3.5, no difference                                                              
PT children vs. co-evaluated                                                 
healthy children, showing  that the harmful effects of PT 
were temporary. 



   

  

Phototherapy:  
Years of Safety… 

Ancient Egyptians built 
special temples for healing 
with sunlight… 
 
Tens of thousands of 
babies have been treated 
with phototherapy with 
no apparent serious side 
effects  



Let’s Get 
Practical! 



 

 

TOTAL – 140   (110) w/cm2/nm  

MAVI – 50 w/cm2/nm 
 
Medela – 30 w/cm2/nm 
 
Medela – 30 w/cm2/nm 
 
LED Mattress – 30 w/cm2/nm 
  
 
 
 
 



  

Dose-response relationship 

between PT irradiation and 

reduction in serum bilirubin 

is linear up to  

50 W/cm2/nm.  

Practical Recommendations 

Relationship between average spectral 

irradiance and decrease in total serum 

bilirubin concentration. 



  •The AAP recommends “intensive phototherapy”            
[30-40 W/cm2/nm] between 460 to 490 nm for 
pathologic jaundice in infants >35 weeks of 
gestation.  

•There are NO recommendations anywhere in the 
literature for doses over 50 W/cm2/nm 

•There is NO proof that irradiance over 50 
W/cm2/nm is more effective 

[Bhutani VK and the Committee on Fetus and Newborn. Phototherapy to Prevent 
Severe Neonatal Hyperbilirubinemia in the Newborn. Pediatrics 2011; 128:e1046.]  

Practical Recommendations: AAP 



What We Don’t Know… 

•Whether extremely high light intensity 
exacerbates DNA damage? 

•Whether the phtototherapy dose-response 
curve is linear above 50 w/cm2/nm? 

•Whether phototherapy induced DNA 
damage has any clinical significance??? 

 



Green 

Apples?? 

Rotten 

Tomatoes?? 



Bilirubin  1/2003 – Updated 6/2006    

Society For Free Radical Biology and 
Medicine    Friel, Friesen & Miller 32 
 

Bilirubin as an Antioxidant   

The proposed mechanism is:  

 Bilirubin can scavenge the chain-carrying peroxyl radical by 

 donating a hydrogen atom attached to the C-10 bridge of  the 

 tetrapyrrole molecule to form a carbon-centered radical Bil 
 

 LOO + Bil    LOOH + Bil 

 Bil + LOO   Bil-OOL 

 Bil + O2    Bil-OO 

 LOO + BV    LOO-BV 

Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, & Ames BN. (1987). Bilirubin is an 
antioxidant of possible physiological importance. Science, 235: 1043-1046. 



Taking the BIND Score Beyond               

Bilirubin Levels 
 

  

Score Mental Status Muscle Tone Cry Pattern 

0 Normal Normal Normal 

1 Sleepy, poor feeding Hypertonia 

alternating with 

hypotonia 

High pitched cry 

2 Lethargic, irritable, 

Jittery 

Hypertonia, neck 

stiffness, flexor spasm, 

arching 

Shrill cry (may be 

intermittent) 

3 Unable to feed, apnea, 

seizures, coma 

Opisthotonus, 

bicycling, twitching, 

fisting, severe 

hypotonia 

Weak or absent 

or inconsolable 

cry 



Follow-up neurologic examinations at 3-5 months 

of age 

117 boys and 103 girls, admitted at a median age 

of 4.6 days (range 0.1-13.3). 

 The median highest TSB was 29.7 mg/dL (507 

mmol/L) with a range 17-61 mg/dL 

 

J Pediatr 2017;183:51-5 



Relationship of Neurologic  

Outcome to BIND Score 
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Normal Chronic Bilirubin Encephalopathy • 4 infants with TSB 

levels ≥ 36 mg/dL 

had BIND scores ≤3 

and normal 

outcomes at follow-

up.  

