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Abstract

Aim—To determine whether increased
bilirubin production, reflected by blood
carboxyhaemoglobin (COHDb) values, is
responsible for hyperbilirubinaemia in
cases of Down’s syndrome with no obvious
cause for excessive jaundice.
Methods—Blood was sampled on the third
day of life for COHb, total haemoglobin
(tHb), and serum total bilirubin, from 19
consecutively born neonates with Down’s
syndrome (a subset of 34 term babies),
who had developed hyperbilirubinaemia
(serum bilirubin = 256 pmol), and from 32
term controls. COHb, measured by gas
chromatography, was corrected for in-
spired CO (COHbc) and expressed as a
percentage of tHb.

Results—Significantly more of the Down’s
syndrome subset developed hyperbilirubi-
naemia than the controls (10/19 (52%) vs
7132 (22%), relative risk 2.4, 95% confi-
dence intervals (CI) 1.10 to 5.26). Third
day serum bilirubin values (mean (SD))
were higher in the Down’s syndrome
neonates than in controls (214 £ 63 pmol/l
vs 172 £ 54 pmol/l, respectively, p=0.015).
Mean (SD) COHbc values were signifi-
cantly higher in the Down’s syndrome
neonates than in controls (0.92 £ 0.24% vs
0.63 * 0.17%; p<0.0001). However, Down’s
syndrome neonates who became hyperbi-
lirubinaemic had similar COHbc values to
those who did not (0.87 £0.26% and 0.95 *
0.23%, respectively). These values con-
trast with those of the controls, in whom a
significant increase in COHbc was associ-
ated with hyperbilirubinaemia (0.74 *
0.15% wvs 0.60 * 0.16%, respectively;
p<0.05). tHb values were similar in both
groups.

Conclusions—Down’s syndrome neonates
had a greater risk of hyperbilirubinaemia,
and higher COHbc values, than controls.
However, excessive bilirubin production
could not be exclusively responsible for
the hyperbilirubinaemia. By inference,
decreased bilirubin elimination probably
plays a greater part in its pathogenesis
than in controls. Down’s syndrome ne-
onates may have abnormal erythropoiesis,
leading to increased haem turnover.

(Arch Dis Child Fetal Neonatal Ed 1999;81:F56-F60)
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Down’s syndrome is frequently complicated by
neonatal hyperbilirubinaemia. However, the
aetiology of this jaundice has not been
evaluated. This study aimed to determine the
incidence of hyperbilirubinaemia in a cohort of
Down’s syndrome neonates, and to study the
role of bilirubin production in the pathogenesis
of this jaundice. As most carbon monoxide
(CO) produced in the body derives from the
catabolism of haem in equimolar quantities
with bilirubin, accurate determination of blood
carboxyhaemoglobin (COHDb) and correction
for inspired CO (COHbc) can be used as an
index of bilirubin production.’

Methods

To determine the incidence of hyperbilirubi-
naemia in a cohort of Down’s syndrome
neonates, the clinical courses of term, other-
wise healthy, Down’s syndrome neonates, born
at the Shaare Zedek Medical Center between
1989 and mid-1998, were reviewed. Cases
before 1994 were evaluated by retrospective
chart review, while cases born after this date
were studied as they occurred. All were trisomy
21 by karyotype determination. Neonates who
had any obvious cause for jaundice, such as
Coombs’ positive haemolytic anaemia, cepha-
lohaematoma, maternal diabetes, sepsis, or
glucose-6-phosphate dehydrogenase (G-6-PD)
deficiency, were excluded from this survey.
Routine clinical management included encour-
agement of breastfeeding, daily observation for
the development of jaundice, and serum
bilirubin determinations in the babies who
become clinically jaundiced. As we could not
justify performing daily serum bilirubin tests
on babies who were only minimally jaundiced,
we combined clinical judgment with laboratory
evaluation. However, our medical/nursing staff
are especially aware of the high risk of these
neonates developing hyperbilirubinaemia, and
serum total bilirubin determinations were
ordered liberally whenever a Down’s syndrome
neonate became even moderately jaundiced.
Neonates were admitted for a minimum of 72
hours. Discharge was delayed if the serum total
bilirubin values were approaching photo-
therapy criteria at 72 hours, or if phototherapy
was required.

