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Kids can no smaller than neonates and infants. For the word 'neonate', neo is
from Greek meaning new, and 'natal' is from Latin meaning to be born. Nothing
can be happier than the celebration of the birth of healthy babies, who mature in
no time to become infants. 'Infant' comes in turn from the Latin word 'infans',
which means speechless. These babies, albeit speechless, confer immense joy
that nothing can compare with. As William Blake wrote in his poem Infant Joy,
"I have no name, I am but two days old, what shall I call thee, I happy am, joy is
my name, sweet joy befall thee". There are times, however, when giving birth to
a child may bring forth moments of unhappiness and even feelings of pain and
sorrow. Not surprisingly, in his counterpart poem Infant Sorrow, Blake wrote
vividly "My mother groan'd, my father wept, into the dangerous world I leapt,
helpless, naked, piping loud, like a fiend hid in a cloud, struggling in my father's
hands, striving against my swaddling bands, bound and weary I thought best to
sulk upon my mother's breast." These counterpart descriptions may well fit into
the worries that babies were born into the world of despair in the days of Blake,
but at all times, the concerns of the well-being of babies must be in the eyes and
minds of their parents.
The original articles included in this issue of the Journal described clinical
conditions that concern neonates and infants. Bakal et al reviewed the outcomes
of neonates after surgery for esophageal atresia in Turkey and revealed still
relatively high morbidity and mortality (>30%) due primarily to sepsis and
pneumonia in a developing area.1 Lee et al from this locality evaluated the benefit
of increasing calcium intake in parenteral nutrition for premature infants less
than 1200 grams and found that increasing the calcium dose in parenteral nutrition
from 1.3 to 2 mmol/kg/day improved bone health of premature infants.2 The
study by Arda et al once again demonstrated the benefits of exclusive breast
feeding in lowering the infection rate in infants and children in the first two
years of life.3 Basturk performed a double-blind placebo-controlled randomised
study and showed that the use of Lactobacillus reuteri DSM 17938 in infants
with infantile colic significantly reduced crying episodes and restlessness.4
While reading through these articles, two key elements that are conducive to
better care and management of medical issues in neonates and infants emerge:
1) the need to understand the rapid postnatal changes in newborn babies, and
2) the importance of making sense out of large datasets to overcome the
challenges in clinical research in these smallest kids of all.
As paediatricians, we are aware of the rapid postnatal changes in growth and
development. The growth parameters and developmental milestones can perhaps
be envisaged as the composite outcomes of underlying complex biological
processes. The possibility of incorporating systems medicine to paediatrics
and the understanding from a holistic perspective of the body networks in
operation, from genome to phenome, from cells to organ, and from molecules
to individuals has already been alluded to in one of the previous editorials of the
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Journal.5 Indeed, this approach has more recently been
adopted to unravel the dynamic developmental trajectory
of molecular changes over the first week of life based on
transcriptomic, proteomic, metabolomic, cytokine/
chemokine, and single cell immune phenotyping data.6 The
generation in this study of big datasets on early life immune
ontogeny in small babies based on this novel systems
biology approach have provided important observations
based on which genetic, epigenetic, environmental, and
microbial influences on immune development can be
determined. This is one of the early examples and it is
anticipated that a future direction of neonatal research that
lies in meaningfulness collection of the multi-omics
dataset, generation of bioinformatics platform, and
translational application of findings based on critical analysis
of the big dataset.
As paediatricians, we are also acutely aware of the
limitations of evidence generated from clinical research
conducted in these smallest kids of all, given the relatively
small number of research subjects, the ethical challenges,
and the complex interactions among the early determinants
of health and diseased conditions. Pooled analysis of data
through systematic review and meta-analysis and
establishment of registry and consortia have been used to
address some the concerns and challenges being faced.7
Nonetheless, with the increasing amount of data being
collected, a new hurdle is how to make clinical sense out of
these data and how to generate novel perspectives from the
sea of data. The urge to apply machine learning and artificial
intelligence in the medical arena is unprecedented and
exploration of their application in the exploitation of big data
for the recognition of new disease phenotype has just begun.
In the field of cardiovascular medicine, for example, machine
learning with unbiased clustering analysis has been applied
to identify novel distinct phenotypes, so-called
phenomapping, of the heterogeneous clinical syndrome of
heart failure with preserved ejection fraction.8 Recently,
machine-learning of datasets based on systolic and diastolic
functional data, mechanics and clinical parameters of
children with dilated cardiomyopathy has identified distinct
groups that were associated with differing proportions of
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death of transplantation.9 The novel phenomapping approach
based on big datasets has shown promise in shedding new
lights on disease mechanisms, prognostication, and
therapeutic strategies.
As the saying goes, small things can have big influence.
The real-world life journey begins when newborn babies
take their first breath. Gathering and phenomapping of big
datasets of the early life dynamic developmental,
environmental, and multi-omics trajectory would unveil a
hitherto unknown much bigger picture of these smallest kids
of all.
YF CHEUNG
Chief Editor
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Original Article
Post-Operative Prognosis of the Patients with Esophageal
Atresia: The 22-Year Experience of a Reference Hospital
U BAKAL, F ERSOZ, M SARAC, M AYDIN, T TARTAR, A ORMAN, A KAZEZ
Abstract

Introduction: To investigate the post-operative prognosis of newborns with esophageal atresia (EA).
Methods: Patients operated for EA were classified according to their gestational age, birth-weight, gender,
and study period (1996-2006 & 2007-2017), type of atresia, accompanying additional anomaly and
Waterston risk categories. Results: Of the 87 cases, 87.4% had EA + distal tracheoesophageal fistula,
11.5% had isolated EA and 1.1% had isolated tracheoesophageal fistula. While 36.8% patients developed
post-operative complications, 37% patients died. There was a statistically significant difference between
full-term and preterm newborns in terms of mortality rate (p<0.05). Most of dead cases had low birthweight of <2500 g (n=28/55). Mortality rates of the patients with EA according to two study periods
were 57% and 22%, respectively. Main causes of mortality were sepsis (n=17), pneumonia (n=9), and
respiratory failure (n=6). Mortality rate among those had accompanying additional anomaly was 84.4%
(p<0.05). There was a significant difference between Waterston's risk classification (Groups C and B)
and post-operative complication, and mortality rates (p<0.05). In those surviving cases, the most common
long-term complication was dysphagia (83%). Conclusion: Morbidity and mortality rates of patients
with EA in developing countries like to our study are still high. Low birth-weight, accompanying
additional anomaly, Waterston Groups C and B, and post-operative complications are the most important
causes of mortality. Waterston's risk classification is a good predictor of the prognosis in patients with
EA.
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Introduction
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Esophageal atresia (EA), which is the most important
congenital anomaly of esophagus, presents with many
different anatomical forms; however, the proximal EA and
distal tracheoesophageal fistula (TEF) is most frequently
encountered type of EA.1-3 EA was firstly described by
William Durston in 1670 and included in the medical
literature. It occurs in one of every 2500 live births.2,4 This
congenital anomaly previously was 100% fatal; however,
90% of these newborns recently have a chance to survive.1
Although it has not a genetic trait, some familial cases
with EA/TEF have been reported. In 30-50% of the cases,
EA might be associated with VACTERL (Vertebral defects,
Anal atresia, Cardiac defects, Tracheoesophageal fistula,
Renal anomalies, and Limb abnormalities). Accompanying
additional anomalies have impact on the prognosis of EA.
In 6.6% of newborns with EA, chromosomal anomalies,
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such as trisomy 13 and trisomy 18, have been identified.4-6
Despite progress in surgical techniques and neonatal
care, short-term and long-term complications like
anastomosis leakage, stricture and recurrence of TEF, and
mortality rate of these patients are still high.1,7,8 However,
there are no enough published studies on post-operative
prognosis. Therefore, the present study was aimed to
investigate the post-operative prognosis of newborns with
EA.

Methods
After approval was obtained from the ethics committee
of our faculty (Decision No: 13, Date: 22.09.2011), the
demographic and clinical data of 87 patients who operated
for EA between January 1996 and December 2017 was
retrospectively analysed. In order to compare the mortality
rates by periods, the overall study period was divided to
years of 1996-2006 & 2007-2017. All patients with EA/
TEF were included in study and there was no any exclusion
criterion from the study.
All patients were cared in a level III neonatal intensive
care unit (NICU) and operated under elective conditions
as soon as their clinical condition permitted for surgery.
Primary anastomosis was performed to patients those had
EA + TEF (single-staged procedure). But, gastrostomy was
firstly opened in patients with isolated EA while later
colonic transposition was performed at three months of
postnatal age (staged procedures). During postoperative
period, all patients were mechanically ventilated about
for at least two days. The patients were given total
parenteral nutrition about for seven days, and then enteral
feeding was started. The patients were operated after
treatment of pre-operative complications if present. In postoperative period, the care of them was provided by both
experienced neonatologists and paediatric surgeons.
Postnatal age, gender, birth-weight, gestational age;
type of delivery, clinical and radiological findings, age at
surgery, duration of mechanical ventilation and hospital
stay, presence of accompanying additional anomaly such
as cardiac defects, Waterston risk categories,9 type of
surgery, post-operative complications, and causes for
mortality were investigated from patients' medical files.
According to their birth-weight, the patients were divided
into three groups which were 1000-1799 g, 1800-2499 g
and ≥2500 g. The patients were also grouped according to
Waterston's risk classification and then intergroup
comparisons were made. Patients with or without
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accompanying additional anomaly, and preterm and fullterm newborns were compared in terms of post-operative
complications and mortality rate.

Statistical Analysis
Statistical analyses were performed using the SPSS 17.0
for Windows software pocket program (SPSS Inc., Chicago,
IL, USA). The demographic and clinical characteristics of
the patients were compared using the Chi-square testing.
The data were expressed as mean ± standard deviation.
A p value <0.05 was considered as significant.

