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INTRODUCTION

Almost all newborn infants develop neonatal hyperbilirubinemia (which may manifest as jaundice) with total serum or plasma bilirubin (TB) levels
that exceed 1 mg/dL (17.1 micromol/L), which is the upper limit of normal for adults. Term and late preterm infants (gestational age ≥35 weeks)
with a TB >25 mg/dL (428 micromol/L) or "severe" hyperbilirubinemia are at risk for developing bilirubin-induced neurologic dysfunction (BIND),
which occurs when bilirubin crosses the blood-brain barrier and binds to brain tissue resulting in brain injury if not treated appropriately in a
timely fashion (figure 1). (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Epidemiology and clinical manifestations",
section on 'Bilirubin-induced neurologic dysfunction (BIND)'.)

The three interventions used to reduce TB levels for infants with or at-risk for developing hyperbilirubinemia are promotion of enteral feeds,
phototherapy, and exchange transfusion. Descriptions of the latter two measures will be reviewed here. The management approach including
when to intervene and the choice of intervention is discussed separately. (See "Unconjugated hyperbilirubinemia in term and late preterm infants:
Management".)

PHOTOTHERAPY

Overview — Phototherapy, using light of specific wavelengths and doses, is considered a safe and effective intervention to reduce total serum or
plasma bilirubin (TB) levels based upon its extensive use in millions of infants over six decades [1-3]. Although sunlight includes the effective blue-
green light wavelength range (425 to 475 nm) that reduces TB, it also contains the harmful ultraviolet (UV) range (<400 nm), which increases the
risk of sunburn and potential for skin malignancies. Therefore, unfiltered sunlight should not be used for phototherapy. (See 'Sunlight exposure'
below.)

Phototherapy, using approved light sources, is the most commonly used treatment for preventing the development of TB >20 mg/dL (342
micromol/L) [1]. However, there is growing concern that phototherapy may be overprescribed, as clinical practice has assumed that its benefits far
exceeds its potential harm. There is some evidence that there may be long-term adverse (albeit small) risks associated with phototherapy, and its
inappropriate use may unnecessarily prolong birth hospitalization and impede maternal bonding and breastfeeding [4]. As a result, phototherapy
must be treated like any other medication and administered using regulated and approved devices. Clinical judgment is required to ensure
appropriate and correct dosing of phototherapy based on a risk/benefit assessment for the newborn, thereby avoiding under- or overuse of
phototherapy. (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section on 'Subthreshold (prophylactic)
phototherapy' and "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section on 'Criteria for intervention based
on risk severity assessment'.)

Efficacy — Phototherapy reduces TB concentrations and decreases the trajectory or blunts the rate of rise of TB in almost all cases of
hyperbilirubinemia, regardless of the patient's ethnicity or the etiology of the hyperbilirubinemia [5-7]. The primary benefit of phototherapy is to
prevent the TB from rising to a level at which exchange transfusion is recommended. Phototherapy might also decrease the risk of the
development of chronic bilirubin encephalopathy (CBE), previously referred to as kernicterus, although the recommended treatment thresholds
for phototherapy are generally considered to be well below those at which bilirubin neurotoxicity occurs [1,8-13]. (See "Unconjugated
hyperbilirubinemia in term and late preterm infants: Epidemiology and clinical manifestations", section on 'Epidemiology'.)

Effective phototherapy results in a decline of TB of at least 2 to 3 mg/dL (34 to 51 micromol/L) within four to six hours. A decrease in TB can be
measured as soon as two hours after initiation of treatment. Twenty-four hours of phototherapy can effectively result in a 25 to 40 percent
decrease in initial TB levels [14-16]. (See 'Dosing' below.)

Dosing — The rate of declining TB is dose-dependent and based on the amount of photons delivered (irradiance), and the body surface area (BSA)
exposed to the light [1]. In turn, the amount of irradiance (measured as microW/cm  of BSA exposed per nm of wavelength [460 to 490 nm])
depends upon the light source used (wavelength, bandwidth, and intensity), the distance between the light and infant, and the amount of
exposed BSA of the infant. The product of the irradiance and BSA is known as the spectral power and provides a measurement of the total dose of
phototherapy provided [3]. Under standard phototherapy, an infant is exposed to an irradiance between 8 to 10 microW/cm /nm consistent with
the 2004 American Academy of Pediatrics (AAP) Guideline primarily focused on preventing hyperbilirubinemia [1]. In infants with TB >20 mg/dL
(342 micromol/L), rapidly rising TB levels or if TB >25 mg/dL (428 micromol/L), intensity of phototherapy is increased (irradiance of 30 to 35
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microW/cm /nm), by adding additional light sources to increase BSA exposure, or increasing the intensity of the light source. The 8 to 10 dose
microW/cm /nm is often administered with white light bulbs, which are typically less expensive than the potentially more intensive blue light-
emitting diode (LED) devices that allow for incremental higher dosing. Blue LED light devices have become more affordable, resulting in more
widespread accessibility [17]. (See 'Light sources and devices' below and 'Intensive phototherapy ("crash-cart" phototherapy)' below.)