Follow up after discharge and subsequent
serum total bilirubin determinations were per-
formed, as necessary, on an outpatient basis
until it was clear that serum total bilirubin
values had stabilised or were decreasing. The
compliance rate in our population was excel-
lent, and it is extremely unlikely that the serum
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total bilirubin values could have exceeded 256
umol/l without our being aware of it. Photo-
therapy was started in hospital in those
neonates whose serum total bilirubin values
exceeded 256 umol/l. Clinical details such as
birthweight, gestational age, delivery route, and
method of feeding were recorded, as well as the
highest serum total bilirubin noted during the
first week of life. The maximal serum total
bilirubin values were probably attenuated by
the institution of phototherapy in the hyperbi-
lirubinaemic babies, and thus did not allow
these values to reach their natural peak.

The study protocol was approved by the
Institutional Review Board of the Shaare
Zedek Medical Center. Blood COHb and total
haemoglobin (tHb) determinations were per-
formed on consecutively born, term, otherwise
healthy, Down’s syndrome neonates born at
the same institution between July 1994 and
April 1998. These neonates were a subset of
the larger Down’s syndrome cohort above and
were managed in an identical way. The control
group consisted of consecutive, healthy, term
neonates born at the same institution at the
approximate projected halfway point of the
study (January 1996). Between 48 and 72
hours of life, before the institution of photo-
therapy in all cases, blood for COHb and tHb
determinations was collected into custom pre-
pared capillary tubes containing heparin, as
described before.” The blood samples were
stored at 4°C and shipped on ice to Stanford
University. At the same time as COHb and tHb
sampling, blood was drawn for serum total
bilirubin determination, and a sample of room
air was collected.

COHDb determinations were performed by a
previously described’ sensitive and accurate gas
chromatographic method, the concentrations
expressed as a percentage of tHb. The latter
was determined using a manual cyanmethae-
moglobin method, also described before.’
Within day variation for the gas chromato-
graphic method was 1.0 (0.03)% (mean (SD)),
with a 3% coefficient of variation (n=10), and
that for between day analysis 1 (0.10)%, with a
10% coeflicient of variation (n=9). Respective
values for tHb testing by this method were 135
(3.0) g1 (2.2%) (n=10) and 132 (3.0) g/l
(2.3%) for within day and between day
analyses, respectively.’

All other laboratory testing was performed at
the Shaare Zedek Medical Center. The CO
content of the room air specimens was
determined using a sensitive electrochemical
CO analyser supplied by Stanford University.*
Serum total bilirubin was performed using an
automated analyser (Astra 8, Beckman Instru-
ments, Brea, CA, USA) with a modified diazo
method. The system was calibrated daily using
a commercial standard (Liquichek Pediatric
Control, Levels 1 and 2, Bio-Rad Laboratories,
Anaheim, CA, USA). The same laboratory
facilities were used for inpatient and outpatient
serum bilirubin determinations. Blood typing,
direct Coombs’ testing, and G-6-PD screening
were performed using routine, standard labora-
tory techniques.
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For the purpose of the study, hyperbilirubi-
naemia was defined as a serum total bilirubin
>256 umol/l. Measured COHD values and CO
concentrations in room air were used to calcu-
late COHbc by a previously derived formula
(COHbc = measured COHb -0.17[ul CO/1
room air]).” By correcting for inspired CO, any
daily or seasonal variation in CO exposure
should have been offset. Continuous variables
were compared using Student’s ¢ test. Cat-
egorical variables were compared using y’
analysis or Fisher’s exact test. The risk of the
Down’s syndrome subset neonates developing
hyperbilirubinaemia, compared with controls,
was determined by calculating the relative risk
and 95% confidence intervals (CI), the relative
risk of the control group defined as one.
Significance was defined either as p<0.05, or a
95% CI range either wholly above or wholly
below 1.