• On the other hand, 1 

infant with a low 

BIND score 

developed severe 

auditory neuropathy 

but was otherwise 

neurologically 

normal.  



Just when we  thought we 

understood… 

BIND Score predicts neurologic sequelae 

independent of TSB 

  

 Speculation: Although the TSB may  with 

phototherapy, if signs of moderate to severe 

acute bilirubin encephalopathy persist, infants 

are at risk for long-term impairments and 

prompt exchange transfusion should be 

considered 

 



What We Still Don’t Know 
•How much more sensitive might premature 

neonates be to phototherapy related 

toxicity? 

• Should exchange transfusion be considered 

in the face of a high BIND score, even if 

bilirubin is decreasing?  

•When should phototherapy be 

discontinued?  

• Is there any advantage to gradually 

weaning PT? 

 



 Our bodies maintain a delicate physiologic equilibrium, which 

can be upset by either overproduction of free radicals or 

inadequate antioxidant defenses. Any imbalance in these 

competing processes can result in oxidative stress.  

 

 In the neonate, oxidative stress contributes to many diverse 

illnesses, including chronic lung disease, necrotizing 

enterocolitis, retinopathy of prematurity and intracranial 

hemorrhage.  

 

 Birth/transition constitute an oxidative challenge for the 

newborn, with sudden exposure to a high oxygen 

environment.  

 

 Newborns have reduced antioxidant defenses. 

 

 Bilirubin, however, is present in high concentration in 

newborns for only a short time after birth 

 



Intracellular Regenerative Bilirubin Recycling 

• Bilirubin can protect protect neural cells in vitro from the toxic 

effects of 10,000-fold greater concentrations of H
2
O

2
.  

 

• How can extremely low concentrations of bilirubin can protect 

against much higher concentrations of damaging oxy-radicals? 

 

• When bilirubin                                                                                          

scavenges peroxy-                                                                  

radicals, it is converted                                                                         

to biliverdin which is                                                                         

then immediately                                                                   

reduced back to bilirubin                                                                      

by biliverdin reductase. 

 

 

 

 

 

 



  Light  4Z, 15Z (Native) 

Bilirubin 

Structural  Isomerization      

(Lumirubin)          

Configurational 

Isomerization 

[4E,15Z,4Z,15E, 4E,15E] 

Light Biochemistry for Dummies 

• Structural isomerization [intramolecular cyclization] of 

the bilirubin is slow but irreversible.  

• Less hydrophobic and lipophilic than native bilirubin; 

rapidly excreted in bile and urine 

• Can reach ~ 2–6% of the TSB, but cleared rapidly 

from serum.  

• Lumirubin is mainly responsible for the  in serum 

bilirubin 

 



  Light  4Z, 15Z (Native) 

Bilirubin 

Structural  Isomerization      

(Lumirubin)          

Configurational 

Isomerization 

[4E,15Z,4Z,15E, 4E,15E] 

Light Biochemistry for Dummies 

• Configurational isomerization is much faster - begins 

almost instantaneously when phototherapy is 

initiated. 

• Configurational photoisomers detectable in the blood 

of newborns, within 15 minutes.  

• Concentration of this isomer can account for 20–30% 

of the total unconjugated bilirubin by 2 hours.  



  Light  4Z, 15Z (Native) 

Bilirubin 

Structural  Isomerization      

(Lumirubin)          

Configurational 

Isomerization 

[4Z,15E] 

Light Biochemistry for Dummies 

• Z,E bilirubin is formed rapidly but excreted slowly. 

Thus, this isomer achieves a high fraction of total 

serum bilirubin, which may provide a neuroprotective 

effect 

• This process is spontaneously reversible and this occurs 

rapidly in bile.  

• Thus it probably plays only a minor role in lowering 

the serum bilirubin. 