Mechanisms of action — Photons emitted by blue-to-blue-green light (460 to 490 nm) can photo-alter bilirubin molecules in the superficial
capillaries into water-soluble non-neurotoxic molecules, thereby reducing unconjugated TB levels. This is accomplished by the following three
mechanisms:

Technique — During phototherapy, infants should be placed supine, body exposed with the area covered by the diaper minimized (for hygiene
only), and eyes shielded with an opaque blindfold (picture 1). Care should be taken to prevent the blindfold from covering the nose or sliding off
the orbits.

For TB levels >20 mg/dL (342 micromol/L), phototherapy should be administered continuously, until the TB falls below this level. Once this occurs,
phototherapy can be interrupted for feeding and/or parental holding. The use of fiberoptic blankets and pads can be used during feeding as
discussed below.

Intensive phototherapy ("crash-cart" phototherapy) — Intensive phototherapy (also referred to as crash-cart phototherapy) is used for infants
with severe hemolysis, poor responses to standard phototherapy, TB levels close to the exchange transfusion threshold, or during the interim
time period needed to set up for the exchange transfusion [1]. Intensive therapy could reverse the early signs of acute bilirubin encephalopathy
(ABE) and may avoid the need for exchange transfusion. This approach should also be considered for an infant readmitted from home when TB
levels are not known or are pending. Intensive phototherapy uses higher levels of irradiance (usually 25 microW/cm /nm, although up to 35
microW/cm /nm can be used in term infants [gestational age (GA) ≥37 weeks]) with exposure to maximal BSA. Light should be delivered to as
much of an infant's BSA as possible with a combination of available devices, and/or in combination with a fiberoptic pad/mattress, blue LED
pad/mattress, or special blue lights placed below the infant. Another option is the use 360° phototherapy, but more studies are needed to confirm
that it provides increased efficacy [17].

Light sources and devices — Although several light sources are available for phototherapy, we use devices that incorporate blue LED light, as it is
the safest and most efficacious [19,20]. Other alternate light sources include fluorescent tubes or halogen bulbs. During feedings when overhead
lighting is temporarily suspended, LED-based pads/mattresses or fiberoptic blankets or pads/mattresses can be used.

Sunlight exposure

2

2

Structural isomerization to lumirubin – Phototherapy irreversibly converts bilirubin into lumirubin [18]. Lumirubin, a more soluble substance
than bilirubin, is excreted without conjugation into bile and urine. This is probably the principal mechanism by which phototherapy reduces
TB levels.

●

Photo-oxidation to polar molecules – Photo-oxidation reactions convert bilirubin to colorless polar compounds that can be excreted primarily
in the urine. This is a slow process and accounts for a small proportion of bilirubin elimination.

●

Photoisomerization to a less toxic bilirubin isomer – Phototherapy converts the stable 4Z,15Z isomer to the 4Z,15E isomer, which is more
polar and less toxic. Like lumirubin, the 4Z,15E isomer is excreted into bile without conjugation. Unlike structural isomerization to lumirubin,
photoisomerization is reversible, and clearance of the 4Z,15E isomer is very slow. Thus, some of the 4Z,15E isomer in bile can be converted
back to the stable 4Z,15Z isomer. As a result, this pathway may have little effect on TB values as standard laboratory measurements do not
distinguish between the isomers. However, photoisomerization does reduce the amount of potentially toxic bilirubin by 15 percent by rapidly
converting it to a non-toxic form within 2 hours of exposure.

●

2

2

Blue LEDs – Blue LEDs uses high-intensity gallium nitride gas that emits light at a peak wavelength of 470±10 nm and are commercially
available as both overhead and underneath (pad/mattress) devices [2,21,22]. These devices deliver high intensity narrow-band light in the
absorption spectrum of bilirubin and do not emit UV light [19,20]. Reviews of the literature suggest that blue LED light is the preferred light
source, as it is the safest and most effective [19,20]. A subsequent trial in extremely low birth weight (ELBW) preterm infants (BW ≤1000 g)
found that the absolute and relative decrease of TB during the first 24 hours of life was greatest for blue LEDs, followed by spotlights,
fluorescent blue lights, and then fiberoptic blankets [23]. (See "Unconjugated hyperbilirubinemia in the preterm infant (less than 35 weeks
gestation)", section on 'Initiation of phototherapy'.)

●

LED-based mattresses are preferable to fiberoptic pads because they are large enough to cover the entire BSA of a term infant.