Results

Of 36 term neonates with Down’s syndrome
consecutively born between 1989 and 1998,
one with direct Coombs’ positive ABO isoim-
munisation, and one with both G-6-PD
deficiency and maternal diabetes, were ex-
cluded from the survey. Therefore, a total of 34
Down’s syndrome neonates were reviewed.
The mean (SD) gestational age of these
neonates was 39 (1) weeks, and birthweight
2956 (367) g. The male:female ratio was
12:22. Seventeen were being breastfed. Nine-
teen of the 34 (55.9%) Down’s syndrome
neonates developed a peak serum total bi-
lirubin > 256 pmol/l during the first week of
life. The mean maximal serum total bilirubin of
the hyperbilirubinaemic neonates was 284 (20)
umol/l, although institution of phototherapy in
18 of these probably modified the peak serum
bilirubin values. Serum total bilirubin values in
the one infant who did not receive photo-
therapy peaked at 256 pmol/l. Age at the maxi-
mal noted serum total bilirubin in the hyperbi-
lirubinaemic Down’s syndrome neonates was
77 (21) hours. Gestational age and birthweight
of the subgroup of Down’s syndrome neonates
who developed hyperbilirubinaemia were not
significantly different from the entire cohort
(38.9 (1.0) weeks and 2900 (374 g), respec-
tively). Only one neonate in this subgroup had
a gestational age <38 weeks. Fifty three per
cent of the hyperbilirubinaemic babies were
breastfeeding.

Clinical details for the subset of consecu-
tively born Down’s syndrome neonates in
whom COHb determinations were performed,
and 32 controls, are summarised in table 1.
Twenty Down’s syndrome neonates were stud-
ied, but as the COHbc value of one of these
neonates was exceptionally high (3.75%,
equivalent to mean + 10 SD), with a simultane-
ously drawn serum total bilirubin value of 171
umol/l), this baby was regarded as an outlier
and excluded from the analysis. The Down’s
syndrome subset therefore includes 19 ne-
onates. Table 1 shows that the risk of neonates
of this Down’s syndrome subset developing
hyperbilirubinaemia was significantly in-
creased compared with controls. All 10 Down’s
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Table 1  Chlinical details pertaining to subset of Down’s syndrome and control neonates for
whom COHbc and tHb determinations were obtained

Down’s

syndrome
Parameter n=19 Controls n=32 Significance
Birth weight (g) 2904 (312) 3172 (436) p=0.02
Gestational age (weeks) 38.6 (1.1) 39.3 (2.1) NS
Vaginal delivery (n) 19 (100)% 28 (88)% NS
Breastfed (n) 8 (42)% 23 (72)% NS
Serum total bilirubin =256 pmol/l (n) 10 (52.6)% 7(22)% Relative risk 2.4*

95% CI: 1.10 to 5.26

Data supplied as mean (SD), or as percentage, as appropriate.

NS: no significant difference.

*Relative risk of Down’s syndrome subset compared with control population, the latter defined

as one.

Table 2 Day 3 studies (serum total bilirubin, tHb, and COHbc) performed on subset of
Down’s syndrome and control neonates

Down’s

syndrome
Parmeter n=19 Controls n=32 Significance
Serum total bilirubin (umol/l) 214 (63) 172 (54) p=0.015
tHb (g/l) 211 (25) 202 (20) NS
COHbc (% of tHb) 0.92 (0.24) 0.63 (0.17) p<0.0001

Data supplied as mean (SD).
NS: No significant difference.

syndrome neonates and six of the seven
controls who became hyperbilirubinaemic re-
ceived phototherapy.