Results
Of the 10458 newborns admitted to NICU during study
period, 87 had EA (0.83%). Study population consisted of
51 male and 36 female patients with a male/female ratio of
1.42. The mean birth-weight of the patients was 2255.26 ±
600.27 g (1150-3600 g). Demographic and clinical
characteristics of the patients with EA were summarised
in Table 1. Of the 33 patients with a hospital admission
age of more than 2 days, while postoperative complications
were observed in 20 patients (74.1%), remaining 13 patients
(48.1%) were died. A significant difference was found
between day of admission, post-operative complications
and mortality rates (p<0.05).
The incidence of post-operative complication was
significantly lower in newborns with ≥2500 g birth-weight
(p<0.05). Distribution of post-operative complications
according to birth-weight, gestational age and Waterston's
risk classification was shown in Table 2. Mortality rate
was significantly higher in low birth-weight newborns.
Most of died cases had <2500 g birth-weight (n=28/55). A
statistically significant difference was found in mortality
rate among groups with respect to birth-weight (p<0.05).
Distribution of mortality rates according to birth-weight
and study periods was given in Table 3 and Table 4,
respectively.
According to gestational age, a statistically significant
difference was found between full-term and preterm
newborns with respect to incidence of post-operative
complications (p<0.05). Distribution of post-operative
complications in full-term and preterm newborns was
shown in Table 2. Overall, 24 preterm and 8 full-term
newborns died (75% vs 25%). Hence, there was a
statistically significant difference between full-term and
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preterm newborns with respect to mortality rates
(p<0.05).
Accompanying additional anomaly associated with EA
was detected in a total of 38 patients; distribution of these
anomalies was demonstrated in Table 5. Of them,
cardiovascular system anomaly was detected in 15 patients
(17.2%), and of them, 9 were associated with VACTERL.
These cardiovascular system anomalies were ventricular
septal defect (n=5), ventricular septal defect + atrial septal
defect (n=3), atrial septal defect (n=2), atrial septal defect
+ patent foramen ovale (n=2), pulmonary stenosis (n=2),
and dextrocardia (n=1).
Main causes of mortality were sepsis (n=17), pneumonia
(n=9), and respiratory failure (n=6). Mortality rate among
those with and without accompanying additional anomaly
was 84.3% and 15.7%, respectively (p<0.05). According
to Waterston's risk classification, 27 patients were Group A
(31%), 26 patients were in Group B (29.9%) and 34 patients
were in Group C (39.1%). There was a significant difference
between Waterston's risk classification and post-operative
complication and mortality rates (p<0.05) (Table 2 and
Table 6). Higher mortality rate were detected in patients
with post-operative complications (75% vs 3.9%) (p<0.05).

Table 2

Table 1
with EA

Demographic and clinical characteristics of the patients

Characteristic

Number of patients n (%)

Gender (M/F)
Gestational age (full-term/preterm)
Birth-weight
1000-1799 g
1800-2499 g
≥2500 g
Type of anomaly
EA + distal TEF
Isolated EA
Isolated TEF
Complication
Pneumonia
Anastomosis leakage
Atelectasis
Total
Mortality
EA + distal TEF
Isolated
Total

51/36 (59/41)
50/37 (58/42)
21 (24)
34 (39)
32 (37)
76 (87)
10 (12)
1 (1)
21 (66)
6 (18)
5 (16)
32 (100)
24 (75)
8 (25)
32 (100)

M: Male; F: Female; EA: Esophageal atresia; TEF: Tracheoesophageal
fistula

Distribution of post-operative complications according to birth-weight, gestational age and Waterston's risk classification

Postoperative
complication

1000-1779
(n)

Birth-weight (g)
1800-2449
≥ 2500
(n)
(n)

Preterm
newborns
n (%)

Full-term
newborns
n (%)

A
(n)

Group
B
C
(n) (n)

Total
n (%)

Atelectasis

4

0

1

4 (18)

1 (10)

0

1

4

5 (16)

Pneumonia

5

12

4

15 (68)

6 (60)

3

8

10

21 (66)

Anastomosis leakage

3

3

0

3 (14)

3 (30)

0

2

4

6 (18)

Total

12

15

5

22 (100)

10 (100)

3

11

18

32 (100)

Table 3

Mortality rates of the patients with EA according to their birth-weight

Birth-weight (g)

Survival

Mortality

Total

n (%)

n (%)

(n)

1000-1779

4 (19)

17 (81)

21

1800-2449

23 (68)

11 (32)

34

≥2500

28 (88)

4 (13)

32

Total n (%)

55 (64)

32 (36)

87

EA: Esophageal atresia
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In addition, long-term complications in surviving
patients were mainly dysphagia (n=46) and recurrent
pulmonary infections (n=37) (83.6% and 67.3%,
respectively). But, there was no any case with recurrent
fistula. Major long-term complications seen in 55 patients
(63%) were demonstrated in Table 7. Of them, 1 patient
with gastroesophageal reflux underwent anti-reflux surgery
and remaining was given medical treatment.

Types of anomalies in our patients were mainly EA +
distal TEF (87%), isolated EA (12%) and isolated TEF (1%).
Absence of cases with EA + proximal TEF, and EA + distal
and proximal TEF in our study was thought to related to
rarity of these types of atresia / TEF and relatively limited
number of our study population. However, because there
is not enough data in the literature regarding the early

postoperative prognosis of the patients with EA, our study
would provide important contributions to this field. It also
confirms the importance of the Waterston's risk
classification. Based on classification system proposed
by Holder and Ashcraft,3 the following incidence rates have
been reported in 1964: EA + distal TEF 85.8%, isolated
EA 7.8%, isolated TEF 4.2%, EA + proximal TEF 0.8%
and EA + distal proximal TEF 1.4%.10 Types of atresia in
our patients were similar to those reported by Celayir et al11
who conducted a study on 231 patients between the years
of 1978 and 2000, and reported the following incidence
rates: EA + distal TEF 84.4%, isolated EA 6.1%, isolated
TEF 2.5%, EA + distal and proximal TEF 2.2%, EA +
proximal TEF 1.3%, and others 3.5%.
Birth-weight is a most important parameter in the
Waterston's risk classification. Hence, according to
Waterston's risk classification, one our patient died in
Waterston Group A, six in Group B and 25 in Group C.
Patients with birth-weight <1800 g and with accompanying

Table 4
Mortality rates of the patients with EA according to
study periods

Table 6
Mortality rates according to Waterston's risk
classification

Periods

Waterston
Group

Discussion

Survival
n (%)

Mortality
n (%)

Total
(n)

Survival
n (%)

Mortality
n (%)

Total
(n)

1996-2006

16 (43)

21 (57)

37

A

26 (96)

1 (4)

27

2007-2007

39 (78)

11 (22)

50

B

20 (77)

6 (23)

26

Overall

55 (63)

32 (37)

87

C

9 (26)

25 (74)

34

EA: Esophageal atresia

Total

55 (63)

32 (37)

87

Table 5
Distribution of accompanying additional anomalies
among patients with EA

Table 7
with EA

Accompanying additional
anomalies

Long-term complication

Number of patients
n (%)

Long-term complications in survivors of the children
Number of patients*
n (%)

Gastrointestinal system

10 (26)

Gastroesophageal reflux

13 (23)

Cardiovascular system

15 (39)

Recurrent pulmonary infections

37 (67)

Genitourinary system

4 (11)

Dysphagia

46 (83)

VACTERL

9 (24)

Anastomotic stricture

11 (20)

Growth retardation**

2 (4)

Total

38 (100)

EA: Esophageal atresia; VACTERL: Vertebral defects, Anal atresia, Cardiac
defects, Tracheoesophageal fistula, Renal anomalies, and Limb
abnormalities

