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Summary

SUMMARY

INTRODUCTION

In February 1998, the Conseil des directeurs de
la santé publique asked the Conseil d'évaluation
des technologies de la santé (CETS) to examine
the usefulness of providing each region in Qué-
bec with transcutaneous bilirubinometers. These
devices are used to screen for the presence of
jaundice in newborns, a sign of an elevated
blood bilirubin level. Specifically, CETS was
asked to examine the usefulness of instituting the
utilization of this instrument, in light of the pre-
cision and accuracy of its results, the benefits of
its use and the economic and organizational im-
plications of purchasing and using it both during
follow-up visits after early postnatal discharge
and in hospitals.

Problem

Most Québec hospitals have undertaken to re-
duce the length of postpartum stays, with dis-
charge taking place about 48 hours postpartum
(two days) for a normal, uncomplicated vaginal
delivery or 96 hours (four days) for an uncom-
plicated cesarean. Hyperbilirubinemia is a sig-
nificant problem in the context of early dis-
charge, since the bilirubin level usually peaks
between the third and fifth day of life in term
newborns, that is, after discharge from the insti-
tution of birth. Yet, when above a certain level,
hyperbilirubinemia can cause irreversible neuro-
logical damage in newborns. Early detection is
therefore extremely important, since this neuro-
logical damage can be prevented with photother-
apy or other medical treatments.

Strategy recommended in Québec
In Québec, a systematic home visit two or three

days after discharge from the institution of birth
is one of the approaches recommended to

counter the risks associated with the practice of
early postnatal discharge. During the visit, spe-
cial attention is given to examining the infant for
the presence of jaundice and to determining its
level. This is done by means of a visual assess-
ment, using a transcutaneous bilirubinometer or
an icterometer, or by taking a blood specimen for
the purpose of measuring the serum bilirubin
concentration. Often, a combination of these is
used.

Role of transcutaneous bilirubinometry

The published data regarding transcutaneous
bilirubinometry basically concerns an instrument
that has been commercially available since the
early 1980s. The data concerning this technology
indicate that, in healthy term newborns, the
transcutaneous bilirubin measurement (TcB), or
transcutaneous bilirubin index, usually correlates
well with the blood bilirubin concentration and
that there is a linear relationship between these
two parameters. Since several factors affect this
relationship,  transcutaneous  bilirubinometer
readings cannot be used directly to make a deci-
sion as to the need to administer phototherapy or
undertake an exchange transfusion. In healthy
term newborns, this technology is, however, a
more effective tool than the eye and the ic-
terometer in detecting cases where a serum bili-
rubin test is required.

Utility of transcutaneous bilirubinometry

The instrument in question has the advantage of
being compact, battery-powered and extremely
simple and fast to operate, and it gives an instant
readout. It is therefore handy both in clinical
settings, nurseries and in the home, and results in
a smaller number of blood specimens being
taken for serum bilirubin measurements. Thus,
one can reduce the risks (risk of accidental bone
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puncture and of osteomyelitis when the proce-
dure is performed improperly, risk of infection)
and the discomfort and pain associated with ob-
taining blood specimens, in addition to the costs
that this test entails.

Several factors argue in favour of using transcu-
taneous bilirubinometry in the context of post-
discharge follow-up, especially the need to iden-
tify newborns at risk for significant hyperbi-
lirubinemia after being discharged from the
institution of birth, the fact that it is more diffi-
cult to detect jaundice by a visual examination
outside a hospital setting, and the waiting period
associated with serum bilirubin tests. With oper-
ating conditions very similar to those recom-
mended in a clinical setting, which include rig-
orous quality control for the procedure and
adequate user training, this technology should
maintain its efficacy when used outside of hospi-
tals.

Limitations of transcutaneous bilirubinometry

According to the available data, this technology
is ineffective when used in newborns subjected
to phototherapy or who have undergone an ex-
change transfusion and is of limited efficacy in
premature, sick or low-birthweight newborns,
and in multiethnic populations because of the
variation in skin pigmentation. Although its use
in multiethnic populations has few conse-
quences, apart from a larger number of serum
bilirubin tests, it may sometimes be necessary to
adopt a particular strategy in order to optimize
its utility*. Also, the use of this technology re-
quires close ties with a clinical laboratory in or-
der to ensure optimal and safe utilization (e.g.
determination of a decision level for eliminating
practically all potential false negatives and re-

* Although the information on this subject is limited, it
seems that this limitation on the use of transcutaneous
bilirubinometers has been corrected in recent models,
which have not necessarily been approved by Health Ca-
nada.

ducing as much as possible the number of serum
bilirubin tests performed).

Economic implications and potential benefits of
using transcutaneous bilirubinometry

The use of transcutaneous bilirubinometry in the
context of early postnatal discharge could lead to
an increase in direct costs to the health-care sys-
tem. These higher costs than those presently in-
curred for screening for neonatal hyper-
bilirubinemia could be offset by different
benefits whose value cannot be determined at
this time. Thus, they could be justified by:

e The near-guarantee of detecting all cases of
excessive hyperbilirubinemia and therefore
of preventing the risk of bilirubin encephalo-
pathy or nuclear jaundice.

e The earlier detection of hyperbilirubinemia,
which could result in lower serum bilirubin
levels in cases of neonatal readmission for
jaundice.

e The decrease in the number of serum biliru-
bin tests with the concurrent reduction in the
risks, discomfort and pain associated with
obtaining blood specimens.

e The validation of the assessment of the de-
gree of jaundice by nursing personnel, which
would give them the assurance of not miss-
ing any cases of jaundice, in addition to a
sense of security against possible legal ac-
tion.

Conclusion

This assessment report brings out the importance
of making early postnatal discharge part of a
perinatal program that includes a systematic,
early visit (no later than the third day after dis-
charge from hospital) to the mother and infant.
Since transcutaneous bilirubinometry is effective
in detecting cases where a serum bilirubin meas-
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urement is required, making this technology part
of a well-established perinatal program presents
numerous benefits that could offset the costs
associated with it.

However, even if transcutaneous bilirubinometry
may play a useful role, the published data on this
technology are insufficient to recommend a
wide-scale program for the systematic purchase
of these devices. The appropriateness of using
transcutaneous bilirubinometry must therefore be
assessed by the regional and local authorities on
the basis of the following:

e The benefit of an objective measurement of
the degree of jaundice, which is especially
useful outside hospitals.

The considerable ease of use in different set-
tings.

The instrument's relatively high cost.

The limited or zero effectiveness of the most
commonly used models in certain circum-
stances (highly multiethnic population, dur-
ing treatment by way of phototherapy or ex-
change transfusion) compared to more recent
models.

The need for strict quality control for its
utilization, for assessing its long-term effec-
tiveness and for adequate user training.

The need to assess, at the local level, the
budget impact of purchasing one or more in-
struments.
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Accuracy:  The degree to which a measurement represents the true value that one is attempting
to determine [62].

Antiglobulin test or direct Coombs' test: A test for detecting antibodies bound to an individual's
red blood cells. Washed red blood cells are treated with an antiserum and observed
for agglutination. This test is performed on the cord blood of newborns of Rh-
negative mothers and in newborns suspected of having hemolytic disease of the
newborn, which can be due to maternal antibodies. The test is also used to investi-
gate anemias. A positive result suggests autoimmune hemolytic anemia [76].

Bilirubin: A tetrapyrrolic compound with the formula Cs3H3sN4Og. A red bile pigment present
in the form of sodium bilirubinate in bile and as calcium bilirubinate in the gall-
bladder. It can be found in the urine and in tissues in patients with jaundice. It re-
sults from the breakdown of erythrocyte hemoglobin by reticuloendothelial cells.
Bilirubin is transported into the blood in a water-insoluble form bound to albumin.
This is free, or indirect, bilirubin. In the liver, it is conjugated with glucuronic acid.
This is conjugated, or direct, bilirubin, which may be excreted in the bile [30].

Blood bilirubin level: The concentration of bilirubin in the blood. Bilirubin occurs in the blood in
an unconjugated form (free or indirect bilirubin) and in a conjugated form (direct
bilirubin). When the bilirubin level peaks in a healthy term newborn, the average
total blood bilirubin level is 105 umol/L (range, 34 to 205 umol/L). In older chil-
dren and in adults, it is usually less than about 20 umol/L, the upper limit depend-
ing on the technique used to determine the concentration and on the population of
interest” [37, 110].

Choreoathetosis: A motor disorder characterized by a combination of choreiform' and athetotic
movements* [30].

Icterus or jaundice: A yellow discoloration of the skin and mucous membranes due to the pres-
ence of bile pigments in the blood and tissues. ¢- visible jaundice: Occurs when
the blood bilirubin level is greater than 85 umol/L in newborns or 34 umol/L in
older children [110].

Negative predictive value: The likelihood that the individual does not have the disease when the
test result is negative [53].

" Written personal communication from P. Leclerc, medical biochemist, CHA - Hopital du Saint-Sacrement, July 7, 1999.

" Chorea: Abrupt, brief, rapid, irregular and noncoordinated movements affecting one or more parts of the body and occur-
ring at no specific rate. Chorea, which usually affects the face, tongue and distal part of the limbs, is often accompanied by
hypotonia [30].

* Athetosis: Motor disorders characterized by slow, noncoordinated, wide, involuntary movements, predominantly in the
limbs, and associated with a dysfunction of the systems inhibiting motor neuron activity [30].
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Normal newborn: An infant born at term, with an adequate weight (generally > 2,500 g) and a
normal physical examination [25].

Nuclear jaundice of the newborn, or kernicterus: A severe form of neonatal jaundice character-
ized by staining of the basal nuclei of the brain and of the bone marrow by bili-
rubin, causing late neurological complications [30].

Oculogyric: Controlling the coupled movements of the eyes, especially their rotation [30].

Opisthotonos: Spasmodic contraction of the muscles of the nape and back, mainly of the extensor
muscles, observed especially in tetanus, and where the body forms an arc from the
occiput to the heels [30].

Plethora: An excess of blood [30].

Positive predictive value: The likelihood that the individual has the disease when the test result is
positive [53].

Precision:  As a property of a measurement, the dispersion of the values that it provides on ei-
ther side of its mean for a given dimension. The standard deviation of this distribu-
tion provides an estimate of the absolute precision. Dividing the standard deviation
by the mean gives the coefficient of variation, which is an estimate of the relative
precision [62].

Sensitivity:  Indicates the proportion of affected individuals confirmed by a positive test result
[53]. In this report, sensitivity refers to the proportion of newborns with significant
hyperbilirubinemia for whom the screening test, using transcutaneous bilirubi-
nometry, was positive as well.

Specificity:  Indicates the proportion of healthy individuals confirmed by a negative test result
[53]. In this report, specificity refers to the proportion of newborns without signifi-
cant hyperbilirubinemia for whom the screening test, using transcutaneous bilirubi-
nometry, was negative as well. Its complement, 1 - specificity, is the proportion of
false-positive results.

Spherocytosis: A form of hemolytic anemia characterized by the presence of spherocytes in the
blood. ¢ - spherocyte: An erythrocyte in the form of a biconvex (instead of bicon-
cave) disk of increased thickness and reduced diameter, but of normal volume [30].

Term newborn: An infant that has completed 37 weeks of gestation [2].
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1. INTRODUCTION

Most Québec hospitals have undertaken to re-
duce the length of postpartum stays in the case of
healthy term newborns. Although the length of
stay in early discharge programs varies, it is usu-
ally about 48 hours postpartum (two days) for a
normal vaginal delivery and 96 hours (four days)
for an uncomplicated cesarean [25].

Jaundice is a major concern in the context of
early discharge. This condition is, in fact, the
most frequent cause of readmission [17, 52, 72],
accounting for 70 to 85% of cases [23, 39]. Also,
the increasing number of isolated cases of nu-
clear jaundice or of other morbid conditions as-
sociated with hyperbilirubinemia is raising con-
cerns about their possible resurgence [23]. This
situation is due to the fact that the bilirubin con-
centration usually peaks between the third and
fifth day of life in term newborns [16, 32], i.e.
after their discharge from the institution of birth
in the case of early discharge. Yet, above a cer-
tain level, jaundice can cause irreversible neuro-
logical damage in newborns, mainly extrapyra-
midal disturbances (especially athetosis), gaze
abnormalities and sensorineural hearing loss.
Early detection of jaundice is therefore ex-
tremely important, since such neurological dam-
age can be prevented with phototherapy or other
medical treatments [28].

In Québec, different follow-up modalities are
presently available to mothers, infants and their
families after early postnatal discharge. One of
these modalities is a follow-up visit at an outpa-
tient clinic or in the home during the first few
days after discharge from hospital. The home
visit, which is becoming more and more com-
mon, may be done on a systematic basis or for
only a certain proportion of patients who have
been discharged early.

One important thing to check for during this visit
is the presence of jaundice in the infant, a sign of
an elevated blood bilirubin level. This verifica-
tion often consists of a visual assessment, which
is affected significantly by the observer's experi-
ence and skill, and the ambient lighting and col-
ours [21]. In the home, these factors are much
more variable than in a hospital, which makes
the assessment more difficult. In addition, and as
pointed out by Leduc and Ouellet [64], a nurse
who examines a newborn in the home does not
have the option of comparing her clinical im-
pression with that of other nurses or of physi-
cians, which also makes this assessment more
difficult.

