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Of the paediatric population as a whole (children or adolescents less
than 18 years of age), neonates (infants 28 days of age or less) account
only for a tiny percentage (<1%). In contrast, within the eight public
hospitals with deliveries in Hong Kong, perhaps a quarter to a third of the
doctors working in paediatrics devote their time to neonatal medicine. This
apparently disproportionate workload and interest dedicated to the first
month of life is also reflected by the high proportion of paediatric
publications devoted to newborn infants.
Clinicians who take care of newborn infants must be able to handle all aspects
related to the care of the baby. From life-threatening illnesses to the medical
problems of relatively healthy newborns, from respiratory diseases to infections
to haematological problems. In this issue of the Hong Kong Journal of
Paediatrics, we gather several papers1-4 written by authors from around the
world. Each paper focuses on an important research field within neonatology.
In the first article,1 Çelik et al shed light on the haemolytic causes of neonatal
jaundice and argue that minor blood group incompatibility is an important factor
to consider in babies admitted for neonatal jaundice, especially in those who
present relatively late and have rebound jaundice after termination of therapy.
In the second article,2 Chik et al describe the characteristics of newborn infants
diagnosed with Escherichia coli meningitis over a five-year period and provides
us with insights about the antibiotic resistance patterns within this population.
This provides additional data which can help neonatal clinicians when deciding
which antibiotics to use empirically. In the third article,3 Liao et al describe the
results of a randomised controlled trial that investigates the impact of nonnutritive sucking and nesting as non-pharmacological pain interventions in
preterm infants requiring eye examination. The data suggests that these relatively
easy to implement measures could significantly improve validated pain scores
and provides valuable data upon which units may base quality improvement
programmes targeted at pain management. In the fourth article4 by Kim et al, a
cohort of young children with cardiac tumours is described. While not all
presenting within the neonatal period, many of the children were diagnosed
antenatally and the authors believe that early diagnosis facilitates timely
intervention during early infancy, or even the neonatal period, which could
hopefully decrease the potential complications that may arise.
As can be seen from these articles, an important function of neonatal research
is to improve our ability to care for our newborn patients. The investigators
featured in this issue of our Journal have achieved this by painstakingly recording
characteristics of patient cohorts with relatively well-defined conditions of
interest and then analysing and presenting their data so that clinicians from around
the world can learn and reflect on how to apply their findings to their own
newborn patients. However, despite the overwhelming explosion of available
data derived from studies from around the world, the data available are not always
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applicable to our own population, whether because of
differences in the clinical setting or the variations in
characteristics between the study's patients and the patients
under our own care. Hence even with good quality data,
applying evidence to one's own patients may not be
straightforward and it is often necessary to implement the
findings in a systematic way by measuring outcomes after
implementation and modifying the approach accordingly.
Another way that good practice can be disseminated and
large sets of clinically relevant data collected, is by pooling
data of clinically important neonatal characteristics and
outcomes between large numbers of neonatal units. In this
way, some of the limitations of small, single centre studies
can be overcome. It has increasingly been recognised that it
is an important part of continuous improvement for neonatal
units to routinely measure important clinical outcomes for
benchmarking in order to identify areas to focus quality
improvement and research on. To this end, it has become
increasingly apparent that joining well-designed neonatal
networks with an emphasis on quality improvement5-7 may be
the way forward as these multi-centre networks not only
pave the way for big data analyses to tackle clinical important
problems, but also serve as robust platforms for large-scale
studies such as point-of-care trials8 which may provide
insights that have eluded us despite decades of neonatal
research.
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Original Article
Impact of Minor Blood Group Incompatibility Versus ABO and
Rh Blood Group Incompatibility in Newborns with Indirect
Hyperbilirubinaemia: A Single-Centre Clinical Experience
K ÇELIK, S AYDIN KOKER, MT ÖZKUL, Ö OLUKMAN, TH KARAPINAR, RC VERGIN,

ÇALKAVUR

Abstract

Introduction: Haemolytic disease of the fetus and newborn (HDFN) is caused by the destruction of red
blood cells of the neonate or fetus by maternal immunoglobulin G (IgG) antibodies. Alloimmune HDFN
primarily involves the major blood groups of Rhesus (Rh), A, B, AB, and O, although minor blood group
incompatibilities (Kell, Duffy, MNS, P, and Diego systems) can also result in significant disease. Objective:
The main objective was to provide insight about the impact of minor blood group incompatibility against
ABO and Rh blood group incompatibility in newborns with hyperbilirubinaemia in terms of the demographic
data, laboratory values, clinical course, and responses to treatment. Methods: Three hundred fifty-five
infants hospitalised with the diagnosis of unconjugated hyperbilirubinaemia (UHB) had data collected
retrospectively. The mother and the baby's blood group type as C, c, E, e, Kell, D, d, A, B, O was detected
by gel centrifugation method. Patients were divided into 4 groups: group 1, ABO blood group
incompatibility; group 2, Rh blood group incompatibility; group 3, ABO+Rh blood group incompatibility;
and group 4, minor blood group incompatibility. A total of 355 patients of which 230 (64.7%) were in
group 1, 68 (19.1%) were in group 2, 15 (4.2%) were in group 3, and 42 (12%) were in group 4 were
evaluated, respectively. Results: Among those with minor blood group incompatibility, 12 (28%), 11
(26%), 9 (21%), 6 (14%), and 4 (9%) patients had "C," "c," "E+c," "E," and "Kell" incompatibilities,
respectively. The mean age of diagnosing jaundice (8±7.5 days) was significantly higher (p=0.015), and
the mean haemoglobin and the mean haematocrit levels at admission were lower (p=0.007, p=0.041) in
group 4. The rebound elevation of serum bilirubin was remarkably high in group 2 and group 4
(p=0.025). The requirement of intravenous immunglobulin, exchange-erythrocyte transfusions, as well as
rehospitalisation for phototherapy, after discharge was significantly higher in group 4. Conclusions: We
should keep mind the minor blood group incompatibility in infants who have late hospital admission,
prolonged jaundice, prominent anaemia, rebound elevation of serum bilirubin after treatment termination,
requirement of exchange and/or erythrocyte transfusions, and increased rehospitalisation rate.
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Introduction
Neonatal jaundice is the most common cause of
hospitalisation in the neonatal period. It is estimated that
60% of term newborns develop jaundice and 2% reach a
severe hyperbilirubinaemia. In 2006, Sgro et al published
an incidence of severe hyperbilirubinaemia of 1/2480 (not
for haemolytic anaemia);1 in 2007, it decreased to 1/8600
after the implementation of a Guideline of Clinical
Practice aimed at improving the management of severe
n e o n a t a l j a u n d i c e . 2 , 3 R i s k f ac t o r s f o r s e v e r e
hyperbilirubinaemia include malnutrition, infection,
history of jaundice in sibling(s), the presence of a large
cephalhaematoma, premature labour, sequestration,
polycythemia, isoimmunisation, erythrocyte enzymatic and
structural defects, and disorder of conjugation.1,4 The most
common cause of severe early jaundice is fetal-maternal
blood group incompatibility with resulting isoimmunisation.
Maternal immunisation develops when erythrocytes leak
from fetal to maternal circulation. Fetal erythrocytes
carrying different antigens are recognised as foreign by the
maternal immune system that forms antibodies against
them (maternal sensitisation). These antibodies (IgG
immunoglobulins) cross the placental barrier into the fetal
circulation and bind to fetal erythrocytes.5 This disease of
the fetus caused by a maternal response to pregnancy is
called the haemolytic disease of the fetus and newborn
(HDFN). Although Rhesus (Rh) blood group incompatibility
is well known in HDFN, the ABO and minor blood group
incompatibility have become the increased frequent for
HDFN in developed countries by virtue of the common using
of anti-D immunoglobulin. In Rh incompatibility,
sequestration and destruction of the antibody-coated
erythrocytes take place in the reticuloendothelial system of
the fetus. In ABO incompatibility, haemolysis is
intravascular, complement-mediated, and usually not as
severe as Rh disease. Significant haemolysis can also result
from incompatibilities between minor blood group antigens
(e.g., Kell).6
In this study, we aimed to compare the demographic data,
laboratory values, clinical course, and responses for
treatment between minor blood, Rh, and ABO blood group
antigens incompatibility in newborns with HDFN, who
were hospitalised due to jaundice.

Materials and Methods
A total of 355 patients who have been hospitalised
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between January 1, 2013, and December 31, 2015, in
neonatal service of Dr. Behçet Uz Children's Hospital with
indirect hyperbilirubinaemia defined as >95p below
according to nomogram based on the hour-specific serum
bilirubin values recommended in the 2004 guideline of the
American Academy of Pediatrics (AAP)3 for neonates with
a gestational age of 35 weeks or more and detected to be
with Rh, ABO, or minor blood group incompatibility were
included in the study. The study data were collected via a
retrospective review of the respective patient files which
was carried out with the approval of the local ethics
committee (14.01.2016-01.06.2016). Patients with a
gestational age of less than 37 weeks and with glucose 6phosphate dehydrogenase (G6PDH) deficiency were
excluded. Demographic data, such as sex, gestational
week at delivery, mode of delivery, age at admission,
birth weight, body weight at admission, maternal age, the
presence of dehydration, and laboratory values, such as
total and direct bilirubin levels, blood groups of mother
and baby, direct Coombs test, haemolysis findings on
peripheral blood smear, reticulocyte, haemoglobin,
haematocrit, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin/albumin ratio, and
responses to treatment and clinical courses such as level
at discontinuation of phototherapy, decreased in total
serum bilirubin (TSB) level per hour, phototherapy time,
rebound bilirubin level after phototherapy, other
treatments (intravenous immunoglobulin (IVIG),
erythrocyte transfusion, exchange transfusion, intravenous
fluid) and rehospitalisation need, were reviewed in the
patient files. Dehydration (severe) was defined the loss
of >10% in body weight. Rehospitalisation were
hospitalised again within 30 days of newborn's index
admission. Bilirubin rebound was described as postphototherapy bilirubin level needing reinstitution of
phototherapy. Phototherapy and/or exchange transfusion
procedure were carried out in patients according to curves
recommended in the 2004 guideline of the AAP for neonates
with a gestational age of 35 weeks or more.7 In line with the
recommendations of the AAP, an IVIG treatment at a dose
of 1 g/kg was administered in case of a continuing increase
in total bilirubin level or the presence of a bilirubin level
within the range of ± 2 to 3 mg/dl to exchange transfusion
limit in HDFN despite intensive phototherapy.
An intravenous fluid replacement was administered
t o l e t h a rg i c patients reluctant to oral feeding
with a weight loss of >10%. ABO and Rh blood group
incompatibility, dehydration, sepsis, haematoma, the
presence of a level above the exchange transfusion limit
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without G6PDH deficiency at admission, the absence of the
expected response to phototherapy or reticulocytosis,
anaemia, and C, c, E, e, Kell, Duffy, Diego, Kidd, MNSs
antigens in both mothers and babies in the presence of direct
Coombs test positivity were studied in patients. The mother
and the baby's blood group type as C, c, E, e, Kell, D, d, A,
B, O was detected by gel centrifugation method. Patients as
only ABO, only Rh, both ABO and Rh blood group
incompatibilities, or minor blood group incompatibility were
separated to group 1, group 2, group 3, or group 4,
respectively. Demographic data, laboratory values,
responses to treatment, and clinical courses were compared
between groups. The statistical analysis was carried out by
using SPSS for Windows, version 20.0. For comparing
numerical variables between groups, ANOVA test (if the
data fit a normal distribution) and Kruskal Wallis test for
the nonparametric were used. For comparing ratios between
groups, the chi square test was used. The statistical
significance was accepted as p<0.05.

Results
A total of 355 patients, of which 230 (64.7%) were in
group 1, 68 were (19.1%) in group 2, 15 (4.2%) were in
group 3, and 42 (12%) were in group 4 were evaluated.
Among those with minor blood group incompatibility, 12

Table 1

(28%), 11 (26%), 9 (21%), 6 (14%), and 4 (9%) patients
had "C," "c," "E+c," "E," and "Kell" incompatibilities,
respectively. When groups were compared in regard to
demographic data, no significant difference was detected
with respect to sex, gestational week at delivery, birth order,
and the presence of dehydration. Birth weight in group 4
was lower (3085±440 g) compared with other groups
(p=0.001). Mean diagnosis age for all groups was 5.4±4.5
days, and postnatal age at admission in group 4 (8±7.5 days)
was significantly higher compared with other groups
(p=0.015). The detailed distribution of demographic data
is shown in Table 1 both in general and separately.
When laboratory data obtained from patients at
admission were evaluated, it was found that haemoglobin
and haematocrit values in group 4 were statistically
significantly lower compared with the other groups
(p=0,007 and p=0.041, respectively). There was no
significant difference between groups regarding other
laboratory data. However, TSB, direct bilirubin, level at
discontinuation of phototherapy, reticulocyte, Haemolysis
finding on peripheral blood smear were shown to be higher
in group 4, although not statistically significant. The detailed
distribution of laboratory data is given in Table 2 both in
general and separately.
No significant difference was found between groups in
regard to total phototherapy time applied to patients as from
the first hospitalisation, decrease rate of bilirubin, and IVIG

Distribution of demographic data according to patient groups
General

Group 1

Group 2

Group 3

Group 4

% (n)

% (n)

% (n)

% (n)

% (n)

Sex
Boy
Girl

53.2 (189)
46.7 (166)

53 (122)
47 (108)

54 (37)
46 (31)

53 (8)
47 (7)

52 (22)
48 (20)

Mode of delivery
NSVD
C/S

36.9 (131)
63.1 (224)

32 (74)
68 (156)

35 (24)
65 (44)

60 (9)
40 (6)

57 (24)
43 (18)

Dehydration
Yes
No

9.6 (34)
90.4 (321)

7 (18)
93 (212)

11.7 (8)
88.3 (60)

13 (2)
87 (13)

14 (6)
86 (36)

p

0.345

*Gestational week at delivery

38.2±1.2

38.4±1.2

38.4±1.1

39±0.8

38.1±1.5

*Birth weight (g)

3321±440

3324±409

3425±461

3403±556

3085±440

0.001

*Diagnosis age (days)

5.4±4.5

5.1±3.5

5±3.9

4.1±3.3

8±7.5

0.015

*Maternal age

28.2±5.2

27.9±5.1

29.9±5.3

26.2±5

27.8±5.7

0.015

*Pregnancy number

2.2±1.3

2.2±1.2

2.4±1.4

2.4±1.3

2±1.2

NSVD=Normal spontaneous vaginal delivery; C/S=Cesarean section; *Data are shown as mean ± standard deviation.
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need. However, the need for IVIG in group 4 was
numerically higher compared with the other groups.
Although exchange transfusion was administered to 1.6%
(n=6) of all patients, the rate of exchange transfusion
administration in the minor blood group incompatibility
(group 4) was 11.9 % (n=5) of the total study patients. The
need of exchange transfusion and transfusion with
erythrocyte suspension in Group 4 was statistically
significantly higher compared with the other groups
(p=0.001 and p<0.001, respectively).
Rebound bilirubin levels after phototherapy were
significantly higher in patients with RhD incompatibility and
minor blood group incompatibility (p=0.025).
Rehospitalisation due to unconjugated hyperbilirubinaemia
(UHB) after discharge was significantly more common
among patients with minor blood group incompatibility
(p=0.005). Responses to treatment and rehospitalisation
rates of patients are given in Table 3.