EA: Esophageal atresia
* Some long-term complications were overlapping
** Having a height of less than 3% at end of first year
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additional anomaly was included in Waterston Group C.
According to the results of study conducted by Spitz et al12
between the years of 1980 and 1990, survival rates of
newborns based on Waterston's risk classification were 99%
in Waterston Group A, 95% in Group B and 71% in Group
C. However, according to a new classification system in
the same study, mortality rate in those patients with birthweight <1500 g and/or cardiac anomaly was 22%. In a
study conducted by Bal et al13 in India, survival rates of
these patients operated for EA according to Waterston's
risk classification were 100% in Waterston Group A, 89%
in Group B, and 60% in Group C. Similarly survival rates
were reported by Tandon et al 14 which were 100% in
Waterston Group A, 83% in Group B and 22% in Group C.
In our study, survival rates in each Waterston risk categories
were found to be 96.3%, 76.9% and 26.5%, respectively.
Our mortality rates in Waterston Group A and Group B
were parallel to those studies published in the literature.
Though, survival rate of our patients in Waterston Group
C were comparatively low, it were concordant to those
reported by Spitz et al15 who used a new classification
system. That classification modified by Okamotomato has
shown that low and very low birth weighted children have
better survivals and the most effective parameter on
survival is cardiac anomalies.15-17
During the post-operative period, complications were
detected in 32 patients. They were seen in 23 patients with
EA + distal TEF, eight patients with isolated EA, and one
patient with TEF. There wasn't a statistically significant
difference between the type of atresia and post-operative
complication rate. Among died cases, 24 had EA + distal
TEF, and eight had isolated EA. There was a statistically
significant difference between the type of atresia and
mortality rate. So, eight of 10 cases with isolated EA died.
We think that this high mortality rates resulted from low
birth-weight and having major cardiac anomalies of these
newborns. The complications were observed in 22 preterm
and 10 full-term newborns. A statistically significant
difference was found between full-term and preterm
newborns regarding the complication rate. A total of 24
preterm and eight full-term newborns died. Hence, a
statistically significant difference was found between
gestational age and mortality rate. Because most of the
preterm newborns had low birth-weight, the prematurity
has an apparent impact on mortality rate.
In present study, patients who admitted from out centres
after postnatal age of two days had higher complication
and mortality rates. Because of their inability to swallow
his/her saliva, the risk of aspiration increases among
patients with EA. Major cardiac anomalies, serious
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pulmonary dysfunction and preoperative positive
ventilation need were shown to be the most important risk
factors. Therefore, early post-operative complications and
mortality rate increase with late admission. Hence, we think
that newborns with EA should be delivered in an
appropriate centre where their management is possible.
In newborns with EA, the incidence of accompanying
additional anomaly ranges between 30% and 60%.
Although it is lowest in cases with isolated TEF, it is highest
in cases with isolated EA.1 Different rates of accompanying
cardiovascular system anomalies were reported by Spitz
et al,12 Mortell et al,16 and Okamoto et al,17 which were
29%, 30.5%, and 30.5%, respectively. Although
accompanying additional anomaly was present in our 26 of
32 died patients, there was no any significant difference
between this accompanying additional anomaly and postoperative complication rate. But, the impact of additional
anomaly on mortality rates was statistically significant.
Hence, the major cardiac anomalies were among the
important cause of mortality in cases with EA.
In our study, the main post-operative complications were
pneumonia, anastomosis leakage and atelectasis (24.1%,
6.9% and 5.7%, respectively). Different rates of anastomosis
leakage have been reported by Celayir et al11 and Mortell
et al16 which were 9.1% and 3-5%, respectively. Van der
Zee et al18 reported anastomosis leakage in 18% of patients
with EA who later underwent to thoracoscopic
interventions. In our study, complications were observed
in 10 survived (10/55, 18.2%) and 22 died patients (22/
32, 68.8%). Hence, a statistically significant difference was
found between complication and mortality rates.
Mortality rate in our study was 36.8% (32/87). The main
causes of mortality were respiratory failure (6.9%),
pneumonia (10.3%), and sepsis (19.5%). Our mortality rate
was higher than those developed countries. However, the
gap length was not assessed in our study which was a
limiting factor. Okamoto et al17 conducted a study on 121
patients between the years of 1980 and 2005 and reported
a mortality rate of 16.5%. Teich et al9 reported a mortality
rate of 12.7% among their 94 patients. However, we have
found that our mortality rate was in parallel to those of
other studies which conducted in our country. Celayir et
al11 conducted a study between the years of 1978 and 2000
and reported a mortality rate of 59.7% (138/231). Similarly,
Bilirim et al19 reported the mortality rates of 76%, 45%
and 56% for their Group 1, 2 and 3 patients, respectively.
High mortality rates were reported by Sharma et al20 and
Krishna et al21 in the past years in India, whereas low
mortality rate was reported by Bal et al13 in the recent years
in same country, which shows an improvement by years. In
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our study, survival rates were far from being satisfactory
which might be related to low level of health care services,
type of atresia (e.g. isolated EA) and referral of only high
risk cases with major (e.g. cardiac and pulmonary)
anomalies.
The postoperative care which is the most important factor
in predicting the prognosis is done in NICU by neonatology
specialists and paediatric surgeons. In parallel to
development in intensive care units, anesthesia,
mechanical ventilation strategies, cardiac surgery and total
parenteral nutrition, the mortality rates have been decreased
by years. Recently, presence of accompanying additional
anomalies are more common cause of mortality.22,23
In conclusion, morbidity and mortality rates of patients
with EA in developing countries like to our study are still
high. Among the patients with EA, mortality rate is
significantly high in isolated EA. Low birth-weight,
additional anomaly, Waterston Groups C and B and postoperative complications are the most important causes of
mortality. Waterston's risk classification is a good predictor
of the prognosis in patients with EA. Besides, the longterm complications and hospital visits are common in
surviving cases.

Ethical Approval
The local ethics committee approved this study
(Decision No: 13, Date: 22.09.2011).
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Original Article
Benefits of Providing 2 mmol Calcium/kg/day in Parenteral
Nutrition for Premature Infants: A Cohort Study on Biochemical
Markers of Metabolic Bone Disease of Prematurity
RSY LEE, EKT YUE, JCY LEE
Abstract

Objective: To evaluate the benefit of providing approximately 2 mmol Calcium/kg/day in parenteral
nutrition for premature infants less than 1200 grams. Methods: This was a retrospective study of two
historical cohorts. The Low Calcium group was from 2008 to 2012 when inorganic phosphate was used
as ingredients for preparing parenteral nutrition. Parenteral nutrition provided 1.3 mmol Calcium/kg/
day and 1.3 mmol Phosphorus/kg/day. The High Calcium group was from 2015 to 2017 when sodium
glycerophosphate (organic phosphate) was used. Parenteral nutrition provided approximately 2 mmol
Calcium/kg/day (1.8-2.2 mmol/kg/day) and 1.7 mmol Phosphorus/kg/day. Results: Fewer infants had
radiological evidence of metabolic bone disease of prematurity in the High Calcium group than in the
Low Calcium group (0/40 versus 6/47, p=0.02). There were significantly fewer cases of hyperphosphatasia
as defined by peak alkaline phosphatase (ALP) level more than 800 IU/L in the High Calcium group than
the Low Calcium group. Hypophosphataemia (serum phosphate level <1.33 mmol/L) lasting longer than
2 weeks was less common in the High Calcium group than the Low Calcium group. ALP levels were
significantly lower and serum calcium and phosphate levels were significantly higher across week 0 to
week 12 in the High Calcium group than the Low Calcium group. There was drop in z-score for length
from birth to 37 weeks. The drop in z-score was not significantly different between the two cohorts.
Conclusion: The proxy measures of metabolic bone disease of prematurity (high ALP and low phosphate
level) are improved and radiological evidence of metabolic bone disease of prematurity is reduced by
the prescription of higher doses of calcium and phosphate in parenteral nutrition.
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Introduction
Metabolic bone disease (MBD) of prematurity is
characterised by decreased bone mineral content of
premature infants. Initially X-ray reveals osteopenia. At
advanced stage, rachitic change and fractures occur.
The foetal accretion rates are 3.5 mmol/kg/day for
calcium and 2.4 mmol/kg/day for phosphorus in the third
trimester.1 Currently premature infant formulas contain
1331 mg to 1826 mg of calcium (33 mmol to 46 mmol) and
670 mg to 1014 mg (22 mmol to 34 mmol) of phosphorus
per liter.2 These premature infant formulas provide daily
intake of calcium and phosphorus exceeding foetal
accretion rate. This is also true for expressed breast milk
supplemented by human milk fortifier.2 On the other hand,
before full enteral feeding is established, premature infants
receive parenteral nutrition, which has so far been unable
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to match the foetal accretion rate. For example, one can
provide 1.6 mmol Calcium/kg/day and 1.4 mmol
Phosphorus/kg/day by parenteral nutrition according to a
guideline in Australia.3 This is the physiological basis for
metabolic bone disease of prematurity. Organic phosphate
has high compatibility with calcium salts.4-8 As a result of
the licensed use of organic phosphate in some parts of the
world, higher doses of calcium and phosphates can be
delivered in parenteral nutrition than the doses limited by
the use of conventional formations containing calcium
gluconate and inorganic phosphates. To date, the highest
prescription doses are 2 mmol Calcium/kg/day and 2 mmol
Phosphorus/kg/day as stated in a national practice
guideline.9 From a physiological point of view, it is sound
to provide higher doses of calcium and phosphate by
parenteral nutrition with the use of organic phosphate.
However, studies on the advantage of parenteral
formulations containing organic phosphate providing
higher doses of calcium and phosphorus over the
conventional formulations containing inorganic
phosphate are scarce in the literature. We identified two
such studies in the literature. 10,11 Parenteral nutrition
admixtures with higher concentration of calcium and
phosphate resulted in higher calcium and phosphorus
retention 10,11 and increased bone mineral contents. 10
Therefore, we carried out yet another study in the hope of
providing further evidence in support of using parenteral
nutrition with higher concentration of calcium and
phosphate achieved by using organic phosphate.