This being said, a noninvasive technology is now
available, that is transcutaneous bilirubinometry,
which permits an estimate of the blood bilirubin
level so that one can quickly screen for newborns
at risk for too high a level and for whom an ac-
curate serum bilirubin measurement is required.
The only model that was commercially available
in Canada when this study began was the Mi-
nolta/Air Shields Jaundice Meter™. The major
drawback with this device is its relatively high
price, which varies, depending on how many are
purchased, from $5,000 to $7,000 each, which
would result in a significant outlay if most Qué-
bec hospitals, CLSCs and their points of service
decided to purchase them.

This situation led the Conseil des directeurs de la
santé publique to ask the Conseil d'évaluation
des technologies de la santé (CETS), in February
1998, to determine if it would be useful to pro-
vide each region in Québec with this instrument,
in light of the precision and accuracy of its re-
sults, the benefits of its use and the economic
and organizational implications of purchasing it
and using it both in the context of follow-up vis-
its and in hospitals.
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This assessment is based on a review of the sci-
entific literature on transcutaneous bilirubinome-
try. The main databases searched were
MEDLINE, COCHRANE, EMBASE, PASCAL
and HSTAR (articles published from 1978 to
April 1998). Other articles were found by re-
viewing the bibliographies of the articles identi-

fied during the initial search and the lists in Cur-
rent Contents. This information was updated on
a regular basis (up to December 1999) and was
complemented, among other things, with
searches on the Internet and consultations with
health-care professionals and manufacturers of
medical devices.
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2. NEONATAL HYPERBILIRUBINEMIA

2.1 NORMAL ROUTES OF BILIRUBIN EXCRETION

During pregnancy, the low oxygen tension deliv-
ered to the fetus through the placenta results in a
greater need for hemoglobin in order to transport
oxygen in utero and therefore in a two-to-three-
fold increase in erythrocyte production in the
fetus [123], in erythrocytes being produced three
to four times faster than in an adult, and in a two-
thirds decrease in their lifespan [34]. When the
newborn starts to breathe at the beginning of its
life outside the uterus, this need diminishes, and
in a few days, the reticuloendothelial system
destroys the excess erythrocytes.

Bilirubin is a metabolic breakdown product of
hemoglobin. In the bloodstream, bilirubin is
found both in the free and conjugated forms.
Bilirubin (unconjugated) bound to serum albu-
min is transported to the liver, where it is trans-
ferred to acceptor proteins (proteins Y and Z)
inside hepatocytes. Glucuronyl transferase then
conjugates the bilirubin  with uridine di-
phosphoglucuronic acid (UDPGA), producing
bilirubin diglucuronide (direct, or conjugated,
bilirubin), which is then excreted actively
through the bile ducts into the intestine. The
newborn does not have the intestinal bacteria
oxidizing bilirubin to urobilinogen in the intes-
tine. As a result, bilirubin is excreted intact in the
stool, giving the latter its typical bright yellow
colour. However, the digestive system of the
newborn (and of the fetus) contains -
glucuronidase, which deconjugates a portion of
the bilirubin, thus permitting the unconjugated
bilirubin to be reabsorbed and to reenter the
bloodstream via the intestinal lumen (entero-
hepatic circulation of bilirubin) [76].

2.2 ETIOLOGY OF NEONATAL
HYPERBILIRUBINEMIA

Nearly 90% of healthy term newborns have a
blood bilirubin level greater than 35 umol/L the
first week after birth. In fact, there are two dis-
tinct phases. During the first phase, the blood
bilirubin level increases to about 105 umol/L on
the third day, then gradually decreases to 35 to
50 umol/L on the fifth day. Subsequently, the
blood bilirubin level remains relatively stable for
a few days, then gradually diminishes to less
than 15 upmol/L on the eleventh or twelfth day
[14]. Clinically, jaundice in a newborn becomes
visible when the blood bilirubin level exceeds 85
umol/L [110]. Neonatal icterus presents in a
cephalocaudal fashion, appearing consecutively
in these five regions: 1) the head and neck; 2)
the trunk to the umbilicus; 3) the groin and hips;
4) the knees, shoulders, heels and wrists; and 5)
the feet and hands, including the soles and
palms.

The jaundice can be one of two types: physiol-
ogic or pathologic. The exact cause of physiol-
ogic jaundice is not known, even though in-
creased erythrocyte destruction, the limited
binding capacity of bilirubin in hepatocytes, the
level of bilirubin conjugation with glucuronic
acid and the level of excretion into the bile have
all been blamed, as has been the enterohepatic
circulation of bilirubin. Physiologic jaundice
usually occurs more than 24 hours after birth
and is observed in 45 to 60% of term newborns
and in an even higher percentage (80%) of pre-
mature infants [14]. The jaundice is said to be
"physiologic" if the increase in the blood
bilirubin  concentration is less than 85
umol/L/day and the peak (observed between the
third and fifth day) does not exceed 225 umol/L
in term newborns. In general, there are no asso-
ciated signs (lethargy, poor feeding or tempera-
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ture variations), and it usually disappears in one
week. However, the accumulation of bilirubin,
whatever its origin, can lead to nuclear jaundice,
especially in premature or sick newborns.

Breast-feeding apparently promotes jaundice. In
breast-fed infants, jaundice manifests according
to one of the following two patterns. One is what
is referred to as "exaggerated physiologic jaun-
dice”, which is characterized by a serum biliru-
bin level of 175 pumol/L or more during the first
three to four days following birth. This level
usually returns to normal between the 7th and
10th day after birth [19]. Although the causes of
exaggerated jaundice have not been clearly iden-
tified, it is believed to be attributable to an insuf-
ficient frequency of breast-feeding and to an
insufficient quantity of breast milk being in-
gested. Inadequate breast-feeding apparently
decreases stool excretion, slows intestinal transit
and increases intestinal stasis and enterohepatic
bilirubin circulation®. This type of jaundice is
observed in 6 to 25% of breast-fed infants [19].
Earlier and more frequent breast-feeding is
therefore recommended in order to reduce the
incidence of jaundice and its severity [76].

In the other pattern, the jaundice is sometimes
referred to as "late", since it occurs within four
to seven days after birth. The serum bilirubin
level peaks between the 10th and 15th postnatal
day and often remains high (260 to 435 umol/L)
for close to two weeks, then slowly declines
toward normal levels within 4 to 16 weeks after
birth [6, 19]. Late jaundice might be associated
with the presence of substances in breast milk
that have an inhibitory effect on the hepatic en-
zyme glucuronyl transferase, thus preventing the
conjugation of bilirubin [6]. Approximately 1 to
2% of breast-fed infants are reported to develop
this type of jaundice [3]. Despite the fact that no
cases of bilirubin encephalopathy have been

! Information provided in writing by R C. Walker, pedia-
trician, Children’s Hospital of Eastern Ontario, Ottawa
(July 16, 1999).

associated with this type of jaundice, there is no
reason why a significant increase in the serum
bilirubin concentration in breast-fed infants
would pose less of a risk than a similar increase
in formula-fed infants. Consequently, if the se-
rum bilirubin level in a breast-fed infant in-
creases and is likely to reach 25 mg/dL (428
umol/L), the breast-feeding might be discontin-
ued temporarily (48 hours). Afterward, the
mother should, however, be strongly encouraged
to continue breast-feeding [3].

Pathologic jaundice is usually associated with
pathologic disturbances that lead to increased
bilirubin production (e.g. certain isoimmune
hemolytic diseases, such as an Rh or ABO in-
compatibility, or enzyme abnormalities, such as
of glucose-6-phosphate dehydrogenase) and/or
decreased bilirubin excretion (e.g. in the case of
hepatitis or bile duct atresia). Pathologic jaun-
dice generally manifests within 24 hours after
birth and/or lasts for more than eight days. The
serum bilirubin concentration increases quickly,
i.e. more than 8.5 umol/L/hour. In this type of
jaundice, the serum bilirubin level frequently
exceeds 215 umol/L within the first 48 hours
following birth [6]. According to the American
Academy of Pediatrics [2], term neonates 24
hours of age or younger who have clinical jaun-
dice are not considered healthy and should un-
dergo a more thorough evaluation to rule out the
possibility of a pathologic cause. Phototherapy
or an exchange transfusion may be indicated in
order to quickly reduce the total serum bilirubin
concentration within the first 24 hours of life.

2.3 OCCURRENCE OF NEONATAL
HYPERBILIRUBINEMIA

In North America, significant hyperbilirubinemia
(serum bilirubin > 290 umol/L) reportedly oc-
curs in about 5% of newborns within the first
five days after birth [12]. Since this proportion
depends, among other things, on the population’s
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Table 1: Percentage of newborns with significant serum bilirubin concentrations

(=290 pmol/L) during the first five days following birth?

Source % jaundiced newborns

Seidman et al, 1996 [97] (Jerusalem)
Bhutani et al, 1997 [12] (Philadelphia)
Martinez et al, 1996 [77] (Buenos Aires)

% breast-fed
1.7 (n = 1,220) 93
4.5 (n = 1,097) 65
12.0 (n = 164) 100

& From Maisels and Newman [74].

ethnic composition, the incidence of breast-
feeding and the interlaboratory variation in se-
rum bilirubin measurements, the actual preva-
lence of significant hyperbilirubinemia in a
given population can, however, differ signifi-
cantly from this value. The results of three re-
cent prospective studies (Table 1) show the sig-
nificant differences between the blood bilirubin
levels observed in three various populations of
term neonates.

Although this phenomenon may be attributable
to increased vigilance, different studies con-
ducted in the United States indicate that the pro-
portion of newborns with excessively high se-
rum bilirubin levels has increased over the years
(Table 2). Thus, 6% of infants born between
1959 and 1966 had a blood bilirubin level
greater than or equal to 13 mg/dL (225 pmol/L)
in the Collaborative Perinatal Project study [47].
Newman et al [84] observed that 10% of infants
of Caucasian origin born between 1980 and
1982 had a peak blood bilirubin level greater
than or equal to 13 mg/dL (225 umol/L), and
this figure increased to 14% from 1986 to 1987
(unpublished data from Newman; reported by
Maisels and Newman [74]). The Collaborative
Perinatal Project study also indicated that 0.8%
of the newborns had a blood bilirubin level
greater than or equal to 20 mg/dL (345 pumol/L)
from 1959 to 1966 compared to 2% from 1995
to 1996 for the subjects in the Kaiser Perma-
nente Northern California Study, which involved
11 hospitals [85]. Although all the causes of this
increase were not identified, the reduction in the

length of postnatal hospital stays, the increase in
the percentage of breast-fed children and an in-
crease in the number of Asian children in the
population* have been identified as influencing
factors.

The data available on these factors indicate a
similarity between the situation in Canada [26,
112] or Queébec [25, 102, 109] and the United
States. Consequently, it could be expected that
the proportion of cases of hyperbilirubinemia is
on the increase here as well.

Despite the fact that jaundice is very common in
neonates, severe hyperbilirubinemia (a blood
bilirubin level greater than 435 pumol/L) is very
rare. Thus, in the Kaiser Permanente Northern
California Study [85], one child in 770 had a
peak serum bilirubin level greater than 435
umol/L, and levels greater than 520 umol/L were
observed in only one case in 10,000.

2.4 CONSEQUENCES OF NEONATAL
HYPERBILIRUBINEMIA

Nuclear jaundice is one of the possible conse-
guences of hyperbilirubinemia. This syndrome
results from the deposition of unconjugated bili-
rubin in the basal ganglia, which gives them a
jaundiced hue and causes cerebral lesions. The
first symptoms of nuclear jaundice in term new-

2 Higher-than-normal bilirubin production is reported in a
larger proportion of Asians (e.g. Japanese, Koreans, Chi-
nese) and certain native populations in North America
than in other ethnic groups [123].
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Table 2: Percentage of newborns with
different serum bilirubin concentrations

Source

Percentage of newborns

Collaborative Perinatal Project
(Hardy et al, 1979 [47])

1959-1966: (n = 31,904)
6% with a serum bilirubin level > 225 umol/L
0.8% with a serum bilirubin level > 345 umol/L

Newman et al, 1990 [84]
Newman (unpublished data in Maisels and
Newman, 1998 [74])

1980-1982: (n = 2,443)

10% with a serum bilirubin level > 225 pmol/L
1986-1987:

14% with a serum bilirubin level > 225 umol/L

Kaiser Permanente Northern California Study
(Newman et al, 1997 [85])

1995-1996: (n = 37,340)
2% with a serum bilirubin level > 345 umol/L
0.13% with a serum bilirubin level > 435 pumol/L
0.0001% with a serum bilirubin level > 520 umol/L

borns are lethargy, poor feeding and vomiting.
These can be followed by opisthotonos, ocu-
logyric crisis, seizures and death. In premature
infants, nuclear jaundice may not be associated
with any recognizable signs. During childhood,
the late signs of nuclear jaundice may be mani-
fested as choreoathetosis, sensorineural hearing
loss, vertical gaze paralysis [76] and (rarely)
mental retardation [29]. It is not known if minor
degrees of bilirubin encephalopathy can result in
less severe neurological impairment (e.g. per-
ceptual-motor handicaps and learning disorders
at school) [76].

The determining factors of bilirubin toxicity in
neonates are many and complex and are still
obscure. However, it is known that, in order to
have a harmful effect, bilirubin must cross the
cerebromeningeal barrier, which does not occur
unless it is bound to serum albumin. The factors
that apparently determine the toxicity of biliru-
bin are therefore those that affect the serum al-
bumin concentration and the binding of bilirubin
to albumin, the penetration of bilirubin into the
brain, and the vulnerability of brain cells to the
toxic effects of bilirubin [3].