Discussion
The most common cause of Haemolytic disease of
the newborn is Rh, ABO, and minor blood group
incompatibilities, resulting from antibodies formed in the
mother against neonatal erythrocyte antigens. Before the

Table 2

administration of anti-D immunoglobulin, the frequency of
Rh alloimmunisation was about 16%, and it was the most
frequently encountered cause of mortality- and morbidityrelated Haemolytic disease in fetal and neonatal periods.
By virtue of administration of anti-D immunoglobulin in
the antepartum and postpartum period, the frequency of
alloimmunisation has decreased to 0.17% to 0.28%, and the
frequency of Haemolytic disease-related mortality has
decreased from 46/100,000 to 1.6/100,000.8,9 Anti-D is still
regarded as one of the critical antibodies because of
conditions, such as unmonitored pregnancies, suboptimal
responses to immunoprophylaxis, and the like. In addition
to RhD antigen, erythrocyte antigens related with Haemolytic
diseases include non-D Rh antigens (C, c, E, e), ABO
system antigens, Kell, and, as more rarely seen ones, Duffy,
Kidd, and MNS antigens.10 In our study, the most commonly
reported causes were ABO blood group incompatibility
with the ratio of 64.7%, Rh blood group incompatibility
with the ratio of 19.1%, minor blood group incompatibility
with the ratio of 12%, and ABO plus Rh blood group
incompatibility with the ratio of 4.2%, respectively. In the
study by Karagöl et al in which 106 patients with minor
blood group incompatibility were evaluated, mean postnatal
age at admission was reported as 6.1±5.2 days.11 The mean
diagnosis age of all patients was found as 5.4±4.5 days in
our study. The mean diagnosis age in patients with minor

Comparison of patient groups for laboratory values

Total bilirubin (mg/dl)

General
(mean±
±SD)

Group 1
(mean±
±SD)

Group 2
(mean±
±SD)

Group 3
(mean±
±SD)

Group 4
(mean±
±SD)

p

19.5±4.9

19.6±4

18.1±4.8

20.7±6.3

21.1±7.6

0.106

Direct bilirubin (mg/dl)

0.6±0.5

0.6±0.2

0.5±0.16

0.5±0.14

1±1.5

0.168

Level at discontinuation of
phototherapy (mg/dl)

10.9±5.5

11.3±6.2

10.3±1.9

9.5±1.4

11.5±5.9

0.468

Reticulocyte (%)

3.8±4.2

3.6±3.9

3.2±3

3.3±2.8

5.2±6.7

0.083

Haemoglobin (g/dL)

15.4±2.9

15.5±2.4

16.3±3.2

15.3±2.2

14.6±4.5

0.007

Haematocrit (%)

46.1±8.4

45.9±6.9

48.2±9.4

46.1±6.8

44.5±12.6

0.041

AST (IU/L)

51±30.6

50±26.5

57±45

60.7±20.7

48.1±19.5

0.162

ALT (IU/L)

18.6±12.7

18.5±113.7

19.8±12

17.6±5.6

17.8±10.4

0.837

a

b

5.5±1.4

5.5±1.2

5.1±1.3

5.8±1.8

5.8±2.5

0.067

*Direct Coombs positivity

Total bilirubin/albumin

12.9 (46)

10.4 (24)

16.1 (11)

20 (3)

19 (8)

0.378

*Haemolysis finding on
peripheral blood smear

20.5 (73)

19.5 (45)

19.1 (13)

6.6 (1)

33.3 (14)

0.148

*Normal spontaneous vaginal delivery; a Cesarean section; b Data are shown as mean ± standard deviation.
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blood group incompatibility was as 8±7.5 days, which was
statistically significantly higher compared with the other
study groups. The underlying reason for this significant
difference may be the increased awareness both in families
and health institutions as a result of routine scans for
ABO and Rh blood group incompatibilities carried out
within the scope of antepartum blood group analyses.
In some countries, scans for non-anti-D erythrocyte
alloimmunisation, with respect to minor blood group
incompatibility, are carried out in pregnant women due to
the risk of severe Haemolytic disease, even though the risk
is very low.8 However, there are no such routine scans in
Turkey.
T h e A A P g u i d e l i n e o n m an a g e m e n t o f
hyperbilirubinaemia highlights the importance of the
presence of Haemolysis, with respect to hyperbilirubinaemia
and neurotoxicity, and states that haemolytic disease should
be primarily considered if jaundice is detected and the
predischarge hour-specific TSB nomogram shows a TSB
value within the high risk zone, especially in the first 24
hours.12,13 Because haemolytic and nonhaemolytic factors
are generally seen together in neonatal period, assessing
TSB, reticulocyte, direct Coombs test, complete blood
count, and erythrocyte morphology on peripheral blood
smear may be insufficient to evaluate Haemolytic disease
in these patients.14 In another study carried out by Bolat et
al on hyperbilirubinaemic neonates with ABO or RhD
incompatibility, the researchers have determined that the
rate of severe hyperbilirubinaemia in patients with ABO
incompatibility was significantly higher.15 In our study, no
significant difference was found in laboratory findings
between groups, except lower haemoglobin and haematocrit

Table 3

levels reported in patients with minor blood group
incompatibility. These findings suggest that newborns with
minor blood group incompatibility are exposed to
Haemolysis for a longer time because this patient group
applies to a hospital later compared with the other groups.
The most valid treatment method in UHB is
phototherapy. In high TSB levels unresponsive to
phototherapy, exchange transfusion should be urgently
administered. Other medical treatment options apart from
IVIG administration, such as phenobarbital and
metalloporphyrins, are less frequently preferred.
Particularly, in the presence of haemolytic disease of the
newborn, IVIG is recommended if there is a TSB level
within the limits of exchange transfusion or an increased
TSB level despite phototherapy.16 In the study by Bolat et
al, the need for IVIG administration was more frequently
r ep o r t e d am o n g p a t i e n t s w i t h R h b l o o d g r o u p
incompatibility,15 and in an another study by Nasseri et al, a
shorter phototherapy time, a lower rate of exchange
transfusion requirement, and a shorter hospitalisation period
were reported for neonates receiving IVIG with a diagnosis
of haemolytic disease of the newborn.17 According to Beken
et al, IVIG therapy did not decrease phototherapy nor
hospitalisation duration in infants with Haemolytic diseaserelated ABO blood group incompatibilities. IVIG is not
successful for decreasing haemolysis but IVIG prevents
requiring exchange transfusion.18 Likewise, in the Demirel
et al's study, IVIG therapy, single or multiple, did not
affect exchange transfusion, need of erythrocyte
transfusion, and hospitalisation when used in combination
with phototherapy. 19 In the study by Karagöl et al, in
which the researchers have evaluated 106 patients with

Responses to treatment and clinical course in patient groups
General

Group 1

Group 2

Group 3

Group 4

p

*Phototherapy time (hours)

37.1±20.1

37.6±21.5

35.1±16.6

34.6±19

38.8±17.8

0.729

*Decrease in total serum

0.37±0.17

0.41±0.21

0.24±0.15

0.33±0.19

0.28±0.16

0.903

18 (64)

14.4 (33)

22 (15)

13.3 (2)

33.3 (14)

0.025

13.5 (48)

9.1 (21)

8.8 (6)

40 (6)

35 (15)

0.000

**IVIG need

16 (57)

14.3 (33)

14.7 (10)

6 (1)

30 (13)

0.067

Exchange transfusion need

1.6 (6)

0.4 (1)

−

−

11.9 (5)

0.001

Erythrocyte transfusion need

4.5 (16)

0.8 (2)

4.4 (3)

6.6 (1)

23.8 (10)

<0.001

Rehospitalisation

6.2 (22)

5.2 (12)

1.4 (1)

6.6 (1)

19 (8)

0.005

bilirubin level per hour
Rebound bilirubin
Intravenous fluid need

*Data are shown as mean ± SD and % (n); **Intravenous immunoglobulin
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minor blood group incompatibility, 20.8% of all patients
have been subjected to exchange transfusion.11 In our study,
the rate of exchange transfusion requirement was 1.6% for
all groups, and the rate of exchange transfusion
administration in the minor blood group incompatibility
(group 4) was 11.9% (n=5) of the total study patients. In
our study, there was no significant difference between groups
with respect to the need for IVIG, whereas in patients with
minor blood incompatibility, the need for exchange
transfusion and erythrocyte transfusion was significantly
higher compared with the other patients. In patients who
have been subjected to IVIG treatment, no difference was
found compared with the other patients regarding
phototherapy time, exchange transfusion requirement, and
rebound increase in TSB.
In our study, the rate of intravenous fluid need was higher
in groups with minor blood group incompatibility and
ABO+Rh blood group incompatibility compared with the
other groups. This may be the result of the presence of a
higher rate of dehydration in these two groups, although it
was not statistically significant. Furthermore, for patients
with minor blood group incompatibility, the higher rate of
intravenous fluid use may be associated with the
introduction of intravenous fluid administration with
discontinuation of oral feeding which occurred because of
the presence of a higher need for exchange transfusion and
erythrocyte transfusion in the patient group.
Bilirubin levels may increase again after phototherapy,
and a postdischarge rehospitalisation may be observed
as a result thereof. The presence of haemolytic jaundice
is a critical risk factor for rebound bilirubin levels. Other
risk factors include premature labour, the onset time and
severity of jaundice, and G6PDH deficiency and diet.12,20
In a study by Bansal et al, the researchers have reported
rebound bilirubin levels in 7.3% of patients with
hyperbilirubinaemia.21 In our study, the frequency value
was found to be 18% for all patients, and patients with
Rh or minor blood group incompatibility were more
frequently associated with rebound bilirubin levels. The
frequency of postdischarge rehospitalisation was reported
as 13.3% in a study by Kaplan et al. 20 In our study, the
frequency value was 6.2% in general and was significantly
higher among patients with minor blood group
incompatibility. This overall high rate reported in our
study was thought to be dependent on the fact that unlike
other studies, we have only included the patients with
Haemolytic disease of the newborn in our study. Also,
the patients with minor blood group incompatibility was

associated with lower haemoglobin and haematocrit levels.
The authors have probably checked potential
incompatibility at other blood group antigens when ABO
or RhD incompatibility did not explain the Haemolytic
disease of a newborn. A higher rate of incompatibility could
be detected, if we have routinely examined suitable
parameters in all newborns.

Conclusion
Consequently, it was found that minor blood group
incompatibility constituted 12% of all blood group
incompatibilities among patients included in this study.
The older postnatal age at admission, more frequent cooccurrence of anaemia, rebound TSB levels, higher rates
of intravenous fluid, exchange transfusion and erythrocyte
transfusion needs, and higher rate of rehospitalisation
were seen in the patients with minor blood group
incompatibilities compared with the other patients.
T h e r e fo r e , w h e n A B O an d / o r R h b l o o d g r o u p
incompatibilities are not detected in neonates with
jaundice requiring hospitalisation, minor blood group
i n c o m p a t i b i l i t i es s h o u l d a l w a y s b e t a k e n i n t o
consideration.
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Escherichia coli Meningitis in Neonatal Intensive Care Units:
A Five Years Study
KK CHIK, WK TO, K LUK, B LAM, CC SHEK, C TSE, D NG

Abstract

Introduction: Neonatal meningitis causes severe morbidity. The incidence of ampicillin-resistant
Escherichia coli (E. coli) meningitis was reported to be increasing in overseas neonatal intensive care
units (NICUs) recently. This is the first local study to investigate E. coli neonatal meningitis. Choice of
empirical antibiotics for intrapartum period and neonates will be discussed. Methods: Retrospective study
was performed in 2 NICUs between 1st January 2011 and 31st May 2016. Neonates with E. coli meningitis
were included. Demographic data, laboratory results, antibiotics use and antimicrobial susceptibilities were
reviewed. Results: Eleven neonates were identified and 55% had early-onset (EO) meningitis. Ninety-one
percent of E. coli isolates were ampicillin-resistant. Twenty-seven percent were extended-spectrum-betalactamase (ESBL) producing and all were isolated in EO meningitis group. Use of intrapartum ampicillin
and ESBL-E. coli infection in neonates showed no statistical significance. Conclusions: The risk of
ampicillin-resistant E. coli meningitis in neonates continues despite of using intrapartum antibiotics in
high risk group. Choice of intrapartum antibiotic and empirical treatment of neonatal sepsis has an urgent
need to be reviewed.
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Introduction
Neonatal meningitis is a serious infection causing high
mortality and morbidity including neurological disability.
The major pathogens causing neonatal meningitis are
Streptococcus agalactiae (GBS) and Escherichia coli
(E. coli). The United States started the national screening
programme for GBS in pregnancy in 1996, since then the
incidence of early onset group B streptococcus disease
decreased from 1.7 per 1000 live births to 0.6 per 1000.1,2
However, the incidence of neonatal E. coli sepsis and
meningitis showed an increasing trend.3,4 There were also
case reports of ampicillin-resistant E. coli neonatal infection
after implementing the universal intrapartum antibiotic
prophylaxis to maternal Group B Streptococcus carriers.3,5
Not just ampicillin-resistance, infection caused by extended
spectrum β-lactamases (ESBL) producers are also spreading
rapidly. ESBL enzyme results in resistance to many
commonly used beta-lactam antibiotics, including ampicillin,
first, second and third generation cephalosporin. This may
affect the choice of empirical antibiotic in neonatal sepsis.
Hong Kong started the antenatal screening and treatment

Chik et al

programme for maternal GBS in 2012. There was no local
study on neonatal E. coli meningitis all along. To address
this issue, we carried out the first local retrospective study
to describe the demographic data of E. coli neonatal
meningitis and the antibiotic susceptibility pattern of the
isolates between 2011 and 2016. We investigate and
analyse the association between demographic data,
laboratory findings, use of intrapartum ampicillin and
drug resistance E. coli neonatal infection, also review
the choice of empirical intrapartum antibiotic and
empirical neonatal antibiotics.
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continuous variables respectively to analyse the association
between study factors and ESBL E. coli infection among
neonates. P values of <0.05 were considered statistically
significant.
Ethics Review

This proposal was reviewed and approved by the
Research Ethics Committee of the Kowloon West Cluster
(Kowloon West; REC [KWC REC No.: 107-07]).

Results
Methods

Demographics and Maternal Peripartum Risk Factors
for Neonatal Sepsis

Study Design

Between 2011 and 2016, the total number of live born
in Hong Kong public hospitals was around 227, 300 and
58, 113 babies were born in the two study hospitals. It
accounted for 25% of all living newborns in all Hong Kong
public hospitals. With eleven cases of neonatal E. coli
meningitis were identified in this study, the prevalence rate
of E. coli meningitis infection in neonates of the study
hospitals was estimated to be 0.02% (11/58113). This was
based on the assumption that all cases delivered in these 2
hospitals would be admitted to the same hospital's NICU
while babies with E. coli meningitis delivered in other
hospitals were not admitted to these 2 NICUs. Demographic
data were shown in Table 1a, 1b and Table 2. Six of them
were male (male to female ratio 1.2:1). Mean gestational
age was 34 weeks (range 29-40 weeks). Fifty-five percent
were preterm babies. The mean age of onset was 10.7 days
(range 0-28 days). Six had early onset infection and 5 had
late onset. Mean birth weight was 2.31 kg (range 1.36-3.61
kg). Among those with early onset disease, 83% had
maternal risk factors for neonatal sepsis, including
prematurity, premature rupture of membranes, maternal
intrapartum fever and acute chorioamnionitis confirmed by
placental histology. Although intrapartum intravenous
ampicillin was given as per protocol, their babies still had
early onset meningitis with ampicillin-resistant E. coli.

A retrospective study performed in two Hong Kong
neonatal intensive care units (NICU). The demographic data
were reviewed including the gestational age, days of
symptoms onset, gender, birth weight, maternal and
neonates' laboratory results, intrapartum antibiotic and
empirical antibiotic use in neonates. Their neurological
outcomes were also reviewed. In addition, the antimicrobial
susceptibilities of the isolates were analysed. Data were
collected between 1st January 2011 and 31st May 2016
via Clinical Data Analysis and Reporting System of Hong
Kong Hospital Authority.
Patients

Neonates </=28 days of age and microbiological
confirmed E. coli meningitis were included. The diagnosis
of meningitis was based on positive culture of E. coli from
cerebrospinal fluid (CSF) and/or from blood culture
associated with pleocytosis (>/=10 cells/mm3) in CSF. The
included patients were categorised into early onset neonatal
meningitis and late onset neonatal meningitis according to
their gestational age and the time of symptoms onset. Early
onset neonatal meningitis was defined as onset of bacterial
meningitis at ≤72 hours in preterm infants and ≤7 days in
term infants. Late onset meningitis was defined as the onset
occurred after 72 hours of life in preterm babies and >7
days up to 90 days in term infants.
Statistical Analysis

Excel spreadsheets were used for tabulation of data.
Statistical analysis was performed using the Statistical
Package for the Social Sciences (Windows version 17;
SPSS Inc, Chicago [IL], US) Fisher's exact test and MannWhitney U test were used for categorical variables and

Clinical Presentation and Laboratory Results

Eight neonates presented with fever, 2 had recurrent
apnoea and 1 had malaise and feeding intolerance. Majority
did not have congenital abnormalities except one had
Hirschsprung's disease presented with abdominal distension
and intestinal obstruction. For the laboratory results, all had
elevated C-reactive protein level (range 48.3-173 mg/L).
For the cerebrospinal fluid (CSF) study, 72.7% had
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polymorph predominant pleocytosis, CSF glucose level was
ranged from 0.6 to 6.3 mmol/L and 54.5% had low CSF
glucose level which was defined as </=1.1 mmol in preterm
and </=2.5 mmol/L in term infant.6-8 CSF protein level was
ranged from 1.02 to 6.47 g/L and seven of them had abnormal
result which was defined as >1.50 g/L in preterm and >1 g/L
in term infants.6-8 (Table 2) Among those six with abnormal
CSF glucose level, they also had elevated CSF protein
(Figure 1). Five neonates had Gram-negative bacilli detected
on the Gram stain of the CSF and all of them had low CSF
glucose level and elevated CSF protein level. Among these
five babies, 80% had positive result on E. coli K1 latex
agglutination test. None had positive agglutination result
while the CSF Gram stain was negative. Three babies had
E. coli isolated in the urine specimens with same
susceptibility pattern as the CSF culture isolate. Ninety-one
percent had coexisting E. coli bacteraemia.

Antibiotic Susceptibility

Antibiotic susceptibility patterns of the isolates were
determined according to the Clinical & Laboratory Standards
Institute guideline. Ninety-one percent of the isolates were
resistant to ampicillin. One isolate (9.1%) was resistant to
gentamicin. Three isolates (27.3%) were ESBL producing
and resistant to third generation cephalosporins. Otherwise,
all tested isolates were susceptible to amoxicillinclavulanate; meropenem, and amikacin (Table3).
ESBL E. coli Isolate and Intrapartum Antibiotic
Prophylaxis (IAP)

The demographic data, laboratory results and antibiotics
use among neonates with and without ESBL - E. coli infection
were analysed. It was identified that all cases infected with
neonatal ESBL E. coli were presented with early onset
meningitis and were given intrapartum ampicillin. There was

Figure 1
Cerebrospinal fluid results among neonates with E. coli meningitis. Normal CSF protein: <1 g/L in preterm and <1 g/L in
term infants; Normal CSF glucose concentration: </=1.1 mmol/L in preterm and </= 2.5 mmol/L in term infants.