Fiberoptic blankets or pads – Fiberoptic blankets or pads generate little heat and can be placed close to the infant, providing higher
irradiances than fluorescent lights [14]. However, blankets are typically small and rarely cover sufficient BSA to be effective when used alone
in term infants. They can be used as an adjunct to overhead lights. Fiberoptic blankets also can be used during feedings when overhead
lighting is discontinued. This is particularly helpful for infants with severe hyperbilirubinemia. In infants with BW <1000 g, fiberoptic blankets
should be used with caution to minimize risk of skin breakdown.

●

Direct sunlight — Although exposure to sunlight is known to lower TB levels [24], the use of direct sunlight, which includes UV radiation, is
not recommended as a therapeutic option to prevent hyperbilirubinemia (TB >20 mg/dL [342 micromol/L]) because of the risk of sunburn and

●
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Monitoring — During phototherapy, the dose of phototherapy (irradiance) and the infant's temperature, hydration status (intake and output),
time of exposure, and TB should be monitored daily. Excessive fluid loss may be associated with phototherapy, which may increase insensible skin
fluid loss. LED-based devices emit lower levels of heat than other light sources, and thus fluid loss due to hyperthermia is less of a concern when
using these types of devices [26,27].

Response to therapy — A decline in TB levels is a positive response to phototherapy. The frequency of measuring TB levels depends upon the
initial and the first subsequent TB value.

If TB levels have effectively declined, subsequent measurements can be obtained every 8 to 12 hours. Changes in phototherapy dosing are made
based on the subsequent measurements with intensifying dosing with inadequate reduction or allowing interruption of phototherapy for feeding
with an adequate response.

If, despite intensive phototherapy, TB levels are at or approach the threshold for exchange transfusion, blood should be sent for immediate type
and cross-match. In addition, if exchange transfusion is being considered, serum albumin levels should be measured so that the serum (or
plasma) bilirubin/albumin (B/A) ratio can be calculated and used in conjunction with the TB level and other factors to determine the need for
exchange transfusion. (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section on 'Criteria for
intervention based on risk severity assessment' and "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section
on 'Exchange transfusion'.)

Hydration — It is important to maintain adequate hydration and urine output during phototherapy since urinary excretion of lumirubin is the
principal mechanism by which phototherapy reduces TB levels. Thus, during phototherapy, infants should continue oral feedings by breast or
bottle. For TB levels that approach the exchange transfusion level, phototherapy should be continued until the TB has declined to approximately
20 mg/dL (342 micromol/L), and LED mattress or fiberoptic blankets/pads can be used during feeding. Once TB levels begin to fall below this
threshold, phototherapy can be interrupted for feedings. Enteral nutrition with phototherapy is integral to reducing additional bilirubin loads due
to enterohepatic circulation.

There is no evidence that intravenous (IV) fluid supplementation provides significant additional benefit beyond adequate oral hydration [28].
However, IV hydration is a potential option to correct for dehydration, hypovolemia, and/or hypernatremia in infants with significant volume
depletion whose oral intake is inadequate [1].

Breastfeeding — Breastfed infants whose intake is inadequate, who have excessive weight loss (>10 percent of BW), or who have evidence
of hypovolemia should receive supplementation with human milk either expressed maternal milk (preferred) or pasteurized donor milk [1,29].
Formula may be used if these preferred sources of human milk are not available. If breastfeeding is interrupted, it should be resumed as soon as
possible. (See "Unconjugated hyperbilirubinemia in the newborn: Pathogenesis and etiology", section on 'Lactation failure jaundice' and
"Initiation of breastfeeding", section on 'Assessment of intake' and "Breastfeeding the preterm infant", section on 'Inadequate milk intake'.)

Discontinuation — We generally discontinue phototherapy:

hyperthermia with increased risk of hypovolemia and potential long-term risk of skin malignancies [1]. As a result, we do not recommend the
use of direct exposure to unfiltered sunlight for phototherapy. (See "Risk factors for the development of melanoma", section on 'Ultraviolet
radiation' and "Cutaneous squamous cell carcinoma: Epidemiology, risk factors, and molecular pathogenesis", section on 'Ultraviolet
radiation'.)

Filtered sunlight — Indirect (filtered) sunlight phototherapy appears to be a reasonable clinical alternative to treat mild-to-moderate
hyperbilirubinemia in low-resource settings when regulated and approved phototherapy devices are not available. Commercially available
window tinting films have been developed that selectively allows the transmission of blue light and removes harmful UVR and infrared [IR]
light rays, thereby reducing exposure to UVR and the risk of sunburn. Data from a resource-limited center has shown that filtered sunlight
phototherapy using commercial window tinting films (which remove harmful UV and IR light rays) is a safe and efficacious method for
reducing TB levels and can provide similar results to that of conventional phototherapy [25,26].

●

Further operational and economic validation in diverse settings that have similar implementation challenges could be useful to determine if
filtered sunlight phototherapy can be used as a universally effective and safe treatment of neonatal hyperbilirubinemia. In addition,
established systems are necessary for timely transport to regionalized, expert, newborn care at perinatal centers for infants at risk for
bilirubin-induced neurologic dysfunction (BIND) who may require exchange transfusion despite being treated by filtered sunlight
phototherapy.