It is still not known if there exists a toxicity
threshold for bilirubin or a continuum of injury

for low or moderate bilirubin concentrations.
Also, it is reported that healthy term neonates are
not necessarily affected by high bilirubin con-
centrations (about 520 or 690 umol/L) [86, 87,
92, 93]. However, although extremely rare®, nu-
clear jaundice in healthy term or near-term neo-
nates has been reported in cases of extreme hy-
perbilirubinemia (> 520 umol/L). According to
Maisels and Newman [75], by preventing ex-
treme hyperbilirubinemia in healthy term neo-
nates, almost all potential cases of nuclear jaun-
dice should be prevented.

2.5 BRIEF DESCRIPTION OF THE SCREENING
AND DIAGNOSTIC METHODS

The following sections briefly describe the meth-
ods for screening for and diagnosing hyper-
bilirubinemia in healthy newborns.

® Although it was thought that the problem of nuclear
jaundice had practically been eliminated in the United
States, 22 cases were reported there between 1991 and
1995 in healthy term or near-term infants who had been
discharged less than 48 hours after birth [23].



TRANSCUTANEOUS BILIRUBINOMETRY IN THE CONTEXT OF EARLY POSTNATAL DISCHARGE 7

Neonatal hyperbilirubinemia

Table 3: Serum bilirubin concentration as a function of body region
in cases of jaundice®

Region

Mean serum bilirubin concentration

1. Head and neck

2. Trunk to umbilicus

3. Groin including upper thighs

4. Knees and elbows to ankles and wrists

5. Feet and hands including the soles and palms

105 pumol/L
155 umol/L
210 pmol/L
260 pumol/L
260 umol/L

# From Banks et al, 1996 [6].
2.5.1 Visual assessment

The most commonly used method for checking
for the presence of jaundice in newborns is the
visual assessment. The presence of visible jaun-
dice is used as a criterion for the need for a
blood bilirubin determination. To detect signs of
jaundice, the baby's skin on a bony prominence
(forehead, nose, sternum) is blanched by press-
ing firmly with the thumbs. If there is jaundice,
the skin assumes a yellow colour when the pres-
sure is released, then assumes its normal colour
again. In newborns with dark skin, yellow pig-
mentation is looked for on the buccal mucosa,
the posterior portion of the roof of the mouth
and the conjunctival sacks. It is advisable to
perform the examination in daylight in order to
prevent the colour of the walls, especially blue,
and the artificial light from masking the yellow
pigmentation. Jaundice appears first in the face
and gradually spreads to the trunk and limbs as
the total blood bilirubin level increases. This
phenomenon, the cephalocaudal progression of
visible jaundice, is sometimes used to estimate
the serum bilirubin concentration (see Table 3).
The sensitivity of this procedure has been called
into question [6].

The visual assessment is strongly affected by the
observer's experience and skill, the degree of
plethora, anemia and the ambient lighting and
colours [21]. Consequently, this technique can

sometimes be ineffective in detecting those cases
of jaundice requiring a closer follow-up. In any
event, this seems to be what the results by Ta-
yaba et al [108] indicate, which were obtained in
a clinical setting. These authors report a few
cases of newborns visually assessed as having
little or no jaundice (i.e. 0 to 5 on a scale of 20)
but who actually had hyperbilirubinemia greater
than or equal to 225 pumol/L. The study by
Ruchala et al [91], which was conducted in the
home, also revealed the difficulty of detecting
jaundice by a visual assessment. They report that
of 17 neonates, 7 cases were assessed visually as
being slightly jaundiced (i.e. 1 to 2 on a scale of
5) but who actually had significant hyper-
bilirubinemia (> 290 umol/L). At least one of
these cases (observed value: 21 mg/dL, or 357
umol/L) was above the level at which the Cana-
dian Paediatric Society [36] recommends initiat-
ing phototherapy. According to what is indicated
in the study, this case of hyperbilirubinemia
would not normally have been detected, since a
serum bilirubin test was performed only in new-
borns with an index of 3 or higher.

2.5.2 Icterometry

The difficulty posed by the visual assessment led
to the development of more elaborate techniques
using reference instruments. In 1960, Gossett
described the use of an icterometer for assessing
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the degree of jaundice in newborns. This instru-
ment is referred to in the literature as the "Per-
spex icterometer”, the "Ingram icterometer" or
the "Gossett icterometer”. It consists of a strip of
Plexiglas on which five stripes of graded yellow
colour are painted, each separated from the other
by a transparent stripe, and each stripe is as-
signed a value (1 to 5). The device is pressed
against the infant's nose until the skin is
blanched®. The yellow colour of the skin thus
pressed, which appears in the transparent stripes,
is matched with the band of similar intensity. A
reading higher than 3 indicates the need for a
serum bilirubin determination.

Since the development of the icterometer in
1960, there have been several studies on its use-
fulness in predicting the degree of jaundice in
newborns. Most of the studies carried out have
major flaws that make it difficult to compare
their results. Nonetheless, these studies usually
show a high linear correlation between serum
bilirubin levels and icterometer values. The co-
efficient of correlation varies from 0.63 to 0.99
[13, 43, 78, 96, 111]. The icterometer has been
used for jaundice screening in Caucasian, Orien-
tal and black populations. Very wide variation is
observed in the results of the different studies.
The mean serum bilirubin concentration associ-
ated with each icterometer reading varies from
92 to 154 umol/L for an icterometer reading of
2.5 and from 191 to 330 umol/L for a reading of
45 (see Table 4). As shown by Merritt and
Coulter [78], this variability is also reflected in
the coefficients of variation for these concentra-
tions for different icterometer readings: 40% at
2, 30% at 3 (usual decision level) and 20% at 5.

This imprecision of the icterometer is too great
to be attributable only to the variation associated
with serum bilirubin quantization, to the differ-
ences between the populations of infants studied
(in the publications considered, all were of Cau-

* In black infants, this procedure is performed on the gums
[95].

casian origin) or to interobserver variation. Ac-
cording to Dai et al [29], this imprecision might
be attributable to variation in the intensity of the
colours between different icterometers. To avoid
this problem, they recommend checking the re-
sults of each icterometer and plotting a calibra-
tion curve at each institution rather than relying
on published values for describing the relation-
ship between serum bilirubin concentrations and
icterometer values. This suggestion is similar to
that made by Merritt and Coulter [78].

The results documenting interobserver variabil-
ity are contradictory. Merritt and Coulter [78]
did not observe any significant difference be-
tween the results by different observers, whether
they were experienced or not. However, Wa-
terston and Taputaira [111] reported a significant
difference in interobserver performance, the
more experienced observers obtaining better
results. After examining the results concerning
the use of the icterometer by 14 observers, Mor-
rison and Wilkerson [83] noted such a large
variation that they could not recommend the use
of this instrument.

Unlike what was noted by Waterston and Tapu-
taira, the observers' accuracy did not seem to
improve with experience.

The effect of the type of lighting on icterometer
performance is another critical factor in the use
of this instrument in the context of neonatal ex-
aminations after early postnatal discharge. Mer-
ritt and Coulter [78] observed that the light from
two types of fluorescent lights widely used in
nurseries did not significantly affect the ic-
terometer readings. However, Schumacher [91],
who used the icterometer in artificial light and
daylight in 103 newborns, reports that a differ-
ence in icterometer reading of 0.5 units occurred
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Table 4: Serum bilirubin concentrations associated
with different icterometer readings

Icterometer Mean blood bilirubin level in pmol/L Source”
reading (range of values)

Not specified (min.: 65.87; max.: 190.67) Gosset, 1960 [41]
131.21 (standard deviation: 39.35) Culley, 1960 [27]

2,5 154.09 (standard deviation: 31.72) Schumacher, 1985 [96]
91.86 (min.: 38.13; max.: 168.13) Merritt and Coulter, 1994 [78]
Not specified (min.: 104.00; max.: 346.67) Gosset, 1960 [41]
173.85 (standard deviation: 39.17) Culley, 1960 [27]

3,0 178.01 (standard deviation: 34.84) Schumacher, 1985 [96]
109.20 (min.: 58.93; max.: 221.87) Merritt and Coulter, 1994 [78]
Not specified (min.: 104.00; max.: 424.67) Gosset, 1960 [41]
330.37 (standard deviation: 62.75) Culley, 1960 [27]

4,5 256.53 (standard deviation: 23.05) Schumacher, 1985 [96]
190.67 (min.: 81.47; max.: 306.80) Merritt and Coulter, 1994 [78]

“ Sample size: Gosset, 1960 [41], n = 229; Culley, 1960 [27], n = 183; Schumacher, 1985 [96], n = 106;

Merritt and Coulter, 1994 [78], n = 536.
N.B.: min. = minimum ; max. = maximum,

27 times. The newborns exposed to fluorescent
light had the highest values on 22 occasions. It
cannot be determined from the data presented in
this article if the type of lighting in which new-
borns are examined may be associated with a
risk of not detecting those with excessive hyper-
bilirubinemia.

In short, according to published literature, the
icterometer is useful in screening for jaundice in
different populations of newborns in a clinical
setting. This instrument offers the huge advan-
tage of being inexpensive (under $20). However,
on the downside, there is considerable impreci-
sion because, as with the visual assessment, this
method does not provide an objective measure-
ment of the degree of jaundice. It may be diffi-
cult to offset this major drawback in the context
of early postpartum discharge, where the operat-
ing conditions are highly variable (multiple us-
ers, variable lighting, etc.).

2.5.3 Transcutaneous bilirubinometry

There are two types of bilirubinometers. One,

which is described in the following section, is
based on spectrophotometric techniques and is
used to measure bilirubin concentrations in sam-
ples of whole blood or serum. Transcutaneous,
or indirect, bilirubinometry is a noninvasive
technique which usually measures light reflec-
tion at the surface of a newborn's skin and which
establishes the correlation between this measu-
rement and the blood bilirubin concentration.
The only model of transcutaneous bilirubinome-
ter that was commercially available in Canada
when this study began® was the Minolta/Air
Shields Jaundice Meter™. It contains a fiberop-
tic photocell [1]. When the instrument is pressed
against the infant's skin firmly enough, a xenon
tube emits a light pulse. The light ray is reflected
by the skin and thus transmitted to a dichroic
mirror (a mirror that reflects light of a given wa-
velength while allowing a second colour to pass
through) via a second group of fiber optic fila-
ments (see Figure 1). The mirror separates the

® According to information provided by F. Jacques, Medi-
cal Devices Bureau, Health Canada, during a telephone
conversation on October 16, 1998.
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Figure 1: Descriptive diagram of the operation of the transcutaneous bilirubinometer [95]

Photodiodes/Filters

Green light

Skin blanched by
pressure

colour into two light spectra, which pass through
a blue (complementary colour of yellow) filter
and a green (complementary colour of red) filter,
respectively. The instrument can thus measure
the intensity of reflected yellow light by correct-
ing for absorption attributable to the red colour
of skin (mainly hemoglobin) [29, 56]. The in-
strument’s readout is a unitless figure that in-
creases with the intensity of the reflected yellow
light. Under controlled conditions, this value
correlates with the tissue bilirubin level, which,
in turn, correlates with the blood bilirubin level.
The device does not, therefore, permit a direct
measurement of the blood bilirubin concentra-
tion, but rather an objective measurement of the
degree of jaundice. Consequently, the expression
"Jaundice meter" is more accurate than the ex-
pression  “"cutaneous  bilirubinometer”  or
"transcutaneous  bilirubinometer”. The Mi-
nolta/Air Shields Jaundice Meter™ has been the
subject of numerous clinical studies aimed at
documenting its efficacy.

According to recent publications, other models
of transcutaneous bilirubinometers for screening
for hyperbilirubinemia are commercially avai-
lable. They include the BiliCheck™ and the

Blue Light

Glass fiber

Xenon tube

ColorMate™ TLc-BiliTest™ (or Chromatics
ColorMate I11). According to information found
on the Internet® and completed by other informa-
tion provided by the company in April 2000, the
former instrument, which was developed by
SpectRx, has the advantage of accurately meas-
uring the total bilirubin level in newborns, re-
gardless of skin colour, the length of pregnancy,
the postnatal age or the use of phototherapy. An
older source’ states that this device was the sub-
ject of a multinational clinical trial in France,
Germany, United Kingdom and Italy in 1997.
No articles on this study were identified in the
main  bibliographic  databases  consulted
(MEDLINE, EMBASE, PASCAL, etc.). Since
then, this instrument has been approved for sale

® On February 2, 1999 at http://www.healthyne.com/ inter-
act.../infant_management/bilicheckl1.html.

" Information found on the Internet at http://www. prnews-
wire.com/, press release dated October 3, 1997 and enti-
tled “SpectRx, Inc. announces launch date for hand-held
infant jaundice product BiliCheck to be introduced at
Medica 97: units also shipped for U.S. FDA clinical tri-
als”.
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in Canada. Health Canada files® indicate that it is
manufactured by Respironics Georgia. On this
company's Web site it is stated that it is based in
Pittsburgh, Pennsylvania’. No study on this de-
vice's efficacy was found in the scientific litera-
ture.

The other device, the ColorMate™ TLc-
BiliTest™, differs from the previously men-
tioned instruments by the fact that data process-
ing is an integral part of the measurement-taking
process and that mathematical algorithms are
used to take different parameters into account.
Thus, race, weight and the use of phototherapy-
reportedly do not interfere with the relationship
between the transcutaneous bilirubin measure-
ment and the blood bilirubin concentration [108].