Methods
This was a retrospective study of two cohorts of premature
infants with birth weight less than 1200 grams in our
hospital. Non-survivors were excluded from this study as
most neonatal death was in early life before MBD of
prematurity developed. Besides, infants transferred to
another hospital mainly for surgical management were also
excluded as the difference in dosing of calcium and
phosphate in parenteral nutrition in that hospital was an
important factor that could contribute to the variation of
bone health of the infants. This was an observational study
of two periods when there was change of practice in the
prescription of calcium and phosphorus contents in
parenteral nutrition. The first cohort (Low Calcium group)
was from the years 2008 to 2012. During this period,
calcium gluconate (organic calcium) and potassium
phosphate (inorganic phosphate) were the ingredients used
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in preparing parenteral nutrition admixtures. Calcium and
phosphorus provision was started at 0.6 mmol/kg/day and
stepped up gradually to 1.3 mmol/kg/day in one week with
the molar ratio of calcium and phosphate 1:1. The second
cohort (High Calcium group) was from the years 2015 to
2017. During this period, calcium gluconate and sodium
glycerophosphate (organic phosphate) were the
ingredients used in preparing parenteral nutrition
admixture. Calcium and phosphorus provision was started
at 1.3 mmol/kg/day and 1-1.3 mmol/kg/day respectively
and then stepped up. By day 10, calcium was provided at
1.8-2.2 mmol/kg/day and phosphorus at 1.7 mmol/kg/day.
The doses of calcium and phosphate as described were the
amount of calcium and phosphate delivered by the
parenteral nutrition admixtures when the premature infants
received full parenteral nutrition and did not take any milk.
When these infants took milk, the volume of milk ingested
was taken into account and the volume of parenteral
nutrition admixtures was reduced on pro rata. Therefore
the calcium and phosphate doses in mmol/kg/day were
per design of the parenteral nutrition admixtures and not
the actual doses of calcium and phosphate intravenously
given when oral feeding was concomitantly taking place.
In these two periods, the dose of vitamin D was the same:
160 IU/kg/day provided by adding 4 ml Vitalipid/kg/day
into the entire parenteral nutrition admixtures. Similarly
intravenous dose of vitamin D actually delivered was
reduced in the same proportion to the reduction of volume
of parenteral nutrition admixtures given as a result of
advancement of oral feeding. The ever breastfeeding rates
during these two periods were similar (95%). Before full
enteral feeding was achieved, during these two periods,
premature infants were fed either premature infant formula
(when expressed breast milk is not available) or expressed
breast milk from their own mothers.
Alkaline phosphatase (ALP) and serum phosphate levels
are proxy measures of MBD of prematurity. ALP level
greater than 700 IU/L at 3 weeks of life has a sensitivity of
73% and specificity of 74% for the occurrence of
osteopenia in X-ray of forearm taken at term.12 According
to a committee report of the American Academy of
Pediatrics, MBD of prematurity is unlikely to occur for
neonates having ALP level less than 800 IU/L.13 Otherwise
radiological evaluation should be done for premature
infants with ALP level exceeding 800 IU/L. Serum
phosphate level lower than 1.33 mmol/L is associated with
low phosphorus status in neonates.13 Therefore, we had two
definitions for hyperphosphatasia: ALP level >700 IU/L12 at
three weeks of life and peak ALP level >800 IU/L. 13
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We defined hypophosphataemia as serum phosphate level
<1.33 mmol/L.13 The incidence of hyperphosphatasia and
hypophosphataemia was compared between the two
cohorts according to the definitions used. The weekly
levels of ALP, serum calcium and serum phosphate were
compared between these two cohorts from birth to week
12.
Premature infants often have impaired growth in length
in early weeks of life. A study showed length z-scores had
a deficit progressively worsened in the first 30 days of life
of premature neonates.14 The growth chart of premature
infants showed that length often fell below 3rd centile
before term.15 The growth in length of premature infants is
the result of lengthening of bones. Bone is mainly made
up of calcium, phosphorus and protein. Besides, peak ALP
higher than 1200 IU/L was associated with MBD of
prematurity and reduced length at 9 and 18 months. 16
Therefore, we hypothesised that length growth might be
improved in the High Calcium group. We evaluated the
length at birth and at 37 weeks when most premature infants
were still in the hospital and growth parameters were mostly
available. The z-scores of the High Calcium group and
that of the Low Calcium group were compared.
Confounding factors that increase the risk of MBD of
prematurity were also evaluated and compared between
the two cohorts: birth weight, gestation, use of frusemide,
use of dexamethasone, incidence of bronchopulmonary
dysplasia, the duration of parenteral nutrition provided.1
Bronchopulmonary dysplasia was defined as requirement
of supplementary oxygen at 36 weeks.
In our centre, we have a powerful search engine for
patient data named CDARS (Clinical Data Analysis and
Reporting System), which generates data according to the
request put into this search engine. By means of CDARS,
we obtained the database of all neonates with birth weight
less than 1200 grams in these two periods, survivors and
non-survivors, results of the laboratory data as requested
including ALP, serum calcium and phosphate levels, and
drug data for dexamethasone and frusemide. We went
through the medical records to find out if infants were still
on supplementary oxygen/ventilator support at 36 weeks
for the sake of diagnosis of bronchopulmonary dysplasia.
We adopt the Student's t-test for the comparison of
continuous variables and Pearson's chi-squared test for
categorical variables between the Low Calcium group and
High Calcium group. To account for the dependency arising
from repeated measurements from each individual over
time, we applied the MANOVA for repeated measures to
each of the levels of ALP/Phosphate/Calcium datasets. The
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method is an overall test for testing whether the time,
Calcium groups (low/high), or their interaction effects
are significant after adjusting for the repeated
measurement structure of the dataset. The level of
significance is set to be 0.05 for the statistical analysis
of this paper. Missing data will shrink the numerator
and dominator of proportion calculated and will be
mentioned in the following section.

Results
There were 76 neonates with birth weight less than 1200
grams born in the period from 2008 to 2012. Twenty-two
of them died. Among these 54 survivors, seven of them
were transferred to another hospital with paediatric surgery
service in the first 12 weeks of life because of surgical
indications. These seven infants were excluded from the
study leaving 47 premature infants in the Low Calcium
group for analysis. There were 60 neonates with birth
weight less than 1200 grams born in the period from 2015
to 2017. Eleven of them died. Among these 49 survivors,
nine of them were transferred to another hospital with
paediatric surgery service in the first 12 weeks of life
because of surgical indications. These nine infants were
excluded from the study leaving 40 premature infants in
the High Calcium group for analysis. The median time of
death of all the non-survivors was 1 day. The demographic
data and risk factors predisposing to MBD of prematurity
were compared between the two groups (Table 1). There
was no statistical significant difference in gestation, birth
weight, sex distribution, proportion of small for gestation
age and Apgar score ≤3 at 5 minutes of life. There were
more cases of maternal diabetes or impaired glucose
tolerance in the High Calcium group. There was no
difference in occurrence of risk factors such as
bronchopulmonary dysplasia, prescription of
dexamethasone and frusemide, duration of parenteral
nutrition. Only missing data was duration of parenteral
nutrition in eight of the infants in the Low Calcium group.
Review of clinical records showed that in the Low
Calcium group one infant had fracture of long bone and
six infants had radiological features of MBD of prematurity:
osteopenia, fraying of metaphysis, periosteal reaction. In
the High Calcium, group no infants had fracture or
radiological features of MBD of prematurity. The difference
in the occurrence of radiological features of MBD of
prematurity was significant (Table 2).
Hyperphosphatasia was less often encountered in the
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High Calcium group than the Low Calcium group according
to the definition of peak ALP level >800 IU/L (Table 2).
The High Calcium group and the Low Calcium group had
similar incidence of hypophosphataemia that had ever
occurred. However, hypophosphataemia tended to be of
shorter duration in the High Calcium group than the Low
Calcium group.
The serial ALP levels, serum phosphate levels and serum
calcium levels of the two cohorts were plotted against time
(Figure 1). To account for the dependency arising from
repeated measurements from each individual over time,
we applied the MANOVA for repeated measures to each of
the ALP/Phosphate/Calcium datasets. Our results showed
that for all three datasets provided, the time, the two
Calcium groups and their interaction effects were all
significant (all with p-values <0.0001). In general, the
Table 1

average values of ALP/Phosphate/Calcium vary
significantly across the two calcium groups over the twelve
weeks.
There was impaired length growth in both the High
Calcium group and the Low Calcium group. The average
z-score for length at birth of the High Calcium group was
-0.892 (0.94), which further went down to -2.368 (1.39)
at 37 weeks. The average z-score for length at birth of the
Low Calcium group was -0.932 (1.40), which further went
down to -2.492 (1.73) at 37 weeks. The drop in length (in
terms of z-score) from birth to 37 weeks of the High
Calcium group was 1.476 (1.08). The drop in length (in
terms of z-score) from birth to 37 weeks of the Low
Calcium group was 1.56 (1.09). When we compared the
drop in length of the two groups, there was no significant
difference (p=0.288).

Demographic data and risks factors for MBD of prematurity in the two cohorts
Low Calcium group
n = 47

High Calcium group
n = 40

P value

914 ± 200

964 ± 169

0.107

27.51 ± 2.46

27.60 ± 2.10

0.429

19/28

24/16

0.0688

Small for gestational age

13 (27.7%)

9 (22.5%)

0.581

Mothers with diabetes or impaired glucose tolerance

1 (2.13%)

8 (20%)

0.00673

Apgar score at 5 minutes ≤3

3 (6.38%)

2 (5%)

0.782

Number of infants receiving dexamethasone

1 (2.13%)

0

0.540

Number of infants receiving frusemide

9 (19.15%)

8 (20%)

0.921

Duration of parenteral nutrition, days (mean ± SD)

28.2 ± 20.2

33.3 ± 15.6

0.106

Bronchopulmonary dysplasia

21 (44.68%)

11 (27.5%)

0.0977

Birth weight, grams (mean ± SD)
Gestation, weeks (mean ± SD)
Sex: Male/Female

Table 2
cohorts

Occurrence of clinical fracture, radiological features of MBD of prematurity, hyperphosphatasia and hypophosphataemia in two
Low Calcium group
n = 47

High Calcium group
n = 40

P value

Fracture

1 (2.13%)

0

0.54

Radiological evidence of MBD of prematurity

6 (12.77%)

0

0.02

ALP >700 IU/L at 3 weeks

6 (12.77%)

1 (2.5%)

0.0794

Peak ALP >800 IU/L

9 (19.15%)

2 (5%)

0.0478

Any occurrence of serum phosphate <1.33 mmol/L

32 (68.09%)

25 (62.5%)

0.5849

Occurrence of serum phosphate <1.33 mmol/L in more than 1 week

27 (57.45%)

15 (37.5%)

0.0635

Occurrence of serum phosphate <1.33 mmol/L in more than 2 weeks

20 (42.55%)

3 (7.5%)

0.0002

Occurrence of serum phosphate <1.33 mmol/L in more than 3 weeks

14 (20.79%)

1 (2.5%)