Chik et al

no ESBL E. coli infection among the group without
intrapartum ampicillin given. After analysis with Fisher's
exact test for categorical variables and Mann-Whitney U
test for continuous variables, there was no statistical
significance identified between intrapartum ampicillin use
and neonatal ESBL E. coli infection (p value: 0.061). There
was also no significance association between ESBL E. coli
infection and other demographic data and laboratory results
(Table 4).
Neurological Outcome

Three babies had developmental delay, one of them had
hydrocephalus and seven had normal development on
follow-up. One baby defaulted follow-up (Table 2). There
was no statistical association between neonatal ESBL
E. coli infection and delay in neurological development
(Table 4).

Discussion
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K1 antigen in the CSF is closely linked to neonatal
meningitis and the disease severity. Infants infected with
K1 antigenic strains have increased morbidity and mortality
compared to those infected with other strains.
Unfortunately, up to 50% of E. coli colonised in maternal
vagina can express K1 antigen which poses risk for vertical
transmission of this virulence strain.9 In the past, researchers
suggested the E. coli strains with K1 capsular antigen, i.e.
virulent strain, were able to cause invasive infection but
they were more susceptible to antimicrobial drugs, as they
could not possess resistant genes. While the more
antimicrobials resistant organisms, the more difficult for
them to reconcile bacterial virulence and thus could only
cause noninvasive infection.9 Later on, this postulation
was being challenged by the case reports of ESBL E. coli
neonatal meningitis. 10 Our findings also opposed the

Table 1a Demographic data of neonates with early onset and
late onset sepsis
Total cases Early onset Late onset

Hong Kong does not have a registry on the incidence of
neonatal E. coli infection. To our knowledge; this is the
first local study of neonatal E. coli meningitis in NICUs.
The study hospitals accounted for more than 25% of total
live births in Hong Kong public hospitals; therefore the
result is representative to Hong Kong situation. The
estimated prevalence of neonatal E. coli meningitis was
0.02%, with the significant mortality and morbidity, it is a
problem worthy of further investigations. There is no doubt
that use of IAP, i.e. ampicillin in pregnant women with GBS
colonisation can reduce early-onset neonatal GBS infection.
The reported odd ratio was 0.17.1,2 However, some overseas
studies reported that the incidence of neonatal E. coli sepsis
and meningitis had increased after this practice, together
with the emergence of ampicillin-resistant E. coli infection
in neonates.3-5 A Taiwanese study also described an increase
in the percentage of early onset neonatal E. coli sepsis
from 40.9% to 70% since the implementation of the
guideline on prevention of perinatal group B streptococcal
disease by Center for Disease Control and Prevention.4 Hong
Kong has started the GBS screening in 2012 but we lack of
data on this.
Concerning the microbiological aspect and the
pathogenesis, E. coli is a normal flora of the human
gastrointestinal tract. It has diverse and complex antigenic
structures. Some strains carry a specific virulence factor
K1 capsular antigen, a polysialic acid, which impairs host's
opsonophagocytic killing. The amount and persistence of

Mean age of symptoms
onset in days (range)
Sex
M:F
Mean birth weight
(range)
Mean gestation
(range)

11

6

5

Day 10.7
(0-28)

Day 3.17
( 0-6)

Day 19.4
( 11-28)

1.2:1

2:1

1:1

2.31 kg
(1.36-3.61)

2.29 kg
2.86 kg
(1.13-3.61) (1.49-3.39)

34 weeks
(29-40)

32.8 weeks 37.2 week
(29-37)
(30-40)

Full term

5

1

4

Preterm

6

5

1

Table 1b Demographic data of preterm and term neonates
Preterm
Early
Late
onset
onset

Full term
Early Late
onset onset

Number of cases

5

1

1

4

Mean gestation
(range)

32
(29-36)

30

37

39
(38-40)

Sex
M:F
Mean birth weight
(range)

3:2

1:0

1:0

1:1

2.0
(1.36-3.55)

1.49

3.61

3.2
(2.82-3.35)

Mean age of symptoms Day 3.2
onset in days (range)
(0-6)

Day 11

Day 3 Day 24
(17-29)

30

2

38 week

36 week

4

5

M

F

M

M

F

Amp

Nil

Nil

+ Gen

Amp

Amp

PPROM

Nil

Nil

• Poor
feeding

• EO

• D5

• Fever

• LO

• D28

• Fever

• LO

• D19

• Fever

• EO

• DO

chorio-

2.66

2.82

3.39

1.45

amnionitis

Acute

ND

ND

chorioamnionitis

fever

Acute

• Fever

51

57

65

173

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

• GNB

Gen S;
Mem S

Levo S;

• 1.1

Aug S;

Amp R;
CTX S;

• Positive

• GNB
• 13.4

• 105

• 2930/75%

Levo S

Gen S;

• 0.6

Aug S;

Amp R;
CTX S;

• Negative

• NAS

• 4.2

• 396

• 4280/95%

Levo R

Gen S;

• 2.3

Aug S;

Amp R;
CTX: S;

• Positive

• GNB

• 2.11

• 640

• >10000/97%

Gen S;
Levo S

• 1.1

Aug S;

Amp R;
CTX S;

• Positive

• GNB

Levo S

• 4.32

• 790

• 1640/90%

Gen S;
Mem S;

CTX R;

Aug S;

Amp R;

• <0.7

• Positive

• 6.47

• 780

• 140/99%

79

culture

• D6

amnionitis

1.36
• EO

Acute

symptoms

• CSF WBC/
• Gram Susceptibility
polymorph (%) stain
pattern
• Latex
• RBC
agglutination
• Protein (g/L)
• Glucose (mmol/L)

• Symptoms onset Max
Blood
CRP culture/
• EO vs LO/
(mg/L) CSF
• Presenting

chorio-

maternal

PPROM

PPROM

Placenta Birth
histology weight
(kg)

Negative

Negative

Negative

Negative

Positive

ESBL

& Gen

Amp

& CTX

Aug

& CTX

Aug

& Gen

Aug

& Gen

Aug

Initial
antibiotic

CTX

CTX

CTX

CTX

Mem

<10/mm3

Urine WBC

Urine: E. coli

<10/mm3

Urine WBC

no growth

Urine:

10-100/mm3

Urine WBC

E. coli, S. bovis

Urine:

K. pnumoniae

G/L: E. coli &

Delay

Normal

Normal

Normal

Urine WBC 10/mm3

Urine: no growth;

ESBL E. coli;

Ear swab & G/L: Delay

Subsequent
Other Neurological
antibiotic investigations outcome
results

(continued on page 132)

Amp: ampicillin, Aug: augmentin, CRP: C reactive protein, CSF: cerebrospinal fluid, CSU: catheter saved urine, CTX: cefotaxime; EO: early onset, ESBL: extended spectrum beta lactamase, F: female, FEP:
cefepime, GBS: group B streptococcus carrier, Gen: gentamicin, G/L: Gastric Lavage, IPAB: intrapartum antibiotic, Levo: levofloxacin ; LO: late onset, GNB: Gram negative bacilli, M: male, Mem: meropenem,
Met: metronidazole, NAS: no abnormality seen, ND: not done, Pen: penicillin, PPROM: preterm prelabour rupture of membrane, R: resistant, S: sensitive; WBC: white blood cell

38 week

3

week 6d

29 week

1

for peripartum
infection

Maternal
risk
factors

Demographic data, investigation results, treatment and outcome

Gestation Sex IPAB

Table 2
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Full term

Full term M

30 week

Full term

8

9

10

11

Nil

Nil

Amp

Nil

Nil

Amp

Nil

Nil

fever

Maternal

Nil

No

No

ND

No

ND

amnionitis

fever

Nil

Acute
chorio-

PPROM

maternal

3.35

1.49

3.61

3.26

3.55

1.13

(kg)

Placenta Birth
histology weight

• Fever

• LO

• D22

• Apnoea

• LO

• D11

• Fever

• EO

• D3

• Fever

• LO

• D17

• Fever

• EO

• D5

• Apnoea

• EO

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

E. coli

E. coli/

CSF
culture

Blood
culture/

E. coli

48.3 No growth/

154

56

56.1

148

115

(mg/L)

• Presenting
symptoms
• DO

Max
CRP

• Symptoms onset
• EO vs LO/

• ND

• NAS

Gen S;
Mem S

• 2.9

Aug S;

Amp S;
CTX S;

• Negative
• 1.37

• 2480

• NAS

Gen R
• 320/94%

CTX S;

Aug S;

Amp R;
• 1.24

• Negative

Mem S

• 4.2

• 535

• 2/ND

Gen S;
Levo R;

CTX R;

• 6.3

Aug S;

Amp R;

• 0.86

• 425

• ND

Gen S

• 0/0%

CTX S;

Aug S;

Amp R;

•1

• Negative

• 2.65

• 640

• GNB

Gen S

• 2.8
• 5760/57%

CTX S;

Aug S;

Amp R;

• 1.02

• 171

• ND

Mem S

•3
• 0/0%

Levo R;

Gen S;

• 1.43

CTX R;

Aug S;

Amp R;

performed)

• ND

• Negative

• ND

RBC count not

(WBC and

• Blood stained

• CSF WBC/
• Gram Susceptibility
polymorph (%) stain
pattern
• Latex
• RBC
agglutination
• Protein (g/L)
• Glucose (mmol/L)

Negative

Negative

Positive

Negative

Negative

Positive

ESBL

& CTX

Amp

& Gen

Pen

& Met

& CTX

Amp

& CTX

Amp

& Gen

Aug

& Gen

Aug

Initial
antibiotic

nil

Urine WBC

growth

Urine: no

E. coli

swab: ESBL

G/L & ear

Eye swab &

Amp

CTX

ESBL E coli

swab:

Peritoneal

Delay

Normal

follow up

Defaulted

Normal

no growth

Urine:

growth

tip: no

central line

Urine &

Normal

Normal

(Hirschrung's disease)

Mem+Gen

& enterococcus

CTX+Gen Urine: E coli

Mem

Mem

results

Subsequent
Other Neurological
antibiotic investigations outcome

Amp: ampicillin, Aug: augmentin, CRP: C reactive protein, CSF: cerebrospinal fluid, CSU: catheter saved urine, CTX: cefotaxime; EO: early onset, ESBL: extended spectrum beta lactamase, F: female, FEP:
cefepime, GBS: group B streptococcus carrier, Gen: gentamicin, G/L: Gastric Lavage, IPAB: intrapartum antibiotic, Levo: levofloxacin ; LO: late onset, GNB: Gram negative bacilli, M: male, Mem: meropenem,
Met: metronidazole, NAS: no abnormality seen, ND: not done, Pen: penicillin, PPROM: preterm prelabour rupture of membrane, R: resistant, S: sensitive; WBC: white blood cell

F

M

F

F

35 week

7

M

29 week

6

factors
for peripartum
infection

Maternal
risk

Demographic data, investigation results, treatment and outcome (cont'd)

Gestation Sex IPAB

Table 2
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Table 3

Antibiotic susceptibility
Ampicillin

Amoxcillin- Cefotaxime
Clavulanic acid

Meropenem

Gentamicin

Amikacin

ESBL+

E. coli (susceptible / total isolate)

1/11

11/11

8/11

11/11

10/11

11/11

3/11

EO (susceptible / total isolate)

0/6

6/6

3/6

6/6

6/6

6/6

3/6

LO (susceptible / total isolate)

1/5

5/5

5/5

5/5

4/5

5/5

0/5

ESBL: Extended spectrum beta lactamase; EO: Early onset meningitis; LO: Late onset meningitis

postulation, as among four E. coli strain with positive K1
antigen detected in CSF, one of them was ESBL producing.
The global burden of neonatal ESBL producing
Enterobacteriaceae infection is high. An overseas study
reported 17% of organisms causing neonatal sepsis were
ESBL producing Enterobacteriaceae among all culture
positive cases.11 While our study showed 27.3% of E. coli
meningitis were ESBL producing. This was much higher
than the overseas study which probably due to small sample
size and different in the denominator. The known risk factors
of neonatal ESBL producing pathogens infection were
prematurity, and extremely low birth weight.4 There is a
controversy about the association between the use of
intrapartum ampicillin and neonatal ESBL- Gram negative
Table 4 Statistical analysis of demographic data, laboratory
results, intrapartum antibiotic (IAP) use, neurological outcome
in associate with neonatal ESBL E. coli infection
ESBL negative
(n=8)

ESBL positive P value*
(n=3)

Male

4

2

1.00

Ampicillin use (IAP)

2

3

0.061

Maternal HVS/blood
grew ESBL-E. coli

0

0

ND

Placental swab grew
ESBL-E. coli

0

2

ND

Acute chorioamnionitis

2

2

0.491

Gestation (week)

36±3.8

32.7±6.4

0.376

Birth weight (kg)

2.7±0 .8

2±1.4

0.497

Symptoms onset
(days of life)

13.4±9.7

3.0±3.0

0.133

Maximum CRP
(mg/L)

94.1±53.9

83.3±29.7

1.00

1

2

0.183

Delay in neurological
development

*Fisher exact test for categorical variables, Mann-Witney U test for
continuous variables

organism infection. Cordero et al12 reported there was no
increase in neonatal sepsis caused by drug-resistant Gramnegative pathogen after national maternal GBS screening
and prophylaxis, while other study suggested IAP might play
a role in neonatal ESBL Gram negative organisms' infection.5
Though our study did not show a statistical significant
relationship between IAP and neonatal ESBL E. coli
meningitis, further study and monitoring deemed necessary
on this issue. Meanwhile, conclusion is difficult to draw.
Besides the above identifiable risk factors for neonatal
infection by ESBL producing organism, the global increase
in the prevalence of ESBL producers infection among
general population also played a part. In United States, 36%
of all community-acquired E. coli infections were ESBL
producing,13 while our local data in 2015 was 26%.14 The
high rate of ESBL E. coli infection in our community has
been postulated to the overuse of antibiotics in livestock
farming. One study identified 53.6% of the local live pigs
had faecal carriage of ESBL-producing E. coli. 15 This
emergence of ESBL-producing organisms in the community
poses a major challenge to the choice of empirical antibiotic
in newborns. According to the international guideline,
intrapartum intravenous benzylpenicillin to mother or
combination of ampicillin and gentamicin to the neonates
should be used to prevent early-onset neonatal infection in
those mothers had risk factors of neonatal sepsis. If there is
microbiological evidence of neonatal Gram-negative
bacterial sepsis or meningitis; the guideline suggests
benzylpenicillin/ampicillin, gentamicin and cefotaxime until
further results are available. This is a widely adapted regime
with good coverage for GBS and E. coli, and even
L. monocytogenes infection.16-18 However, this empirical
antibiotic regime cannot treat meningitis caused by ESBL
producing Enterobacteriaceae as it is intrinsically resistant
to third generation cephalosporin and benzylpenicillin/
ampicillin. Even adding gentamicin is inadequate as E. coli
can also be resistant to gentamicin as shown in one of our
patient. Furthermore aminoglycoside (gentamicin and
amikacin) is not a good agent to penetrate the blood brain

Chik et al

barrier. Nevertheless, empirical use of broad-spectrum
antibiotics such as carbapenem is not a way of solving this
problem. Broad-spectrum antibiotic would alter the neonatal
intestinal flora colonisation patterns and thus increase the
risk of necrotising enterocolitis and candidaemia. The
dilemma thus comes up. However, at the time of writing,
there are no well-powered randomised trials on empirical
antibiotic therapy for neonatal sepsis. Further studies are
deemed necessary to determine the most appropriate choice
of empirical intrapartum antibiotic and empirical antibiotic
for neonatal sepsis in the era of increasing drug resistance
organisms especially when Gram negative organism
meningitis is suspected.
The limitation of our study is the small sample size
despite of taking five-year data in 2 large neonatal
intensive care units. We suggest continuous monitoring
of the incidence of Gram negative bacterial infection in
neonates and a cross centre study on the issue of
intrapartum antibiotic use and empirical antibiotic use in
neonatal sepsis is urgently needed.
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Conclusion
The risk of E. coli sepsis among neonates continues
despite of improvement in perinatal care and empirical use
of intrapartum antibiotic. Though this study did not identify
any statistical significance between intrapartum ampicillin
use and ESBL infection, with the widespread drug
resistance, choice of intrapartum antibiotic and empirical
treatment of neonatal sepsis has an urgent need to be
reviewed.
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Original Article
Non-nutritive Sucking and Nesting Greatly Reduces Pain
During Retinopathy Screening in Premature Infants
WH LIAO, HY XU, X ZHOU, JL TIAN, XY FANG, J DING, C ZENG, HL WU

Abstract

Purpose: To evaluate the efficacy of non-nutritive sucking combined with nesting in the reduction of pain
associated with fundus oculi screening in premature infants. Methods: A randomised clinical trial involving
fundus oculi screening was carried out in 120 healthy premature infants. Infants assigned to the intervention
group received non-nutritive sucking and nesting, while the control group simply received routine nursing.
Pain was assessed using the Premature Infant Pain Profile before and during the eye examination.
Simultaneously, we evaluated a range of physiological parameters and crying time. Results: There were no
significance differences between the control group and the intervention group in terms of gestational age,
corrected gestational age or mean birth weight at retinopathy of prematurity screening. However, the
intervention group showed a significantly lower mean Premature Infant Pain Profile score after fundus
oculi screening compared to the control group (P<0.05). Significant differences between the two groups
were also identified in crying time, heart rate, breathing rate, oxygen saturation, blood pressure and facial
expression. Conclusion: Non-nutritive sucking, combined with nesting, alleviated pain in premature infants
during retinopathy of prematurity screening, and appeared to provide infants with a feeling of warmth and
safety. This technique is worth promoting for use during retinopathy of prematurity screening.