This instrument has been approved by the U.S.
Food and Drug Administration. According to
information obtained from the company (Chro-
matics Color Sciences International, Inc., New
York, NY)®, its sales price in the United States
is approximately the same as that of the Mi-
nolta/Air Shields Jaundice Meter™, i.e. about
$3,000 US. This figure does not include the cost
(which was not specified) of the individual cali-
bration tips that automatically adjust the device
before taking a measurement. The manufacturer
says that it plans to seek approval to sell the de-
vice on the Canadian market. It also expressed
great interest in and said it was willing to col-
laborate actively in any project aimed at validat-
ing the instrument. The device has been subject
of a scientific publication, which deals with its
efficacy in a clinical setting [108]. The results of
the study are presented in Section 4.

® Information received by e-mail (May 19, 1999) from C.
Choquet, head of In Vitro Diagnostic Instruments, Medical
Devices Bureau, Health Canada.

° Consulted on May 14, 1999 at http://www. respiron-
ics.com/.

1 Information e-mailed (December 1998) by Sheila
Kempf, vice-president of this company’s medical division.

2.5.4 Bilirubinometry based on the principles
of spectrophotometry

In clinical laboratories, the use of instruments
that operate on the principles of spectrophotome-
try to measure blood bilirubin levels is the stan-
dard for diagnosing hyperbilirubinemia. Blood
bilirubin tests are usually performed on a multi-
ple analyzer, which is used to measure other pa-
rameters as well, such as enzymes, blood glucose
and electrolytes.

Bilirubin can occur in four forms in the blood:
unconjugated, monoconjugated, diconjugated,
and conjugated and irreversibly bound to albu-
min. Clinical biochemistry laboratory techniques
are used to measure the total bilirubin level (sum
of the four fractions), the indirect bilirubin level,
the result of this test being an estimate of the
concentration of the unconjugated form, and the
direct bilirubin level, which is an estimate of the
concentration of the other three forms. The
measurement of the direct and indirect fractions
is used with other tests to identify the different
causes of hyperbilirubinemia both in newborns
and in children and adults. However, in new-
borns, an elevated indirect bilirubin is by far the
cause most frequently observed, and it is usually
on the basis of the total serum bilirubin that a
decision is made as to whether phototherapy is
required.

2.6 TREATMENTS FOR NEONATAL
HYPERBILIRUBINEMIA

The early detection of hyperbilirubinemia in
newborns is extremely important because biliru-
bin encephalopathy or nuclear jaundice can be
prevented with phototherapy or exchange trans-
fusion. Although exchange transfusion was a
common practice in the 1950s to 1970s and is
still sometimes necessary, phototherapy has be-
come the usual method of managing hypebi-
lirubinemia. Phototherapy, whose efficacy has
been demonstrated [20, 92], results in the isom-
eriza-
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Figure 2: Serum bilirubin concentrations: decision levels for initiating phototherapy
for hyperbilirubinemia in infants without risk factors?
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tion of unconjugated bilirubin to water-soluble
derivatives that are more easily excreted by the
body, which prevents the occurrence of the high
bilirubin levels associated with permanent se-
quelae. Exchange transfusion is used to control
bilirubin concentrations that have reached the
level where nuclear jaundice can result. Such
treatment is aimed at preventing any additional
bilirubin formation due to hemolysis or at elimi-
nating the existing bilirubin [29, 76].

In Canada, the risks associated with hyper-
bilirubinemia led the Fetus and Newborn Com-
mittee of the Canadian Paediatric Society [36] to
propose a detailed plan for managing hyper-
bilirubinemia in healthy term infants. It includes
guidelines concerning the bilirubin levels at
which phototherapy might be initiated in healthy
term infants and those with risk factors. The
bilirubin levels specified in this organization's
statement are more conservative than those pre-
viously recommended by the American Acad-

emy of Pediatrics [2]. In the case of a healthy
term infant, phototherapy should be initiated as
indicated in Figure 2. Recommendations are also
provided for infants with the following risk fac-
tors:

e Gestational age younger than 37 weeks and a
birthweight less than 2,500 g.

e Hemolysis due to maternal isoimmunization,
a  glucose-6-phosphate  dehydrogenase
(G6PD) deficiency, spherocytosis or other
causes.

e Jaundice at less than 24 hours of age.

e Septicemia.

e Resuscitation at birth.

These risk factors are contraindications for early
neonatal discharge. Consequently, the curve for

infants with one or more risk factors is not in-
cluded in this report.
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3. HYPERBILIRUBINEMIAAND EARLY POSTNATAL DISCHARGE

3.1 RISK OF READMISSION FOR NEONATAL
HYPERBILIRUBINEMIA

One of the consequences of early discharge is a
higher hospital readmission rate. Studies on the
subject report readmission rates ranging from 0
to 6%, and nearly three quarters of these read-
missions were due to hyperbilirubinemia [25,
69]. Decreasing the length of neonatal hospital
stays increases the risk of not detecting cases of
significant hyperbilirubinemia in healthy term
infants, because the bilirubin level peaks after
discharge. Apart from the reduction in the length
of neonatal hospital stays, the proportion of in-
fants who are breast-fed is on the rise [26, 66],
as is the number of people of Asian origin in the
Canadian population [102, 109] (and possibly,
therefore, the number of Asian infants). It is
known that breast-feeding is associated with an
increased risk of hyperbilirubinemia and that
Asian neonates have higher bilirubin levels than
white or black infants [74].

Furthermore, early postnatal discharge as such is
reported to be associated with an increased risk
of readmission for significant hyperbilirubine-
mia. Soskolne et al [101] and Maisels and
Newman [74] observed that, in effect, a gesta-
tional age younger than 38 weeks, a neonatal
hospital stay shorter than 72 hours and the oc-
currence of jaundice in the nursery were major
risk factors for readmission for jaundice. These
two teams do not make a distinction between the
risk associated with a neonatal stay shorter than
48 hours and that associated with discharge
within 72 hours after birth. They therefore con-
clude that any discharge that takes place within
72 hours after birth significantly increases the
risk of readmission for jaundice compared to a
postnatal discharge occurring after 72 hours
(Table 5).
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Presently, the role of early postnatal discharge in
the increased risk of readmission for hyper-
bilirubinemia cannot be explained. The results of
the U.S. studies by Maisels and Kring [72] and
Newman et al [84] invalidates the hypothesis
that the decrease in the risk of readmission for
hyperbilirubinemia associated with a postnatal
discharge after 72 hours results from screening
for and treating jaundice before infants are dis-
charged.

As an alternative hypothesis, Maisels and New-
man [74] suggest the possibility that mothers
who receive instructions from staff over a longer
period of time are better able to breast-feed their
infants. Also, there are indications that mothers'
ability to assimilate information concerning
breast-feeding and infant care is reduced when
they are discharged early. This could also have a
negative impact on infants' health and well-
being in the days following their discharge. It
should be pointed out that certain guidelines
include recommendations aimed specifically at
ensuring adequate breast-feeding of infants after
they are discharged from the institution of birth,
e.g. the guidelines issued by the Perinatal Com-
mittee of Eastern Ontario, which were drafted in
1996 within the framework of the Perinatal Edu-
cation Program of Eastern Ontario.

Together, these various factors (decrease in the
length of postnatal hospital stays, increase in the
proportion of breast-fed infants, increase in the
number of Asian infants in the population) point
to the need for a strategy aimed at screening in-
fants at risk for very high bilirubin levels after
their discharge.
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Table 5: Risk of readmission for jaundice according to length of stay®

Length of stay Odds ratio 95% confidence interval
< 48 hours® 2.40 1.09 - 5.30
48 to < 72 hours” 3.15 1.40 - 7.09

% From Maisels and Kring, 1998 [72].
b Compared to a length of stay of 72 hours or longer.

3.2 SAFETY MEASURES CONCERNING EARLY
POSTNATAL DISCHARGE

One common approach consists in screening for
hyperbilirubinemia during a follow-up visit for
each newborn discharged early after birth, the
visit taking place within the first few days after
the infant leaves the institution of birth. The visit
can take place in the home, in a physician's of-
fice or at an outpatient clinic. If each newborn
who meets the criteria for early discharge is ex-
amined during this visit, the health-professional
would note any visible jaundice (if present) and
see to it that a follow-up and, if need be, the ap-
propriate treatment are provided. In actual fact, a
systematic postnatal examination poses certain
problems. This practice necessarily requires co-
operation between the families involved and the
medical personnel. Furthermore, in certain situa-
tions, in certain places during the winter, for
example, it is unreasonable or even risky to ask a
mother to make a trip when she has only been
home for a short while. It should also be noted
that a significant proportion of mothers choose
not to return for a follow-up visit, even if they
are asked to do so. Home visits by nursing per-
sonnel are an increasingly widespread practice,
but resource availability and the safety of these
health-professionals in certain locations prevent
the use of this strategy. In addition, some mothers

decline home visits, even if they are free of
charge [71].

3.2.1 Measures recommended by different
organizations

To ensure a safe early-discharge policy, profes-
sional medical organizations, such as the Ameri-
can Academy of Pediatrics and the American
College of Gynecologists [3], the Society of
Obstetricians and Gynaecologists of Canada
[100] and the Association des pédiatres du Que-
bec [4], have developed selection and follow-up
criteria. Briefly, selected infants must be full-
term and healthy, they must have undergone two
physical examinations more than 24 hours apart,
and their parents must be adequately prepared. A
follow-up program must also be developed, and
it should involve a reassessment two or three
days (48 to 72 hours) after discharge from hospi-
tal. During the out-of-hospital follow-up (physi-
cian's office, clinic or home), special emphasis is
placed on assessing the degree of jaundice.

The Council of the Society of Obstetricians and
Gynaecologists of Canada [100] specifically
recommends “[t]hat the normal length of stay for
normal labour and vaginal delivery be two days
for hospitals without availability of home care
and nursing services and that it be one to two
days with home care nursing services” and
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“[t]hat the length of stay after a Caesarian sec-
tion be four or more days for hospitals without
availability of home care nursing services and
three days for hospitals with home care nursing
services.” A joint statement with the Canadian
Paediatric Society [22] maintains that "[w]hen
discharge occurs before 48 hours after birth, this
must be part of a programme that ensures appro-
priate ongoing assessment of the mother and
baby. This evaluation should be carried out by a
physician or other qualified professional with
training and experience in maternal/infant care.
A personal assessment in the home is preferred
for all mothers and babies. Relying on newly
delivered mothers to travel to a clinic or office
may result in many families being inadequately
followed due to a lack of compliance. The visit
is not intended to replace a complete evaluation
by a physician, but should focus on those aspects
that require early intervention (e.g., feeding
problems, jaundice, signs of infection, etc.)."”

The Conseil des directeurs de la santé publique
and the Comité des directrices and directeurs
généraux des Régies régionales de la Santé et
des Services sociaux du Québec formally re-
commends systematic home visitation after early
postnatal discharge [24].

Lastly, more recently, the Minister of Health and
Social Services [82] recommended that the prac-
tice of early postnatal discharge be part of a pro-
gram ensuring the continuity of services after
such discharge. In a document prepared as a
guide, for the regional boards and the various
players, for instituting such early discharge pro-
grams, the conditions deemed essential for their
organization, the conditions likely to facilitate
the organization of care and services in such
programs, and the responsibilities of physicians
(in private clinics, hospitals or CLSCs), hospi-
tals and CLSCs during the pre-, intra- and post-
natal periods are outlined. Early (no later than
the third day after discharge from hospital), sys-
tematic home visitation is recommended. The

presence of jaundice in the infant is one of the
items to be checked for during the visit [82].

Other organizations have issued recommenda-
tions specifically concerning hyperbilirubinemia.
Thus, the Canadian Paediatric Society [36] rec-
ommends that testing for bilirubin levels in new-
borns be readily available on an outpatient basis.
Since there is no direct relationship between the
intensity of jaundice and the degree of hyper-
bilirubinemia, it is sometimes recommended that
a serum bilirubin test be performed in all jaun-
diced infants [9, 90]. Other authors [5, 88] be-
lieve that, after postnatal discharge, jaundice and
other factors should be taken into consideration
in assessing the need for a serum bilirubin de-
termination. The American Academy of Pediat-
rics [2] states that a direct serum bilirubin test is
indicated in healthy, breast-fed infants with jaun-
dice lasting more than two weeks after birth and
whose urine is dark or whose stool is light. If the
infant's history (especially the appearance of the
stool and urine) and physical examination are
normal, observation should be continued. If the
jaundice persists for more than three weeks, the
urine bilirubin and total and direct serum biliru-
bin levels should be measured.

3.2.2 Description of the practice in Québec

In 1997, CETS observed that, in practice, there
did not seem to be uniformity in the application
of the recommendations concerning early dis-
charge programs, especially with regard to the
medical visit 48 hours after discharge, which is
generally left to the attending physician's discre-
tion. The discharge follow-up can assume differ-
ent forms—a telephone call a few hours after
discharge, a 24-hour telephone line, one or more
follow-up appointments at an outpatient clinic,
one or more systematic home visits or selective
home visits for cases where there are some con-
cerns, or some combination thereof [25].
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Table 6: Relationship between systematic or nonsystematic visitation by CLSCs as part of
early postnatal discharge and the time of the visit®

Breakdown of CLSCs according to the time of the visit
24-48 hours 3-5 days 6 days and + Variable
Systematic visitation 22% 39% 33% 11%
(18 CLSCs)
Nonsystematic visitation 12% 12% 35% 41%
(17 CLSCs)

 From Ste-Marie, 1998 [103]. It is stated in that report that the percentages indicated are based on the number
of responses obtained for each question, not on the total number of questionnaires received. Some questions
were not answered by all the respondents. The percentages have been rounded off.