  
Light  4Z, 15Z Bilirubin 

Bilirubin 

absorbs photon 

Excited Bilirubin 

Photo-

oxidation 

Structural  

Isomerization      

(Lumirubin)          

Configurational 

Isomerization 

[4E,15Z,4Z,15E, 

4E,15E] 

Light Biochemistry for Dummies 

•  water-soluble products that 

can be excreted in the urine.  

• Slower and probably only a 

minor contributor to the 

overall elimination of bilirubin 

during PT 



  
Light is a form of energy transported as an 

electromagnetic wave. When a molecule absorbs a 

photon, the photon’s energy is transferred to its 

electrons. The resultant electronically excited state is 

unstable. Competing processes by which the molecule 

returns to a stable state include luminescence (reemission 

of the energy), heat or chemical alteration 

(photochemistry). 

 

It is not logical to assume that the only important 

bioactive molecule in babies that is affected by light 

happens to be bilirubin, especially in a translucent ELBW 

infant. 

 
 

Light Biochemistry for the Non-

Biochemist 



  
Photo-oxidation 

 

A bioactive molecule, eg bilirubin or other, 

becomes sensitized by light .  

The energy gained is subsequently transferred to 

oxygen, generating singlet oxygen and other ROS 

which can cell death.  

• Bilirubin binds strongly to DNA.  

 PT Single strand breaks in bilirubin-sensitized 

DNA 

• Bilirubin can attach to phospholipid membranes  

 PT  Photo-degradation of unsaturated 

phospholipid membranes. 



  

  
•Sister Ward was charge nurse 

of the Premature Unit in Essex, 

England in the 1950’s. 

•On warm days she took the 

infants out to the courtyard  

•She recognized that jaundiced 

infants became less yellow in 

the sunlight. 

•      the beginning of 

phototherapy for neonatal 

jaundice. 



  
Egyptian J Medical Human Genetics 2012; 13: 

29–35 

•35 full-term newborns who received                                        

PT for 7 ± 4 days vs. 20 controls                                  

without jaundice 

•DNA damage significantly increased                                        

after phototherapy compared to controls not 

exposed to PT (p< 0.0001). 

• Conclusion: PT causes DNA fragmentation 



   .אלקטרומגנטים יםגלב אנרגיה תצור הוא אור•  

 מועברת הפוטון אנרגית ,מולקולהנפגש עם כש•

  ."excited" יציבהמולקולה לא  ונוצרת אליה

  :דרך יציבה הלמצב רוחזיכולה ל המולקולה•

•luminescence ( שבה היא מוציאה את
 (האנרגיה כאור

  או חום•

 [Photo-oxidation] כימי שינוי•

 

Light Physics for Dummies 



  



  
Phototherapy in Premature Neonates 



  
Photo-oxidation in Prematures 

 
 

 

ELBW newborns have even lower 

antioxidant activity.  

 

High levels of irradiance might 

overwhelm the limited antioxidant 

protection that exists.  



  

“Because of the reported increase in mortality in infants 

with birth weights 501 to 750 g, it seems prudent, at 

least in infants with birth weights <750 g, to initiate 

phototherapy at lower irradiance levels and only to 

increase these levels, or to increase the surface area of 

the infant exposed to phototherapy, if the TSB 

continues to rise.”  



  
The NICHD Neonatal Research Network conducted a prospective, 

RCT of ”aggressive” vs ”conservative” phototherapy in 1,974 

premature infants.  

Aggressive:       early onset - whenever bili >5 mg%.  

Conservative PT:   bili >8 mg% (501-750 gm); >10 (751-1000 

gm) 

Mean irradiance  22 to 23 μW/cm
2
/nm in both 

• Trend to  mortality among  infants 501-750 g with aggressive 

(39%) vs conservative (34%) PT  RR 1.13; 95% [0.96 to 1.34]. 

•  neurodevelopmental impairment with aggressive PT (26% vs. 

30%; RR 0.86; [0.74 to 0.99]) 

• Combined outcomes were same. 

  

  

n engl j med 2008 359;18  