Key words

Non-nutritive sucking; Nursing; Premature Infant Pain Profile; Retinopathy screening

Introduction
Retinopathy of prematurity (ROP) is a developmental
vascular proliferative disease of the retina, which often
affects premature infants with low-birth-weight and can
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lead to childhood blindness.1 In China, the incidence of ROP
is reported to be 17.8% for premature newborns with a birth
weight (BW) of 2,000 g or less and/or a gestational age
(GA) of 34 weeks or less.2 ROP can be prevented with timely
treatment by the use of appropriate screening programs; as
such, early eye examinations for ROP are extremely
important for premature infants.3 However, the routine
procedure used for ROP screening may be painful for
preterm infants and has been linked to transient changes in
heart rate, respiratory rate, blood pressure and oxygen
saturation.4,5 Pain evaluations, using the Premature Infant
Pain Profile (PIPP), have also shown that most infants suffer
pain during ROP screening.4,5 Therefore, it is critical for
physicians to develop new methods to assess pain and
provide safe and effective pain-relief interventions during
ROP screening. In China, it is not routine practice to use
nursing methods to provide comfort to premature infants
when they undergo ROP screening protocols that involve
mild to moderate pain.

Liao et al

Previous studies have reported that the use of nonnutritive sucking (NNS) and nesting can reduce pain in
neonates and premature infants during painful procedures.6-8
However, the effect of NNS, either alone or in combination
with nesting, as a procedural pain-relief intervention for
ROP screening remains undefined. In the present study,
we investigated the efficacy of NNS, combined with
nesting, for the alleviation of pain associated with ROP
screening in premature infants.

Methods
Study Design

This is a methodological research study aimed at
developing a technique involving NNS, combined with
nesting, to alleviate pain in premature infants during painful
procedures.9
Setting and Sample

We performed a randomised controlled trial, involving
premature infants, between January 2015 and May 2016 in
Nanfang Hospital. We recruited 120 premature infants, with
a GA of ≤32 weeks and divided randomly these cases into
two groups with a computer based randomisation process
according to their ROP screening sequence and by sealed
opaque envelopes: an interventional group (n=60) and a
control group (n=60). The interventional group received
NNS and nesting care, while the control group simply
received routine nursing. Nests were made with a cotton
bedsheet in a manner suitable for babies.10
Ethical Consideration

All protocols were reviewed and approved by the Ethics
Committee of Nanfang Hospital, an affiliate of Southern
Medical University, China. Detailed written informed
consent was obtained from the parents of all eligible infants.
Intervention and Eye Examination

All infants were fed 1 hour prior to eye examination. A
topical anaesthetic (Minims® Tetracaine Hydrochloride,
0.5% w/v) was applied 30 second before the eye examination
in all infants. For each infant, the study protocol was applied
only on the first screening examination and all infants were
examined by the same ophthalmologist. All infants
underwent ROP screening using RetCam3 retino-digital
photography (Clarity Medical System Inc., Mohali, Punjab,
India).
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Procedure

Two experienced nurses, who had undergone web-based
training using the PIPP, were tasked to evaluate the PIPP
score.11 Only examinations of the first eye were used to
record the PIPP. The final outcome measurement for the
PIPP score was a mean value derived from the two
investigators. PIPP scores were recorded 5 minutes and 1
minute before and after the eye examination. PIPP scores
<7 were considered to be indicative of no pain, while PIPP
scores of 7 to 12 were classified as intermediate and those
>12 were considered to be indicative of significant pain.
Data regarding oxygen saturation, heart rate, blood pressure,
crying time and facial expression were collected immediately
after the eye examination. Secondary outcome
measurements including tachycardia (>180 bpm),
bradycardia (<100 bpm), desaturation (<85% for >10 s),
and crying time. All of the babies were video-recorded
during the eye examination. Demographics and outcome
measurements were recorded on previously-prepared forms
for each infant.
Data Analysis

Data are expressed as the arithmetic mean ± standard
deviation (SD). The significance of differences between
groups was calculated using Student's t test and P<0.05
was considered to be statistically significant.

Results
Baseline Characteristics

The baseline characteristics of the premature infants
enrolled in this study are presented in Table 1. A total of
120 infants were enrolled. Of these, 48.3% were male and
51.7% were female; 30.8% were born by normal
spontaneous delivery and 69.2% by Caesarean delivery.
Mean GA was 31.52±1.8 weeks, corrected GA at
examination was 35.54±1.6 weeks, and mean body weight
was 2,003±178 g. There were 60 infants in the intervention
group and an equal number in the control group. The
background variables related to GA, corrected GA and
mean BW were not significantly different when compared
between the two groups.
PIPP Scores

PIPP outcome measurements are summarised in Table 2.
There were no significant differences in baseline PIPP scores
when compared between the two groups before eye
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examination (2.1±0.6 versus 2.2±0.5, P>0.05). However,
infants receiving NNS and nesting had significantly lower
mean pain scores during examination of the first eye
(12.9±2.0 versus 16.5±2.0, P<0.001) (Figure 1). In addition,
86.7% of infants in the control group presented with

Table 1 Baseline characteristics of the premature infants
included in this study
Variables

Intervention
group
(NNS + nesting)
(n = 60)

Control
group

29 (48.33%)

29 (48.33%)

−

28
32

29
31

−
−

Gestational age
31.3±1.9
(weeks), (mean ± SD)

31.7±1.6

>0.05

Birth weight (g),
(mean ± SD)

2026±174

1980±181

>0.05

Corrected age at
35.2±1.7
examination (weeks),
(mean ± SD)

35.7±1.5

>0.05

Sex (male, %)
Method of delivery
Normal birth
Caesarean

P value

(n=3)

significant pain compared to only 43.3% of infants in the
intervention group. Furthermore, only 53.3% of the
intervention group experienced intermediate pain.
Physiological Parameters

Physiological parameters, including heart rate, breathing
rate, oxygen saturation, blood pressure, and crying time
are shown in Table 3. There were no episodes of vomiting
or choking observed in any of the study infants. Overall,
premature infants who received non-nutritive sucking and
nesting showed better outcomes than those receiving routine
nursing. The effects upon increased heart rate and blood
pressure after the eye examination were more remarkable
in the control group than in the NNS + nesting group
(P<0.01). Sustained crying was observed in only 45% of
the NNS group, but in 80% of the control group.
Furthermore, 33% of infants in the NNS + nesting group
exhibited relaxed facial muscles, compared to only 3% of
those from the control group. In addition, there was a
significant difference in the breathing rate when comparing
between the NNS + nesting group and the control group
(P<0.01).

Discussion
Table 2
group

Premature Infant Pain Scale (PIPP) parameters each
Relief measures

Variables

Intervention
group
(NNS + nesting)

Control
group

P value

ROP screening procedure can be painful to preterm
infants. Furthermore, repeated pain may lead to serious sideeffects in the development of neurological and behavioural
mechanisms in infants.12 Consequently, there is a need to

Crying intensity
No crying

3

0

<0.001

Whimper

28

12

<0.001

Vigorous crying

27

48

<0.001

Facial expression
Relaxed muscles

20

2

<0.001

Grimace

40

58

<0.001

Relaxed muscles

32

6

<0.001

Alteration in breathing

28

54

<0.001

Breathing patterns

Pain degree
No pain (PIPP <7)

2

0

<0.001

Intermediate
(7 <PIPP <12)

32

8

<0.001

Significant pain
(PIPP >12)

26

52

<0.001

Figure 1
Box-plot graph showing Premature Infant Pain Scale
(PIPP) scores of the intervention and control groups.
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develop effective and safe measures to reduce procedural
pain during eye examinations for ROP in premature infants.
At present, non-pharmacological interventions to alleviate
pain in preterm infants include oral sucrose or glucose, breast
feeding, NNS, music therapy, and also techniques involving
the mother such as 'wrapping' or 'kangaroo-mother' care.
These measures can alleviate pain in premature infants to
differing extents. For example, Dilli et al reported that oral
sucrose and NNS went some way to reduce pain during eye
examinations for retinopathy in premature infants.4 Liaw et
al also reported that infants receiving NNS, and facilitated
sucking, had significantly lower mean pain scores during
heel-stick procedures.7 However, O'Sullivan et al showed
that although sucrose, combined with NNS and swaddling,
reduced the level of pain, pain scores remained consistently

Table 3

Outcome measurements for the study infants
Relief measures, mean (SD)

Variables

Intervention
group
(NNS + nesting)

Control
Group

P value

2.1±0.6

2.2±0.5

>0.05

PIPP score before

examination, (mean ± SD)
Heart rate
Before examination

142.5±12

140.8±13

>0.05

After examination

160.8±14

165.2±15

>0.05

Before examination

44.6±2.5

44.8±2.6

>0.05

After examination

52.2± 3.6

58.6±2.8

<0.001

Before examination

97.1±2.2

95.1±2.6

<0.001

After examination

93.5±2.8

89.2±2.5

<0.001

Before examination

64.9±6.1/
41.9±5.8

65.4±6.3/
42.1±5.7

<0.001/
>0.05

After examination

73.6±4.4/
45.89±6.0

78.6±5.2/
47.4±6.6

<0.001/
>0.05

Crying time during
48.6±16.6
examination (sec), (mean ± SD)

81.2±25.8

<0.001

Duration of pain during
32.5±3.1
examination (sec), (mean ± SD)

54.3±2.8

<0.001

PIPP score after
12.9±2.0
examination, (mean ± SD)

16.5±2.0

<0.001

Breathing rate

Oxygen saturation

Blood pressure (mmHg)

PIPP = Premature Infant Pain Profile.

high.13 On the other hand, pharmacological interventions
have also been reported to alleviate pain in infants. 14
However, the side effects of medication upon infants
should be considered carefully. In addition, Kabata et
al showed that oral paracetamol only reduced pain scores
by a modest amount during eye examinations; moreover,
there were no significant differences regarding crying
time or the number of infants experiencing tachycardia/
bradycardia and desaturation following the use of oral
paracetamol during ROP screening.14
In our study, for the first time, we applied NNS, combined
with nesting, to relieve pain during ROP screening in
premature infants. Our results showed that this procedure
was effective in reducing pain during eye examinations.
Crying time was shorter in infants receiving NNS combined
with nesting. Lower PIPP scores were also observed in the
intervention group. Nesting is based upon creating a warm
box and making a natural environment similar to a nest for
newborns. This natural environment is similar to an artificial
uterus, and provides the infant with an environment that is
physiologically similar to the uterus in terms of head flexion,
proximity of the jaw to the chest wall, proximity of the upper
arms to the chest, elbow flexion and positioning of the
forearm towards or parallel to the chest, extreme hip and
knee joint flexion, proximity of the thigh to the abdominal
wall, and the positioning of the legs. Nesting care for
newborns can exert a significant clinical effect, and can
effectively maintain a stable environment for premature
infants. The adaptation of premature infants to such
environments creates a useful technique for alleviating pain
and should be introduced into routine clinical practice. NNS
and nesting are not pharmacological interventions, and are
therefore simple to use and are not associated with any
adverse effects.
There are some limitations associated with our study that
should be considered when interpreting our results. For
example, our sample size was relatively small. This
prevented us from creating independent groups for NNS
and nesting and thus prevented us from comparing the
relative effects of these two techniques when used alone
rather than in combination.

Conclusion
On the basis of the results above, NNS combined with
nesting was shown to reduce PIPP pain scores during eye
examinations for ROP, and appeared to provide premature
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infants with a feeling of warmth and safety. This combined
method is simple, safe, and is worth promoting for routine
use during ROP screening in premature infants.
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Original Article
Clinical Manifestations and Outcomes of
Cardiac Tumours in Children
G KIM, N LEE, H KO, JH BYUN, HD LEE, SC SUNG, H KIM, KH CHOI

Abstract

Cardiac tumours occur rarely in children. We report on the clinical features, echocardiogram and
electrocardiographic findings, treatment, and outcomes of primary cardiac tumours in 27 children treated
between 2009 and 2017 in our single centre. The most common tumour was rhabdomyoma with tuberous
sclerosis in 15 children; two malignant tumours-an angiosarcoma and rhabdomyosarcoma-were also found.
Seven patients were haemodynamically unstable: five underwent cardiac surgery, one was managed with
everolimus for arrhythmia, and one died of heart failure 1 day after birth despite full medical support. We
discuss the various treatment options for haemodynamically unstable paediatric patients with a cardiac
tumour.

Key words

Cardiac surgery; Cardiac tumour; Rhabdomyoma

Introduction
Cardiac tumours are rare in children.1,2 The prevalence
of primary cardiac tumours in autopsy studies of the
paediatric population is 0.0017-0.28%, and the incidence
is 0.14% during fetal life.3 The most frequently encountered
primary tumours are rhabdomyomas, which are associated
with tuberous sclerosis, followed by fibromas, which
account for 80% of primary cardiac tumours.3,4 In children,
cardiac tumours present at different ages and as different
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clinical entities according to the histological type, size, and
location. Most cardiac tumours have benign features but
may also present with heart failure, haemodynamically
unstable arrhythmia, and sudden death. We have treated
paediatric patients with various cardiac tumours, which
ranged from benign to malignant and which needed cardiac
surgery or medication. Here we present the results of our
evaluation of the clinical presentation, treatment, and
outcomes in paediatric patients with a cardiac tumour
treated in our centre.

Methods
We performed a retrospective observational study of
patients diagnosed with cardiac tumours at Pusan National
University Children's Hospital, Pusan, Korea, from January
2009 to August 2017. We identified 33 patients who had
been diagnosed with a primary cardiac tumour during this
9-year period and reviewed their medical records. Six of
the 33 patients were excluded because of loss to follow-up
after the first diagnosis. We analysed the clinical
presentation, treatment, outcome, and electrocardiographic
findings for the remaining 27 patients, and we focused on
seven haemodynamically unstable patients. We could not
analyse the data according to tumour histological type
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because this was confirmed in only five patients who had
undergone surgical excision. Of these five patients, one
had a huge fibroma, two had a malignant sarcoma, and two
had confirmed rhabdomyomas. Thirteen other patients had
benign rhabdomyomas associated with tuberous sclerosis,
and nine had a benign course without tuberous sclerosis,
except for one who died on postnatal day 1. The indication
for the surgical removal of a cardiac tumour was an
obstructive or haemodynamically unstable mass.
The study was approved by the Pusan National
University Yangsan Hospital Institutional Review Board.
All data were analysed using SPSS for Windows, version
21 (IBM Corp. Released 2012. Armonk, NY: IBM Corp.).
Continuous variables are expressed as the median (range).

and two rhabdomyomas (Table 3). One patient with a
rhabdomyoma developed haemodynamically unstable
arrhythmia and was treated with antiarrhythmic medication
in the acute phase followed by everolimus. One patient with
multiple huge tumours died of severe left ventricular
dysfunction on postnatal day 1. Excluding the five patients
who received an operation, the outcomes of the tumours
included 18 with partial regression, two with complete
regression, and two with no change. During the follow-up
period, for those with partial regression, this occurred at a
median of 25.4 months and for the two with complete
regression, this occured at a median of 16.1 months; in two
patients with no change, this was assessed after a median of
24.2 months.
The echocardiographic features are presented in Table
2. Seventeen patients showed multiple cardiac tumours, and

Results
The baseline characteristics of the study group are shown
in Table 1. Twenty-seven patients were evaluated: 17 were
girls, the median age at diagnosis was 0.1 month, and the
median body weight was 3.6 kg. Most patients (74.1%) were
diagnosed by fetal echocardiography during the antenatal
period. Other clinical features at the time of diagnosis were
cardiac murmur in one patient, chest pain in one patient,
and seizure in two patients. There were 15 rhabdomyomas
( 5 5 . 5 % ) , o n e f i b r o m a , o n e an g i o s a r c o m a , o n e
rhabdomyosarcoma, and eight unknown tumours, which
were suspected of being benign tumours such as
rhabdomyomas not associated with tuberous sclerosis. One
patient with an unknown type of tumour died on postnatal
day 1. All 15 rhabdomyomas were associated with tuberous
sclerosis: two were confirmed by histological examination,
and 13 were diagnosed clinically as being associated with
tuberous sclerosis. Nine of the 15 patients with a
rhabdomyoma were confirmed to harbour a tuberous
sclerosis complex gene mutation: eight had a mutation in
TSC2 and one a mutation in TSC1. Three patients had a
small atrial septal defect or small patent ductal arteriosus.
The median follow-up period was 23.0 months. One
patient had a family history of cardiac tumours associated
with tuberous sclerosis. Seven patients presented in a
haemodynamically unstable state. Five patients needed
urgent surgery because of a large tumour; two patients had
a tumour that caused obstruction of the left ventricular
outflow tract, six patients had severe heart failure, and one
patient had embolic phenomena.
Histological findings for the tumours were as follows;
one angiosarcoma, one fibroma, one rhabdomyosarcoma,

Table 1

Patient and tumour characteristics

Variable
Female, n (%)

All tumours
17 (62.9)

Age at diagnosis, months,
median (range)

0.1 (0-128.5)

Body weight, kg

3.6 (2.3-38.2)

BSA, m

2

Symptoms and features
at diagnosis, n (%)

Tumour type, n (%)

Follow-up period, months,
median (range)
Associated anomalies

0.22 (0.21-1.26)
Fetal diagnosis 20 (74.1)
Cardiac symptoms 2 (7.4)
Neurological symptoms 2 (7.4)
Incidental diagnosis 3 (11.1)
Rhabdomyoma 15 (55.5)
Fibroma 1 (3.7)
Angiosarcoma 1 (3.7)
Rhabdomyosarcoma 1 (3.7)
Unknown 9 (33.3)
23.0 (3.0-59.8)
Tuberous sclerosis 16
Coincidental cardiac lesion 3

Family history

1

Haemodynamically unstable
Surgery
Death
Medication

7
5
1
1

Regression

BSA, body surface area.