One publication describes the postnatal services
at some of Québec's CLSCs [103]. The descrip-
tion is based on answers to a questionnaire dis-
tributed to 49 CLSCs on whose territory there is
a hospital with a short-term obstetrical program
or a length of stay meeting the criteria for a short
stay, more than three years ago (in February
1997). At the time, 47% of the CLSCs (18 of the
40 CLSCs that responded) carried out systematic
visitation to all mothers. Nearly two thirds of the
CLSCs that practiced systematic visitation made
the visits within the first five days following
discharge as opposed to only 24% for the CLSCs
that did not practice systematic visitation. The
time of the visit varied much more in the latter
group (Table 6).

Furthermore, according to this report, more than
50% (27/40) of the CLSCs screened for physiol-
ogic jaundice at the time. The method used var-
ied according to the CLSC. Eighteen of these 27
CLSCs opted only for a clinical examination or
observation, the others using a bilirubinometer,
an icterometer or a blood test (often a combina-
tion of the above).

More-detailed data on 40 CLSCs" indicate that,
in November 1998, 31 of them systematically
screened for physiologic jaundice. Of those that
did such screening (systematically or not), 16
opted for a clinical examination or observation,
while ten others used a bilirubinometer alone or
in conjunction with an icterometer or a blood
test. The method used by the other CLSCs varied
or is not specified (Table 7). This information is
an indication only, since this list is not exhaus-
tive and is no longer up to date. Other institu-
tions may now screen for physiologic jaundice,
or others may have changed their approach.

According to Ste-Marie's report [103], all of
Québec's CLSCs that had an early discharge pro-
gram as at February 1997 believed that the task
of screening for physiologic jaundice could be
entrusted to them and performed during the first
home visit. At the time, the conditions deemed
necessary for doing this were to ensure equip-
ment availability, provide prior training, ensure
that there are memoranda of understanding be-
tween the CLSCs and hospitals, and secure the
cooperation of physicians. The report's authors
also recommend that the visits be done systema-

1 According to a written communication from L. Roche-
leau, senior consultant, Association des CLSC et des
CHSLD du Québec, November 1998.
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Table 7: Overview of the screening method used by CLSCs
or health centres® (November 1998)

Screening method

Number of CLSCs or health centres

Observation/clinical examination 16°
Bilirubinometer/heel pad puncture 10°
Other method 10¢

& According to a written communication from Lucille Rocheleau, senior consultant, Association des CLSC et des

CHSLD du Québec, November 1998.

® Three of them stated that jaundice screening was not done systematically.
¢ Two of them stated that jaundice screening was not done systematically.

¢ Most did not specify the method used.

tically and that, in the case of several CLSCs,
they take place sooner after postnatal discharge.

3.3 ASSESSING HYPERBILIRUBINEMIA IN THE
CONTEXT OF POSTNATAL FOLLOW-UP

In a clinical setting, neonatal hyperbilirubinemia
is usually assessed by systematically performing
a serum bilirubin test in all infants with visible
jaundice only. The identification of those cases
where a blood bilirubin determination is actually
required involves the use of qualitative (pres-
ence or absence of visible jaundice as deter-
mined by a visual assessment) or semiquantita-
tive (determination of the degree of jaundice
using an icterometer or a transcutaneous
bilirubinometer) methods for measuring jaun-
dice.

As regards the practice of early postnatal dis-
charge, the bilirubin concentration usually peaks
after discharge from the institution of birth in
cases of healthy term infants. In this context, the
ability to assess hyperbilirubinemia quickly, eas-
ily, effectively and inexpensively has become
more important.

3.3.1. Predictive approaches

Consideration has been given to using predictive
methods in a clinical setting in order to identify,
shortly after birth, those infants more at risk for
subsequently developing significant hyper-
bilirubinemia and for whom a closer follow-up
is required. A number of tests have been investi-
gated: maternal blood bilirubin concentration at
birth [60], cord bilirubin concentration at birth
[51, 57, 58], the measurement of or increase in
yellow skin colour during the first 24 postnatal
hours* (using transcutaneous bilirubinometry)
[57, 114], a serum bilirubin test during the first
few hours after birth [11, 12, 97] and estimating
bilirubin production by measuring carbon mon-
oxide levels [99, 104]. Generally, when these
tests are used alone in healthy term infants, their
clinical value is limited because of their low
positive predictive value and their low specific-
ity when precedence is given to high sensitivity.

The methodology developed by Bhutani et al
[11] seems more promising in this regard. Their
approach is based on the association observed
between serum bilirubin levels measured during

12 This approach is the one considered in certain regions
of France for cases of early postnatal discharge [31].



TRANSCUTANEOUS BILIRUBINOMETRY IN THE CONTEXT OF EARLY POSTNATAL DISCHARGE

19

Hyperbilirubinemia and early postnatal discharge

the first few hours after birth (at the same time as
screening tests are performed for metabolic dis-
eases, for example) and the subsequent risk of
developing jaundice. This association permits
the identification of high-, medium- and low-risk
newborns so that the appropriate follow-up can
be provided. Although this method involves cer-
tain biases [75] and certain aspects still need to
be validated, it appears to be very effective in
predicting hyperbilirubinemia. In the context of
short postnatal stays, the use of predictive
screening methods could prove to be very useful,
since they pave the way for planning a safe,
well-targeted screening strategy.

3.3.2 Screening approaches

In this section, we present the results of the rare
published studies on assessing neonatal hyper-
bilirubinemia outside a clinical setting. A first
study, conducted by Brucker and MacMullen in
1987 [21], examined the usefulness of transcuta-
neous bilirubinometry in screening, in the home,
neonates for elevated serum bilirubin levels. In
this study, the population consisted of infants of
different ethnic origins with an average age of
63 hours and with a low risk of hyper-
bilirubinemia (in fact, they had undergone a
medical evaluation prior to discharge). The coef-
ficient of correlation between the serum
bilirubin and transcutaneous bilirubin was 0.69,
a value usually lower than what has been ob-
served in a clinical setting (see following sec-
tion). No false negatives and three false posi-
tives were reported in the 20 infants examined.
Although the small number of neonates in the
study limits its significance, the authors con-
clude from the results that transcutaneous
bilirubinometry can be of assistance to nursing
personnel in assessing jaundice during home
Visits.

In 1996, Ruchala et al [91] conducted a pilot
study aimed at determining if the use of transcu-
taneous bilirubinometry in the home would en-
able them to validate nurses' visual assessments.

A high correlation (Rs = 0.85; p > 0.01) between
the visual assessment and the transcutaneous
bilirubin index was reported. Based on the re-
sults, the authors were of the opinion that, in
addition to enabling experienced nurses to vali-
date their assessments, this device would be use-
ful for preparing less experienced nurses to as-
sess jaundice in infants during their home
follow-ups. In fact, as stated in Section 2.5.1, the
transcutaneous bilirubinometer can be used to
identify cases of significant hyperbilirubinemia
requiring a closer follow-up.

Maisels and Kring [73] report that transcutane-
ous bilirubinometry is useful in ambulatory set-
tings, especially when used on a regular basis by
nurses in home follow-up programs and by resi-
dents working in outpatient clinics. According to
these authors, in the context of early postnatal
discharge, the ideal situation would be for each
pediatrician’s office to be equipped with such a
device.

No details or quantitative data are provided on
the efficacy of this technology or on the condi-
tions governing its use in these different con-
texts.

As regards Québec, we note that the use of
transcutaneous bilirubinometry both in clinical
settings and in the home is well established in
the Québec City area. A detailed quality control
program for this technology was developed in
1996 and is currently in effect”®. Based on the
preliminary results of their follow-up, which
cover slightly more than one year, Béland and
Leclerc [8, 63]* emphasize the usefulness of this
technology in screening for cases where a serum
bilirubin determination is required.

13 See, in this regard “Virage ambulatoire en période post-
natale — Région de Québec” [5], “Programme de contréle
de qualité pour les bilirubines cutanées” [8] and “Rapport
annuel du programme de controle de qualité pour les bili-
rubines transcutanées a domicile” [7].

% Unpublished data or data published in a journal that is
not indexed in MEDLINE.
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Several published studies demonstrate the effi-
cacy of transcutaneous bilirubinometry in assess-
ing neonatal hyperbilirubinemia in a clinical
setting and the benefits associated with its use. In
the next sections, we present some of the avail-
able information on this subject, then discuss the

economic and organizational implications of
purchasing transcutaneous bilirubinometers and
using them within the framework of home visita-
tion and in hospitals. This information will en-
able us to better assess the usefulness of provid-
ing each region in Québec with these instruments
and to identify the indications and requirements
for using this technology.
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4. EFFICACY AND UTILITY OF TRANSCUTANEOUS BILIRUBINOMETRY

With one exception, all the published articles on
the efficacy and utility of transcutaneous
bilirubinometry specifically concern the type
Minolta/Air Shields Jaundice Meter™. When we
started to write this report, it was the only
transcutaneous bilirubinometer approved in Can-
ada. It has been on the market since the early
1980s. The first model was the JM-101, which
was superseded by the JM-102%. The publica-
tions still do not specify which model was stud-
ied. This is why special attention is given to the
more recent studies. The only scientific publica-
tion on another type of transcutaneous bilirubi-
nometer concerns the ColorMate™ TLc-
BiliTest™, whose use has not been approved by
Health Canada®™.

4.1 RELATIONSHIP BETWEEN THE
TRANSCUTANEOUS BILIRUBIN INDEX AND
THE BLOOD BILIRUBIN LEVEL

Several authors have observed, in populations of
healthy term newborns of the same ethnic origin,
that the transcutaneous bilirubin measurement
(TcB), or transcutaneous bilirubin index, is usu-
ally highly correlated with the serum bilirubin
level and that there is a usually linear relation-
ship between the TcB and the SB (see Figure 3).
In such populations, the coefficient of correla-
tion between the TcB and the SB is generally
high, often ranging from 0.90 to 0.95 [46, 49,
70, 96, 113, 115, 120].

13 1n the new model (JM-102), the battery does not have to
be recharged as often (500 vs. 100 measurements with the
previous model), the instrument has better precision and it
is lighter in weight [29].

18 Information e-mailed (May 19, 1999) by C. Choquet,
head of In Vitro Diagnostic Instruments, Medical Devices
Bureau, Health Canada.

However, the relationship between the transcu-
taneous bilirubin index and the blood bilirubin
concentration is affected by several factors.
Thus, in newborns, estimates of blood bilirubin
concentrations by transcutaneous bilirubinome-
try are affected by skin colour and the degree of
skin pigmentation, phototherapy, exposure to
ambient light, gestational age, birthweight, the
thickness of the skin, the body site of measure-
ment and other factors [29].

Studies involving term newborns of different
ethnic origins and whose skin was not light indi-
cate that this index increases as skin pigmenta-
tion increases. Such a situation therefore has few
clinical consequences, other than having to per-
form a larger number of serum bilirubin tests in a
multiethnic or predominantly non-Caucasian
population compared to the number required
when the transcutaneous bilirubin decision level
is exceeded [29]. The effect of skin pigmentation
on the relationship between the blood bilirubin
level and transcutaneous bilirubin level can be
taken into account by plotting calibration curves
specific to the different ethnic populations of
interest or by sequential readings taken in the
same newborn and corrected by subtracting an
initial reading taken shortly after birth [68]"".

7 According to a systematic review conducted in 1998 by
the Centre for Clinical Effectiveness of the Monash Insti-
tute of Public Health, in Australia, transcutaneous bilirubi-
nometry is the most suitable technology in a clinical set-
ting for screening for jaundice in term neonates in
multiethnic populations. Source: Report entitled “Assess-
ing Neonatal Jaundice in a Multicultural Population”, as
consulted on the Internet on January 19, 2000 at
httw://www.med. monash.edu.au/pu-
blichealth/cce/evreports.htm.
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Figure 3: Relationship between the transcuta-
neous bilirubin (TcB) index and the serum
bilirabin level (from Smith, 1985 [99])
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A strategy for improving the accuracy of trans-
cutaneous bilirubinometry in a multiethnic set-
ting should be evaluated on a case-by-case basis,
taking into account the characteristics of the
population of interest.

With a few exceptions [46, 61], studies indicate
that the relationship between the TcB index and
the SB concentration is affected very signifi-
cantly by subjecting or not subjecting neonates
to phototherapy [45, 48, 49, 70, 113, 115, 116,

117]. This can be explained by the rapid change
in skin colour. Additionally, when a portion of
the skin is covered during phototherapy, the TcB
reading is much higher on that portion than on
the uncovered portion [48]. However, no study
has examined the correlation between. the TcB
and the SB on unexposed skin during photother-
apy. Such a study would make it possible to.
document the efficacy of transcutaneous biliru-
binometry during such treatment. Thus, until
such studies are available, TcB measurements
cannot be used in infants subjected to photother-

apy.

In one study, it was observed that infants close to

" windows and exposed to sunlight showed a

slight decrease in the TcB level compared to that
of infants exposed to artificial light [121]. Al-

* though statistically significant, this difference is

of no clinical consequence [29].