0.0008
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Discussion
The 'gold standard' for detecting osteopenia is bone
mineral density measured by Dual-energy Absorptiometry
(DEXA) scan.17 However, DEXA scan is not available as a
standard service in most hospitals. In addition, the normal
range of bone density in normal population at different
gestational age and corrected age is not available.
Therefore, DEXA scan does have its own downside in the
study of MBD of prematurity.
In our study we used ALP level and serum phosphate
level, which are the proxy measures of MBD of prematurity.
The limitation of ALP level and serum phosphate level is
that their sensitivity and specificity for MBD of prematurity
is less than 90%.17 In other words, abnormal ALP and serum
phosphate levels are not sufficient for the diagnosis of
MBD of prematurity for individual patients in clinical
practice. However, in our study, our purpose was not
making clinical diagnosis of MBD of prematurity for
individual patients. These proxy measures reflected the
general bone health of the cohorts as a group and served
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the purpose of comparing the bone health of two cohorts.
In addition, the definition of hyperphosphatasia we
employed did carry clinical meaning. For example, in
accordance with an American guideline, radiological
investigation in search of MBD of prematurity should be
carried out for infants having peak ALP level higher than
800 IU/L.13 Using peak ALP of 800 IU/L as the cut-off for
defining hyperphosphatasia, we managed to show that the
need for radiological investigation in our NICU was
significantly reduced in the High Calcium group. This
result is of clinical significance. In fact, high ALP levels in
the Low Calcium cohort could have led to radiological
investigation for MBD of prematurity, which was present
in six infants in the Low Calcium group. 12.8% of infants
in the Low Calcium group had ALP levels higher than
700 IU/L at three weeks while 2.5% of infants in the High
Calcium group did. The difference is not significant with
p-value of 0.0794, which might be accounted for by the
small sample size of our study.
The design of the study did not include specific
investigations to confirm safety. The hazard of high

Figure 1
Average ALP, serum phosphate, serum calcium levels (1 standard error) in the first 12 weeks of life of the High Calcium
group and Low Calcium group. The main and interaction effects have p-values <0.0001 by MANOVA for all the three plots.
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calcium and phosphate concentrations in parenteral
nutrition is precipitation, which could lead to fatality.18
This complication has been reported in the use of
inorganic phosphate. This should not be an issue in the
High Calcium group because studies showed that with
the use of organic phosphate, there was no precipitation
even at concentrations much higher than that used in
the High Calcium Group. 6,8 Another theoretical risk is
ectopic calcification, which could occur in the kidney
resulting in nephrocalcinosis. However, in a study, in
which calcium and phosphate concentrations in
parenteral nutrition admixtures were higher than those
of the High Calcium group in our study, calcium
retention was high and measured urine calcium was low.10
Therefore, nephrocalcinosis was unlikely to happen. In
addition, prescribing calcium at a dose of 2 mmol/kg/
day is currently a standard practice in the United
Kingdom. 9 Therefore, in our study we did not feel
obliged to perform ultrasound kidney for
nephrocalcinosis. Perhaps in future study when calcium
and phosphate are prescribed at doses markedly higher
than the doses of 2 mmol/kg/day will the performance
of ultrasound kidney be necessary.
The limitation of our study is the retrospective nature
and small sample size. Even given such a small sample
size, there was marked difference of the biochemical
markers of bone health and significant difference in the
occurrence of radiological features of MBD of prematurity.
It is quite convincing that increasing calcium and
phosphate doses in parenteral nutrition does make a
difference.
The foetal accretion rates are 3.5 mmol/kg/day for
calcium and 2.4 mg/kg/day for phosphorus. Organic
calcium and organic phosphate are compatible at the
concentrations of 5 mmol/dL of each element. 6 In
theory, it is now possible to make parenteral nutrition
admixtures meeting the fetal accretion rate using organic
calcium and organic phosphate. In our study in the High
Calcium group, the maximum calcium provision was
2.2 mmol/kg/day, which was still behind the fetal
accretion rate. However, we already achieved marked
reduction of hyperphosphatasia and hypophosphataemia.
The only thing we still observed was that there was no
improvement of stunted growth in length during
hospitalisation of these premature infants despite high
calcium and phosphorus contents in the High Calcium
group. Further studies are necessary to find out whether
further increasing calcium and phosphorus contents in
parenteral nutrition results in additional clinical benefit
such as the prevention of stunted growth.
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In our study, in the Low Calcium group, calcium and
phosphorus provided by parenteral nutrition was restricted
by the low compatibility of inorganic phosphate with
calcium salts. This is in fact the situation of USA nowadays
where licensing of organic phosphate is not yet approved.
Under such circumstances, it was reported that up to 31%
of extreme low birthweight infants had radiological
evidence of MBD of prematurity and 10.4% had
spontaneous fracture. 19 Therefore, we reiterate the
importance of providing higher calcium and phosphorus
concentration by means of using organic phosphate, as
the difference is marked when we compare the experience
of our hospital with that of the situation in USA.
Despite our small sample size, proxy measures of MBD
of prematurity are significantly improved when per design
of parenteral nutrition admixtures deliver 2 mmol/kg/day
Calcium obviating radiological investigation for MBD of
prematurity. Our results are in agreement with two similar
studies of improved bone health in terms of higher calcium
and phosphorus retention10,11 and increased bone mineral
contents.10 The recommended dose of 2 mmol Calcium/
kg/day is already in a national guideline. We hope to bring
this message to centres, which are prescribing calcium at
lower doses.

Conclusions
We recommend providing approximately 2 mmol
Calcium/kg/day in parenteral nutrition for premature
infants with birth weight less than 1200 grams. The use of
organic phosphate as ingredient makes this possible.
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Original Article
The Effect of Breastfeeding on the Rate of Infections in the
First 2 Years of Life
DB ARDA, E GUR, T ERENER-ERCAN, G CAN
Abstract

Purpose: To investigate the effect of duration of exclusive breastfeeding (EBF) and duration of
breastfeeding (BF) on the rate of infections during the first 2 years of life. Methods: The study group
consisted of healthy infants who admitted to the outpatient Healthy Child Clinics for their routine
control. Results: In 200 healthy term infants enrolled, the mean duration of EBF and total duration of BF
were 4.2±2.8 and 11.6±5.3 months, respectively. In those without any infection (42.5%), duration of EBF
and total duration of BF were 5.9±0.4 and 13.4±4.6 months, respectively while in those with 1 infection
(29.5%) and ≥2 infections (28%), it was 4.6±3.3 and 11.8±4.6 months and 1.3±1.9 and 8.7±5.9 months,
respectively. This difference between each group was stastistically significant (p<0.001). Conclusions:
Our study showed that increased duration of EBF and increased duration of BF were associated with
lower infection rate in infants in the first 2 years of life.

Key words

Breastfeeding; Breastmilk; Exclusive breastfeeding; Infection

Introduction
Every infant and child has the right to good nutrition
according to the "Convention on the Rights of the Child".1
Human milk is the gold standard for infant feeding and
breastfeeding is the cornerstone of child survival, nutrition
and development as well as maternal health.2 The World
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Health Organization (WHO) recommends exclusive
breastfeeding (EBF) for the first 6 months of life, followed
by continued breastfeeding with appropriate
complementary foods for up to 2 years or beyond.3 Growing
body of evidence suggests that optimal breastfeeding
lowers morbidity ad mortality and that improving
breastfeeding rates globally can prevent over 800 000
deaths in children under 5 years of age.1,4,5 However, the
rate of breastfeeding is not that optimal. 6 It has been
reported that currently, about 40% of infants younger than
6 months of age are exclusively breastfed.1,4
Besides its nutritional benefits, EBF for 6 months has
many health benefits such as protection against infections
(gastroenteritis, respiratory tract infections, acute otitis
media), improvement in neurodevelopmental outcomes
with higher performance in intelligence tests, reduction in
the likelihood of obesity, reduction in sudden infant death
syndrome, reduction in chronic diseases such as diabetes
and gastrointestinal diseases such as necrotising
enterocolitis (NEC) and inflammatory bowel disease (IBD)
and allergic diseases.4,7 Chief among these is protection
against infections. There are many components in human
milk serving as enzymes, antimicrobial proteins/peptides,
growth factors, chemokines, antioxidants, anti-
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inflammatory elements, prebiotics, probiotics that
contribute to the development and regulation of both the
infant's innate and adaptive immune system.8
The aim of our study was to investigate the effect of
duration of EBF and total duration of breastfeeding (BF)
on the rate of infections during the first 2 years of life.

was used for categorical variables; one-way ANOVA and
Post-hoc (Tukey HSD) analysis were used for numerical
variables. Statistical significance was considered at
p<0.05.

Results
Methods
The study group consisted of 200 healthy term singleton
infants with birth weight >2500 gram who were followed
up on a regular basis beginning from the 1st week of life
by the well child outpatient clinics of Istanbul University,
Cerrahpasa Medical Faculty, Istanbul, Turkey during
February 2016-May 2017. Infants who were born preterm,
who were born from a multiple pregnancy (twins or triplets)
and who had health problems at birth were not included in
the study. All of the enrolled infants had received their
vaccinations according to the national vaccination
schedule. When the enrolled infants became 2 years old,
their files were reviewed retrospectively with respect to
maternal characteristics (age, education, gravidity, parity
and abortion history) and infant characteristics
(anthropometric measures, way of delivery, duration of
EBF and total duration of BF and infection history).
Infections that infants had during the period from the last
visit were asked to the parents or caregivers at each visit
(frequency of visits was every month until 6 months of
age and every 3 months thereafter until 2 years of age).
Infections were listed as upper respiratory tract and chest
infections, ear infections, diarrhea, urinary tract infections.
Overall infection history was grouped as no infection, one
infection and 2 or more infections. The study protocol was
approved by the institutional ethical committee. Informed
parental consent was obtained for all enrolled infants.