For infants who have been readmitted for phototherapy, TB measurements should be repeated two to three hours after initiation of
phototherapy to assess its effectiveness.

●

For infants who required phototherapy during the birth hospitalization, TB levels should be measured after 4 to 6 hours following the start of
phototherapy.

●

For infants who have been readmitted for phototherapy, when their TB levels are 12 to 14 mg/dL (205 to 239 micromol/L).●

For those who required phototherapy during the birth hospitalization, when the TB has fallen to, or below, the level at which phototherapy●
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After discontinuation of phototherapy, TB is best measured after 18 to 24 hours to assess for rebound. This is important in infants who need
phototherapy during their birth hospitalization. However, the readmitted infant should not be kept in the hospital pending measurement of
rebound, as retesting can be done as an outpatient. In these patients, the risk of clinically significant rebound is low and these patients are more
likely to have passed the peak of TB. (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Screening", section on 'Timing'.)

Rebound hyperbilirubinemia — Rebound bilirubin, defined as any increase in TB levels following discontinuation of phototherapy, is due to
rise in the rate of bilirubin production that exceeds the natural elimination process. However, the rebound level is still typically lower than the TB
value before the initiation of phototherapy [31]. Rebound hyperbilirubinemia is not likely to require serial TB measurements and reinitiation of
phototherapy.

Although uncommon, clinically significant rebound hyperbilirubinemia reaching TB levels to phototherapy initiation thresholds within 72 hours of
phototherapy termination can occur in at least 5 percent of infants who received phototherapy as reported in low-risk babies enrolled in a single
study [32]. Other risk factors for this degree of rebound include GA less than 38 weeks, Asian ethnicity, breastfeeding, a positive direct
antiglobulin test (DAT, also referred to Coombs test) indicating isoimmune hemolytic disease, and the use of early phototherapy (eg, initiated
within 72 hours after birth) [32,33]. Of note, for infants with alloimmune hemolytic disease, there may be prolonged hemolysis.

If there is any concern for rebound hyperbilirubinemia, additional TB measurements can be obtained every 12 to 24 hours. Predictive models
have been developed using retrospective data from the KPNC hospitals of infants (GA ≥35 weeks) born in 2012 to 2014 [30,32]. However,
prospective external validation is needed prior to the recommended routine use of this tool.

Home phototherapy — As an alternative to readmission to the hospital, phototherapy can be administered to select term infants who have been
discharged [34]. Home phototherapy is less disruptive to the family and can be considered for otherwise healthy term infants (GA >38 weeks)
without hemolysis and do not have other risk factors, who have TB levels 2 to 3 mg/dL (34 to 51 micromol/L) below the recommended threshold
level for initiation of hospital phototherapy, are feeding well, and can be closely followed [1].

In a retrospective review of 1324 of 1385 neonates (GA ≥35 weeks) who met inclusion criteria, home phototherapy using one or two commercial
blue-LED-based fiberoptic blankets (irradiance of 20 to 36 microW/cm /nm) was effective in decreasing TB, and only 2 percent of the cohort
required hospitalization for hyperbilirubinemia after starting home phototherapy [34]. However, only a quarter of the patients (n = 376) were at or
above the threshold hour-specific TB values for initiation of phototherapy (mean TB level at initiation of 16.9 mg/dL [289 micromol/L] at a mean
age of 94 hours). The decision for home phototherapy was made by the primary care provider, and the initiation of subthreshold phototherapy
was likely based on the recommendation by the 2004 AAP guideline, which stated that home phototherapy is an option only for infants with a TB
below the treatment threshold and who do not have hemolytic disease. Therefore, it remains unclear what proportion of the treated infants
would have reached the threshold for phototherapy and whether there was unnecessary exposure to phototherapy. In addition, home
phototherapy was provided by a service company, which did not accept all forms of Medicaid. These results demonstrate that home phototherapy
can be successfully implemented in selected infants and situations and reduces TB. Although home phototherapy may be feasible, convenient,
and valued by some families, its cost-effectiveness based on appropriate prescription has yet to be validated, and it remains uncertain whether it
is safe for infants with hemolytic disease. (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section on
'Subthreshold (prophylactic) phototherapy'.)

Transport phototherapy — Transport phototherapy should be provided to infants who need to be prescribed emergency treatment until the
infant can be cared for at a medical center that can provide appropriate hyperbilirubinemia care. Even 30 to 60 minutes of light exposure has
been shown to be effective and should be provided during transport.

Adverse effects — Because of the potential for adverse effects, especially long-term morbidity and the possible increased risk of mortality in
extremely preterm infants (GA <28 weeks), phototherapy should be prescribed only when target threshold TB levels are reached using
appropriate light sources that can emit ideal peak wavelengths and filter out harmful UV light. (See "Unconjugated hyperbilirubinemia in term
and late preterm infants: Management", section on 'Criteria for intervention based on risk severity assessment' and "Unconjugated
hyperbilirubinemia in the preterm infant (less than 35 weeks gestation)", section on 'Management approach'.)

