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The objectives of this study were to consider the rate of exchange transfusion (ET) in the newborns
at King Chulalongkorn Hospital, Bangkok, from 1994 to 2003, and to evaluate its morbidity and mortality.

One hundred and sixty five neonates underwent 183 episodes of ET. In-housed fullterm had ET
performed at a younger age than the readmitted/referred infants (72.2 + 30.9 vs 150.2 + 90.7 hours, p <
0.001), and the in-housed preterm neonates (85.4 + 36.7 hours, p < 0.05). They also had lower mean TsB
than those of the readmitted/referred infants when ET was initiated (21.8 + 2.1 vs.26.0 + 5.1 mg/dL, p <
0.001). Preterm needed phototherapy after ET longer than fullterm neonates (5.3 + 3.2 vs 3.3 + 1.7 days, p
< 0.001). ABO incompatibility (21.3%), G6PD deficiency (13.4%), both conditions (6.7%), and others
(22.2%) were identified as causes of hyperbilirubinemia. Unknown causes accounted for 36.4%. There was
no mortality in the present study. Overall rate of morbidity was 15.3% of which 67 percent was infection
associated conditions. Preterm suffered additional complications of anemia, apnea and cardiac arrest. Sick
infants (31.3%) were more likely to develop complications than healthy ones (6.8%). In the healthy group,
preterm were more likely to develop morbidity than fullterm neonates (p = 0.0016), while no significant

difference was identified between them in the sick group (p = 0.8).
ET causes high morbidity, therefore, it should be initiated only when the benefit of preventing
kernicterus outweighs the complications associated with the procedure.
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Neonatal hyperbilirubinemia is known to
cause bilirubin encephalopathy or kernicterus if total
serum bilirubin (TsB) level rises to a certain level 2,
Identification of infants at risk®* and screening of
bilirubin levels at various ages have been proposed®®.
Phototherapy and exchange transfusion (ET) are used
to lower TsB. The level at which treatment should be
initiated has been subjected to change™. Treatment
is usually started with phototherapy. When the
bilirubin continues rising, instead of declining, to the
level that kernicterus is considered a threat, then
exchange transfusion is considered. Morbidity and
mortality have been reported in association with the
procedure®9,
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The objectives of this study were to consider
the rate of ET in the past 10 years and to evaluate the
morbidity and mortality associated with the procedure.

Material and Method

The medical records of infants < 28 days old
with the codes of ET and neonatal jaundice in King
Chulalongkorn Hospital, Bangkok, from January
1994 to December 2003 were retrospectively reviewed.
ABO incompatibility was defined as an infant’s blood
type A or B with type O mother, regardless of the
Coomb’s test. Rh or minor blood group incompatibil-
ity was defined as different maternal-infant antigens
and positive direct Coomb’s test. An infant was
considered healthy if jaundice was the only problem,
as opposed to sick if there was an ongoing illness
that required treatment prior to or at the same time ET
was done. The morbidity and mortality caused by each
ET was defined as complications which occurred
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within 7 days of the procedure. All episodes of
complication were recorded to identify the effect of
maturity (fullterm or preterm) and ongoing illness
towards morbidity and mortality, using Chi-square test
or Fisher exact test (Epi Info 3.2). Data from fullterm
(> 37 weeks of gestational age) and preterm (< 37
weeks gestational age) as well as referred/readmitted
vs in-housed, were determined separately. Percentage,
mean, standard deviation and Wilcoxon W test were
then analyzed.

Results

During 1994-2003, 165 hyperbilirubinemic
newborn infants, for whom phototherapy had failed
to keep TsB from reaching the levels recommended by
AAP® and clinical practice guideline of the unit®?,
underwent two-blood-volumed exchange transfu-
sions. Twenty eight (28) infants were readmitted from
home after being discharged from the normal newborn
nursery or referred from other hospitals (23 fullterm
and 5 preterm infants), and 137 infants were in the
neonatal ward during their postnatal period (97 full-
term and 40 preterm infants). Repeated ET from 1-4
times totaled the episodes to 183 (Table 1). In-housed
fullterm infants had ET performed at a younger age
than the referred/readmitted ones (72.2 + 30.9 vs 150.2
+90.7 hours, p < 0.001), and the in-housed preterm
neonates (85.4 + 36.7 hours, p < 0.05) (Table 1). TsB
levels at which ET was initiated were significantly
lower in the in-housed fullterm neonates compared
with those of the referred/ readmitted ones (21.8 + 2.1
vs 26.0 + 5.1 mg/dL, p <0.001). Comparison was not
done in the preterm group due to the small number of
the referred/readmitted infants. Comparing preterm
and fullterm infants, preterm needed phototherapy
after ET for a longer period than fullterm infants to

lower their TsB to the safety levels (5.3 +3.2vs 3.3+
1.7 days, p <0.001).