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) for
Windows 10 software (IBM Corporation, Armonk, NY) was
used to evaluate the data. Categorical variables were
summarised as count and percentage whereas continuous
ones were summarised as mean, standard deviation, median,
minimum and maximum. For testing relationships between
several variables and the rate of infections, chi square test

Of the 200 infants enrolled, mean birth weight, length
and head circumference were 3338.8±507.8 grams, 50.4±2.5
cm and 34.8±1.4 cm, respectively. The mean duration of
EBF and total duration of BF were 4.2±2.8 months and
11.6±5.3 months, respectively. There was no infant who
was never breastfed among the study cohort. During the
study period, a total of 213 infections were recorded among
the enrolled infants. Of these 213 infections, 112 (52.5%)
were upper respiratory tract infections (URTI), 31 (14.5%)
were lower respiratory tract infections (LRTI), 26 (12.2%)
were acute gastroenteritis (AGE), 25 (11.7%) were urinary
tract infections (UTI) and 19 (8.9%) were acute otitis media
(AOM). Of the enrolled infants, 85 (42.5 %) had no infection
history, 59 (29.5%) had one infection and 56 (28%) had
≥2 infections. Characteristics of the enrolled infants were
summarised in Table 1.
There was no difference in infection rate with respect to
way of delivery, gender and anthropometric measures of
the infants at birth. There was also no difference in infection
rate with respect to maternal educational status and other
maternal characteristics such as maternal age, gravidity
and parity of the mother. Comparisons of infection rate
with respect to these variables were shown in Tables 2 and 3.
When we look at the relationship between infection rate
and EBF duration, duration of EBF was longest among
infants with no infection history while it was shortest in
those with ≥2 infections. There was a statistically
significant difference in duration of EBF, and posthoc
analysis revealed that this significant difference was present
between groups with no infection and 1 infection; no
infection and 2 or more infections; 1 infection and 2 or
more infections (Table 4).
Total duration of BF was also longest among infants with
no infection history while it was shortest in those with ≥2
infections. There was a statistically significant difference
in total duration of BF (Table 5). Posthoc analysis revealed
that this significant difference was present between groups
with no infection and 2 or more infections; 1 infection
and 2 or more infections.
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Table 1

Discussion

Factors

The most important health benefit of breastfeeding is
its effect on reducing infection rates. 7,9 Overwhelming
evidence exists that breastfeeding protects against
diarrhoea and respiratory infections.4,9,10 Any breastfeeding
is said to reduce the incidence of nonspecific
gastrointestinal tract infections by 64%.9-12 It has been
reported that about half of all diarrhoea episodes and a third
of respiratory infections would be avoided by
breastfeeding. 4 It has also been suggested that
breastfeeding provides important protection against AOM13
and that EBF for 6 months may have a more protective
effect than less breastfeeding.14
In a recent study from rural parts of China, it was shown
that breastfeeding was strongly associated with lower rates
of both diarrhoea and cough in bivariate and multivariate
analyses.15 Breastfeeding also protects against infections
in high-income countries.16 Quigly et al17 tried to estimate

Table 2

Characteristics of infants (n:200)
Value

Gender
Male (%)
Female (%)

91 (45.5)
109 (54.5)

Way of delivery
Vaginal (%)
C/S (%)

55 (27.5)
145 (72.5)
3338.8 ±507.8

Birth weight (gram)
Birth length (cm)

50.4±2.5

Head circumference (cm)

34.8±1.4

Duration of EBF (months)

4.2±2.8

Total duration of BF (months)

11.6±5.3

No
Infection history 1
≥2

85 (42.5)
59 (29.5)
56 (28.0)

EBF: exclusive breastfeeding; BF: breastfeeding

Infection rate with respect to maternal educational status
No infection

≥2 infections

1 infection

n

%

n

%

n

%

Primary

18

40.9

10

22.7

16

36.4

Middle

9

47.4

5

26.3

5

26.3

Highschool

23

34.8

23

34.8

20

30.3

University

36

50.7

20

28.2

15

21.1

Table 3

X2

p

6.01

0.422

Infection rate with respect to maternal and infant characteristics
No infection

Maternal age

1 infection

≥ 2 infections

p

32.9±12.52

32.5±5.2

33.6±4.6

0.799

Gravidity

2.1±1.36

2.1±1.3

2.2±1.2

0.957

Parity

1.7±1.1

1.6±0.8

1.7±0.8

0.652

3338.8±507.8

3284.5±418.9

3207.1±362.7

0.230

Birth length (cm)

50.4±2.5

50.3±2.2

50.5±2.3

0.875

Head circumference (cm)

34.8±1.4

34.8±1.5

34.4±1.3

0.164

Way of delivery (n)
Vaginal
C/S

23
62

18
41

14
42

0.798

Gender (n)
Male
Female

38
47

31
28

22
34

0.355

Birth weight (gram)
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the risk of infection associated with the duration of
exclusive breastfeeding by analysing the data on 15809
term, singleton infants from the UK Millennium Cohort
Study18 and found that there was an increased risk of chest
infection and diarrhoea in infants exclusively breastfed for
<4 months and this excess risk of chest infection and
diarrhoea was seen even among infants who were
exclusively breastfed for 4-6 months but who stopped all
breastfeeding by 6 months.
In our study, we analysed the frequency of infections in
relation to the duration of EBF and total duration of
breastfeeding. We reviewed the overall infection history
rather than grouping each infection in relation to the
breastfeeding history because of the small sample size in
each infection category. In accordance with the literature,
we found that as the duration of EBF increased, the
frequency of infections decreased. Those who had no
infection history was found to be exclusively breastfed for
about 6 months. In our study, even those who had been
exclusively breastfed for about 4 months had an infection
history. In 2012 Cochrane review,19 the authors reported
that infants who were exclusively breastfed for 6 months
experienced less morbidity from gastrointestinal infection
than those who were exclusively breastfed for 3 or 4 months.
In the study of Duijts et al,12 authors concluded that EBF
to the age of 6 months tended to be more protective against
URTI, LRTI and AGE than EBF until the age of 4 months
and partially thereafter. However, the effect of
breastfeeding was found to be highest in studies that

Table 4

Infection rate and duration of exclusive breastfeeding
n

Mean (month)

±)
SD (±

No infection

85

5.9

0.4

1 infection

59

4.6

3.3

≥2 infections

56

1.3

1.9

Total

200

4.2

2.8

Table 5

p

0.0001

Infection rate and total duration of breastfeeding
n

Mean (month)

SD (±
±)

No infection

85

13.4

4.6

1 infection

59

11.8

4.6

≥2 infections

56

8.7

5.9

Total

200

11.6

5.3

p

0.0001

compared exclusively breastfed with non-breastfed
infants. 10,12
According to the 2018 data from Turkish Population
and Health Investigation series,20 EBF rate during the first
6 months of life was reported to be 41% in Turkey while it
was said to be 37% worldwide. 4 Median duration of
breastfeeding was reported to be 16.7 months and the rate
of breastfeeding at 1 year of age was reported as 62% in
Turkey. Turkey is defined as an upper middle income
country. The prevalence of breastfeeding at 1 year is lower
in developed countries which is below <1% in UK, 35%
and 16% in Norway and Sweden, respectively.4,21,22 In fact,
breastfeeding at 12 months was said to be widespread in
low-income and lower-middle-income settings. 4 We
examined the association of total duration of breastfeeding
with infection frequency. In our study, mean duration of
breastfeeding was about 11.6 months. Those infants who
had no infection history had the longest duration of
breastfeeding which was statistically significant when
compared to those who had 2 or more infection history
(13.4 vs 8.7 months). There was also a statistically
significant difference in duration of breastfeeding between
those with 1 infection and 2 infection history (11.8 vs 8.7
months). The effect of the duration of breastfeeding longer
than 6 months on infection rate was not frequently
investigated. Only a few studies estimated the effect of
breastfeeding for 9 or 12 months.14,23 Li et al23 examined
the associations between breastfeeding practices during
infancy and various infections at 6 years of age and found
that ear, throat, and sinus infections were lowest among
those breastfed for ≥9 months, exclusively breastfed for ≥6
months, or breastfed for ≥6 months without formula
supplementation before 6 months.
Overwhelming evidence suggests that children who are
breastfed for longer periods have lower infectious
morbidity and mortality.4,12-19,23 It has been reported that
human milk directly contributes to the infant's innate
immunity.8 Breast milk contains human milk
oligosaccharides and glycoproteins such as lactoferrin,
mucins; immune cells and stem cells, secretory IgA, toll
like receptors, antimicrobial peptides, anti-inflammatory
cytokines, growth factors, antioxidants. Human milk also
provides prebiotics and probiotics to the gastrointestinal
tract which influences the immune system.8,24 Therefore,
it can be said that human milk has the great ability to
optimise infant and child health.
The main limitation of our study was that we could not
look at the association of each infection such as URTI,
LRTI, AOM, AGE, UTI with EBF duration or total duration

Arda et al

of breastfeeding because of the small sample size in each
infection category. We rather looked at the relationship
between overall infection history and EBF duration and
total duration of breastfeeding.
In accordance with the literature, our study also showed
that increased duration of EBF and increase in total
duration of BF were associated with lower infection rates
in infants in the first 2 years of life. As WHO recommends,
lactating mothers should be encouraged to breastfeed their
infants and it is our duty to raise awareness on breastfeeding
for its encouragement. Based on the growing body of
evidence, suboptimal breastfeeding has been associated
with considerable health impact both for the infant and
the mother. Therefore, with the significant role of optimal
breastfeeding in improving nutrition, maternal and child
health and survival in mind; we should develop and support
policies to increase optimal breastfeeding which could
result in substantial public health gains.
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Investigation of the Effectiveness of Lactobacillus reuteri
DSM 17938 in the Treatment of Infantile Colic:
A Double-blind Placebo-controlled Randomised Study
A BASTURK
Abstract

