PHOTOTHERAPY DEVICES

Neonatal phototherapy — today’s lights,
lamps and devices

Neonatal phototherapy is a widely used and accepted form of treatment for neonatal
hyperbilirubinaemia. Effective phototherapy needs to satisfy three important criteria identified
in the literature: effective spectrum, sufficiently high irradiance and large effective treatment
area. This article looks at how technology for delivering light therapy varies, considers the
safety aspects and compares the devices available and in use in the NHS today, against the

identified effective criteria.
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1. Spectrum, irradiance and effective light
field area vary between devices.

2. Four basic light sources are used for
phototherapy devices.

3. Not all phototherapy devices are
equally effective.

4. Intensive phototherapy can be achieved
using more than one phototherapy
device.

hysiological jaundice is a normal

Pprocess seen in 45-60% of term
newborns during the first few days of life.
Pathological jaundice arises from factors
which alter the usual processes involved in
bilirubin metabolism. Hyperbilirubin-
aemia needing treatment may arise from
physiological or pathological causes'.
Jaundice appearing within 24 hours of
birth or after 14 days is considered to be
outside the normal process and
pathologic®. Very early jaundice may be
due to blood group incompatibility and
late jaundice may be a result of metabolic
or endocrine disorders, for example
hyperthyroidism or Criglar-Najjar disease.

Neonatal phototherapy has its origins in
the observations of a nurse on the effect of
sunlight on jaundiced babies’ skin colour.
From further experiments and obser-
vations it was found that the bilirubin
molecule, responsible for the yellow skin
colour of jaundiced babies, was most
sensitive to light in the blue and blue-green
regions of the visible spectrum®. The
action of light on bilirubin is not
completely understood but there are many
in-depth explanations of the current
understanding™®. Prototype and commercial
phototherapy devices followed the discovery
of the effect of light on jaundiced babies and
there are now many different commercial
devices available. Clinical workers have
identified three important criteria for
effective neonatal phototherapy: effective
spectrum, sufficiently high irradiance and
large effective treatment area’. Eight of the
devices commercially available and
currently in use in the NHS have been
evaluated by the Medicines and Healthcare
products Regulatory Agency (MHRA)
formerly the Medical Devices Agency

(MDA). Drawing on these published
evaluation reports this paper looks at the
light sources used, the ways in which the
devices can be used, the safety of
phototherapy and how each device
performs against the criteria identified by
the clinical workers.

Criteria for effective phototherapy
Effective spectrum

For phototherapy to be effective photons of
light from the lamp must be absorbed by
the bilirubin molecule. Bilirubin appears
yellow because it strongly absorbs blue and
green light®. Blue light around 450nm is
absorbed most readily if bilirubin is in a
test tube. In a baby other factors, including
skin penetration and albumin binding,
combine causing a colour shift of the most
effective light toward the blue-green
region™*’. Debate over the most effective
wavelengths of light to use still produces
many research papers. Blue light has been
investigated intensively>'®'" and has been
shown to be effective'. However, Pratesi et
al” proposed the use of blue-green light
and demonstrated its effectiveness®.

Irradiance

Once an effective waveband has been
found the light available must then be
sufficiently intense, that is, have a high
enough irradiance, to produce an
appreciable effect in reducing the neonate’s
bilirubin level*. The Department of Health
(DH) recommended a minimum level of
ImW.cm? in 1992" but unfortunately did
not specify a waveband in which to
measure the irradiance. As Metherall®
points out, it is impossible to compare
published reports of irradiance because of
the different wavebands and radiometers
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that have been used to measure it. This
problem has been discussed several
times”'*. MHRA evaluation reports’* on
phototherapy devices have maintained
consistency by stating measured irradiance
in the waveband 400nm to 550nm, which
although a little wide, includes all of the
wavebands used by clinical workers in the
field. It is also the waveband specified in
the international standard for neonatal
phototherapy devices™.

More recently, higher minimum levels of
irradiance have been proposed as more
realistic in order to provide effective
treatment”. The irradiance of different
phototherapy devices varies widely and is
dependent on a number of factors,
including the number of bulbs, tubes or
light sources", distance of the light source
from the neonate™ and quality of the
bulb/tube — variation has been observed.