Partial 18
Complete 2
No change 2
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10 had a single tumour located in the interventricular septum
(five patients), right atrium (one patient), mitral valve (one
patient), left ventricle (two patients), or right ventricle (one
patient). The median cardiac tumour size was 2.0 cm (range,
1.0-6.0 cm). Some patients presented with abnormalities in
electrocardiographic recordings, including three with bundle
branch block, two with ventricular hypertrophy, four with
QT prolongation, four with ST depression, and one with
Wolff-Parkinson-White syndrome. Four patients displayed
arrhythmias, which involved cardiac arrest, atrial flutter, and
premature atrial or ventricular complexes. Table 3 shows
the electrocardiographic features by tumour type.
The clinical characteristics and treatment of
Table 3

Table 2

Echocardiographic and electrocardiographic features

Variable

All tumours

Echocardiographic findings at diagnosis, n

Multiple 17

Largest cardiac tumour size, cm
median (range)

2.0 (1.0, 6.0)

Location as a single mass

Interventricular septum 5
Right atrium 1
Mitral valve 1
Left ventricle 2
Right ventricle 1

Symptomatic heart failure, n

6

Electrocardiographic features by tumour type

Variable

All tumours

Rhabdomyoma

Fibroma

Angiosarcoma

Rhabdomyosarcoma

Unknown

Patients

27

15

1

1

1

9

Cardiac arrest/VF

1

1

−

−

−

−

Atrial flutter

1

1

−

−

−

−

PAC, PVC

4

4

−

−

−

−

QT prolongation

4

2

−

1

−

1

WPW syndrome

1

−

1

−

−

−

ST depression

4

2

1

−

−

1

LBBB, RBBB

3

1

−

−

−

2

RVH, LVH

2

1

−

−

−

1

Values are expressed as number of patients. VF, ventricular fibrillation; PAC, premature atrial complex; PVC, premature ventricular complex; WPW,
Wolff-Parkinson-White; LBBB, left bundle branch block; RBBB, right bundle branch block; RVH, right ventricular hypertrophy; LVH, left
ventricular hypertrophy.

Table 4

Haemodynamically unstable patients

Patient

Tumour
type

Age at
diagnosis
(months)

Clinical
signs to
diagnosis

Haemodynamic
unstable
symptom

Tumour
size and
location

Treatment

Outcome

1

Angiosarcoma

128

Chest pain

Massive
pericardial effusion

4 cm,
right atrium

Surgery

Alive,
chemotherapy

2

Fibroma

0

Fetal diagnosis

Hypotension

1.6 cm,
right ventricle

Surgery

Alive, right ventricl
exclusion, BCPS

3

Rhabdomyosarcoma

94

Seizure

Brain infarction

2.5 cm, mitral valve

Surgery

Alive, chemotherapy

4

Rhabdomyoma

0

Fetal diagnosis

Hypotension

1.4 cm, LVOT

Surgery

Alive

5

Rhabdomyoma

0

Fetal diagnosis

Hypotension

2.4 cm, LVOT

Surgery

Alive

6

Rhabdomyoma

0

Fetal diagnosis

Atrial flutter

4.5 cm, multiple

Everolimus

Alive,
complete resolution

7

Unknown

0

Fetal diagnosis

Severe left
ventricle dysfunction

4.5 cm, multiple

BCPS, bilateral cavopulmonary shunt; LVOT, left ventricular outflow tract.

Death
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haemodynamically unstable patients are listed in Table 4.
Patient 1 in Table 4 was diagnosed at 10 years of age and
was referred to our clinic for chest pain. Initially, she
presented with a huge tumour in the right atrium with
massive pericardial effusion. She underwent cardiac surgery
for mass excision, was diagnosed with angiosarcoma, and
was treated with chemotherapy. She was still alive but in a
terminal state at the last follow-up.
Patient 2 was diagnosed in utero. The tumour was a huge
single mass in the right ventricle, and the patient exhibited
hypotension because the tumour occupied most of the right
ventricular cavity. He underwent cardiac surgery. The
tumour was determined to be a benign fibroma; however,
because the tumour was intramural, we performed only a
partial excision. The tumour became larger 2 months later,
and the patient was transferred to another hospital where
he underwent right ventricular exclusion with a bilateral
cavopulmonary shunt at age 7 months. He presented with
palpitations, atrial arrhythmia was confirmed, and he was
given an anti-arrhythmic agent at the last follow-up.
Patient 3 presented with a seizure caused by embolic
phenomena. He had a mitral valve tumour that was
confirmed histologically as rhabdomyosarcoma after
surgical removal. Patients 1 and 3 with malignant sarcoma
chose to be transferred to another hospital for
chemotherapy. Patient 3 was not followed up after surgery.
Patients 4 and 5 were diagnosed prenatally with a left
ventricular outflow tract tumour. On the first day of life,
these patients were managed with prostaglandin infusion to
maintain cardiac output. Cardiac surgery with
cardiopulmonary bypass was undertaken on postnatal day
2 in these two patients. Rhabdomyomas were confirmed
histologically and were associated with tuberous sclerosis.
Mutation of TSC2 was confirmed in both patients. The two
patients showed good outcomes and presented with no
symptoms and or significant residual tumour at the last
follow-up.
Patient 6 was diagnosed antenatally with multiple cardiac
tumours but was asymptomatic. Tuberous sclerosis was
confirmed in infancy. At age 15 months, he presented with
haemodynamically unstable arrhythmia with hypotension
and atrial flutter with multiform frequent premature
ventricular complexes (Figure 1). The patient was treated
initially with direct current cardioversion and was infused
with amiodarone and a beta-blocker in the intensive care
unit. Because of recurrent arrhythmia, he was treated with
everolimus. The patient also exhibited subependymal giant
cell astrocytoma in the brain. Five months later, the cardiac
tumour had regressed completely after everolimus treatment

(Figure 1).
Patient 7 was diagnosed antenatally with multiple huge
cardiac tumours mainly in the left ventricle, which were
thought to be rhabdomyomas. He died of severe heart failure
on postnatal day 1.
The other 20 patients had no significant clinical features
or symptoms at the last follow-up.

Discussion
Primary cardiac tumours are rare in infants and children.5
Most primary cardiac tumours in children are benign, but
about 10% are malignant. Even some benign tumours require
treatment because of the symptoms.6 In our patients, most
of the cardiac tumours were rhabdomyomas accompanied
by tuberous sclerosis and were diagnosed in the antenatal
period by fetal echocardiography. This is a similar finding
to that in other reports of cardiac tumours in children, but
what is unique about our report is that we treated a higher
proportion of patients who had been diagnosed in fetal life
than in other series.7,8 Many patients were referred to our
centre for a precise diagnosis and further management. Fetal
diagnosis did not influence clinical presentation in our
analysis. However, fetal diagnosis could be helpful for
managing emergent cases that require surgery in the neonatal
period. In our centre, fetal echocardiography could detect
about 60% of the patients needing surgery; all were managed
in the neonatal period and their outcomes were very good.
Two patients who had not been diagnosed by fetal
echocardiography had malignant tumours, possibly because
children with malignant tumours tend to present at an older
age than those with benign tumours. Fetal diagnosis is
important for determining prognosis and outcome in patients
with a haemodynamically compromising tumour.
Most rhabdomyomas took a benign course and needed
no treatment, but two patients with rhabdomyomas
underwent cardiac surgery because the tumours were
located in the left ventricular outflow tract.
Rhabdomyomas usually regress and most require no
intervention; therefore, the surgical rate for rhabdomyomas
is low compared with other types of cardiac tumours.6,9 As
shown in our study, obstructive rhabdomyoma in the neonate
is a critical indication for cardiac surgery. This is one reason
for antenatal diagnosis to exclude a high risk of such
tumours. One of our patients who presented with
haemodynamically unstable arrhythmia had a good
response to everolimus, which decreased the tumour size
quickly. Everolimus, an inhibitor of mechanistic target of
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rapamycin (mTOR), is useful in the treatment of patients
with a TSC mutation and subependymal giant cell
astrocytoma or renal angiomyolipoma. Recent reports have
suggested that mTOR inhibitors are also effective in causing
regression of previously unchanged cardiac
rhabdomyomas.10,11
Cardiac surgery is the best option for relieving an outflow
tract obstruction. However, surgery might not be as effective
as medication in patients with significant arrhythmia caused
by multiple cardiac tumours. Extensive intramural
myocardial involvement may have a high mortality risk,
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and patients with such involvement are not considered to
be eligible for surgical resection.11 Our patient also had
unchanged multiple cardiac tumours, but everolimus caused
marked regression of the tumours, and the patient no longer
exhibited arrhythmia. The patient who died had multiple
huge cardiac tumours, which were thought to be
rhabdomyomas, although we could not confirm the exact
tumour type by histological examination.
Although we could not evaluate the risk factors for
tumour mortality because of the small sample population,
other data have suggested that the risk factors for mortality

Figure 1
(A) Atrial flutter with multiform frequent premature ventricular complexes in patient 6. (B) Huge mass in the right atrium
and ventricle at age 15 months. (C) Regressed tumours after 1 month on everolimus.
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are tumour size, dysrhythmia, hydrops, and early age of onset
of physiological disturbance.6 In haemodynamically unstable
patients, especially neonates, the primary goals of the
treatment are restoration and preservation of sufficient heart
function. Continuous intravenous prostaglandin E1 infusion
and mechanical ventilator support are important for
establishing pulmonary blood flow and haemodynamic
stability. The choice of appropriate options for treatment of
rhabdomyoma should be made after considering the tumour
characteristics.
Of the three other patients who underwent surgery, two
had a malignant sarcoma and one had a benign fibroma.
Malignant tumours were not diagnosed in the prenatal
period but in childhood or adolescence, and were associated
with symptoms such as chest pain, which was associated
with pericardial effusion, or seizure associated with
systemic embolisation of the tumour. Cardiac sarcoma
treatment includes primarily excision with curative intent,
and these patients were managed with complete resection
followed by chemotherapy. However, the results for patients
with a malignant tumour are poor; the reported 2-year
actuarial survival probability was 14% in a series of 21
patients with primary cardiac sarcomas, and the recurrence
of cardiac sarcoma, which is associated with a very poor
prognosis, was fairly common.8,12
Cardiac fibroma typically presents as a single solid
tumour, as in our patients, most commonly in the
interventricular septum, but can also be in the wall of any
c h am b e r. F i b r o m a i s a b e n i g n t u m o u r, b u t i s
unencapsulated, invades the myocardium, and averages
5 cm in its largest dimension.13 Mortality is relatively
high in patients with a large infiltrative right-sided
fibroma. One of our patients had a large and infiltrative
tumour in the right ventricle, but he could not undergo
total resection. In the follow-up, the tumour grew at a
rapid rate and caused right ventricular dysfunction. The
patient underwent right ventricle exclusion with
bidirectional cavopulmonary shunt.
The electrocardiographic findings in our study varied,
but only one patient died. Cardiac tumours can induce
various cardiac arrhythmias, including premature beats,
supraventricular tachycardia, ventricular tachycardia,
second- or third-degree atrioventricular block, sinus nodal
dysfunction, or preexcitation syndrome. 14 Clinically
significant arrhythmias were documented in 24% of the
patients reported by Miyake's group.15 They found that the
greatest arrhythmia burden occurred in the fibroma patients,
who were strongly predisposed to ventricular tachycardia.
Arrhythmia control can include medication, placement of

an implantable cardioverter defibrillator, or surgical
excision. Miyake and colleagues have suggested that tumour
resection can be an effective option, especially for patients
with ventricular tachycardia. Our rhabdomyoma patients
who had atrial flutter with multiple premature ventricular
contractions responded to medical management including
amiodarone, beta-blocker, and direct current cardioversion.
However, frequent relapse of arrhythmia required
readmission to the intensive care unit. Although
improvement in rhythm status with tumour regression can
occur in patients with rhabdomyoma and severe arrhythmia,
medical therapy including everolimus may be useful for
symptom relief.
Most tumours of unknown origin had a benign course,
which appeared as no change, partial regression, or
complete regression, except for the one patient who died.
Although there was no proven association with tuberous
sclerosis, most of them were considered to be benign
rhabdomyoma, fibroma, or hamartoma according to the
tumour features.

Conclusion
In conclusion, most of the cardiac tumours treated in our
centre were rhabdomyomas associated with tuberous
sclerosis, although some malignant tumours were found. The
surgical outcomes for the cardiac tumours were good.
Clinicians should consider various treatment options for
haemodynamically unstable paediatric patients with a
cardiac tumour.
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Case Report
Chinese Boy with Normal Initial Peroxisomal Blood Assays:
A Diagnostic Pitfall in the Workup for Infantile Refsum Disease
KL CHEUNG, CH KO, HHC LEE , CM MAK

Abstract

The first Chinese case of Infantile Refsum disease (IRD), one of less severe form of peroxisome
biogenesis disorders, is illustrated in this case report. The patient presented with global developmental
delay without facial dysmorphism and his routine metabolic screening was negative. Initial very long
chain fatty acids (VLCFA) assays showed marginally elevated C26/C22 ratio and pristanic and phytanic
acid levels were within normal limits. Magnetic resonance imaging and nerve conduction velocity findings
revealed abnormal results and VLCFA assays were subsequently repeated which demonstrated persistently
elevated C26/C22 ratio and raised pristanic and phytanic acids. The diagnosis of IRD was confirmed with
genetic study. The diagnostic approach and the corresponding investigations, in particular the use of
serial VLCFA assays to improve the diagnostic yield, are highlighted.

Key words

Fatty Acids; Genetic testing; Infantile; Peroxisomal biogenesis disorders; Refsum disease

Introduction
Infantile Refsum disease (IRD) is a rare neuro-metabolic
disease which belongs to the group of peroxisomal
biogenesis disorders (PBD) and is perceived to be a less
severe form of Zellweger spectrum disorders (ZSD). Due
to multiple defective peroxisomal enzymes, there are
accumulation of phytanic acid and increased levels of very
long chain fatty acids (VLCFA) in the blood and tissues
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leading to damage in brain parenchyma, peripheral nerves,
liver and retina. The main manifestations include peripheral
polyneuropathy, retinitis pigmentosa, cerebellar ataxia,
developmental delay and growth retardation. Other clinical
findings are craniofacial dysmorphism including high
forehead, frontal bossing, antimongolian palpebral slant,
sunken eyes, flat nasal root, elongated philtrum and
bilateral simian creases, sensorineural deafness, seizures,
hepatomegaly and malabsorption. The disease is inherited
in autosomal recessive manner and confirmed by mutations
in PEX1 gene.
The current case illustrates the diagnostic approach to
this rare disorder, and highlights the importance of
repeating VLFCA assays to improve the diagnostic yield
in suspected cases.

Case Report
A twenty-six-month-old Chinese boy was referred to
us for global developmental delay. He was born at full term
by uncomplicated spontaneous vaginal delivery with birth
weight of 2.95 kg. Antenatal and postnatal histories were
unremarkable. The parents were non-consanguineous and
there was no known family history of genetic diseases. The
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boy was the first child of the couple. Assessment at age
20 months revealed developmental age corresponding to
10 to 12 months in various aspects. Follow-up assessment
at age 3 revealed milestones corresponding to 16 to 19
months of developmental age. He also had bilateral
moderate to severe hearing loss and prominent sialorrhoea.
General health was satisfactory and there was no recurrent
seizure. Physical examination revealed prominent
epicanthic folds and slightly low set ears with paucity of
facial expression. No other craniofacial dysmorphic
features were noted. He had generalised hypotonia and
hyporeflexia. There was no skeletal abnormality. Systemic
examination was otherwise unremarkable. Baseline
investigations, including complete blood picture, liver and
renal function, thyroid function, ammonia, lactate and
pyruvate were unremarkable. Metabolic study revealed
normal organic acid and amino acid profiles. Computed
tomography of brain showed no definite abnormality.
At age two the child could walk on level ground by
himself, but could not manage stairs. He gradually
deteriorated by age 4.5 years, requiring one hand to be
held on walking. He could build tower of three, obey
simple command and speak 5-10 single words. Clinical
examination showed persistent hypotonia, discrepant lower
limb weakness with unsteady gait. Nerve conduction
velocity (NCV) showed demyelinating motor neuropathy
predominantly affecting bilateral lower limbs. Cranial
magnetic resonance imaging (MRI) at age 4 years 10
months revealed T2 hyperintensity involving bilateral
parieto-occipital regions & splenium of corpus callosum
(Figure 1). Transferrin isoforms, acetylcholine receptor

Figure 1
callosum.
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antibodies, carnitine profiles, morning cortisol level and
lipid profiles were normal. Initial VLCFA assays showed
marginally elevated C26/C22 ratio with normal C22:0,
C24:0 and C26:0 levels; pristanic and phytanic acid levels
were within normal limits. In view of abnormal MRI and
NCV findings, assays were repeated four months later
which demonstrated persistently elevated C26/C22 ratio
and increasing C26:0 levels (but still within normal limits),
with raised pristanic and phytanic acids. The pristanic to
phytanic ratio was also elevated (Table 1). Genetic study
revealed two heterozygous mutations for PEX1
( N M_ 0 0 0 4 6 6 . 2 : c . 2 3 4 8 A > G ( p . A s p 7 8 3 G l y ) an d
c.2783+2T>C), confirming the diagnosis of PBD (MIM
#601539) with phenotype compatible with IRD.
The child was put on a phytanic acid restriction diet,
with fat soluble vitamins and docosahexaenoic acid (DHA)
supplementation. Despite initial transient improvement in
self-care, he ran into relentless deterioration over the next
12 months. By age 6 he became minimally conscious,
bedridden and required tube feeding. Repeat MRI brain at
age 7 showed extensive leukodystrophic changes (Figure
2). There was persistent elevation of C26/C22 and C26:0
levels, with normalisation of pristanic and phytanic acids
(Table 1).