The causes of neonatal hyperbilirubinemia
that necessitated ET included ABO incompatibility
(21.3%), G6PD deficiency (13.4%), both conditions
(6.7%), prematurity (8.4%), others (13.8%), and uniden-
tified causes (36.4%) (Table 2). Thirty five (35) of the
total 46 cases of ABO incompatibility had Coomb’s
tests done, and 15 of them were Coomb’s positive.

There was no death attributed to the proce-
dure. Morbidity was identified in 9 fullterm and 14
preterm neonates who suffered a total of 28 adverse
conditions from 183 procedures (15.3%) (Table 3).
Infection associated problems, such as omphalitis,
septicemia, etc. accounted for 67% of these cases.
Additional serious complications such as anemia,
apnea and cardiac arrest occurred in the preterm only
(Table 3). All morbidity were observed within 1-3 days
after ET, except necrotizing enterocolitis (NEC) which
was diagnosed in day 4-5 following the procedure.
Three fullterm and 2 preterm infants who were referred
from other hospitals were noted to have lethargy,
hypotonia, absent or decreased Moro’s reflex and not
sucking well. Their maximum TsB levels were 27-29
mg/dL. All neurological abnormalities disappeared
after ET was done. Oral feeding was resumed and their
hospital courses were similar to the others. Follow up
data was not available but there was no infant admitted
for the treatment of kernicterus during this 10 year
period.

Fifteen of 48 infants (31.3%) who had on-
going illness at the time of ET developed adverse
conditions, while the rate in healthy newborns was
only 6.8% (8 in 117, Table 4). Stratifying the data in
healthy and sick infants, a healthy preterm was more
likely to develop morbidity than a fullterm infant

Table 1. Demographic data, ages and serum bilirubin levels at the time of exchange transfusion

Referred/readmitted In-housed

Fullterm Preterm Fullterm Preterm
Number (n = 165) 23 5 97 40
Male:Female 13:10 5:0 51:46 19:21
Body weight (gram) 2,891+402 2,108+694 3,063+457 1,741+642

(2,400-3,700) (1,180-2,700) (1,690-4,390) (760-3,050)

Gestational age (week) 39.8+0.7 34.2+2.4 39.7+0.7 33.4+3.0

(38-41) (30-36) (38-41) (27-37)
Number of exchange transfusion (n = 183) 25 5 102 51
Age at the time of exchange transfusion (hr) 150.2+90.7 148.8+46.2 72.2+30.9 85.4+36.7

(33-384) (96-216) (19-216) (25-216)
Bilirubin level when exchange transfusion was 26.0+5.1 22.2+5.8 21.8+2.1 16.5+4.2
initiated (mg/dL) (21-35) (16-28) (15-30) (7-27)
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Table 2. Causes of hyperbilirubinemia that necessitated
exchange transfusion

Causes n = 165 %

ABO incompatibility 35 21.3
G6PD deficiency 22 13.4
Prematurity 14 8.4
ABO incompatibility with 11 6.7
G6PD deficiency

Polycythemia 6 3.6
Breast feeding 6 3.6
Rh incompatibility 5 3.0
Cephalhematoma 4 2.4
Minor blood group incompatibility 2 1.2
Unidentified causes 60 36.4

Table 3. Morbidity associated with exchange transfusion

Morbidity Fullterm Preterm  Total

(n=9) (h=14 (%)
Omphalitis/infected wound 3 6 9 (32.2)
Septicemia 1 3 4 (14.3)
NEC 1 1 2(7.1)
Pneumonia 2 0 2 (7.1)
Diarrhea 2 0 2 (7.1)
Anemia 0 7 7 (25)
Apnea 0 1 1 (3.6)
Cardiac arrest 0 1 1 (3.6)
Total 9 19 28 (100)

(NEC: necrotizing enterocolitis)

(p = 0.0016), while there was no difference between
them in the sick group (p = 0.8) (Table 4).

Discussion

In the neonatal unit, in-housed infants are
monitored for jaundice, and treated when TsB reach
the levels considered to be a threat to their brains,
according to AAP practice parameter and later the
clinical practice guideline developed by the staff of
the unit. For the referred/readmitted infants, time has

elapsed before an abnormality is noticed and action
taken. Thus ET is usually performed at a later age and
at higher TsB level than the previous group.