Short-term effects — Documented potentially adverse effects in human infants include hyperthermia, oxidative stress, DNA damage,
decreased cytokine levels, decreased cardiac output and renal blood flow, increased cerebral blood flow, interruption of breastfeeding, and
transient, benign, erythematous rashes [3] Increased insensible water losses that are not replaced may lead to hypovolemia.

Bronze baby — "Bronze baby syndrome" is an uncommon but reversible skin condition manifested by a transient dark, grayish-brown
discoloration of the skin, serum, and urine [35]. It is caused by integumentary deposition of bronze-colored pigments, mainly due to
photoisomers, and occurs in infants with cholestatic jaundice (conjugate bilirubin >2 mg/dL) treated with phototherapy [35,36]. There is no known
neurotoxicity associated with this syndrome; it usually resolves without sequelae within weeks after discontinuation of phototherapy as the
pigments are slowly eliminated [37]. Thus, there is no contraindication to the use of phototherapy in infants with dual or mixed (both

was initiated. In one study using retrospective data from the Kaiser Permanente Northern California (KPNC) hospitals of infants (GA ≥35
weeks) born in 2012 to 2014, the risk of rebound hyperbilirubinemia when phototherapy was stopped at 2 mg/dL below the AAP
phototherapy threshold at the time phototherapy was started was 2.5 percent in infants ≥38 weeks and 10.2 percent in infants 35 to 37 6/7
weeks [30].
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unconjugated and conjugated bilirubin) hyperbilirubinemia. However, experts in the field have cautioned against the use phototherapy for infants
with conjugated bilirubin (>50 percent of the TB level), as there is no observed benefit of phototherapy in infants with excessive cholestasis (high
direct bilirubin). "Bronze baby syndrome" is not an indication for an exchange transfusion nor an indication to withhold phototherapy for those at
imminent risk for developing ABE.

Extremely preterm infants and mortality — There are conflicting data on whether phototherapy increases the risk of mortality in extremely
preterm infants (GA <28 weeks or BW <1000 g). Extremely preterm infants may be more vulnerable to potential harmful effects of phototherapy
due to greater transmission of light through their thin, gelatinous skin. (See "Unconjugated hyperbilirubinemia in the preterm infant (less than 35
weeks gestation)", section on 'Phototherapy and mortality'.)

Potential long-term effects — It remains uncertain whether neonatal phototherapy is associated with any long-term sequelae when used
appropriately.

Seizures — Phototherapy in newborns appears to be associated with a small risk of neonatal and childhood seizures, which is greater in
boys [38,39]. This was illustrated by a large cohort study from the Kaiser Permanente Group [39]. After adjusting for confounding factors, a weak
association was observed between phototherapy and risk of childhood seizures (hazard ratio [HR] 1.22, 95% CI 1.05-1.42) [39]. In this study, the
mean follow-up time for children who received phototherapy was 6.1 years compared with 8.3 years for those who did not. The risk was
statistically significant for boys (HR 1.33, 95% CI 1.1-1.61) but not for girls (HR 1.07, 95% CI 0.84-1.34). This study, however, did not provide any
data on neonatal seizures associated with ABE. There was no association between phototherapy and febrile seizures. For this cohort, the overall
adjusted increased risk of seizures for 10 years was 2.4 per 1000 children for those who received neonatal phototherapy. The risk was higher for
boys (3.7 per 1000 children) and lower in girls (0.8 per 1000 children). However, the study also did not provide details on what types of
phototherapy devices were used, the duration of phototherapy exposure, nor the irradiance used.

These data need to be considered in the context that changes in EEG amplitudes occur with increasing TB, and these findings may be due to
bilirubin neurotoxicity rather than phototherapy. Further research is needed to have a better understanding of the causative mechanism of
seizures associated with children who received neonatal phototherapy. Nevertheless, although the risks are modest, these results highlight the
concerns of overprescription causing unnecessary exposure with potential adverse effects.

Childhood cancer — Concerns that neonatal phototherapy may increase the risk of childhood cancer have been raised. However, it is
challenging to determine if there is a direct association between cancer and the recommended use of phototherapy (eg, appropriate light
sources) due to challenges of controlling confounding factors (eg, exposure to direct sunlight) and to determine if there is an effect on the choice
of light sources (some of which do not filter out UV radiation). If phototherapy is a risk factor, the effect is modest at best. Nevertheless, the
concern of potential long-term risk of cancer serves as another reminder that phototherapy should be prescribed judiciously.