Discussion
Peroxisomes are subcellular organelles present in all
human tissues other than mature erythrocytes. They are
mainly involved in lipid metabolisms. The reactions or

Cranial MRI at age 4 years 10 months showing T2 hyperintensity involving bilateral parieto-occipital regions and splenium of corpus
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components of such reactions, namely plasmalogen, bile
acid and DHA biosynthesis, and oxidation of pipecolic acid
and VLCFA take place exclusively in the perioxisomes.1
Peroxisomal matrix and membrane proteins are initially
synthesised in free polyribosomes, enter cytoplasm and
are directed to the preexisting peroxisomes from which
new peroxisomes arise by budding. The targeting
mechanism to the organelle is guided by peroxisomal
targeting sequences (PTS1 and PTS2). Complementation
analysis identifies up to 23 PEX genes coding for peroxins,
which facilitate importation of targeted proteins into the
peroxisomes through receptor docking, stability and
translocation. PEX1 gene encodes AAA - ATPases for
normal import of PTS1 proteins; PEX1 mutations are
found in majority of cases with ZSD.2
Peroxisomal disorders are genetically heterogeneous
group of disorders, classified into two categories. The first
category is PBD, in which peroxisome fails to form
normally. PBD are further sub-classified into ZSD and
rhizomelic chondrodysplasia punctate (RCDP). 1 The
spectrum of ZSD ranges from severe Zellweger syndrome
to more indolent neonatal adrenoleukodystrophy (NALD)
and IRD, which share similar clinical and biochemical
features without distinct phenotypes. RCDP is
characterised by severe skeletal abnormalities, cataracts
and facial dysmorphism resulting from impairment in
plasmalogen synthesis.2 The second category is disorders
of single peroxisomal protein in which peroxisome
structure is intact but with defect of single peroxisomal
enzymes; classical conditions include X-linked
adrenoleukodystrophy (X-ALD) and D-bifunctional

Figure 2

protein (DBP) deficiency.1
Historical cohorts demonstrate nearly half of presumed
genetic leukodystrophies remain unresolved. Peroxisomal
disorders are rare; the collective estimated frequency is 1
in 5000 to 10000 live births. X-ALD is the most
commonly identified subtype, with an estimated incidence
of 1:17000. Detection of elevated VLCFA in plasma
suggests possibility of PBD and biochemical studies on
fibroblasts and genetic test are necessary for proper
diagnosis. Newborn screening for PBD utilising liquid
chromatography and tandem mass spectrometry to detect
elevated VLCFA in blood spots is rarely included in
newborn metabolic screening worldwide. Pilot expanded
newborn metabolic screening programme in Hong Kong
offers screening for multiple aminoacidopathies, organic
acidurias, and fatty acid oxidation disorders but does not

Table 1

Patient's plasma levels of very long chain fatty acids
Age 4y 8m

Age 5 Age 7 Reference SI unit

C22:0

31.5

39.1

53.1

<96.3

umol/L

C24:0

33.5

38.7

49.4

<91.4

umol/L

<1.30

umol/L

↑

C26:0

0.87

1.03

1.67

C24:0/C22:0

1.06

0.99

0.93

C26:0/C22:0

0.028 ↑

Pristanic acid

2.23

Phytanic acid

5.69

Pristanic/Phytanic 0.39

0.026 ↑ 0.032 ↑
6.7 ↑

<1.39
<0.023

0.33

<2.98

umol/L

13.7

↑

1.28

<9.88

umol/L

0.49

↑

0.26

<0.39

Cranial MRI at age of 6 years old and 1 month showing markedly increased extensive leukodystrophic changes.
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include peroxisomal disorders.3 In contrast, legislation for
newborn screening of X-ALD has been passed in some
states of United States including New York; this allows
early detection and treatment of peroxisomal disorders.4
To our knowledge, this is the first reported case of
IRD in Hong Kong. One local Chinese case of DBP
d e f i c i e n c y w i t h fe a t u r es m im i c k i n g Z e l l w e g e r
syndrome has been reported in 2009. 5 As IRD runs a
more indolent course than classic Zellweger syndrome,
detection in early stage may provide a window for
therapeutic intervention. Early diagnosis of IRD is
challenging; the initial signs can be subtle and
nonspecific, with emerging intellectual deficits,
p r o g r es s i v e s e n s o r i n e u r a l d e a f n es s an d m o t o r
deterioration. Dysmorphic features can be subtle with
absence of hepatomegaly and the diagnosis relies on
identification of a constellation of clinical, radiological
and electrophysiological features. The findings of NCV
abnormalities and MRI leukodystrophic changes should
prompt further biochemical confirmation. However,
initial VLFCA, pristanic and phytanic acid assays could
yield false negative results. Van der Knapp et al
retrospectively reviewed the pattern of six unclassified
leukoencephalopathies; sequential MRI abnormalities
started from dentate nucleus and superior cerebellar
peduncles, subsequently affecting cerebellar white
matter and brainstem, followed by parietal occipital
white matter, splenium and internal capsule posterior
limbs, with eventual diffuse involvement. Initial
peroxisomal blood tests were notably all inconclusive.
Diagnoses were eventually substantiated by fibroblast
p e r o s i x o m a l im m u n o f l u o r es c e n c e s t u d i es ,
complementation analysis and molecular studies,
confirming three cases of ZSD and 3 DBP deficiencies.6
Berendse et al reviewed and followed up nineteen patients
for duration of mean 16 years. Three out of nineteen patients
had insignificant peroxisomal blood assays and were
diagnosed by complete analysis in skin fibroblasts.7
Ratbi et al identified six cases of Heimler syndrome
confirmed by bi-allelic mutations in PEX1 or PEX6. This
is defined as a mild variant of PBD with unremarkable blood
and skin fibroblast analyses.8 As illustrated in the present
case, negative initial peroxisomal blood assays
do not rule out the diagnosis. Plasmalogen and
complementation studies are not available locally. In cases
with concordant phenotypic and radiological findings, it is
mandatory to repeat biochemical assays to improve the
diagnostic yield and guide further targeted molecular
studies.
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Treatment of IRD is mainly supportive and phytanic acidrestricted diet remains the mainstay therapy. DHA is
polyunsaturated fatty acid that has important functions in
retina and brain synapses. DHA synthesis takes place in
the peroxisome and is deficient in PBD patients. Anecdotal
reports revealed improvement in clinical status from DHA
supplementation.9 However, in a randomised controlled
trial of DHA at 100 mg/kg/day for PBD patients, there was
no significant difference in biochemical function,
electroretinogram and growth after one year. 10 In the
present case, despite normalisation of pristanic/phytanic
acid levels on phytanic acid-restricted diet and DHA
supplementation, the relentless degenerative course had
not been altered.
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Case Report
What Can It Be If Not a Simple Haemangioma?

PT YU, HM LUK, IFM LO

Abstract

Capillary haemangioma is a common dermatological condition, which present in approximately 1-2% of
infant. While 30% appear at birth, almost all will be apparent by the age of 6 months. Capillary
malformation-arteriovenous malformation (CM-AVM) syndrome is an autosomal dominant disorder that
characterised by the presence of multiple small capillary malformation, formation of high flow vascular
anomalies like arteriovenous malformation (AVMs) and / or arteriovenous fistulas (AFVs) which typically
develop in skin, muscle, brain, spine and rarely in bone. The prevalence is about 1:100,000.1 Despite its
rarity, it is still an important disease to recognise and differentiate from simple capillary haemangioma. As
CM-AVM syndrome may lead to life threatening complications like congestive heart failure, rupture of
AVM especially intracranial lesion which may leads to devastating neurological consequences. Here we
present the first reported case of RASA1 related CM-AVM syndrome in Chinese, discuss on its clinical
features and differential diagnosis, together with the indication for genetic referral.

Key words

Capillary haemangioma; Capillary malformation-arteriovenous malformation syndrome; CM-AVM;
RASA1

Case Report
A 2.7 kg female baby was born at 35+5 week of
gestation. Antenatal ultrasound at 34 week of gestation
showed features of hydrops fetalis. Upon delivery, she was
noted to have generalised lymphoedema with bilateral
chylothorax, which resolved and stabilised after drainage
and octreotide treatment. Echocardiogram showed normal
cardiac structure. Other investigations for hydrops included
congenital infection screening, microarray and Karyotyping
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were all negative. Family history was unremarkable. A
haemangioma was developed at the left angle of mouth
since age of 1 month old. She was first seen in our genetic
clinic at 4 months of age for subtle dysmorphic features
and perinatal history of hydrops fetalis. Physical
examination at 4 months old showed she had body weight
of 5.8 kg (10th centile), body length 63 cm (25-50th centile)
and head circumference of 40 cm (10th centile). A capillary
haemangioma was noted at the left angle of mouth. There
was subtle dysmorphic features included hypertelorism,
downslanting palpebral fissure, depressed nasal bridge and
low set posteriorly rotated ears (Figure 1). The clinical
diagnosis of Noonan syndrome was initially made. Genetic
testing for RASopathy included PTPN11, BRAF, CBL,
HRAS, KRAS, MAP2K1, MAP2K2, NRAS, RAF1, RIT1,
SHOC2 and SOS1 genes were all negative. On subsequent
follow up, there was gradual progression of the
haemangioma that extending to the gum which resulted in
dental malocclusion (Figure 1). Another 2x3 cm paraspinal
subcutaneous haemangioma was also noted and confirmed
by ultrasound at 1 year old. MRI brain and head with contrast
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at 3 years old showed a haemangioma with underlying
high flow vessels within the subcutaneous fat over left
angle of mouth. No arteriovenous malformation detected
in brain parenchyma. She got mild developmental delay
but catched up with training. In view of the above vascular
malformation phenotype, capillary malformationarteriovenous malformation (CM-AVM) syndrome was
suspected and RASA1 {NM_002890.2} gene sequencing
was performed. A de novo heterozygous one base pair
deletion c.482delG in exon 1 of RASA1 gene was
detected. The molecular diagnosis of RASA1 related CMAVM syndrome was substantiated. This was also a novel
mutation in the literature.

Discussion
Familial multiple capillary haemangioma and/or AVM has
been described for many years and the genetic locus was
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firstly mapped to chromosome 5q by Breugem et al2 and
Eerola et al3 in 2002. In subsequent year, RASA1 mutation
was identified to be the cause of CM-AVM and ParkesWeber syndrome which have CM-AVM and soft tissue or
skeletal hypertrophy of the limbs. 4 The underlying
pathophysiology of RASA1 mutation that lead to vascular
malformation are remained to be elucidated. But it is
proposed that RASA1 encoded for p120-RasGTPaseactivating protein (p120-RasGAP), which negatively
regulated the Ras/MAP-kinase pathway. Ras/MAP-kinase
pathway is important for endothelial cells development.
Therefore, dysregulation of RASA1 function would result
in abnormal microvascular networks formation.5,6 With
highly selected patient with CM-AVM, the diagnostic yield
of RASA1 testing is around 50-60%.7
Typical features of CM-AVM is the presence of CMs
(98.5%) which mainly found on skin and rarely on mucosa.
Majority of them (97%) will have multiple cutaneous
lesions. Most CMs are round or oval shape in pink colour

Figure 1
(a) and (b) Evolving of left jaw haemangioma at the age of 5 months and 3 years old respectively. (c) and
(d) Multifocal capillary haemangiomas with characteristic halo (blue arrows) over the upper arms. (e) At age of 6
years old, the vascular malformation over the left angle of mouth has extended into oral cavity that lead to gum
swelling and dental malocclusion. (Consent for publication has been obtained).
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and some have characteristic surrounding halo. Majority of
them are present at birth and increased in size and number
gradually. About 60% of patients have fast flow vascular
malformation. These AVMs and AVFs are mainly located
on the extremities, intracranial (25%), intraspinal (15%),
head and neck region (21%). About 5% will present with
features of Parkes Weber syndrome. AVMs and AVFs may
present in neurological symptoms if located intracranially
or intraspinally that include seizure, migraine or stroke.
Large fast flow vascular malformation could also
complicate with congestive heart failure. Non immune
hydrops have rarely reported for CM-AVM.8
Differential diagnosis of RASA1 related disorder include
hereditary haemorrhagic telangiectasia, Klippel Trenaunay
syndrome, Sturge Weber syndrome, PTEN hamartoma
tumour syndrome, multiple cutaneous and mucosal venous
malformations, hereditary glomuvenous malformations.
Clinical presentation of the above entities and their
distinguishing features from RASA1 related disorder are
summarised in Table 1.
Capillary haemangoima and port wine stain are extremely

Table 1

common in paediatric population, with a birth incidence of
1-2%. Identification of RASA1 related disorder is important
as it may associated with potential sinister and life
threatening complications. Therefore, we proposed several
indications for referral to dermatologist or clinical geneticist.
It includes
1. presence of multifocal, atypical pink to reddish brown,
round to oval lesion, with or without a halo surrounding
the lesion;
2. the presence of arteriovenous malformations (AVMs)
or arteriovenous fistulas (AVFs) in soft tissue, bone and
brain;
3. the presence of soft tissue and bony overgrowth, which
may point to the diagnosis of Parkes Weber syndrome;
4. the presence of positive family history.
Regarding for the management of CM-AVM, baseline
brain and spinal imaging is recommended after the initial
diagnosis to look for AVMs and AVFs. However, there is no
consensus for the subsequent radiographic evaluation.
Referral to dermatologist for assessment and follow up is

Differential diagnosis of RASA1 related disorder
Gene involved

CMs

AVM

Soft tissue
overgrowth

Hereditary haemorrhagic
teleangiectasia

ENG
ACVRL1
SMAD4

−

+

−

- Characteristic lip or tongue telangiectasia
- AVM in liver or lung
- Epitaxis and abnormal vessels in mucosa is common
- GI bleeding

Sturge Weber syndrome

GNAQ

+

−

−

- Facial cutaneous vascular malformations over
ophthalmic branch of trigeminal nerve
- Seizures
- Glaucoma

PIK3CA

+

−

+

- Vascular malformations are typically low-flow
lesions without high-flow AVMs

PTEN hamartoma tumour
syndrome

PTEN

−

+

+/-

Hereditary glomuvenous
malformations

GLMN

+

−

−

- Hyperkeratotic, raised and nodular with a
cobblestone surface
- Bluish purple in colour

TEK

+

+
(especially
involving muscle)

−

- Small, multifocal bluish cutaneous or
mucosal venous malformations
- May invade subcutaneous muscle & cause pain

Klippel Trenaunay
Weber syndrome

Multiple cutaneous and
mucosal venous
malformations

Distinguishing features from
RASA1 related disorder

- Vascular anomalies are usually intramuscular, are
associated with ectopic fat, and severely disrupt
tissue architecture
- Tumour predisposition (breast and thyroid cancer)
- Macrocephaly
- Papillomatous papules
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also recommended. Embolisation or surgical treatment may
be occasionally needed depending on the size and location
of the AVMs and AVFs. Furthermore, it is important to watch
out heart failure symptom. For Parkes Weber syndrome,
input from orthopedic surgeon would be necessary. Finally,
genetic counselling is important. Prenatal diagnosis and
family planning issues can be addressed during the
consultation.
In summary, we report the first case of RASA1 related
CM-AVM syndrome in Chinese that present initially with
hydrops fetalis with subsequent multiple cutaneous
capillary haemangioma. Increase in clinical awareness of
this disease entity is important due to the possibility of
associated devastating complications.
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Case Report
Spontaneous Acute Epidural Haematoma in a Paediatric
Patient with Congenital Afibrinogenaemia
U OCAK, P ESER OCAK, B GUNGORER

Abstract

Congenital afibrinogenaemia, a rare disorder of coagulation, is characterised by the congenital absence of
fibrinogen. Uncontrolled umbilical cord stump bleeding is usually the first manifestation of the disease.
Although various spontaneous haemorrhages may occur during lifetime, spontaneous epidural haematoma
is rare. We report a case of congenital afibrinogenaemia in a paediatric patient who admitted to the
emergency department with a complaint of headache. Computerised tomography scan of the head revealed
a right parietal acute epidural haematoma. The patient underwent surgical evacuation subsequent to
fibrinogen replacement in the emergency room. We decided to present our case since congenital
afibrinogenaemia is rare in the emergency care. This report underlines congenital afibrinogenaemia as a
potential cause of spontaneous acute epidural haematoma in paediatric patients which may require emergent
intervention before the development of irreversible neurological conditions.