Effective surface area

During phototherapy as much of the
neonate’s skin as possible should be
illuminated by light of an effective
waveband and sufficient irradiance’. When
applied to devices this concept may be
thought of as the ‘effective light field’;
‘effective surface area’ is the term used by
[EC* and DH". The surface area of a full-
term baby is approximately 2100cm?, and
for a 32 week premature baby approx-
imately 1300cm’ . A planar (horizontally
flat) overhead phototherapy lamp
illuminates up to one third of a baby’s skin
surface area, ie 700cm” and 430cm?’ for a
full term and a premature baby respectively.
Muminating as much skin surface area as
possible has been shown to increase the
speed of bilirubin clearance; that is increase
it above the rate at which the bilirubin is
produced by the infant, thereby, producing
a reduction in the overall bilirubin level”*.
Metherall® also raises the important
practical issue of the clothing worn by the
infant during phototherapy. As much of
the neonate’s skin surface as possible
should be exposed to the therapeutic light.
Eye protection for the infant is very
important but the rest of the baby’s
clothing should be minimal; small or
transparent nappies are sometimes used.

Types of phototherapy device

Two types of phototherapy devices are
currently available: the conventional
phototherapy light which has been used for
over 40 years and the fibreoptic
phototherapy device which has been
available for nearly 15 years.

—

FIGURE 1 Draeger Air-Shields Microlite,
formerly from Hill-Rom, courtesy of Draeger
Medical UK.
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lights. The relationship is related to the
inverse square law, that is, the intensity of
light decreases as the square of the
distance. For example; the irradiance at a
distance of two metres will only be a
quarter of the irradiance at one metre from
a light source. However, the relationship in
reality is more complex than this and the
decrease in irradiance with distance tends
to be less because the light is rarely a point
source”. Obviously the closer the lights can
be positioned to the infant the higher the
irradiance, but care must be taken with the
safety of such an arrangement to prevent
overheating the neonate and also to ensure
that as much of the infant’s skin is
illuminated as possible. Maisels” describes a
system in which special blue lights were
positioned to within 14cm of the mattress.
He adds a cautionary note: “halogen
phototherapy lamps cannot be positioned
closer to the infant without incurring the
risk of a burn”. Close attention to the
operating instructions is very important™.
In its simplest form a conventional
phototherapy device has a lamp head
mounted on an adjustable, mobile stand.
The lamp may then be positioned at a
distance from the baby’s skin. The
manufacturer usually specifies a minimum

e

FIGURE 2 Draeger Photo-Therapy 4000 Unit courtesy of Draeger Medical UK.

Conventional phototherapy

These devices typically use one or more
tungsten halogen bulb, a metal halide gas
discharge tube, long or compact (or
folded) fluorescent lamps, or most recently,
light emitting diodes (LEDs). The light
source is positioned above or below the
baby and the irradiance is dependent on
the distance between the baby and the

*-u‘

distance at which a device may be used and
this can vary from 25cm to 50cm. The,
now obsolete, Vickers 80 is one of the
oldest conventional phototherapy devices
seen in use today. More recent conventional
devices include the Medela Phototherapy
Lamp, the Hill-Rom Micro-Lite Photo-
therapy System (FIGURE 1), the Draeger
Photo-Therapy 4000 Unit (FIGURE 2), and
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FIGURE 3 Natus neoBLUE LED, courtesy of Natus Medical Incorporated.

the Natus neoBLUE LED Phototherapy
System (FIGURE 3). Variations on this
theme of light positioned at a distance
from the infant’s skin include the Medela
BiliBed, in which a single light source is
mounted in a plastic bed frame and the
baby positioned over it, and the
Mediprema Cradle 360. In this latter device
16 fluorescent tubes are arranged around
the inside surface of a cylinder and the
neonate is placed on a hammock in the
centre of the light field. Further
conventional devices are now becoming
available from Medestime in their
Bilicrystal range.

Fibreoptic phototherapy

These devices use a standard light source,
usually a quartz halogen bulb. The light
from the bulb may then be passed through
a filter before being channelled down a
fibreoptic bundle into a pad of woven optic
fibres. The pad can then be placed next to
the neonate’s skin. Several fibreoptic
devices are available worldwide, but only
the Ohmeda BiliBlanket (in various
versions) is available in the UK at present
(FIGURE 4).

Light sources

In the conventional and fibreoptic

+ Fluorescent lamps

+ Quartz halogen lamps

+ Gas discharge tubes
+ Light emitting diodes (LEDs)

TABLE 1 Light sources currently in use in
phototherapy devices.

FIGURE 4 BiliBlanket Plus, courtesy of GE Healthcare.

phototherapy devices a variety of light
sources may be used. These are
summarised in TABLE 1.