Since prematurity and birthweight seem to affect
the relationship between the TcB and the SB [40,
106, 107, 113], the use of this instrument in
premature infants is not recommended. In term
infants, the relationship between skin colour and.
the plasma bilirubin concentration remains al-
most unchanged more than ten days after birth
[59, 118]. :

The relationship between the TcB and the SB is
also affected by the body site of the TcB meas-
urement. Tt was thus necessary to standardize the
choice of site, and, after trials on various parts,
the forehead and sternum, which yield similar
TcB readings, were chosen for the purpose of
transcutaneous bilirubin measurements. Using
the device on the forehead of a crying infant can

“yield slightly lower readings, probably because

the contact between the skin and instrument is
not as good [122].
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Table 8: Performance of transcutaneous bilirubinometry with regard
to serum bilirubin concentrations®

Predicted TcB Positive Negative
SB decision | predictive | predictive | Sensitivity | Specificity | n Population Reference(s)
(umol/L) level value value
> 175 >15 62 93 96 50 146 | White, term | Knudsen, 1990 [55]
> 16 72 87 87 72 114
> 225 > 16 25 100 100 52 114
>17 27 97 86 63 90
>170 >16 94 100 76 | White, term | Suckling et al, 1995
> 240 >18 63 100 76 [105]
> 260 >17 27 100 100 68 45 | White, term | Dai et al, 1997 [29]
> 225 ? 30 95 68 80 --- | Chinese Linetal, 1993 [67]
> 225 >15 52 100 100 35 58 | White, term | Knudsen et al, 1993
> 225 > 16 58 96 97 51 50 |Age:5-14 [59]
days
>214 >21 78 88 74 90 155 | Arabs, term | Karrar et al, 1989 [54]
>220 >20 44 99 94 78 106 |White, term | Schumacher et al,
1985 [95]
> 220 >24 58 100 100 97 157 [White, term [ Maisels and Conrad,
1982 [70]

& From Dai et al, 1997 [29].

Although information on the ColorMate™ TLc-
BiliTest™ is limited, it indicates that the transcu-
taneous bilirubin index is highly correlated with
the serum bilirubin concentration. The coeffi-
cient of correlation was 0.96 (range of values,
3.2 to 338.1 umol/L), and 96% of the difference
between the two measurements was less than
32.2 umol/L. This relationship does not seem to
be affected by infant race or weight or exposure
to phototherapy [108].

4.2 ACCURACY OF THE TRANSCUTANEOUS
BILIRUBIN INDEX

The accuracy of a screening tool is defined in
terms of sensitivity, specificity and positive or
negative predictive value'®. Most studies on the
subject indicate that transcutaneous bilirubi-
nometry is effective in screening for cases where
a serum bilirubin test is required. To do this, one

18 See the definitions of these terms in the glossary.

must determine a transcutaneous bilirubin read-
ing below which the likelihood that an infant has
a blood bilirubin level requiring treatment is, for
all practical purposes, nil. In other words, steps
are taken to prevent any false negatives.

Table 8 shows results obtained for these screen-
ing parameters in a few studies. It should be
noted that the studies were almost always con-
ducted in a clinical setting where the infants had
been preselected by the physician or nursing
staff. Consequently, only those infants with visi-
ble jaundice were usually tested with a bilirubi-
nometer.

The studies by Knudsen [55] and Knudsen et al
[59] are of particular interest because they
showed the impact of an increase in the TcB
decision level on sensitivity, specificity and
positive and negative predictive values for se-
rum bilirubin values of 175 and 225 umol/L.
Thus, a TcB decision level of 15 or 16 units in
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their population of newborns and infants 5 to 14
days of age yielded a negative predictive value
of about 100%. With this decision level, practi-
cally no cases with a serum bilirubin concentra-
tion greater than 225 umol/L would be missed.

With this decision level, the positive predictive
value ranged from 25 to 58%. This is a judicious
approach, since a false negative can have a dis-
astrous effect on a newborn, while a false posi-
tive only results in a blood sample being taken.
This decision level can be maintained for the
first 14 days of life, since the relationship be-
tween skin colour and the plasma bilirubin con-
centration remains practically unchanged during
this period [59].

All these considerations bring out the need for a
close link between the use of transcutaneous
bilirubinometry and the clinical laboratory, for
with this link, one could ensure safe use of the
instruments, establish the decision level associ-
ated with a negative predictive value as close as
possible to 100% for the population of interest,
and minimize the number of SB tests.

4.3 PRECISION OF THE TRANSCUTANEOUS
BILIRUBIN INDEX

Various authors have examined the precision® of
bilirubinometers of the type Minolta/Air Shields
Jaundice Meter™ and have generally shown that
they have a high degree of precision. In in vitro
studies (readings made with the instrument using
a glass cuvette rather than on the infants' skin),
the reported coefficients of variation range from
3.7% for a TcB index of 12.2 to 1.1% for a TcB
index of 39.2 [119]. In an original article pub-
lished in 1980, Yamanouchi and collaborators
reported the results of five readings obtained by
the same operator on newborns [113]. The coef-
ficient of variation ranged from 4.9% for a TcB
index of 9.2 to 2.6% for a TcB index of 27.
There is close agreement between the results of

19 See the definition of this term in the glossary.

these two studies, even if the study by Yama-
nouchi and collaborators was based on the use of
a prototype directly on newborns.

That the bilirubinometer has good precision was
confirmed in subsequent studies comparing suc-
cessive measurements made in the same subjects
and by the same operators. In these conditions,
the coefficients of variation ranged from 2.2 to
3.5% for 20 readings taken in six infants in one
study [38], whereas in another study they ranged
from 1.9 to 3.8% when five readings were taken
and from 3.2 to 4.2% for 100 readings [49].
These results seem to indicate that successive
readings in a given subject can modify certain
conditions in the skin and thus affect their preci-
sion.

Yamanouchi et al [113] also studied interopera-
tor precision of the transcutaneous bilirubinome-
ter. They observed a coefficient of variation
ranging from 2.1 to 5.0% when four users took
five readings.

Brown et al [18, 19] observed considerable vari-
ance between the results with two instruments
used in their institution (interinstrument preci-
sion). Based on this observation, they recom-
mend determining the same decision level for
each instrument, not changing instruments and
always using the same device for a given infant.
Little variability was observed in another study
aimed at comparing the use of eight commer-
cially available transcutaneous bilirubinometers
on newborns [119].

It should be noted that several studies on meas-
urement precision have been conducted on pro-
totypes and on model JM-101 and that, as a re-
sult, their findings might not apply to the devices
found on the market (JM-102). Furthermore, and
as pointed out by Dai et al [29], despite the fact
that there have been a number of studies on in-
terinstrument variability, they did not concern
the performance of these instruments used in
different locations with various operators and
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according to various procedures.

According to Tayaba et al [108], the Color-
Mate™ TLc-BiliTest™ provides precise results.
In newborns tested repeatedly by three different
operators over a 30-minute period, the coeffi-
cient of variation for the transcutaneous bilirubin
measurements was 3.1% around a mean estimate
of 135 umol/L, which is comparable to the re-
sults obtained with the first instrument.

4.4 COMPARISON OF TRANSCUTANEOUS
BILIRUBINOMETRY WITH OTHER SCREENING
METHODS

It has been reported that in clinical settings,
transcutaneous bilirubinometry was more effec-
tive than a clinical assessment in determining the
degree of jaundice in neonates. In 1982, Engel
compared the performance of the transcutaneous
bilirubinometer in identifying infants (of four
different ethnic origins) requiring a serum biliru-
bin test and the visual assessments by three neo-
natologists [35]. The coefficient of correlation
between the transcutaneous bilirubinometer
measurements and the serum bilirubin measure-
ments was 0.86. The coefficients of correlation
between the results of the visual assessments by
the three neonatologists and the serum bilirubin
measurements were lower, ranging from 0.60 to
0.74. More recently, Tayaba et al [108] observed
an even greater disparity between the results of
visual assessments and those of transcutaneous
bilirubinometry. They report a coefficient of
correlation of 0.96 between the transcutaneous
bilirubin index and the serum bilirubin concen-
tration (1,600 separate measurements in 900
patients). The coefficient of correlation between
the results of the visual assessments and the se-
rum bilirubin determinations was lower—0.75
(1,470 separate measurements in 851 patients).
Although interesting, the results of these studies
are not very useful, since the first one is too brief
and the second one concerns a device which has
not yet been approved for use in Canada.

Three studies comparing the efficacy of the ic-
terometer with that of the transcutaneous biliru-
binometer were identified in the literature: those
by Bilgen et al [13], Bhardwaj et al [10] and
Schumacher et al [95]. Because of the too small
a sample (n = 30) and the study population (three
groups of premature infants of Indian origin),
which differs too much from the context of the
present study, the article by Bhardwaj et al [10]
is of limited interest. It will nonetheless be noted
that the correlation between the serum bilirubin
levels and the bilirubinometer readings was good
for the three groups studied (0.84, 0.89 and
0.72). The correlation between the bilirubin lev-
els and the icterometer readings was not as good
for the third group (0.84 and 0.82 vs. 0.67),
whose gestational age was higher than that of the
other two groups.

The studies by Bilgen et al [13] and Schumacher
et al [95] both involved a relatively limited num-
ber of infants—about one hundred newborns
with visible jaundice of Turkish origin in the
first case and of Caucasian origin in the second.
The results presented in both articles concern the
accuracy of the instruments rather than their
precision. Although the study by Bilgen et al is
relatively recent, the bilirubinometer used in
both cases was the JM-101, which was the pre-
vious model, whose precision is reported to be
lower than that of the JIM-102 [29].

Generally, and as can be seen from Table 9, in
terms of accuracy, the bilirubinometer’s per-
formance is slightly better than that of the ic-
terometer. In the study by Bilgen et al [13], it is
seen that 44% of infants tested with a bilirubi-
nometer will be false positives (1 - specificity)
compared to 52% for those tested with an ic-
terometer. In both cases, this means that a large
number of infants needlessly undergo a serum
bilirubin test. Despite this drawback, and based
on the small difference between the values of the
parameters studied and the cost of each instru-
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Table 9: Results obtained with the icterometer
and transcutaneous bilirubinometer*

Device Correlation | Testsensi- | Test speci- Positive Negative Reference
with SB con- tivity ficity predictive | predictive
centration (%) (%) value value
(%) (%)
Icterometer® 0.78 100 48 29 100 Bilgen et al,
Bilirubinometer? 0.83 100 56 33 100 1998 [13]
Icterometer” 0.63 82 74 38 96 Schumacher et
Bilirubinometer” 0.74 94 78 44 99 al, 1985 [95]
% n=096.
® n=106.

“ In these studies, an icterometer reading of 3 or higher was the decision level regarding the need for a serum bilirubin test.

ment, Bilgen et al [13] believe that the use of the
icterometer should be promoted, especially in
countries with a birth rate and an incidence of
hyperbilirubinemia as high as those observed in
Turkey.

Schumacher et al [95] conclude that both in-
struments are useful for screening for hyper-
bilirubinemia but acknowledge that the bilirubi-
nometer, which provides an objective measure-
ment of the degree of jaundice, may be
particularly useful when infants are to be tested
by different health-care professionals.

Because of the very limited number of compara-
tive studies (2), their small sample size (about
100), the populations investigated (jaundiced
infants, ethnic origin) and the model of bilirubi-
nometer studied (the JM-101 rather than the JM-
102), the data are insufficient to come down in
favour of either of these approaches (icterometry
or transcutaneous bilirubinometry). Furthermore,
as indicated in Section 2.5.2, icterometer read-
ings seem to be less reliable because of their
subjective nature and lack of precision and are
probably of limited usefulness in the context of
early postpartum discharge. Should this option
be chosen, one would have to check the results
of each icterometer used and prepare a calibra-
tion curve in each different clinical laboratory
rather than rely on published values to describe

the relationship between serum bilirubin concen-
trations and icterometer readings.

4.5 ADVANTAGES ASSOCIATED WITH USING
TRANSCUTANEOUS BILIRUBINOMETRY

The transcutaneous bilirubinometer is compact,
battery-operated and very easy to use and main-
tain, and is safe for patients. It provides quick
results that can be interpreted immediately, thus
avoiding the waiting associated with serum bili-
rubin tests. The device is therefore handy in
clinical settings and in nurseries as well as in the
home.

As pointed out by an official at the Ministére de
la Santé et des Services sociaux®, the use of
transcutaneous bilirubinometry in the context of
early discharge provides nurses reassurance
when assessing an infant's health status. They are
less afraid of overlooking signs suggestive of
jaundice due to a lack of experience or of being
challenged over their clinical assessment. The
practice of home nursing is more difficult, given
that there is no sharing of responsibilities, as
there is in institutions. The use of this technology
reassures nursing personnel during home follow-
up visits by giving them a sense of protection

> Note from Paul Boivin (engineer, Department of Biome-
dical Technologies, Ministere de la Santé et des Services
sociaux) sent to Jeannine Auger, September 18, 1998).
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against the ever-present possibility of legal ac-
tion.

Since severe hyperbilirubinemia is a serious and
very rare phenomenon, one must, so as not to
miss one of these rare cases, monitor and meas-
ure the serum bilirubin level in a large number
of infants who will never develop this condition.
The number of serum bilirubin tests is therefore
relatively high in relation to the number of in-
fants who require treatment. Thus, as was men-
tioned earlier, 5% of term newborns reportedly
develop significant hyperbilirubinemia (serum
bilirubin > 290 umol/L). This small proportion
means that 95% of the serum bilirubin tests sys-
tematically performed in newborns are negative
and consequently unnecessary. If serum
bilirubin tests are performed only in infants with
visible jaundice (about 45 to 60% of healthy
term neonates, according to Blackburn and
Loper [14]), as is often recommended [10, 90],
the total number of tests could be reduced, but
nearly 50% could still be avoided. Both of these
screening strategies are expensive.