Key words

Congenital afibrinogenaemia; Paediatric emergency; Spontaneous epidural haematoma

Introduction
Fibrinogen (coagulation factor 1) is a large, fibrous
plasma glycoprotein that plays a role in blood clot formation
and platelet aggregation after its transformation into fibrin
by thrombin.1 Congenital afibrinogenaemia, a rare bleeding
disorder showing an autosomal recessive pattern of
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inheritance, is caused due to the congenital absence of
fibrinogen. Uncontrolled umbilical stump bleeding in a
newborn is the most common presentation and usually
considered as diagnostic in congenital afibrinogenaemia.
Although patients may present with spontaneous
haemorrhages from variable regions of the body,
spontaneous intracranial haemorrhages are rare. Moreover,
spontaneous epidural haematomas beyond the neonatal
period are even rarer.2,3 We report a case of a paediatric
patient with spontaneous epidural haematoma who was
presented to the emergency department and underwent
successful surgical evacuation of the haematoma after the
administration of intravenous (i.v.) fibrinogen concentrate
in the emergency room. The rarity of this condition in
emergency care prompted us to present this case.

Case Report
An 8-year-old male patient with a history of congenital
afibrinogenaemia presented to the emergency department
with a complaint of headache, which had started several
hours ago and worsened gradually. There was no history of
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trauma. The patient had already been diagnosed with
congenital afibrinogenaemia following massive umbilical
stump bleeding in the neonatal period; however, this
diagnosis was not further confirmed by genetic tests.
Parental consanguinity was negative, and he had a healthy
older sister. No other family members showed the signs of
a similar disease. He had experienced frequent events of
gingival bleeding and suffered from two episodes of patellar
haemorrhage requiring conservative treatment 2 and 4 years
ago. His vital signs and systemic physical examination were
within normal limits. Glasgow coma scale revealed a score
of 15, and there were no localising signs. He had isochoric
pupils, with positive direct and indirect light reflexes.
Prothrombin time and partial thromboplastin time levels
were too long to be measured. Fibrinogen level could not
be measured by functional assay. Computerised
tomography scan of the head revealed a right parietal acute
epidural haematoma that was nearly isodense to the brain
parenchyma with a midline shift of 0.5 cm (Figure 1a, b).
The patient underwent emergent craniotomy for acute, lifethreatening epidural haematoma subsequent to i.v.
administration of 100 mg/kg fibrinogen in the emergency
room. Successful haematoma evacuation was confirmed
by computerised tomography scan of the head (Figure 1c).
The patient made excellent recovery, and he was discharged
home on post-operative day 3 without any neurological
deficits.
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Discussion
Congenital afibrinogenaemia is a rare, autosomal
recessive inherited bleeding disorder caused due to low or
absent levels of fibrinogen in the patient’s serum with an
incidence of 1–2/1,000,000.1 The clinical picture is variable
exhibiting umbilical cord bleeding, haemorrhage into the
muscle and joints, gingival haemorrhage, gastrointestinal
and genitourinary bleeding, mucosal bleeding, splenic
rupture and thrombotic events.2,4 Haemorrhages usually
follow minor trauma or surgery, which was not the case in
this patient. Spontaneous haemorrhages may occasionally
occur. Intracerebral haemorrhage is a rare manifestation
of congenital afibrinogenaemia, which can be lethal.5
Coagulation tests such as prothrombin time, partial
thromboplastin time, thrombin time and bleeding time show
prolonged duration. Fibrinogen is undetectable in patients'
plasma (<10 mg/dL), which is diagnostic for the disease.
Functional and immunological assays reveal absence or
very low levels of fibrinogen.
Afibrinogenaemia is characterised by a tendency to
bleed. However, patients may have long time intervals
between bleeding periods. Our patient had experienced two
episodes of patellar haemorrhage due to minor trauma 2
and 4 years ago since the time of diagnosis of congenital
afibrinogenaemia immediately after birth. Although the
majority of bleeding events occur subsequent to trauma or

Figure 1
(a) and (b) Computerised tomography scan of the head revealing a right parietal acute epidural haematoma (white arrows).
(c) Computerised tomography scan of the head of the same patient demonstrating complete evacuation of the haematoma following surgery.
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surgery, spontaneous haemorrhages may be encountered
occasionally.
In general, epidural haematomas are associated with head
trauma. A spontaneous epidural haematoma is an
uncommon occurrence that is primarily observed in patients
with chronic renal failure or during open heart surgery,
middle meningeal artery aneurysm, systemic lupus
erythematosus,6 sickle cell disease, haemorrhagic tumours,
dural vascular malformations, blood coagulation disorders
or infections of the adjacent regions such as otitis and
paranasal sinusitis.7 Epidural haematomas, occurring due
to any cause, may become life-threatening with rapid
deterioration of the neurological status of the patient, leading
to high morbidity and mortality rates if not recognised in
time.
Spontaneous epidural haematoma is a rare manifestation
of congenital afibrinogenaemia in the paediatric population,
as well. Hence, knowledge regarding spontaneous epidural
haematomas in these patients does not extend beyond case
reports according to the published literature.2,3 To the best
of our knowledge, our case is the third paediatric patient
with congenital afibrinogenaemia who presented with
spontaneous epidural haematoma and underwent successful
surgical evacuation.
I n t r ac e r e b r a l h aem o r r h a g es i n p a t i e n t s w i t h
coagulation disorders may be undetectable or isodense
due to the clotting defect. 8 Therefore, computerised
t o m o g r ap h y s c an s m i g h t o v e r l o o k e v e n f r an k
haemorrhages in the initial phase, thus requiring further
evaluation and surveillance of the patient. Absence of
hyperdensity and probability of isodense haemorrhagic
lesions on computerised tomography scans occurring due
to the clotting disorder, requiring careful and thorough
examination of the images, must also be considered in
patients with bleeding disorders.
Fibrinogen replacement is the treatment of choice in
patients with afibrinogenaemia with intracranial bleeding
prior to surgery to avoid perioperative haemorrhages
precluding haemostasis and safe surgery. Plasma
fibrinogen levels more than 0.5-1.0 g/L are also
recommended to be established for 4-14 days following
surgery.9 Cryoprecipitate and fresh frozen plasma are the
agents that must be used in emergent cases when
fibrinogen is not available.10 Our patient was treated with
i.v. fibrinogen prior to surgery as it was available.
Prophylactic treatment is still of debate due to the
potential thromboembolic complications and side effects
of blood products.

Conclusion
Emergency care providers should be aware of the
spontaneous occurrence of intracranial haemorrhages in
patients with congenital afibrinogenaemia. The clinical
diagnosis largely depends on suspicion and appropriate
neuroimaging due to the probability of unexpected and lifethreatening intracranial haematomas. Moreover, acute
haematomas may be undetectable or isodense to the brain
parenchyma, thus rendering the diagnosis more difficult in
afibrinogenaemic patients. Fibrinogen, fresh frozen plasma
or cryoprecipitate may be used in emergent medical care,
which may also provide safe surgery. Consultation with a
paediatric haematologist may be a reasonable option in
planning the dose and timing of the treatment. These
approaches can help in achieving an early diagnosis and
successful treatment in paediatric patients with spontaneous
haematomas before the development of irreversible
neurological conditions.
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Case Report
Cervical Thymic Cyst: Case Report

L VU

KOVI

, S RADOVI , N SORAT, A FILIPOVI

Abstract

Introduction: Ectopia of thymic tissue in the neck is well known, while the ectopic thymic cysts are
extremely rare. Literature enlists frequency of cervical thymic cysts from 0.3% to 1% of all congenital
tumefactions in the neck area. They are usually diagnosed in early childhood. Case report: A nine-yearold girl was hospitalised at Department of Child Surgery, because of the painless cystic tumour at the left
side of the neck. After the performed diagnostic procedures, a surgical exploration was done. The cystic
tumour was dissected and sent to histopathological verification. During the histological analysis of the
cyst wall, in the part that was 6 mm thick, thymic tissue was detected. Conclusion: Cervical thymic cysts
must be considered in the differential diagnosis of cervical cystic formations, especially in child age and
publications of case reports are important in order of caution when cervical cysts are examined.
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Introduction
Pharyngeal system anomalies are common congenital
disorders. Anomalies of the second pharyngeal arch
represent around 95% of all anomalies created due to
pharyngeal system development disorder.1
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Thymus is developed from the third pharyngeal arch and
during the embryonic development thymus descends from
the neck towards the anterior upper mediastinum. The
embryonic development of the thymus explains the
possibility of thymic tissue residue in the neck, most often
diagnosed in childhood.2
Ectopia of thymic tissue in the neck is well known, while
the ectopic thymic cysts in the neck are extremely rare.3
Literature enlists frequency of cervical thymic cysts from
0.3% to 1% of all congenital tumefactions in the neck area.
They are usually diagnosed in early childhood, more
commonly in boys. Considering the fact that these are rare
lesions, the right diagnosis is not often set preoperatively.
Surgical excision and histological analysis usually lead to
diagnosis.4,5
In the paper we present a case of a nine-year-old girl
with clinical, radiological and pathohistological
characteristics of a cervical thymic cyst.

Case Report
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A nine-year-old girl was hospitalised at the Department
of Child Surgery, due to diagnostics and treatment of
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painless cystic tumour at the left side of the neck. The cystic
tumour was noticed by the parents 4 weeks prior addressing
to a doctor, and since then they do not cite significant size
changes. They deny trauma as an etiological factor, loss of
weight and fever. The cystic tumour was clearly visible
when the head of the patient was raised. The cystic tumour
was positioned in the middle third of the neck, in front of
anterior edge of the sternocleidomastoid muscle and it was
elastic, painless, and mobile, did not fix the skin and the
surrounding neck structures, and measured 5x3 cm.
The blood test results, as well as the biochemical
analysis, were within the reference values.
Magnetic resonance showed that in the soft tissues on
the left side of the neck, in the level from the third to the
seventh cervical vertebral body, there was an oval, septated
inhomogenic cystic tumour, well circumscripted from the
surrounding neck structures, up to 6 cm in diameter, filled
with liquid content, with suppression of the thyroid gland
left lobe to the front and trachea to the right.
Scintigraphy of the thyroid gland was normal.
After the performed diagnostic procedures, a surgical
exploration was done under general anesthesia. The patient
was placed into spinal position with head rotated to the
right. An incision was made on the skin, along the front
edge of the left sternocleidomastoid muscle. Subcutaneous
tissue has been dissected, as well as the platysma and
superficial fascia of the neck. Medially from the left external
jugular vein, along the front edge of the sternocleidomastoid
muscle, central parts of the neck have been approached. A
cystic tumour mass was detected, with the wider pole
extending from the middle part of the cricothyroid cartilage.
The tumour was dissected, separated from the musculus
omohioideus and neck blood vessels (the left internal carotid
artery and the left internal jugular vein). With a further tissue
preparation between the esophagus and the trachea, the left
recurrent laryngeal nerve was identified, which crosses the
inferior left thyroid artery on the front and enters the larynx
in the area of the cricothyroid cartilage, thereby preserving
its integrity. Then the cyst was mobilised from the left
superior thyroid artery which crossed its narrow part. After
the separation of left superior thyroid artery, the origin of
cystic tumour in the level of the pre-vertebral fascia of the
third cervical vertebra was dissected.
The cystic tumour was sent to histopathological
verification (Figure 1).
The postoperative recovery passed without
complications.

Using a macroscopic examination, a cystic tumour was
multilocular, measured 6x3.7x1.5 cm, with smooth external
surface. Septa were widening from 0.2 to 0.6 cm with smooth
inner surface, with lumen filled by yellowish liquid content.
During the histological analysis of the cyst wall, in the
part that was 0.6 cm thick, thymic tissue has been detected,
the remaining cyst wall as well as septa, were made from
moderately cellular connective tissue, infiltrated with
lymphocytes, while the interior surface of all parts was
coated with flattened regular squamous epithelium (Figure
2).
After the cervical thymic cyst was diagnosed, thymic
tissue has not been detected by the magnetic resonance of
the thorax.

Figure 1

Resection of neck thymic cyst.

Figure 2
x10.

Thymic cyst, microscopic slide, haematoxylin eosin,
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Discussion

age will not lead to disorders in the function of the immune
system, but in childhood it can lead to immunodeficiency.
Surgical excision of the cervical thymic cyst should be
performed with great precaution due to close anatomical
relationships with neurovascular elements in the neck such
as: the vagus nerve, the internal jugular vein, carotid artery,
as well as the phrenic, hypoglossal and recurrent laryngeal
nerves.2,5,7
In the given case, the thymus cyst in the neck has been
diagnosed in a girl, nine years old, without connection with
mediastinum, while in the subsequent examination thymus
has not been found in the mediastinum.
Cervical thymic cysts must be considered in the
differential diagnosis of cervical cystic formations,
especially in child age. Publication of the case report is
important in order of caution when cervical thymic cysts
are examined.

Pharyngeal system is created in the fourth week of the
intrauterine development.1
Thymus is made from the ventrolateral surface of the
third pharyngeal arch, in the sixth week of the intrauterine
development. The thymus tissue residue, that may create
cysts, can be found from the mastoid region to the anterior
upper mediastinum.5
Thymic cysts are rare, especially with cervical
localisation. They can be congenital and acquired; also they
can be unilocular or multilocular. Unilocular cysts are
congenital, they have a thin wall, with thymus tissue on
the periphery. Multilocular cysts are acquired; their wall is
made from abundant connective tissue and coated with
multilayered squamous epithelium, single-layered cubical,
cylindrical or multilayered cylindrical epithelium. The
thymus tissue residue can be found in the cyst wall, hence
facilitate setting the right diagnosis. The congenital are rarer
than the acquired. The surgical excision is preferred
treatment.3,6
There are numerous pathological changes that can be
clinically manifested by cervical tumefaction. In paediatric
age, congenital anomalies are the most frequent cause. In
differential diagnosis, cervical bronchogenic cysts,
branchial arches residue, lymphatic malformations,
thyroglossal ducts, cystic teratoma, cysts of the parathyroid
and thyroid gland and the thymus anomalies are considered.7
Clinically, the cysts are commonly asymptomatic, only
6-10% patients have symptoms, such as dysphagia,
dyspnoea, stridor, pain, vocal paralysis caused by
compression to the recurrent laryngeal nerve and
hoarseness. Thymic cysts in the neck most often appear in
the first decade of life, more commonly in boys, in the left
half of the neck, placed deeply behind or in front of
sternocleidomastoid muscle.3,8,9
In about half of cases, the cyst is in contact with
mediastinal thymus.10
During respiratory infections, they can be enlarged.
Computerised tomography and/or magnetic resonance of
the neck and thorax, can help in setting the cyst diagnosis,
its connection with mediastinum, as well as thymus existence
in younger patients of paediatric age, to avoid
immunological dysfunction. Surgical excision could be
method of choice for treatment, and the final diagnosis is
set via pathohistological examination.8
It is important to note that surgical treatment of the
thymic cyst in the neck, without adequate radiological
examination of the region of the neck and chest, in the adult
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Commentary
The Role of Clinical Neuropsychology in the Paediatric
Epilepsy Management
TCK CHEUNG

Epilepsy is the most common cause of chronic
neurological conditions with typical onset around early to
mid-childhood.1,2 It is a chronic neurological disorder which
could impact multiple aspects of a patient's life. Epilepsy
is not only medical,1 but also psychological, cognitive and
social.3
As reported by Professor Paul Salkovskis in his external
consultancy report in reviewing the Clinical Psychology
Service in Hospital Authority, there was not a single child
neuropsychologist in the force of over 150 clinical
psychologists,4 nor there has been any program driven or
protocol based neuropsychological services among public
hospitals. Such disparity of service highlights the
importance of the development of paediatric
neuropsychology.