Fluorescent tubes are the most common
type of light source used. They are found
in two basic forms, long tubes and folded
tubes. Blue and white fluorescent tubes
have been seen in use. Typical spectra from
fluorescent tubes are shown in the
Evaluation reports'”*,

Several phototherapy devices use this
type of light source: Vickers 80 (now
obsolete)"” uses 60cm long white
fluorescent tubes. Mediprema Cradle 360
uses long blue tubes®; Draeger Photo-
Therapy 4000 Unit?, Medela BiliBed*",
and Medela Phototherapy Lamp®' use
folded blue fluorescent tubes.

Fluorescent tubes have the advantage of
being inexpensive but their light intensity,
irradiance, reduces with time”. Users are
advised by manufacturers to change the
lamps after a specified number of hours of
use, which may range from 1,000 to 2,000
hours. The MHRA® suggest 1,500 hours.

Quartz halogen bulbs are another
popular choice for phototherapy device

light sources. These lamps appear white
and have a broad light output including
strong yellow and red components. This
means that the lamps tend to get quite hot
and this must be borne in mind when they
are used for treatment. Various power
bulbs are used: the Datex-Ohmeda Spot
Phototherapy Lamp uses one 150W quartz
halogen bulb and the Hill-Rom Micro Lite
three 50W bulbs positioned in a row. The
Ohmeda BiliBlanket also uses a single
halogen bulb but the light is passed
through a blue filter and channelled down
the fibreoptic bundle, so the heat produced
does not reach the neonate.
Quartz halogen bulbs have not been
noted to reduce in intensity with age but
they are quite fragile,
especially when hot,
and care must be
taken to prolong
their lifetime'".

Another form of
gas discharge bulb is used in
the Draeger Heraeus Phototherapy Lamp"”
(FIGURE 5). This lamp is now obsolete, but
there are still many in use in NHS
hospitals. This gas discharge tube produces
a broad spectrum with sharp peaks and
appears a blue-white colour to the eye. The
manufacturer recommends that the lamp
be changed after 1,000 hours of use.

Blue LEDs have been used in prototype
phototherapy devices since the 1990s* and
in 2002 the first commercial device was
launched in the UK and the USA. Very new
to the market, this device uses an array of
852 Blue LEDs, 320 yellow LEDs and 13 red
LEDs”. The manufacturer states that the
blue LEDs should last at least 3,000 hours.
They should not decrease in intensity with
age and should not be especially fragile.
They should also produce less heat because
their spectrum is concentrated in the blue
region of the light spectrum.

Several devices use additional white and
‘gold’ lights, not to improve the efficacy of
the phototherapy, but to try to balance the
colour of the light emitted to make it more
pleasant for the users to work with. Nurses

16
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have found that working with blue light
can cause headaches and make them feel
nauseous”. Two examples of devices with
white lights are the Draeger Photo-
Therapy 4000 Unit and the Natus
neoBLUE. The Draeger Photo-Therapy
4000 Unit has a standard configuration of
four blue folded fluorescent tubes and two
white tubes. It may also be configured
using six folded blue fluorescent tubes for
more intensive therapy”. The two white
tubes do not contribute to the treatment
light but can be switched on separately in
order to achieve a better colour balance for
the users. The Natus neoBLUE LED
Phototherapy System contains 320 Yellow
LEDs. Again, these are designed to improve
the colour balance and were incorporated
following user comments that the intense
blue light caused headaches”. Interestingly
this light also includes a small section of
red lights. These are designed to be used to
centralise the lamp head over the neonate.
They are activated by a toggle switch and
are not on during treatment.

Safety aspects of phototherapy

Phototherapy is generally considered a very
safe and well-tolerated treatment for
hyperbilirubinaemia. However, clinical
users should be aware of the unwanted
effects of using phototherapy. The
biological hazard of blue light is almost
entirely to the eye and in particular, the
retina®*. Safety precautions such as those
described by Diffey and Hart” must be
taken. Usually during therapy the neonate’s
eyes will be covered using commercial or
in-house eye protection. Sometimes an
amber headbox is used to block the blue
light. Retinal hazard to staff from
phototherapy devices positioned over
incubators is insignificant™. The effect on
other neonates close by, who are not
receiving phototherapy has not been
studied. However, Diffey and Hart’s”
irradiance measurements at 50cm from an
incubator illuminated by phototherapy
units, indicate a very low level of irradiance,
0.2mW.cm™. This seems to indicate that
infants close by are at minimal risk.

The baby’s temperature must also be
carefully monitored during treatment
because there may be increased heat from
the phototherapy lamps and the neonate’s
metabolic rate may increase. Insensible
water loss is another important
consideration especially if the neonate is
also being treated under a radiant warmer.