Premature infants are considered to be
vulnerable to bilirubin encephalopathy or kernicterus.
To prevent any bilirubin related neurodevelopmental
abnormalities, several guidelines have been provided
for intervention in various circumstances®, All
suggest treatment of preterm at lowered TsB levelstV)
which is also the practice followed in the present study.
Repeated ET is, therefore, more frequent in preterm
(56 procedures in 45 infants) than in fullterm (127 in
120 infants) (Table 1) in order to keep TsB from rising
above the recommended levels. Preterm has a more
protracted course of hyperbilirubinemia than fullterm
neonates?, as shown in the present study that they
required phototherapy for a longer period of time.
Many factors may be responsible for the slow decline
of TsB, such as hepatic and gastrointestinal immatu-
rity and delayed enteral feeding which enhances
enterohepatic circulation®?,

In the present study, ABO incompatibility
and G6PD deficiency accounted for 38.8% of the
identified causes of hyperbilirubinemia. No definite
causes were discovered in one third of the cases (60
cases, 36.4%). Breast milk can be the sole cause of
hyperbilirubinemia. Newman, et al showed that 7 of 11
neonates whose TsB were 30.7-45.5 mg/dL were exclu-
sively breast fed®®. Six infants (3.6%) in the present
study had breastfeeding as the only risk factor for
their hyperbilirubinemia. All were fullterm or nearterm
neonates readmitted at more than 5-7 days old.
Although there is no recommendation for breast
milk jaundice to be treated with ET, all these infants
presented with high TsB between 27-32 mg/dL and
ET was performed immediately before other investi-
gations disclosed no specific causes.

There was no mortality related to ET in the
present study. The most serious complication was a
cardiac arrest in a very low birthweight preterm infant

Table 4. Morbidity associated with exchange transfusion in healthy and sick fullterm and preterm infants

Morbidity ~ Without morbidity  Total Morbidity ~ Without morbidity  Total

(case) (case) (case) (case) (case) (case)
Fullterm 3 97 100 Fullterm 6 14 20
Preterm 5 12 17 Preterm 9 19 28
Total (case) 8 109 117 Total (case) 15 33 48

A. Healthy infants

p = 0.0016 (Chi-square, Fisher exact test)
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B. Sick infants

p = 0.8 (Chi-square, Fisher exact test)
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who also suffered from apnea of prematurity. Resusci-
tation was successful but he developed septicemia
following the second ET. The rate of morbidity was
as high as 15.3%, which was similar to the 16% rate
of combined death, permanent serious sequelae and
serious prolonged complications studied by Jackson®.,
Infection associated conditions in both fullterm and
preterm infants necessitated aseptic technique to be
strictly observed during the procedure and prompt
initiation of treatment should signs and symptoms
appear. Anemia and apnea were identified in the
preterm only. ET might not be solely responsible for
these latter conditions, since preterm infants required
frequent blood tests that could cause anemia of which
presenting symptom is apnea.

Kernicterus in the healthy fullterm and near-
term infants is rare®. There was no kernicterus in the
present study. Five infants might be considered to
enter phase 1 of acute form of clinical kernicterus with
the manifestations of poor sucking, stupor and hypo-
tonia®), but the abnormalities disappeared after ET.

Sick infants seemed to suffer complications
more than healthy ones (31.3% vs 6.8%) which was
similar to the study of Jackson®. In the group of sick
infants, there was no difference between fullterm
and preterm in developing morbidity (p = 0.8). The
ongoing illness was possibly severe enough to
deteriorate their clinical conditions regardless of any
additional procedure. In contrast, preterm infants in
the healthy group were more likely to develop morbi-
dity than fullterm (p = 0.0016). This was probably
because the circulatory change during the procedure
was an added burden to the already existing physio-
logical instability of prematurity. The purpose of ET
is to decrease TsB to a level that potential damage to
the brain is unlikely although the specificity of the
level is so far unknown. Bilirubin is not considered to
be a single cause of kernicterus in prematurity. Dura-
tion of exposure to high TsB, rate of rising and free
bilirubin have been suggested to be of importance to
bilirubin encephalopathy®®. Furthermore, the rate of
ET has dramatically dropped recently that raises a
concern about possible adverse consequences from
inexperienced personnel performing the procedure®.
With this uncertainty and high rate of morbidity,
initiation of ET, especially in preterm infants, should
be considered carefully. It should be individualized
and take into consideration the risk, benefit and the
specific condition of that particular patient.

The limitation of the present study is its
retrospective nature and the small sample size of the
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sick infants. Generalization is therefore restricted to
the population similar to this setting.

Conclusion

Despite being an effective method in decreas-
ing TsB level after failing phototherapy, ET remains
an invasive procedure with associated morbidity as
high as 15%. There is no difference in developing
morbidity between sick preterm and fullterm infants,
but it is significantly greater in healthy preterm when
compared to their fullterm counterpart. ET should be
considered only when the benefit of decreasing TsB
level to prevent kernicterus outweighs the complica-
tions associated with the procedure.
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