Purpose: This study aims to investigate the effectiveness of Lactobacillus reuteri DSM 17938 in the
treatment of infantile colic in infants fed with breast milk or formula. Methods: The study sample
consisted of 38 infants aged from 1 to 4 months. The infants were randomly divided into two groups. The
first group (20 infants) was given 108 colony-forming units of Lactobacillus reuteri DSM 17938 once
daily for 28 days regardless of the diet (breast milk or baby formula), while the second group (18 infants)
was given placebo, again once daily. The mothers or caregivers of the infants were given charts to
indicate the infants' daily crying episodes, restlessness times. Findings: At the end of the 28-day treatment,
mean total crying episode times were 945±420 minutes in the probiotics group and 1205±450 minutes
in the placebo group, with statistically significant difference (p=0.041). Similarly, after treatment, mean
total restlessness times were 1005±390 minutes in the probiotics group and 1155±345 minutes in the
placebo group, with statistically significant difference (p=0.037). In addition, after treatment, daily
crying episodes and restlessness times were reduced down to 23 and 25 minutes in the probiotics group,
respectively, and the difference was statistically significant (p=0.017 and p=0.026, respectively). In the
placebo group, daily crying episodes and restlessness times were reduced down to 42 and 41 minutes
after treatment, respectively, but the difference was not statistically significant (p=0.319 and p=0.273,
respectively). Conclusion: The use of Lactobacillus reuteri DSM 17938 in infants with infantile colic
significantly reduces crying episodes and restlessness.

Key words

Crying episode; Lactobacillus reuteri DSM 17938; Infantile colic

Introduction
Infantile colic was first described by Wessel et al1 in
1954 as crying or restlessness lasting for three or more
hours a day, three or more days a week, for three or more
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weeks in an otherwise healthy infant. These episodes are
also called "first three months colic". This is seen in
5-25% of infants.2,3 Excessive crying is a very common
complaint in the first three months after birth. Infantile
colic can be observed in 2-week-old infants at the earliest,
and the restlessness and crying episodes usually peak at
6-8 weeks after birth, often regressing around the 3rd-4th
month. 1,4-6 These episodes of crying, restlessness and
excessive gas may begin and regress in the absence of any
clear trigger or cause, making it difficult to prevent or
treat infantile colic.1,4-7 The aetiology of infantile colic is
still uncertain, although some authors have proposed a
number of theories. These include excessive gas
production and intestinal contraction, hypersensitivity to
cow's milk protein, temporary lactase deficiency, maternal
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depression, insufficient bond between mother-infant or
excessive stimulation of parents, difficult temperament of
the infant and insecure attachment of the parents.5-9 Most
importantly, research has shown gut microbiota to have a
crucial role in the aetiology of infantile colic.10-13 Infants
with and without infantile colic are reported to have
considerably varying gut flora.11,13,14 Studies supporting this
have shown infants with infantile colic to have insufficient
lactobacilli and excessive Clostridium difficile,
Escherichia spp., and Klebsiella spp. in their gut flora.11,15
Probiotics are defined as "living microorganisms that
provide health benefits to their host when in sufficient
amounts".16
Our study was carried out with the aims of
investigating the effectiveness of Lactobacillus reuteri
DSM 17938 (L. reuteri) on complaints of crying
episodes and restlessness commonly seen in infants
with infantile colic.
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boxes with unknown contents and only a code number.
Two separate treatments were administered as probiotic
and placebo. The two treatments were given by drugs
completely identical in terms of colour, odor, taste and
packaging properties, but with differing code numbers
on the package, which were unknown to the doctor, the
nurse and the patient and only known to the manufacturer.
This study was carried out prospectively, with the first
group receiving probiotics treatment and the second group
receiving placebo treatment. The first group was given 108
colony-forming units (CFU) of L. reuteri once a daily for
28 days regardless of the diet (breast milk or baby formula),
while the second group was given a placebo completely
identical in terms of colour, odor, taste and packaging
properties. While the probiotic product is 5 ml and
packaged to contain 5 drops of 108 CFU L.reuteri, sunflower
oil, medium chain triglyceride oil and silicon dioxide
(Biogaia 1x108 CFU/5 drops), the placebo product has
the same content without L.reuteri. Receiving treatment
was terminated if symptoms like abdominal pain, distention
or vomiting were developed which were not seen before
the treatment.

Patients

This study was conducted between October 2017 and
April 2018 on 38 infants aged from 1 to 4 months who
were fed breast milk or baby formula. The Rome IV criteria4
were used for infantile colic diagnosis. Ethics committee
approval was obtained from the local ethics committee
before the study, along with written and oral consent forms
from the families of the infants. Infants aged between 1-4
months diagnosed as infantile colic according to the
criteria of Rome IV17 were included the study. Infants were
excluded if they were diagnosed with otitis media, urinary
tract infection, stomatitis, meningitis, peristalsis problems,
gastroesophageal reflux, invagination, hernia, corneal
abrasion, foreign body in the eye, hair tourniquet, child
abuse, drugs that pass through breast milk, cow's milk
allergy, vaccine reaction, drug withdrawal in newborns,
west syndrome, delayed maturation in neurological
maturation, arrhythmia (supraventricular tachycardia) and
congestive heart failure. Patients and infants who had used
any probiotics in the last month were also excluded.
Double-blinded Study Design, Randomisation and
Treatment

Patients diagnosed with infantile colic in the pediatric
gastroenterology outpatient clinic of our hospital were
directed to a Pediatric Gastroenterology Nurse and given

Evaluation of Outcome Measures

The primary outcome measures are complete regression
of complaints and improvement in daily crying times by
more than 50% after the 28-day probiotic treatment. The
secondary outcome measures are improvement in mean
total daily crying episodes and restlessness times and
improvement in frequency of probiotic side effects such as
nausea and vomiting after the 28-day treatment.
Mean total crying and restlessness times after the 28day treatment were compared between both groups, along
with any improvement in daily crying episodes and
restlessness times. Those with more than 50% regression
in daily crying times were evaluated separately. In data
collection, those containing the same code number were
collected under the same group. The results were compared
according to the code numbers. The data were analysed by
a statistician blinded to the contents of each code number,
and the statistical significance between the groups was
examined. The contents of the codes were ultimately
revealed, and the probiotic and placebo names
corresponding to the codes were written in tables and
figures. A chart was given to the relatives of the patients
and they were recommended to mark the treatment they
used daily. Patients with deficiencies in the schedule were
considered as non-compliant with treatment.
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Statistical Analysis

The SPSS 15.0 (SPSS Inc. Chicago, IL, USA) version
package software and the Microsoft Office Excel 2010
version were used in statistical analyses. Data comparison
was done using the Mann-Whitney U Test and the ChiSquared Test. In descriptive statistical analysis, numerical
variables are given as mean ± standard deviation, and
categorical data are given as number and percentage. The
level of significance was taken as p<0.05.

Figure 1. There was no difference between the groups in
terms of findings at admission, age or gender distribution
(Table 1). The patients had a mean age of 3.23±0.24 months
and a female/male ratio of 0.92. At the end of the 28-day
treatment, mean total crying episode times were 945±420
minutes in the probiotics group and 1205±450 minutes in
Table 1
Comparison of groups according to demographic
characteristics and application symptoms
Parameters

Results

Probiotic

18

20

0.745*

3.05±0.12

3.49±0.36

0.307*

10 Male

11 Male

8 Female

9 Female

Breast milk

12

13

0.418

Baby formula

6

7

0.561

Daily crying crises (time-min) 49

47

0.826

Daily restlessness (time-min)

45

0.724

n

In this study, 56 patients were diagnosed with infantile
colic. Seven patients were excluded as they refused to
participate. The remaining 49 patients consisted of two
randomly selected groups with double-blind treatment (26
in the probiotic group and 23 in the placebo group).
However, 6 patients in the probiotic group and 5 in the
placebo group were excluded during follow-up as they
did not complete the treatment. Therefore, the probiotic
group consisted of 20 patients, while the placebo group
consisted of 18. The flow chart of the patients is shown in

Figure 1

Placebo

Patient flow chart.

Age (month)
Gender

46

p

0.714

*Mann Whitney U test was applied and Chi Square test was applied to
others.
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the placebo group, with a statistically significant difference
(p=0.041). Similarly, after treatment, mean total restlessness
times were 1005±390 minutes in the probiotics group and
1155±345 minutes in the placebo group, with a statistically
significant difference (p=0.037). In addition, after
treatment, daily crying episodes and restlessness times
were decreased by 23 and 25 minutes in the probiotics
group, respectively (p=0.017 and p=0.026, respectively).
This difference was also statistically significant. In the

placebo group, daily crying episodes and restlessness times
were reduced down to 42 and 41 minutes after treatment,
respectively, but the difference was not statistically
significant (p=0.319 and p=0.273, respectively) (Table 2).
The number of infants with a 50% decrease in mean crying
time after the 28-day treatment was 12 in the probiotics
group and 5 in the placebo group, with a significant
difference (p=0.046) (Figure 2). No side effect has been
observed in any of the patients during the study.