Unwanted ultraviolet (UV) light may be

produced by some light sources used in
phototherapy. Measurement with an
appropriately calibrated UV meter will
determine whether the built in UV
shielding on the device is sufficient. UV
should be reduced to very low levels or
blocked completely to prevent it from
reaching the infant during phototherapy.
Limits have been specified in an addendum
of the international standard™.

Infrared (IR) is produced by some
lamps, especially those which have a strong
red and yellow component. The heating
effect is particularly noticeable from the
devices which use halogen lamps'".
However, all lamps will produce heat since
they are not 100% efficient at producing
light! Many devices contain a fan to cool
the lamps™*.

Current devices in use and
compliance with accepted criteria

It has been said by Ennever* and Maisels’
among others, that phototherapy devices
available commercially are not as effective
as they could be. Hey™ suggests that most
conventional phototherapy is only one fifth
as effective as it could be. Many devices
appear to have been designed more for the
user than for the efficient reduction of
bilirubin. To evaluate this view devices
available in the UK and in use in NHS
hospitals will be considered in the light of
the three important criteria identified.

TABLE 2 summarises how commercially
available devices meet the criteria
discussed and also looks at the practical
consider-ations of whether a device may
be used with an incubator if the neonate
needs environmental support. The table
also indicates the colour of the light from
each device, and whether any appreciable
UV is produced.

Irradiance in the waveband 400nm to
550nm for ten devices is shown in TABLE 2,
the waveband used in the MHRA
evaluations" and specified by the IEC
standard™. The irradiance values quoted
are for one sample of each device — readers
should be aware that there is often consid-
erable variation in irradiance between
identical models of device. The light from
some devices is more concentrated in the
blue region as their spectra and general
colour demonstrate and is shown in the
MHRA evaluation reports"”>.

Irradiance at the manufacturers’
minimum recommended treatment
distance, as measured during technical
evaluation, is shown in Table 2. As may be
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seen from the table, different devices have
different minimum recommended
treatment distances. The distances are
further for halogen devices, usually
because these devices also have an
unwanted heating effect.

The irradiance quoted for each device is
the maximum value measured at the centre
of the light field. The highest irradiance at
the manufacturer’s minimum
recommended distance was 7.75mW.cm™
and the lowest 0.83mW.cm?, from the now
obsolete Vickers 80.

Often phototherapy devices are
positioned over an incubator, in which case
the device can be brought no closer than
the incubator canopy. Incubator canopy to
mattress distance has been taken as a
standard 40cm. This standardisation allows
a direct comparison of device irradiance in
the 400nm to 550nm waveband for those
devices, which may be positioned at 40cm
for treatment. TABLE 2 shows a variation in
irradiance between 0.58mW.cm? and
11.71mW.cm™. The very high irradiance
device, the Datex-Ohmeda Spot Photo-
therapy Lamp, is recommended for use at
50cm, and at 40cm may warm the neonate
too much. The other five devices that may
be used at 40cm produce an irradiance
between 1.86mW.cm? and 3.30mW.cm?,
which is acceptable since it is above the
minimum criterion level of ImW.cm™.

Most devices are able to illuminate an
area greater than 700cm’ (one third of the
surface area of a full term neonate) at an
irradiance level of ImW.cm™ or greater.
However, light fields are rarely uniform
and the irradiance will decrease towards
the edge of the light field”*. A high
central field irradiance is usual. The area in
which the irradiance is greater than
ImW.cm™ has been used as an acceptance
criterion, but it does not indicate the field
profile. Three devices do not achieve this
effective field criterion of ImW.cm™
B The Vickers 80, because of its low

irradiance
B The Ohmeda BiliBlanket Plus because

the pad used for treatment is only 176cm’*
B The Datex-Ohmeda Spot Phototherapy

Lamp because the effective light field is

only approximately 415cm’, even though

it has a very high irradiance within that
light field"

The UV output of the devices is gener-
ally very low, but those which produce a
measurable UV level should be compared
against the limits specified in the standard®.