Neuropsychological and Psychosocial
Sequalae of Epilepsy
Neuropsychology addresses the clinical fact that
paediatric patients with epilepsy have long-term cognitive
impairment mediated by an atypical brain development. In
a paediatric sample with temporal lobe epilepsy, intellectual
dysfunction (defined as IQ <79) could be as high as 57%,
with possibility of decline over time. 5 Cognitive
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dysfunctions such as attention, language, visuo-perceptual
ability, memory and executive functions were also
demonstrated,6 and could be unfolded as young as from
preschool.7
Neuropsychology addresses the side effect of
antiepileptic drugs (AED) and surgical procedures on
neuropsychological functioning. In a randomised controlled
clinical trial that using valproic acid is associated with more
significant attentional dysfunction than ethosuximide or
lamotrigine in children with newly diagnosed childhood
absence epilepsy, even in the cases where seizure freedom
was attained. More importantly, those deficits went
unnoticed by parents.8
In a prospective long study with average follow-up
period of 37 years, it was showed that about one-third of
patients with epilepsy did not remit, with 14% having on
and off remission and relapses, and 19% no remission at
all. 9 For those patients with intractable epilepsy,
neurosurgery would be considered with goals of making
the targeted patient seizure-free or reducing the frequency
and severity of the impeding seizures. Gleissiner and
colleagues found that paediatric patients had different
recovery trajectory comparing to adult controls. 10
Controlling pathology, onset of epilepsy, side and type of
surgery, they reported that although both children and the
adult control groups showed deterioration in memory at three
months post-operation, children showed improvement back
to their pre-operation level in terms of verbal memory, and
remissions in visual memory as well as attentional function.
Those findings on functional recovery, however, were not
shown in the adult group. Therefore, planned multiple timepoint assessment would be particularly important for
children undergoing epilepsy surgeries.
In short, it is clear that pre- and post-treatment
neuropsychological assessment is essential. It provides
accessory information about the localisation and
lateralisation of the epilepsy-specific cognitive impairment,
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quality and outcome control, as well as estimation of the
postoperative cognitive development.11
Neuropsychology also addresses the impact of epilepsy
on children's psychological, social, and academic
development. The neuropsychological deficits could lead
to psychiatric and behavioural problems. Namely, parents
of children with idiopathic epilepsy reported more
hyperactivity, emotional and conduct problems, and less
prosocial behaviours.12 Turky and colleagues13 found that
from parent's reports nearly half (47.9%) of the sampled
children and adolescents indicated psychiatric criteria and
just over 60% with chronic distress and social impairment.
Thome-Souza and colleagues14 reported that depression
found in up to 36.4% and ADHD 29.1% in a children and
adolescent sample. Lower relationship quality between
parents and child, higher maternal depression, and more
family problems were reported.15

Recommendations by Clinical Guidelines
The role of paediatric neuropsychology is substantiated
by NICE Guidelines16 (see also The Hong Kong Epilepsy
Guideline 17). Evaluating the learning disabilities and
cognitive dysfunction, especially in language and memory,
is recommended. Referral indicators were also clearly
stated, including when (i) educational difficulties arise,
(ii) MRI finding reveals abnormalities in cognitively
important brain regions, (iii) the patients complain of
memory or other cognitive deficits and/or decline, and (iv)
as part of presurgical evaluation (in Hong Kong Guideline
only). When there is suspected non-epileptic attack disorder
or when seizures are not controlled and/or there is diagnostic
uncertainty or treatment failure, referral could also be made
for further investigation and treatment, alongside with soon
referral to tertiary service.
The International League Against Epilepsy Psychology
Task Force recommended routine psychological screening
should be implemented. Potential side-effect of AED should
be evaluated in a standardised way. For children in
particular, multi-informant screenings should be used.
When significant symptoms are identified, a formal mental
health assessment should be conducted to inform the
selection of treatment elements.18
In terms of interventions for seizure control, when the
patients or the specialists consider medical treatment to be
inadequate, psychological interventions such as relaxation,
cognitive behavioural therapy (CBT), biofeedback could
be used with aims of improving quality of life in some

162

patients, but not for reduction in seizure frequency.
Relaxation and CBT was also recommended for children
and young people with drug-resistant focal epilepsy for
depressive and anxiety symptoms.16 Mindfulness training
on awareness and acceptance of seizure-related symptoms
and seizure control, albeit its current weak evidence, was
emerging as an alternative intervention.18
When there are comorbid mood and adjustment
disorders, or it is found that the mood conditions such as
depression and anxiety disorders are affecting the case
management such as drug compliance, psychological
interventions could help alleviating the mood symptoms
and enhance health promoting behaviours.19

The Future of Paediatric Neuropsychology in
Hong Kong
The complexity of the neurocognitive and psychosocial
development of children with epilepsy requires a highly
skilled sub-specialty in applied psychology, to join force
with the multidisciplinary teams in Hospital Authority, for
the betterment of the holistic care of the patients. The article
has laid out the 'why' of clinical neuropsychology, but why
has it not been developed in public hospitals at present?
The under-development of the sub-specialty may be due
to institutional factors. At present, paediatric patients with
epilepsy in public hospitals are often referred out to the
Child Assessment Service (CAS) of the Department of
Health for preoperative assessments, 1,3 but not within
Hospital Authority, with its own historical reasons. The
pros are that at least the child is being assessed and initial
recommendation could be formulated. Clinical data could
be drawn to allow systematic audit for the outcome of the
surgery by the surgical teams. The cons, however, is that
long term follow up by CAS psychologists on remediation
and training are limited by the service positioning. In
addition, the assessment result in CAS may not be accessible
to other rehabilitation specialists such as paediatricians,
nurses, speech therapists, occupational therapists and
physiotherapists who work in the local hospital the children
receive step-down care. Psychologists in the local hospitals,
likely constrained by the limited resources for the evergrowing service demand, are likely to be reserved in
initiating uncovered new service. The second reason is that
there is no provision of specialty training in paediatric
neuropsychology in Hong Kong, possibly due to the
chicken-and-egg problem of zero opening for such subspecialty.
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The establishment of Hong Kong's first Children Hospital
could be a driving force for the development of the
sub-specialty. Management may formulate the new service
models and clinical protocols, including but not limited
to early screening, 20 with active involvement of
neuropsychologists (virtually child clinical psychologists)
for the best interest of paediatric patients. Due to the lack of
local training in such sub-specialty, sponsoring overseas
training in paediatric neuropsychology4 should be seriously
considered in long-term planning.
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Clinical Quiz
What is the Diagnosis?
JLF FUNG, K RETHANAVELU, BHY CHUNG

Case History
This case was initially referred to the genetics clinic by
the obstetrician at 20 weeks of gestation in view of
abnormal ultrasound scan. Increased nuchal translucency
(9 mm) and cystic hygroma was noted in 12 weeks and 16
weeks scan. Scan at 20 weeks showed cystic hygroma,
subcutaneous edema, short long bones, small stomach,
clenched hands and some narrowing of pulmonary artery.
There is a high risk in Down syndrome screening of 1:2,
subsequent chorionic villus sampling showed normal
karyotype and aCGH. After discussion with the obstetrician
and geneticist, the couple decided to keep the pregnancy
without further genetic testing for RASopathies.
Ultrasound at 35 weeks showed polyhydramnios,
rhizomelic shortening, clenched hands, flat forehead, low
set ears and suspected hypospadias.
The baby was delivered using low forceps at 37+4 weeks
with BW 3480 gram (50%), BL 49 cm (10%), HC 34 (1025%). No resuscitation is required. The baby was
dysmorphic with the following features: frontal bossing,
tall forehead, sparse eyebrows, anteverted nares, large
mouth with thin upper lips, small palpebral fissure with
ptosis low set and dysplastic ears. Other clinical findings
include short proximal limbs, camptodactyly, submucosal
cleft palate, grade I subglottic stenosis, ectopic anus,
micropenis, failed BAEP bilaterally, and suspected GERD.
EDTA blood was sent out for whole exome sequencing and
the report came back negative.
Clinical photos of patient at birth, 6 months old and 2
years old are shown in Figure 1.
The clinical quiz was prepared by:
JLF FUNG*
K RETHANAVELU*
BHY CHUNG
Department of Paediatrics & Adolescent Medicine, The University
of Hong Kong, Queen Mary Hospital, Pokfulam, Hong Kong
*These authors contributed equally to the work.

Figure 1 Clinical photos of the patient. (Consent for publication has
been obtained)

Answer to "Clinical Quiz" on Pages 172-174
N.B. The Editors invite contributions of illustrative clinical cases
or materials to this section of the journal.
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Instruction:
1. Please use pencil to shade the box for the best and correct answer (only one answer for each question).
2. Send back the answer sheet (see loose leaf page) to the Hong Kong College of Paediatricians. One point will be awarded
to each article if ≥3 of the 5 answers are correct. The total score of the 4 articles will be 4 CME points.

(A) Impact of Minor Blood Group Incompatibility
Ve r s u s A B O an d R h B l o o d G r o u p
Incompatibility in Newborns With Indirect
Hyperbilirubinaemia: A Single-Centre Clinical
Experience
1. What could severe early jaundice associated with
isoimmunisation cause in newborn?
a. Erythrocyte enzymatic defect
b. Fetal-maternal blood group incompatibility
c. Cephalohematoma
d. Disorder of conjugation
e. Polycythemia
2. When do we need to investigate for minor blood group
incompatibility?
a. Requirement of exchange and/or erythrocyte
transfusions
b. Prolonged jaundice
c. Anaemia
d. Rebound elevation of serum bilirubin
e. All of above
3. According to the management of hyperbilirubinemia,
how should haemolytic disease be evaluated in patients?
a. Total serum bilirubin
b. Reticulocyte
c. Direct Coombs test
d. Erythrocyte morphology on peripheral blood smear
e. All of above

4. Which of the following statements is the correct
conclusion of this manuscript?
a. IVIG is the best treatment for neonatal isoimmunisation
with minor blood group incompatibility
b. Significant difference was found in the laboratory
findings between groups
c. The frequency of minor blood group incompatibility
was 12%
d. The rate of intravenous fluid needed was lower in
groups with minor blood group incompatibility and
ABO+Rh blood group incompatibility when compared
with other groups.
e. The rate of exchange transfusion requirement was 5%
for all groups
5. Which of the following types of minor blood group
incompatibility has the highest frequency?
a. C
b. c
c. E+c
d. E
e. Kell
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(B) Escherichia coli Meningitis in Neonatal
Intensive Care Units: A Five Years Study
1. Which of the following statement is true
a. E. coli is always pathogenic
b. K1 capsular antigen is present in all E. coli
c. The amount of K1 antigen in the CSF is linked to the
disease severity in the neonates
d. Only 5% of the E. coli in maternal vagina can express
K1 antigen
e. E. coli strain with K1 capsular antigen is always more
susceptible to antimicrobial and never has the ESBL
enzyme
2. Which of the following is false?
a. More than 30% of all community-acquired E. coli
infections were ESBL producing in United States
b. More than 25% of all community-acquired E. coli
infections were ESBL producing in Hong Kong in
2015
c. More than 50% of the local live pigs had faecal
carriage of ESBL-producing E. coli in Hong Kong
d. The use of antibiotics in livestock farming has no
relation with the ESBL E. coli infection in the
community
e. Global prevalence of infection caused by ESBL
producers is increasing
3. Concerning the neonatal infection: Hong Kong started
to have Universal Group B Streptococcus screening
among pregnant ladies since
a. 1992
b. 1996
c. 2002
d. 2005
e. 2012
4. Which of the following is true?
a. Hong Kong has a registry on the neonatal E. coli
infection since 2012
b. The estimated prevalence of neonatal E. coli meningitis
in this study was 0.02%
c. This study showed less than 20% of the E. coli
meningitis were ESBL producing
d. This study showed a statistical significant relationship
between IAP and neonatal ESBL E. coli meningitis
e. If neonates has microbiological evidence of Gram
negative bacterial meningitis, antibiotic should be
narrowed down to gentamicin only

5. In this study, which of the following is true
a. E. coli meningitis in neonates always has abnormal CSF
glucose and protein
b. In this study, all neonates with neonatal meningitis
had elevated CRP
c. In those neonates suffered from ESBL positive E. coli
infection, the symptoms onset days were later than
the ESBL negative E. coli infection group in this study
d. None of the mother had ESBL E. coli in the placental
swab in this study
e. Female babies were predominant in this study with
statistical significance

(C) Non-nutritive Sucking and Nesting Greatly
Reduces Pain During Retinopathy Screening in
Premature Infants
1. In which group of premature infants is incidence of ROP
high?
a. Birth weight <2000g
b. Gestational age <35 weeks
c. Birth weight >2500g
d. Gestational age<34 weeks
e. A and B
2. Non-pharmacological interventions to alleviate pain in
preterm infants do not include:
a. Oral sucrose
b. Oral glucose
c. Breast feeding
d. Keep warm
e. NNS
3. What items are not included in the PIPP score?
a. Behavioural status
b. Blood pressure
c. Heart rate
d. Oxygen saturation
e. Gestational age
4. What is the incidence of ROP in China amongst high
risk premature newborns?
a. 10.0%
b. 15.8%
c. 17.8%
d. 20%
e. 25%
5. Which value was considered to be indicative of significant
pain with PIPP evaluation?
a. <7
b. 7 to 12
c. >12
d. >15
e. None of the above
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(D) Clinical Manifestations and Outcomes of
Cardiac Tumours in Children
1. Which of the following is the most common cardiac
tumour in children?
a. Angiosarcoma
b. Fibroma
c. Rhabdomyosarcoma
d. Rhabdomyoma
e. Myxoma
2. Which of the following is the most probable cardiac
tumour that could be associated with tuberous sclerosis?
a. Fibroma
b. Angiosarcoma
c. Rhabdomyoma
d. Rhabdomyosarcoma
e. Fibrosarcoma

4. Which of the following is the most common indication
for surgery in rhabdomyoma in this study?
a. Arrhythmia
b. Left ventricular outflow tract obstruction
c. Huge pericardial effusion
d. Embolic phenomenon
e. Sepsis
5. Which of the following is the most common feature at
diagnosis in this study?
a. Cardiac murmur
b. Chest pain
c. Seizure
d. Fetal diagnosis
e. Incidental diagnosis

3. Which of the following is the most probable drug to be
useful in cardiac tumours associated with tuberous
sclerosis?
a. Tacrolimus
b. Everolimus
c. Infliximab
d. Imatinib
e. Estrogen

Answers of April issue 2019
(A)

1. c; 2. a; 3. d; 4. d; 5. c

(C)

1. c; 2. a; 3. b; 4. c; 5. e

(B)

1. d; 2. e; 3. e; 4. a; 5. a

(D)

1. b; 2. e; 3. c; 4. b; 5. e
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CLINICAL QUIZ (p164) ANSWER
What is the diagnosis?
Our proband suffers from Pallister-Killian syndrome (PKS). PKS is characterised by craniofacial dysmorphism,
hypotonia in infancy and early childhood, developmental delay, intellectual disability and other birth defects.
Patients with PKS have distinctive facial features described as "coarse". It includes features such as prominent or
tall forehead, sparse eyebrows/lashes, hypertelorism, epicanthal folds, broad nasal bridge, short nose, anteverted
nares, large mouth with thin upper lip and/or thick lower lip, high arched or cleft palate, micrognathia, low-set and/
or posteriorly rotated ears and short neck. Most of them have sparse hair and areas of alopecia, particularly in the
temples, which may be filled up as the child grows up.
Severity of the disease and additional features are highly variable. Some patients are noted to have vision and/or
hearing loss, seizures, congenital diaphragmatic hernia, polydactyly, genital abnormalities, and heart defects. Hyper/
Hypo-pigmentation of the skin and accessory nipples can also be observed.

What is the molecular genetics behind PKS?
PKS is caused by mosaic tetrasomy 12p, extra choromosomal materials are detected. Four copies of the 'p' arms of
chromosome 12 are present instead of two, therefore it is described as "tetrasomy 12p". Usually, the two extra 12p
form a mirror image known as isochromosome (as shown in Figure 2). Also, this chromosomal abnormality only
presents in some of the cells but not every cell of the patient thus it is referred as ‘mosaic’.
Tetrasomy 12p is associated with tissue-limited mosaicism, meaning that the chromosomal changes could only be
detected in specific tissues. Often, children with PKS appeared to have normal chromosomes in lymphocytes, only
by examining buccal mucosa or skin cells would be able to make a diagnosis.1,2

Figure 2
2016).3

Photo taken from "Pallister-Killian syndrome" (Rare Chromosome Disorder Support Group,

Clincal Quiz Answer
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Very interestingly, for our proband, the chromosomal imbalance was identified in the blood sample of but not in
the CVS. Also, this is a very special case that the initial diagnosis was not made using conventional cytogenetic
method. In fact, the extra chromosome 12 materials were first identified in a retrospective analysis of the exome
sequencing data (Figure 3); which is not the perfect/usual tool we use for detecting copy number variants/chromosomal
changes. The finding was confirmed after repeated aCGH. This highlights the diagnostic journey of PKS can be
complicated.

(a)

(b)
Figure 3 (a) Gain of genetic material is observed in chromosome 12 (indicated by the arrow). (b) The
gain of genetic material is localised in p arm of chromosome 12, and the intensity is twice as the reference,
indicating a tetrasomy 12p.
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What is the management?
The management and treatment of a child with PKS depends on the severity and the symptoms presented. It
requires a multidisciplinary team consisting of developmental paediatrician, rehabilitation team, geneticist,
ophthalmologist, otolaryngologists, neurologist, and orthopaedic surgeon. These children may need resuscitation at
birth and special care for the management of hypotonia. There is an increase in the incidence of diaphragmatic
hernias and fetal hydrops in PKS. These children may benefit from early intervention program and special education.
Regular screening for visual and/or hearing problems and aggressive management of seizure, contractures and scoliosis
are required.

What is the risk of recurrence?
All PKS cases occur sporadically. The extra isochromosome 12p typically results from nondisjunction of the
reproductive cells. During early development of the embryo, some cells lose the isochromosome while others retain
it, leading to mosaicism of tetrasomy 12p.4 Parents are very unlikely to be the carriers; hence the recurrent risk is
low.

Conclusion/Learning point
In view of the unique genetic aetiology, the genetic diagnosis of PKS can sometimes be difficult. Since the
individual has tissues with normal chromosomal material and abnormal chromosomal material at different distribution,
sampling can be challenging and false negative test result may lead to a further delay in genetic diagnosis. Recognising
features of PKS becomes very important and special diagnostic tests may be required to end the diagnostic odyssey.
A diagnosis of PKS should be considered in a child with coarse facies, profound intellectual disability and localised
alopecia especially around the temporal region.
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