Results of the third day studies (serum total
bilirubin, tHb, and COHbc) are detailed in
table 2. Both COHbc (fig 1) values and serum
total bilirubin values were significantly higher
in the Down’s syndrome neonates than in the
controls. However, despite higher COHbc
values, not all of the Down’s syndrome
neonates developed hyperbilirubinaemia. Fur-
thermore, Down’s syndrome neonates with
maximal serum total bilirubin values >256
umol/l did not necessarily have higher COHbc
values than those who did not become
hyperbilirubinaemic (0.87 £ 0.26% and 0.95 *
0.23%, respectively, NS). In contrast, higher
COHbc values were found in those control
neonates who developed hyperbilirubinaemia
than those who did not (0.74 £ 0.15% vs 0.60
+ 0.16%, respectively, p<0.05).

COHbc values above the median were not a
prerequisite for the development of hyperbi-
lirubinaemia in either group: of the Down’s
syndrome neonates, four of the nine who
developed hyperbilirubinaemia had COHbc

Controls

Down's syndrome
*

12— | \

B Total
I Non-hyperbilirubinaemic
[ Hyperbilirubinaemic

*p <0.0001
*% < 0.05

Figure 1 Day 3 mean (SD) COHBc values in Down’s
syndrome (n=19) and control neonates (n = 32) showing
values for total population studied, values for those who
became hyperbilirubinaemic, and values for those who did
not develop hyperbilirubinaemia.

Downloaded from fn.bmj.com on February 10, 2012 - Published by group.bmj.com

Kaplan, Vreman, Hammerman, Stevenson

values below the median value of 0.89%, while
two of the seven hyperbilirubinaemic control
neonates had COHbc values below the median
value of 0.60% for that group. The increased
rate of haemolysis had no effect on the tHb
values.

Clinical confounding variables known to
delay bilirubin conjugation and excretion were
analysed. Birthweight and gestational age were
not significantly different when Down’s syn-
drome neonates who developed serum bi-
lirubin values =256 pmol/l were compared
with those whose values did not exceed this
value (2877+ 384 g vs 2942 +197 g, and 38.8 +
1.6 weeks vs 38.6 = 0.9 weeks, respectively).
Only one neonate (in the hyperbilirubinaemic
group) had a gestational age below 38 weeks.
Six of 10 (60%) of the hyperbilirubinaemic
group wvs three of nine (33%) of the non-
hyperbilirubinaemic babies were being breast-
fed (NS). No infant had a weight loss greater
than 10% of birthweight documented in the
first three days of life.

Discussion

An association between Down’s syndrome and
prolonged and sometimes severe neonatal
jaundice was noted by Zuelzer and Brown® and
Panizon.” However, subsequent clinical studies
and reviews have not related in any detail to the
phenomenon of Down’s syndrome associated
neonatal jaundice.®* The more than 55%
incidence of neonatal jaundice in our Down’s
syndrome cohort reaffirms that neonatal jaun-
dice is common in that condition, and occurs
with a frequency not encountered in normal
neonatal population groups.’ For comparison,
the incidence of hyperbilirubinaemia, using the
same definition as was used in this study, in a
cohort of G-6-PD normal neonates recently
reported from the same nursery as these
Down’s syndrome neonates, was 9.2%.'° The
higher incidence in the small group used as
controls for COHbc determinations may have
been an artefact due to the low number of
babies included in this subset.

The methods used for determination of
COHDb have been perfected at Stanford Uni-
versity and assays of both CO and tHb have
been shown to be extremely sensitive and
accurate.” "' ' Blood samples remain stable for
up to several months when stored or trans-
ported at 4°C.> Due to its low detection limit
(0.005% COHDb) and its insensitivity to
substances known to cause interference in
spectrophotometric methods, the gas chroma-
tography system is regarded as the reference
method for accurate COHb determination.”
Although other non-haem sources of CO con-
tribute to the endogenous CO pool, the
predominant source of CO derives from haem
catabolism, 80-90% of which is derived from
haemoglobin.' '* Berk ez al” have shown that
the quantitative contribution to total endog-
enous CO production from sources other than
haem catabolism is small. Therefore, accu-
rately determined COHb values, corrected for
inspired CO, offer a reliable index of the rate of
haem catabolism, and by inference, bilirubin
production. For comparison, we have provided
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COHbc values for other haemolytic condi-
tions, taken from neonates studied in the same
nursery as the current study: G-6-PD deficient
neonates who developed hyperbilirubinaemia
had a mean third day COHbc value of 0.80 *
0.19%,' while direct Coombs’ test positive
ABO isoimmunised neonates ranged from 0.9
+ 0.3% in the milder cases, to 1.8 £ 0.7% in the
more severe cases.'”