Data that demonstrated an association between phototherapy and childhood cancer include:

Skin manifestations — Data are conflicting regarding the association between phototherapy and pigmented skin lesions. Although a
review of studies that used blue light phototherapy (using broadband blue fluorescent tubes, which also emit wavelengths in the UV region)
reported an increased risk of melanocytic nevi in children and adolescents [42], other reports did not find an association between phototherapy
and melanocytic nevi [43,44]. One of the studies reported there was an increased risk of café-au-lait macules but not melanocytic nevi [44].

Unproven retinal effects — Although the effect of phototherapy on the retina of treated infants is not known, animal studies indicate that
retinal degeneration may occur after 24 hours of continuous exposure [45]. As a result, the retina and lens of all neonates treated with
phototherapy are covered to eliminate any potential exposure to light, including the risk of "glare." Spontaneous closure of eyelids serves as a
primary infantile response and eye shades serve as additional aides for comfort and protection.

No effect on childhood asthma — There is limited evidence that moderate levels of hyperbilirubinemia are associated with childhood asthma,
but phototherapy does not alter this risk [46].

EXCHANGE TRANSFUSION

Overview — Exchange transfusion, an intervention with known risks, should be avoided (see 'Complications' below). In infants with Rhesus

A retrospective cohort single network study of infants born ≥35 weeks GA between 1995 and 2011 that reported a higher prevalence of
childhood cancer in children exposed to phototherapy compared with unexposed controls (25 versus 18 per 100,000 person-years) [40]. The
overall rates were for any cancer (adjusted hazard ratio [aHR] 1.0, 95% CI 0.7-1.6), any leukemia (aHR 1.6, 95% CI 0.8-3.5), nonlymphocytic
leukemia (aHR 1.9, 95% CI 0.6-6.9), and liver cancer (aHR 1.2, 95% CI 0.2-12).

●

A study that used linked state-wide data from California with follow-up to one year of age from 1998 to 2007 demonstrated that cancer was
diagnosed more frequently for infants with diagnostic codes for phototherapy compared with those without such codes (32.6 versus 21 per
100,000 patients, relative risk [RR] 1.6, 95% CI 1.2-2.0) [41]. After adjusting for propensity (the need of phototherapy), a small increased risk
still remained for infants exposed to phototherapy at one year of age for overall cancer (adjusted odds ratio [aOR] 1.4, 95% CI 1.1-1.9),
myeloid leukemia (aOR 2.6, 95% CI 1.3-5.0) and kidney cancer (aOR 2.5, 95% CI 1.2-5.1). Because of the higher baseline risk of cancer, the risk
of cancer was higher in patients with Down syndrome.

●
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Overview — Exchange transfusion, an intervention with known risks, should be avoided (see 'Complications' below). In infants with Rhesus
isoimmunization, it was a life-saving emergency procedure that acutely reduced total serum or plasma bilirubin (TB) levels and removed offending
antibodies. However, exchange transfusion is an increasingly rare, expensive, time-consuming procedure, which requires clinical expertise and
experience, although there are no published data indicating increased adverse complications. Exchange transfusion is the most effective method
for removing bilirubin rapidly, but there is a paucity of recent data to discern reduction or reversal of progressive acute bilirubin encephalopathy
(ABE) or chronic bilirubin encephalopathy (CBE), previously referred to as kernicterus. It is recommended to treat symptomatic infants with any
moderate to advanced clinical signs of bilirubin-induced neurologic dysfunction (BIND) (table 1) and when intensive phototherapy fails to
effectively reduce TB in infants with or at risk for developing severe hyperbilirubinemia or a TB >25 mg/dL (428 micromol/L). Exchange transfusion
is also useful for infants with increased bilirubin production resulting from isoimmune hemolysis as it also removes circulating antibodies and
sensitized red blood cells. (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Management", section on 'Exchange
transfusion' and "Postnatal diagnosis and management of hemolytic disease of the fetus and newborn", section on 'Hyperbilirubinemia' and
"Postnatal diagnosis and management of hemolytic disease of the fetus and newborn", section on 'Exchange transfusion'.)

Exchange transfusions should be performed only by trained personnel in a neonatal or pediatric intensive care unit (NICU/PICU) equipped with
full monitoring and resuscitation capabilities. Patients who are admitted after birth hospitalization who are at or near the threshold TB for
exchange transfusion should be admitted to the critical care unit to expedite the initiation of intensive (crash-cart) phototherapy and exchange
transfusion, bypassing the emergency room and avoiding unnecessary delay of therapy [1]. During the time interval needed to set up an
exchange transfusion, infants should receive intensive phototherapy. In some cases, effective phototherapy may effectively reduce TB so that
exchange transfusion can be avoided. (See 'Intensive phototherapy ("crash-cart" phototherapy)' above.)

The need for exchange transfusions has decreased with the prevention of Rhesus (Rh) isoimmune hemolytic disease and the systemic application
of the 2004 American Academy of Pediatrics (AAP) Practice Guideline for identification and treatment of infants at risk for developing severe
hyperbilirubinemia (TB >25 mg/dL [428 micromol/L]) with phototherapy [47-49].