Determining the serum bilirubin concentration
requires a blood specimen, which is obtained
from the infant's heel. There, the distance be-
tween the surface of the plantar skin and the un-
derlying bone is 2 mm. There is therefore a risk
of an accidental bone puncture and of osteomye-
litis if the procedure is not performed properly.
In addition, heel pad punctures involve a risk of
infection, in addition to the discomfort and pain
involved. This being said, minimizing the num-
ber of blood specimens obtained by heel pad
puncture is a second major concern for health
professionals involved in neonatal care [28, 29].

4.5.1 Impact on the number of serum
bilirubin tests

Bourchier et al [15] did not observe a reduction
in the number of serum bilirubin (SB) tests after
the introduction of transcutaneous bilirubinome-
try in clinical settings. However, it should be

noted that the physicians could order tests as
they wished without having to adhere to any
protocol.

Maisels and Kring [73] observed that the num-
ber of serum bilirubin tests performed in their
nursery decreased by 40% after instituting the
general use—without any strict protocol—of
transcutaneous bilirubinometry. The decrease
was attributable only to the fact that the physi-
cians ordered fewer SB tests when bilirubinome-
ters were available. The authors also assessed
the economic impact of using a transcutaneous
bilirubinometer in their clinic, where there are
5,000 deliveries a year. The net savings associ-
ated with the use of a transcutaneous bilirubi-
nometer was estimated at $1,625 US a year.

In a study involving 2,000 infants, Schubiger et
al [94] reported that the number of blood speci-
mens had decreased by 79% after the introduc-
tion of a bilirubinometer (used in accordance
with the recommendations of the Swiss Neona-
tology Group). Lastly, Dai et al [28] estimated
that the use of a bilirubinometer for screening
purposes in a clinical setting led to a 43% reduc-
tion in the number of heel pad punctures (per-
formed solely for the purpose of SB tests). This
figure decreased to 20% when the cases involv-
ing infants subjected to phototherapy or a battery
of tests, including a serum bilirubin determina-
tion, were taken into account.

As pointed out by Dai et al [29], the actual re-
duction in the number of SB tests or heel pad
punctures in institutions depends on the preva-
lence of hyperbilirubinemia, the practice regard-
ing serum bilirubin tests (i.e. the extent to which
such tests are performed, whether they are per-
formed alone or in conjunction with other tests)
and whether or not there is a protocol governing
the use of transcutaneous bilirubinometry.

4.5.2 Additional advantages of emerging

models

Although the information is limited [108], the
new models of transcutaneous bilirubinometers,
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such as the BiliCheck™?' and the ColorMate™
TLc-BiliTest™, reportedly eliminate interfer-
ence caused by skin colour in the relationship
between the transcutaneous bilirubin reading and
the blood bilirubin concentration. Such a feature
would be an advantage in those regions of Qué-
bec where there is significant ethnic diversity.

These models, reportedly have the additional
advantage of sustained efficacy even when used

2L Accessed on the Internet on February 2, 1999 at
http://www.healthdyne.com/interact.../infant_management
/bilicheck1.html

during phototherapy. This is of great interest,
given the experience with home phototherapy
treatment, which has been a practice in the
United States for more than 15 years [33, 42,
98]. Furthermore, two Montreal hospitals (HOpi-
tal du Sacré-Coeur and Hépital Sainte-Justine)
are currently conducting tests on a phototherapy
system planned for home use. The likely savings
that the use of home phototherapy can generate
in relation to in-hospital phototherapy and the
possibility of maintaining an uninterrupted bond-
ing process between the mother and infant dur-
ing treatment [42] are two factors that could
promote the adoption of this practice in Québec
in short or medium term.
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5. IMPLICATIONS OF INSTITUTING TRANSCUTANEOUS
BILIRUBINOMETRY IN THE CONTEXT OF EARLY POSTNATAL DISCHARGE

5.1 COST OF HYPERBILIRUBINEMIA SCREENING
WITH AND WITHOUT THE USE OF
TRANSCUTANEOUS BILIRUBINOMETRY

The purpose of this section is to attempt, for the
first time in Quebec, a preliminary assessment of
the financial impact of using transcutaneous
bilirubinometry to screen for neonatal hyper-
bilirubinemia. In concrete terms, we compare the
costs associated with using this technology with
the costs generated by visual assessments and
serum bilirubin determinations. To provide a
better perspective of the situation, the assessment
scenario, which is detailed in Appendix A, cov-
ers the costs incurred for hyperbilirubinemia
screening in institutions of birth and during fol-
low-up visits in connection with early neonatal
discharge. This scenario, which seems the most
plausible, is based on the following working
hypotheses:

e 53% of healthy infants present with visible
jaundice.

e A serum bilirubin test is performed in 50% of
jaundiced newborns.

e Two bilirubinometers are purchased and used
per institution of birth or CLSC.

e The number of serum bilirubin tests in
healthy term neonates decreases by 43%.

e The cost of a serum bilirubin test is calcu-
lated to be $19.78, whether it is performed in
a clinical setting or elsewhere?;

e Lastly, the costs are calculated for a period of
10 years %,

%2 The cost of transporting the blood specimens is not in-
cluded because they are usually obtained during the fol-
low-up visit. No additional travel is therefore required for
this sole purpose.

According to the assessment, the costs associ-
ated with neonatal hyperbilirubinemia screening
by a visual assessment and by a serum bilirubin
test in healthy newborns would be $2,288,111
for a 10-year period, or an average of $1,031 per
year per institution. The use of transcutaneous
bilirubinometry would result in a cost of
$7,166,290 over ten years, which works out to
an average of $3,228 per year per institution.
This cost was discounted at a rate of 5%.

Said differently, the use of transcutaneous biliru-
binometry would result in a cost of $8.90 per
infant compared to $2.83 per infant when hyper-
bilirubinemia screening is done by a visual as-
sessment and a serum bilirubin test (cost differ-
ential, $6.07). Assuming that a CLSC follows
500 infants a year, the use of transcutaneous
bilirubinometry could result in $4,450 in annual
costs per CLSC.

Although it gives some indication, this prelimi-
nary assessment is marked by uncertainty. Table
10 explains the main sources of uncertainty and
their likely impact on the cost estimate. The re-
sults of the sensitivity analysis, which are pre-
sented in Table 11, show that the number of
transcutaneous bilirubinometers per institution is
the parameter with the greatest impact on costs.
Thus, depending on the number of

2 Based on information provided verbally by P. Leclerc,
medical biochemist, Hopital du Saint-Sacrement, Québec
City (December 1998) and completed in writing (July
1999), the lifespan of a bilirubinometer is more than ten

years.
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Table 10: Main sources of uncertainty associated with the cost estimate for neonatal hyper-
bilirubinemia screening

Working hypothesis
(potential impact on estimate)

Factor/data considered

53% of healthy infants present with visible jaundice

o Between 45 and 60% of healthy term newborns reportedly
experience an episode of clinical jaundice during the first
few days after birth [14].

A serum bilirubin test is performed in 50% of jaundiced new-

borns

e Because it is more difficult to detect jaundice in the home, it
is possible that 1) in order to prevent false negatives, a larger
number of serum bilirubin tests would be performed (under-
estimate of the cost of screening by SB); and 2) jaundice
would not detected in a newborn and that an SB test would
not be performed (overestimate of the cost of screening by
SB).

e Itis also assumed that each infant undergoes a single SB test,
although in a number of cases, more than one test would be
required (underestimate of the cost of screening by SB).

e Empirical evaluation based on the fact that some authors
recommend a serum bilirubin test in all jaundiced infants [9,
90], whereas others [5, 88] maintain that, after an infant is
discharged, jaundice and other factors should be considered
when assessing the need for a serum bilirubin test.

Purchase and use of two bilirubinometers per institution of

birth or CLSC

o In certain outlying regions, a CLSC can have two or three
points of service 40 to 50 kilometers apart, a situation which
would require that several devices be available (underesti-
mate of the cost of using TB).

o A portion of the instruments' purchase cost has already been
incurred, since a certain number of institutions have already
purchased at least one transcutaneous bilirubinometer (over-
estimate of the cost of using TB).

e The additional costs associated with quality control for this
use and with user training were not taken into account (un-
derestimate of the cost of using TB).

o There are no data available on the actual need (in terms of
numbers) for transcutaneous bilirubinometers at each institu-
tion.

43% decrease in the number of serum bilirubin tests per-

formed in healthy term neonates

e |n the home, the decrease in the number of SB tests could be
larger (overestimate of the cost of using TB).

o In certain regions, the population may be very diverse in
terms of ethnic origin, hence the need to perform more SB
tests (underestimate of the cost of using TB).

o According to published data, in a clinical setting, the use of a
bilirubinometer for screening purposes could reduce the
number of serum bilirubin tests by between 0 [15] and 79%
[94]. An intermediate figure of 43% was used as a basic es-
timate, since, in Manitoba, Dai et al [28] observed that the
use of a bilirubinometer for screening purposes can reduce,
by up to 43%, the number of serum bilirubin tests performed
in healthy term neonates with no prior exposure to photo-
therapy (clinical setting).

The cost of a serum bilirubin test is $19.78, whether it is
performed in a clinical setting or elsewhere (overestimate of
the cost of screening by SB).

e A serum bilirubin test costs $1.38, obtaining the blood
specimen $18.40% [80], for total of $19.78.

% The starting point for calculating these figures was the price lists posted by seven institutions in the health and social ser-
vices system. Care was taken to eliminate the extreme values, which could distort the results. These figures should be used as a
guide only, since the actual cost of performing these procedures in a given laboratory varies according to the volume of work,

the level of automation and the staff's experience [80].
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Table 11: Results of the sensitivity analysis concerning the cost of neonatal hyperbilirubinemia
screening with and without the use of transcutaneous bilirubinometry (TB)

Parameter

Basic estimate and
range
(minimum - maximum)

Cost range without the
use of TB

Base = $2,288,111
(over 10 years)

Cost range with the use
of TB

Base = $7,166,290
(over 10 years)

Additional cost of
using BT

Base = $4,878,179
(over 10 years)

Number of devices per
institution

2(1-4)

Min.: $2,288,111
Max.: $2,288,111

Min.: $3,776,052
Max: $13,946,766

Min.: $1,487,941
Max.: $11,658,655

Prevalence of jaundice

53% (45% - 60%)

Min.: $1,942,735
Max.: $2,590,314

Min.: $7,117,937
Max.: $7,208,598

Min.: $5,175,202
Max.: $4,618,284

Proportion of new-
borns who undergo an
SB test

50% (20% - 100%)

Min.: $915,244
Max.: $4,576,221

Min.: $6,974,088
Max.: $7,486,625

Min.: $6,058,844
Max.: $2,910,404

Decrease in the num-
ber of SB tests when
BT is used

43% (23% - 63%)

Min.: $2,288,111
Max.: $2,288,111

Min.: $8,081,534
Max.: $6,251,045

Min.: $5,793,423
Max.: $3,962,934

instruments used at each institution, the use of
transcutaneous bilirubinometry could result in an
additional cost of $1.5 to $11.7 million over a
10-year period in relation to a strategy based
solely on visual assessments and serum bilirubin
tests. This works out to a cost differential of
$1.86 to $14.47 per infant.

These estimates can be considered a starting
point for a more accurate determination of the
amounts to be allocated for the use of transcuta-
neous bilirubinometry in the context of neonatal
hyperbilirubinemia screening. Screening using
this technology has advantages which, although
difficult to quantify, could offset some or all of
the cost differential that it entails. These advan-
tages are discussed in detail in the next section.

5.2 ADVANTAGES OF SCREENING FOR
HYPERBILIRUBINEMIA USING
TRANSCUTANEOUS BILIRUBINOMETRY

As mentioned earlier, over the past few years,
there have been isolated cases of nuclear jaun-
dice in term or near-term infants following early
postnatal discharge [23], although this condition

had practically disappeared in North America®.
Furthermore, a significant increase was reported
in the number of readmissions for hyper-
bilirubinemia during the first week of life fol-
lowing early discharge, which was associated
with increased severity of hyperbilirubinemia in
the infants who were readmitted [65]. These two
phenomena are particularly worrisome. Even if
the link between early postnatal discharge and an
increase in mortality or in severe and irreversible
morbidity has not been demonstrated, it cannot
be ruled out, especially since these phenomena
are rare and therefore difficult to prove.

Nor has it been shown that the follow-up exami-
nation by a health-care professional in the first
few days after discharge can reveal every case
requiring a more thorough assessment or inter-
vention for hyperbilirubinemia. The data pub-

% In Québec, data in the MED-ECHO system indicate that,
for the period 1989-1999, there was one case of readmis-
sion for nuclear jaundice not due to isoimmunization in
infants aged 10 days and younger in 1992-1993 (before
early discharge) and one case in 1998-1999 (after early
discharge)
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lished by Lee et al [65] indicate, however, that
the optimal postnatal age for detecting early
problems is three days. At that age, 98% of se-
vere cases of jaundice or dehydration can ac-
cordingly be detected.

Since the prevalence of hyperbilirubinemia de-
pends mainly on the ethnic composition of the
population and the prevalence of breast-feeding,
the use of transcutaneous bilirubinometry should
not have an impact on the prevalence of or re-
admission rate for hyperbilirubinemia. However,
although quite limited, certain published data
gathered in clinical settings point to the superi-
ority of transcutaneous bilirubinometry in de-
tecting jaundice compared to the visual assess-
ment [35, 108]. Given that it is more difficult to
make a visual assessment of jaundice in the
home [21] and that, with adequate quality con-
trol, almost all cases of hyperbilirubinemia re-
quiring treatment can be identified with transcu-
taneous bilirubinometry, the use of this
technology in the context of early postnatal dis-
charge offers undeniable advantages.