All of the devices in TABLE 2 could be
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Device o 3 SEss? SEECSE | EQscef ag 55Ex (O3
Draeger Photo- Blue & white | Folded fluorescent | 30cm 3.39 (4 blue 2.16 (4 blue Yes 0.009 Yes
Therapy 4000 options tubes(6) tubes and 2 2 white)
Unit white tubes) 2.64 (6 blue)
4.07 (6 blue tubes)
Draeger Heraeus | White Gas discharge 30cm 5.03 3.30 Yes 0.12 Yes
Phototherapy bulb (1)
Lamp
Medela Blue Folded fluorescent | 25cm 4.66 2.08 Yes 0.016 Yes
Phototherapy tubes (4)
Lamp
Medela BiliBed Blue Folded fluorescent | On frame 5.56 Not applicable Yes 0.000 No
tube (1) (~6cm)
Ohmeda Blue Halogen bulb (1) In contact 4.83 Not applicable No 0.025 Yes
BiliBlanket Plus
Datex-Ohmeda White Halogen bulb (1) 50cm 7.75* 11.71* No 0.120 Yes
Spot Phototherapy
Lamp
Hill-Rom Micro- | White Halogen bulbs (3) | 42cm 2.50 As for manufac- | Yes 0.002 Yes
Lite Phototherapy turer’s recom-
System mended distance
Natus neoBLUE LED | Blue LEDs 30cm 2.29 1.86 Yes 0.000 Yes
Phototherapy (yellow & red) | 852 Blue
System 320 Yellow
13 Red
Mediprema Blue Long fluorescent On gauze 5.25 Not applicable Yes 0.005 No
Cradle 360 tubes (16) hammock ~20cm
Vickers 80 White Long fluorescent None specified | 0.83 @ 30cm 0.58 No 0.04 Yes
tubes (4)

* Manufacturer states irradiance at 50.8cm (but this was not explicit in the manual and was not known prior to measurement)
Note: 40cm is a standard distance used to approximate the distance of the lamp head from the mattress when the phototherapy device is used over an incubator.
There are several models of incubator in use in the UK, all with different canopy heights. None of the manufacturers recommend using their device at 40cm.

TABLE 2 Phototherapy device data.

physically used in the post-delivery ward
over a bassinet, or with the baby
positioned on or in them. Only those on
stands and the fibreoptic device could be
used with an infant radiant warmer or
with a baby incubator. This may or may
not be important when users are
considering purchasing a new device.

The Ohmeda BiliBlanket and the
Ohmeda BiliBlanket Plus versions have a
high irradiance but only a small effective
light field area. However, the design allows
a greater flexibility of use; they may be
used in an incubator, radiant warmer,
bassinet or at home, and can be used while
the baby is cuddled or fed.

The Medela Cradle 360 is the only device
that can provide illumination to all of the
baby’s skin, but it cannot be used with an
incubator and does not provide controlled

thermal support. So-called ‘double’
phototherapy, the use of two (or more)
phototherapy devices to treat one neonate,
significantly increases the surface area
illuminated and decreases treatment time™.
The actual physical size of a phototherapy
device can be very important if at least two
of them need to be positioned around an
incubator. Often an Ohmeda Biliblanket
and an overhead device will be used
together.

Factors which affect the dose and efficacy
of phototherapy and recommendations for
clinical application are covered in detail in
the American Academy of Pediatrics
clinical practice guidelines”.

Conclusion/Discussion

Many phototherapy devices are available
commercially and are in use in the UK

today. Phototherapy devices are generally
robust and have few parts to go wrong. For
this reason many currently in use are old
technology, but as long as the light bulbs or
tubes are still available they continue to be
used. Newer devices may not necessarily be
more effective than older ones but all
should meet the minimum criteria for
effectiveness. Of all the devices tested and
seen, only the Vickers 80 fails to provide
sufficient irradiance.

For a baby requiring an incubator the
Medela Phototherapy Lamp, the Draeger
Photo-Therapy 4000 Unit, the Draeger
Heraeus Phototherapy Lamp and the
Natus neoBLUE LED Phototherapy System
all meet the above criteria (irradiance,
waveband and effective surface area).

For babies not needing thermal support,
the Medela BiliBed and the Mediprema
Cradle 360 also meet the criteria. The

18
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FIGURE 5 Draeger Heraeus phototherapy lamp.

Datex-Ohmeda Spot Phototherapy Lamp
provides a very high irradiance but only
over a small area”"' and the Hill-Rom
Micro-Lite Phototherapy System provides
a medium irradiance but over a limited
area. Ohmeda BiliBlankets have a high
irradiance but small effective treatment
area, but this disadvantage is offset by the
versatility of the device.

We can conclude that not all
phototherapy devices are equally effective.
When their characteristics are compared to
the three important criteria identified
more informed decisions can be made
about the device chosen to administer
phototherapy. Care must be taken in
choosing a device which will be effective
and also be easy to use and acceptable to
the clinical users and parents.
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