Efficacy — After a successful double-volume exchange transfusion, TB typically falls to approximately one-half to three-quarters of the pre-
exchange value [50]. Triple-volume exchange transfusion could reduce TB levels by 95 percent; however, the procedure is cumbersome, less
efficient, and has minimal advantage. TB subsequently increases to approximately two-thirds of that of the pre-exchange concentration because
of re-equilibration between extravascular and vascular bilirubin. Several studies have shown improved abnormal brainstem auditory-evoked
response (BAER) in infants following exchange transfusion for hyperbilirubinemia [51-54].

Procedure — Infants who are close to meeting or meet the criteria for exchange transfusion should be directly admitted or transferred to the
NICU or PICU. Urgent and intensive phototherapy (see 'Intensive phototherapy ("crash-cart" phototherapy)' above) is provided during the interim
time period needed to set up for the exchange transfusion. On admission, a type and cross-match of the infant's blood and placement of an
umbilical catheter are performed promptly, so that exchange transfusion, if needed, can be started as quickly as possible [55].

The procedure involves umbilical catheter placement and removing and replacing blood in aliquots that are approximately 10 percent or less of
the infant's blood volume. The infant's circulating blood volume is approximately 80 to 90 mL/kg. A double-volume exchange transfusion (160 to
180 mL/kg) replaces approximately 85 percent of the infant's circulating red blood cells (RBCs) with appropriately cross-matched reconstituted
(from packed RBCs and fresh frozen plasma) blood. It is vital that reconstituted blood is used with a substantial albumin content to ensure
bilirubin binding, as packed RBC is inadequate and may potentiate ongoing bilirubin toxicity due to its reduced intravascular bilirubin binding
capacity [56]. Irradiated blood products should be used to reduce the risk of graft versus host disease and cytomegalovirus (CMV)-safe blood
products should be used to reduce the transmission of CMV in seronegative recipients. (See "Red blood cell transfusions in the newborn", section
on 'Red blood cells'.)

Infusion of albumin (1 g/kg) one to two hours before the procedure shifts more extravascular bilirubin into the circulation, which should
theoretically allow removal of more bilirubin, has not been shown to decrease the need for repeat exchange transfusion or enhance TB decline. In
our center, we do not administer albumin prior to exchange transfusion.

Post-procedure management — Following exchange transfusion, phototherapy is reinitiated (ideally, phototherapy should not be discontinued
and continued at the same therapeutic dose used prior to exchange). TB is measured within two hours following the procedure and management
decisions are made dependent on the level of TB.

Complications — The risks of exchange transfusion result from the use of blood products and from the procedure itself. Complications include
(see "Red blood cell transfusion in infants and children: Administration and complications"):

Morbidity and mortality — Because exchange transfusions are rarely performed, it is difficult to assess the current risks of morbidity and

Blood-borne infections●

Thrombocytopenia and coagulopathy●

Graft versus host disease●

Necrotizing enterocolitis●

Portal vein thrombosis●

Electrolyte abnormalities (eg, hypocalcemia and hyperkalemia)●

Cardiac arrhythmias●
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mortality associated with this procedure. Studies published in 1985 reported mortality rates of 0.3 percent associated with the procedure [57,58]
and a significant complication rate of 1 percent [58]. Subsequent studies are limited by the number of patients due to the infrequency of the
procedure but still suggest a significant risk of morbidity and mortality especially in critically ill infants [47,56,59-62].

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions around the world are provided separately. (See
"Society guideline links: Neonatal jaundice".)