Although this has not been proven either, the use
of a transcutaneous bilirubinometer during the
follow-up visit a few days after birth could help
detect significant jaundice earlier. This advan-
tage could translate into lower hyperbilirubine-
mia upon readmission of jaundiced infants and
consequently into a smaller number of infants
having to undergo an exchange transfusion?®.

The use of transcutaneous bilirubinometers also
offers the advantage of reducing the number of
blood specimens obtained for serum bilirubin
tests, thus reducing the risks (risk of an acciden-
tal bone puncture and of osteomyelitis when the

% Data in the MED-ECHO system show a decrease in the
number of exchange transfusions in infants readmitted
when they are 10 days of age or younger, starting in 1995-
1996. This could, however, be attributable to factors other
than early postnatal discharge (e.g. changes in the decision
levels, with regard to serum bilirubin concentrations, for
initiating treatment).

procedure is performed improperly, risk of infec-
tion) and the discomfort and pain associated with
obtaining blood specimens, in addition to the
costs associated with serum bilirubin tests. How-
ever, there are no quantitative data concerning
the incidence of the complications associated
with heel pad punctures. Also, the use of TB
permits validation of the assessment of jaundice
by nurses and ensures that they do not miss any
cases of jaundice, in addition to creating a sense
of security against possible legal action.

5.3 ORGANIZATION OF CARE, SERVICES AND
FOLLOW-UP

The Ministére de la Santé et des Services soci-
aux [82] recommends that the practice of early
postnatal discharge be governed by a program
ensuring the continuity of services after such
discharge. The conditions deemed essential for
organizing an early discharge program are listed
in Table 12. This information is provided as a
guide for better determining the implications of
instituting such a program.

One of the services that should be available in
this program consists of postdischarge
follow-up measures. They have been proposed
for the purpose of monitoring the risk of hyper-
bilirubinemia that might be associated with early
discharge and to minimize the consequences in
terms of health and resource utilization. The es-
tablishment of formal ties between the CLSCs
and community breast-feeding support organiza-
tions, among others, has been proposed as well
[82]. It should be noted that already in 1996 and
1997, partnership between the CLSCs and dif-
ferent community organizations in the area of
perinatality was a frequent phenomenon [79].



TRANSCUTANEOUS BILIRUBINOMETRY IN THE CONTEXT OF EARLY POSTNATAL DISCHARGE 33

Implications of instituting transcutaneous bilirubinometry in the context of early postnatal discharge

Table 12: Essential conditions for organizing an early discharge program®

The existence of a protocol or partnership agreement between the institution of birth and the CLSC for ensuring
continuity of care in accordance with the minimum guidelines set out in Part 2 of the MSSS report [90].

The offer, by the CLSCs, of a range of prenatal and postnatal services and guaranteed free and universal access
to these services.

Adequate budgetary reallocation between the various partners to allow the offer of services to come to fruition.
Access, on a local basis, to prenatal and postnatal meetings.

The reorganization of nursing care both in hospitals and at CLSCs.

The existence of a liaison mechanism with physicians in charge of postnatal follow-ups.

The existence of a protocol or partnership agreement between the CLSC and community organizations for fam-
ily support services.

Participation of physicians working in the area of perinatality in the pre- and postnatal follow-up programs for
mothers and infants.

The guarantee of direct readmission to hospital during the first week of the infant's life, if necessary. Accessi-
bility to a service promoting the mother’s physical proximity to the infant, in particular, if she is breast-feeding.
Accessibility to an Info-Santé-type telephone service 24 hours a day, seven days a week, ideally, to an Info-
Perinatality service.

The rapid exchange of information between the partners after authorization is given to exchange such informa-
tion.

Adequate preparation of the staff who provide primary and secondary services. Providing training in the re-
gions in order to promote the development of a common language between the health-care professionals in the

various areas would be important®.

2 From MSSS, 1999 [82].

b Potential training needs regarding jaundice would be skills in performing heel pad punctures for obtaining blood specimens, if necessary, in
clinically assessing jaundice in newborns, and in providing breast-feeding support.

This report does not concern the institution of
neonatal hyperbilirubinemia screening as part of
a perinatal program. However, we are of the
opinion that the use of transcutaneous bilirubi-
nometry must necessarily be part of such a pro-
gram. Its use would permit an objective assess-
ment of the degree of jaundice, in addition to
minimizing the number of blood specimens to be
taken for bilirubin tests. There should be a qual-
ity control program for the use of these instru-
ments in order to ensure their quality, the quality
of their use and the interpretation of the results
made by the different users?.

2z Quality control programs for the use of transcutaneous
bilirubinometers should be the responsibility of clinical laborato-
ries. In an outpatient setting, special steps would need to be taken

In fact, the conditions governing the use of
transcutaneous bilirubinometry should include
drafting written operating, maintenance and
quality control procedures for these instruments.
The people who would be using the instruments
should be trained, among other things, on the
methods for using them, on interpreting results
and on the course of action in light of the results.
The training should be complemented with clear
and realistic protocols. New instruments should
be tested in nurseries and compared to an in-
strument whose reliability has been checked.

so that the laboratories could provide the necessary technical
support for the application of these programs.
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Table 13: Examples of quality control measures for the use of transcutaneous bilirubinometers?

purpose. The program's objectives would be:

rum bilirubin test results.

stages of the program.

application.

would compile them.

laboratory).

ing the results.

poses during their meetings.

» Developing a transcutaneous bilirubinometer quality control program for use in nurseries and adapted
for use in CLSCs. The program would be supervised by a committee specifically designated for this

- To obtain reliable results with the bilirubinometers by validating them with laboratory se-

- To establish procedures for when results do not correlate with the laboratory results.
- To institute quality control methods, including instrument evaluation, checking readings
with laboratory results, and user technique.

« Innurseries, as in each CLSC, designating a nurse to apply the quality control program. She would be

responsible for the tasks concerning the instrument’s performance and for supervising the different
» Quality controls run by the nurses using the instrument and/or the nurse responsible for the program's
- Sending the quality control results once a month and on the same day to the program coordinator, who
» Analysis and interpretation of the quality control results by the medical biochemist (in the clinical

- Sending a report to each nurse involved in the application of the program, for the purpose of discuss-

» Sending a summary report to the members of the committee every three months for discussion pur-

# Inspired by Béland and Leclerc, 1997 [7], and Béland et al, 1996 [8].

Also, in the nursery, readings obtained with
new instruments and the results of blood
bilirubin tests should be compared in order to
determine the bilirubinometer reading at or
above which a serum bilirubin test is indicated
for the population in question. These recom-
mendations are essentially based on experience
with the use of transcutaneous bilirubinometers
in the Québec City area (See [7, 8, and 63]). The
published data generally confirm their relevance.
Table 13 lists, as a guide, the quality control
measures in place

in the Québec City area for the use of transcuta-
neous bilirubinometry in the context of early
postnatal discharge.

Also, special measures should be instituted if
transcutaneous bilirubinometers (of the type Mi-
nolta/Air Shields Jaundice Meter™) are used in
a non-Caucasian or multiethnic population.
Lastly, different mechanisms should be put in
place to assess the long-term efficacy of using
transcutaneous bilirubinometry.
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6. CONCLUSION

The practice of early postnatal discharge in-
creases the risk of not detecting cases of signifi-
cant neonatal hyperbilirubinemia, since the
bilirubin level peaks after the infant is dis-
charged. To counter any risk associated with the
practice of early postnatal discharge, the Min-
istere de la Santé et des Services sociaux pres-
ently recommends that this practice be part of a
perinatal program, which should include early
(no later than the third day after discharge from
hospital), systematic home visitation. The pres-
ence of jaundice in newborns is one of the items
to be checked during the visit. The implementa-
tion of such a perinatal program with early, sys-
tematic follow-up is essential for ensuring the
mother’s and infant’s safety within the context
of early postnatal discharge.

Our assessment brings out the benefits of using
transcutaneous bilirubinometry for screening for
hyperbilirubinemia during this follow-up if such
use is included in a well-established perinatal
program. However, a wide-scale program for the
systematic purchase of transcutaneous bilirubi-
nometers cannot, on the basis of the published
data on this technology, be recommended. It is
therefore up to each regional or local authority to
assess the usefulness of this technology, based
on the following considerations:

e In healthy term newborns, transcutaneous
bilirubinometry is an effective technology for
screening for cases where a serum bilirubin
determination is required. Transcutaneous
bilirubinometry provides an objective meas-
urement of the degree of jaundice, unlike a
visual assessment or an icterometer. This
constitutes a major advantage, especially for
out-of-hospital use.

e This technology is extremely practical, both
in clinical settings and nurseries and in the

home. The device is compact, battery-
operated and very quick and easy use, and
provides an instant readout.

Transcutaneous bilirubinometry is ineffective
when used in infants subjected to photother-
apy or who have undergone an exchange
transfusion and is of limited efficacy in
highly multiethnic populations. Based on
preliminary published data, these limitations
have been corrected in recent models of
transcutaneous bilirubinometers, which have
still not been approved by Health Canada.
Furthermore, it seems that home photother-
apy might, in the short or medium term, be
introduced as a practice in Quebec. This be-
ing said, the possibility of using transcutane-
ous bilirubinometry during phototherapy is
of particular interest. It would therefore be
important for the policymakers concerned to
weigh the benefits of the existing models
against their limitations before purchasing
any transcutaneous bilirubinometers.

The use of transcutaneous bilirubinometry
necessarily requires close ties with a clinical
laboratory in order to ensure optimal and safe
utilization (e.g. determining a decision level
that would prevent practically all potential
false negatives and reduce as much as possi-
ble the number of serum bilirubin tests). Also
required are strict quality control measures,
adequate user training and an assessment of
the long-term efficacy of the use of this tech-
nology. The mechanics of instituting transcu-
taneous bilirubinometry in the context of
early postnatal discharge could be inspired
by those presently in place in the Québec
City area, where this technology has been in
use since 1996.
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The use of transcutaneous bilirubinometry in the
context of early postnatal discharge could result
in an increase in direct costs to the health-care
system (additional cost of about $6 per infant).
The actual gain associated with the use of this
technology cannot, from the available data, be
determined. However, the increase in cost over
that presently incurred for screening for neonatal
hyperbilirubinemia could be offset or justified by
different benefits, such as:

The near-guarantee of detecting all cases of
excessive hyperbilirubinemia and therefore
of preventing the risk of bilirubin encephalo-
pathy or nuclear jaundice.

Earlier detection of hyperbilirubinemia,
which could result in lower blood bilirubin
levels in cases of neonatal readmission for
jaundice.

A decrease in the number of serum bilirubin
tests with the concomitant reduction of the
risks, discomfort and pain associated with
obtaining blood specimens.

The validation of the assessment of jaundice
by nursing personnel, which gives them as-
surance of not missing any cases, in addition
to a sense of security against potential legal
action.
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APPENDIX A: DETAILED TABLES ON THE ESTIMATE OF THE COSTS
ASSOCIATED WITH THE USE OF TRANSCUTANEOUS BILIRUBINOMETRY
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Table 15: Cost of purchasing and using a transcutaneous bilirubinometer?

Variable

Cost

Purchase cost of a bilirubinometer

$5,000

Use: service contract, years 2 to 10 = $500/year
Accessories (e.g. batteries) = $735/year

Year 1°: $735
Years 2 to 10: $1,235/year
($735 + $500)

therefore considered for years 1 to 10.

chase price.

Working Hypotheses
+ Transcutaneous bilirubinometers apparently have a very long lifespan®. The annual operating costs are

« The price of each instrument varies between $5,000 and $7,000, depending on the number purchased.
Here, it is assumed that the purchase price could be negotiated at $5,000/instrument.

+ The annual operating costs are based on 770 tests being performed per year.
+ According to the ECRI, the accessories cost 14.7% of an instrument's purchase price.

+ The ECRI estimates that the cost of a service contract is usually about 10% of an instrument's pur-

2 From the ECRI (1997) [34].

® Since the instrument is under warranty during the first year, there are no maintenance fees.

¢ Information provided verbally by L. Leclerc, medical biochemist, Hopital du Saint-Sacrement, Québec City (December
1998) and completed in writing (July 1999). According to him, one or two bilirubinometers were purchased in the early

1980s at this hospital and are still working.

Cost of purchasing and using transcutaneous
bilirubinometers

There are 147 CLSCs and health centres® and 75
institutions of birth® in Québec. Assuming that
each of these 222 institutions acquired just one
bilirubinometer, this would involve an outlay of
$1,110,000 the first year. There would then be
the cost of maintaining the bilirubinometers,
which was calculated using a method similar to

%8 |Information provided in writing by L. Rocheleau, senior
consultant, Association des CLSC et des CHSLD du Qué-
bec, July 9, 1999.

% Information found on the Internet on September 8, 1999
at http://www.msss.gouv.qc.ca./fr/statisti/indexaccounais.
htm.

that used by the ECRI [34]. The first year, we
estimate that, in addition to the purchase cost,
there would be a cost of $163,170 in accessories
(222 x $735), for a total of $1,273,170. From
year 2 to year 10, the costs associated with the
bilirubinometers would be the cost of the acces-
sories (222 x $735 = $163,170) and of the main-
tenance (222 x $500 = $111,000), or $274,170.
This figure does not include the costs associated
with quality control for the use of these instru-
ments.
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