Serum total bilirubin values at any one time
depend on a balance between the rates of
bilirubin production and bilirubin elimination.
The pathogenesis of neonatal hyperbilirubi-
naemia is clearly multifactorial, influencing
both bilirubin production and elimination. The
high COHbc values documented in the current
Down’s syndrome cohort reflected an overall
increased rate of haem catabolism and there-
fore bilirubin production. However, despite
this increase in haem breakdown, not all
Down’s syndrome neonates developed hyper-
bilirubinaemia. Furthermore, in neither the
study nor control groups were increased
COHbc values a prerequisite for the develop-
ment of hyperbilirubinaemia. While there is a
tendency to attribute neonatal hyperbilirubi-
naemia to increased bilirubin production,
bilirubin elimination, which was not accounted
for in the current study, can vary enormously
among patients. This process involves uptake
of bilirubin from the serum into hepatocytes,
conjugation with glucuronic acid to form direct
bilirubin, and excretion via the bile into the
intestine. None of these processes is easily
evaluated by non-invasive clinical means.
Clinical variables known to affect bilirubin
metabolism, such as gestational age, breast-
feeding, and excessive weight loss, were exam-
ined, but were not significantly different when
hyperbilirubinaemic and non-hyperbilirubinae-
mic Down’s syndrome babies were compared.
Decreased bilirubin conjugation may have
played a greater part in the production of the
hyperbilirubinaemia in Down’s syndrome ne-
onates compared with controls, similar to that
recently demonstrated in G-6-PD deficiency."

The reason for the increased bilirubin
production is unknown. The defect in bone
marrow regulation in Down’s syndrome ex-
tends to many cellular elements, and varied
haematological abnormalities, affecting eryth-
rocyte, granulocyte, and platelet cell lines, have
been documented and comprehensively
summarised." ' Polycythaemia, very common
in Down’s syndrome neonates,” ** and a likely
cause of increased haem breakdown, was
surprisingly not demonstrated, and cannot be
implied, in the present series. Wilson et al’!
showed that neonates with Down’s syndrome
had lower haemoglobin F concentrations at
birth, which decreased more rapidly with age,
and higher haemoglobin A2 concentrations,
tending to increase more rapidly after birth,
than normal controls. There is some evidence
of decreased erythrocyte life span and prema-
ture ageing of erythrocytes, with increased
removal from the circulation, in adults with
Down’s syndrome.” ** As the gene for superox-
ide dismutase has been located to chromosome
21, the additional genetic material for this
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enzyme results in an excess of Cu/Zn superox-
ide dismutase in Down’s syndrome® which
may also be responsible for premature tissue
aging. De Haan ez al”’ reported an altered
superoxide dismutase 1 to glutathione peroxi-
dase ratio in Down’s syndrome tissue, and sug-
gested that this imbalance may contribute to
the accumulation of H,O,, with the resultant
formation of tissue damaging hydroxyl
radicals. Any of the above mentioned factors
may contribute to the exaggerated haemolysis
and increased bilirubin production evident in
our COHbc studies. Taking into account the
many haematological and biochemical abnor-
malities already associated with Down’s syn-
drome, we speculate that these neonates may
also have ineffective erythropoiesis, resulting in
increased haem turnover.

This study was supported in part at Stanford University by
grant Nos. 14426 and RR00070 from the National Institutes of
Health, the Mary L Johnson Research Fund, the Hess Research
Fund, and the Providence Foundation.
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