SUMMARY AND RECOMMENDATIONS

Use of UpToDate is subject to the Subscription and License Agreement.
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Neonates with "severe" hyperbilirubinemia (defined as a total serum or plasma bilirubin [TB] >25 mg/dL [428 micromol/L]) are at risk for
bilirubin-induced neurologic dysfunction (BIND), which occurs when bilirubin crosses the blood-brain barrier, binds to brain tissue, and
causes neurotoxicity (figure 1). (See "Unconjugated hyperbilirubinemia in term and late preterm infants: Epidemiology and clinical
manifestations", section on 'Bilirubin-induced neurologic dysfunction (BIND)'.)
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Phototherapy is the most commonly used intervention to reduce TB for the treatment and prevention of hyperbilirubinemia (TB >20 mg/dL
[342 micromol/L]). The rate of declining TB is dose-dependent on amount of delivered irradiance and the duration of phototherapy. The
amount of delivered irradiance (measured in microW/cm  of body surface area exposed per nm of wavelength [460 to 490 nm]) depends
upon the selected light source (wavelength, bandwidth, and intensity), the distance between the light and infant, and the amount of exposed
surface area of the infant. Standard neonatal phototherapy irradiance dosing is 8 to 10 microW/cm /nm [1]. (See 'Dosing' above.)
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Intensive phototherapy (also referred to as "crash-cart" phototherapy) that delivers higher levels of irradiance (25 microW/cm /nm and in
term infants [gestational age (GA) >38 weeks] up to 35 microW/cm /nm ) is provided to infants with severe hemolysis, poor response to initial
phototherapy, TB levels close to the exchange threshold, or during the interim time period needed to set up for the exchange transfusion.
(See 'Intensive phototherapy ("crash-cart" phototherapy)' above.)
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During phototherapy, infants should be placed supine in an open crib or bassinet or warmer, body exposed with minimization of the area
covered by the diaper, and the eyes shielded with an opaque blindfold (picture 1). The infant's hydration status, temperature and TBs, and the
irradiance dose are monitored throughout the procedure. (See 'Technique' above and 'Monitoring' above.)
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prescribed to treat neonatal hyperbilirubinemia (Grade 2B). (See 'Light sources and devices' above.)
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sources that filter out UV light. During phototherapy, there is ongoing monitoring of the irradiance dose and the infant's response to therapy.
(See 'Adverse effects' above and 'Extremely preterm infants and mortality' above and 'Potential long-term effects' above.)
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Exchange transfusion is a potentially life-saving emergency procedure that acutely reduces the level of bilirubin. Although it is an increasingly
rare, expensive, time-consuming procedure, which requires clinical expertise, exchange transfusion is the most effective method for
removing bilirubin rapidly. It is used to treat symptomatic infants with moderate to advanced signs of BIND and when intensive phototherapy
fails to effectively reduce TB in infants with or at-risk for developing severe hyperbilirubinemia (TB >25 mg/dL [428 micromol/L]). (See
'Exchange transfusion' above.)

●

Exchange transfusions should be performed only by trained personnel in a neonatal or pediatric intensive care unit (NICU/PICU) equipped
with full monitoring and resuscitation capabilities. Patients who are admitted after birth hospitalization who are at or near the threshold TB
for exchange transfusion should be admitted to the intensive care unit to expedite the initiation of phototherapy and exchange transfusion,
bypassing the emergency room and avoiding unnecessary delay of therapy. (See 'Procedure' above.)

●
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GRAPHICS

Bilirubin production, metabolism, and excretion

Schematic diagram demonstrating the production, metabolism, and excretion of bilirubin.

*Physiologic mechanisms that reduce the movement of free bilirubin across the blood-brain barrier include
binding to plasma albumin and rapid uptake, conjugation, and clearance by the liver. These protective
mechanisms are less efficient in neonates (especially preterm infants) and individuals with inherited disorders
of bilirubin conjugation. As a result, these patients are at risk for bilirubin-induced neurotoxicity.

Adapted from: Hansen TWR, Bratlid D. Physiology of neonatal unconjugated hyperbilirubinemia. In: Care of the
Jaundiced Neonate, Stevenson DK, Maisels MJ, Watchko JF (Eds), McGraw-Hill Companies, New York 2012.
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Phototherapy for a preterm infant

Preterm infant (postmenstrual age of 30 weeks) receiving phototherapy, nasal CPAP, and oral nasogastric feeds.

CPAP: continuous positive airway pressure.
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Bilirubin-induced neurologic dysfunction (BIND) assessment (score) for term and late preterm infants

Clinical signs Score

Mental status

Normal 0

Sleepy but arousable, decreased feeding 1

Lethargic, poor suck, irritable, and/or jittery 2

Semicomatose to comatose, unable to feed, seizures 3

Muscle tone

Normal 0

Persistent mild to moderate hypotonia 1

Mild to moderate hypertonia alternating with hypotonia 2

Persistent retrocollis and opisthotonos 3

Cry pattern

Normal 0

High pitched when aroused 1

Shrill, difficult to console 2

Inconsolable crying or weak/absent cry 3

Total BIND score  

Total scores for BIND determine the presence and severity of acute bilirubin encephalopathy (ABE) for infants without other identifiable causes for neurologic dysfunction:
Scores between 7 and 9: Advanced ABE, requiring emergency intervention (exchange transfusion) to prevent further brain injury and potentially reverse acute brain damage.
Scores between 4 and 6: Moderate ABE, requiring urgent intervention (intensive phototherapy and potentially exchange transfusion) to possibly (based on timing of intervention)
prevent and reverse brain injury.
Scores between 1 and 3: Consistent with subtle signs of ABE, requiring intervention (phototherapy) depending on total bilirubin. In these patients, auditory brainstem response testing
is helpful, as an abnormal result would confirm the presence of moderate ABE.

Adapted by permission from Macmillan Publishers Ltd: Journal of Perinatology. Johnson L, Bhutani VK, Karp K, et al. Clinical report from the Pilot USA Kernicterus Registry (1992 to 2004). J Perinatol 2009; 29:S25.
Copyright © 2009. https://www.nature.com/jp/.
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