Table 2 Symptoms of infantile colic before and after 28 days of treatment, by study group. Values are numbers of patients with each
complaint
Symptoms

Placebo

Probiotic

BT

AT

p*

BT

AT

p1*

Daily crying crises (time-min)

49

42

0.319

47

23

0.017

Daily restlessness (time-min)

46

41

0.273

45

25

0.026

AT

AT

p 2*

Total crying crises (time-min)

1205±450

945±420

0.041

Total restlessness (time-min)

1155±345

1005±390

0.037

1

BT: Before treatment, AT: After treatment, *Chi-square test
p 1 Comparison of daily crying and restless periods of placebo and probiotic groups before and after treatment
p 2 Comparison of total crying and restlessness times of both groups after treatment

Figure 2

Comparison of the groups according to the number of babies whose crying time decreased by more than 50%.
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Discussion
One comparative placebo study with L. reuteri on infants
with infantile colic found that total crying and restlessness
times and daily crying times were significantly decreased
i n t h e p r o b i o t i c s g r o u p . 18 A n o t h e r s t u d y w i t h
L. reuteri on infants only fed with breast milk reported
that the probiotics group showed significant improvement
in daily crying episodes and maternal depression. 19
Szajewska et al20 conducted a comparative placebo study
with L. reuteri on infants only fed with breast milk and fed
more than 50% of their diet with breast milk and found
that daily crying times and crying episodes showed quicker
improvement in the probiotics group. As a result of metaanalysis of 6 randomised controlled studies, Xu et al21
L. reuteri possibly increased the effectiveness of
treatment for infantile colic and decreased crying time at
two to three weeks without causing adverse events.
Our results show similarity to those mentioned above.
Our study showed both mean total daily crying times and
restlessness times to be significantly improved in the
probiotics group. The studies mentioned above18-20 reported
improvement rates of 5-38% in their placebo groups,
consistent with our rate of 27%.
However, contrary to our study, there are also studies
in the literature reporting insignificant findings. A
comparative placebo study by Sung et al22 with L. reuteri
on infants fed with breast milk or baby formula showed no
significant improvement in crying and restlessness times
in the probiotics group. Another comparative placebo
study by Savino et al 23 with L. reuteri reported no
significant improvement in crying times in the probiotics
group, but they observed a significant number of infants
that yielded more than 50% improvement in crying times,
similar to our results. Again, similarly, they observed no
side effects in any patient.
Fatheree et al24 with L. reuteri reported no significant
improvement in crying, fussing times in the probiotics
group but however, they have shown that it is safe to use as
a single daily dose.
With clinical significance of 0.05, and a power of 80%
to detect an absolute difference of 24% we needed a
sample size of 30 patients for placebo and 30 patients for
probiotic group. But our probiotic and placebo groups
consisted of 20 and 18 patients respectively. This is the
limitation of the study.
In conclusion, our study showed that L. reuteri helped
significantly reduce crying episodes and restlessness times

in infants with infantile colic. We observed no side effects
in any of our patients due to L. reuteri use. However, we
recommend that further studies with larger patient groups
are needed for a definite judgement on the efficacy and
safety of the use of L. reuteri.
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Case Report
A Rare Complication of Aortic Coarctation: Aneurysm and
Aortoesophageal Fistula
S ÖZKAçMAZ
Abstract

Introduction: Rupture of an aortic aneurysm and aortoesophageal fistula formation is a rare but serious
complication of aortic coarctation. Case Presentation: A 13-year-old girl was admitted with a minor
haematemesis in whom computed tomography examination showed aortic coarctation and a poststenotic
aneurysm surrounded by a haematoma and right aberrant subclavian artery. An endoscopic examination
revealed bleeding from a small orifice at the posterior wall of proximal esophagus which is suggestive of
an aortoesophageal fistula. Resection of coarctation and aneurysmatic segment, graft replacement and
closure of aortoesophageal fistula were performed with no complication. Conclusions: As major
complications such as aortic aneurysm and aortoesophageal fistula are rarely reported in children with
previously undiagnosed aortic coarctation, this entity must be kept in mind for the patients who present
with vomiting even small amounts of blood. Also the X-ray findings of aortic coarctation and its'
complications must be aware by the clinicians and radiologists.

Key words

Aneurysm; Aortic coarctation; Aortoesophageal fistula; Haematemesis; Rupture

Introduction

Case Presentation

Coarctation of the aorta is a congenital focal narrowing
of the aortic lumen which accounts for 4% of all congenital
heart disease. Serious complications of aortic coarctation
such as aneurysm may be especially seen in previously
undiagnosed or treated elderly patients. 1 Rupture of
coarctation related aneurysm which can lead to
aortoesophageal fistula and massive haematemesis is rarely
reported.
In this report, we present computed tomography (CT)
findings of a coarctation case that was complicated with
haematemesis secondary to rupture of aneurysm and
aortoesophageal fistula.

A 13-year-old girl, was admitted to the paediatric
emergency department with a complaint of vomiting bright
red blood. Her parents reported that she vomited about
half a cup of blood 20 minutes before admission. Her
medical history was unremarkable. A physical examination
of oropharynx revealed fresh blood in pharynx but no any
bleeding source. In the emergency room, she developed
two vomiting episodes with a total of 10-15 cc fresh blood.
Her heart rate was 124 beats per minute and blood pressure
was 150/90 mm Hg at right upper extremity. On laboratory
examination, haemoglobin level was 13 g/dl. A PA chest
roentgenogram showed tracheal deviation and a figure of
3 sign in upper mediastinum (Figure 1). An urgent contrastenhanced CT and endoscopy were planned. CT
examination showed a coarctation of descending aorta
distal to left subclavian artery. The coarctation segment
has 8 mm caudocranial length and the widest diameter of
the lumen was 9 mm in most stenotic point while the
diameter of the prestenotic segment was 31 mm and
poststenotic segment was 23 mm. A saccular aneursym
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with a sizes of 12x11x10 mm, arising from the
posteromedial wall of the descending aorta which was 13
mm distal to the coarctation site was demonstrated. The
aneurysm was surrounded by a 32x31x28 mm haematoma
which was compressing and markedly narrowing
esophagus. Also a mild right- sided tracheal deviation
secondary to the compression of haematoma was seen. An
aberrant right subclavien artery which arising from just
proximal to stenotic segment was demonstrated (Figures
2-5). During endoscopy, bleeding from a small orifice in
the posterior wall of proximal esophagus was detected.
Also at this site a marked extrinsic compression which
narrowing the lumen was noted. She was afebrile (37°C)
at admission. Besides there was no growth on blood culture
which excluded an infectious process. With radiological
and endoscopic findings, a diagnosis of an aortoesophageal
fistula associated with a saccular aneurysm related to aortic
coarctation was made and urgent resection of coarctation
and aneurysmatic segment, graft replacement and also
direct closure of the esophageal fistula were performed.
She was discharged on the 15th postoperative day without
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Figure 2 An axial contrast-enhanced CT angiography image
demonstrates a saccular aneurysm (long arrow) which is
surrounded by a large haematoma (short arrows). Haematoma
caused marked compression, and right deviation of esophagus.
Marked narrowing of the lumen of esophagus is seen
(arrowhead). Also a mild compression to trachea is shown.
Intercostal-paraspinal collaterals and dilated internal thoracic
arteries are seen.

Figure 3 A coronal reformatted CT image shows coarctation
site (white arrow) and an aberrant right subclavian artery (white
arrowheads) which is originated from the prestenotic segment
of aorta. Saccular aneurysm (black long arrow) and the
haematoma (black short arrows) are also seen.
Figure 1 A PA chest X-ray shows stenotic segment of aorta
(arrowhead) which forms 'figure of 3' sign (lines). Rib notching
secondary to formation of intercostal collaterals is seen (short
arrows). Tracheal deviation to the right side caused by the
compression of haematoma is also shown (long arrows).
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complication. There was no evidence of recurrence of
aneurysm or residual stenosis on follow-up at 6 and 12
months. An endoscopy on follow-up at 6 months showed
normal esophagus lumen with no stenosis or stricture at
the site of closure.

Discussion

Figure 4
A sagittal reformatted CT image shows an aortic
coarctation (arrow) and haematoma (arrowheads).

Figure 5 The 3D-volume rendering image shows aortic
coarctation (long arrow) and the aneurysm (arrowheads).Also
an aberrant right subclavian artery originates from prestenotic

Post-stenotic aortic aneurysm is a common and serious
complication of aortic coarctation which occurs in 17% of
unrepaired coarctation.2 Preventza et al, reviewed a total
of 943 patients in whom coarctation repair was performed
in their institute from 1962 to 2011. Among these 943
patients aortic aneurysm was detected in 55 ones (5.8%)
(mean age 39.9+-11.3 years (11-74). In 42 (76.4%) of
these patients the aneurysm was located in descending
aorta. Also in 25 patients (45.5%) coarctation was
associated with bicuspid aortic valve, in 7 patients (12.7%)
with aortic valve dysfunction, in 3 ones (5.4%) with ductus
arteriosus, in 3 ones (5.4%) with ventricular septal defect,
in one patient (1.8%) with foramen ovale, in one patient
(1.8%) with partial anomalous pulmonary venous return,
in one patient (1.8%) with Turner syndrome and in one
patient with right aortic arch. There was no patient with
coarctation related aneurysm and right aberrant subclavian
artery.1
Postcoarctation turbulent blood flow which leads to
endothelial trauma and subsequent colonsation of
microorganisms at the site of damaged endothelium is the
suggested mechanism for aneurysm formation in patients
with aortic coarctation.3
In literature, there are a few case reports about
haematemesis due to aortic aneurysm and aortoesophageal
fistula associated with aortic coarctation. Burns et al,
reported an 11-year-old boy with previously undiagnosed
coarctation of the aorta who presented with massive
haematemesis due to a pseudoaneurysm and
aortoesophageal fistula.4 McKell reported a 14 years old
male with aortic coarctation presenting with massive
haematemesis.5 Sheiko and Hoffenberg reported a 15 years
old male associated with Congenital Aortic Coarctation
with Superinfected Aneurysm and Aortoesophageal Fistula
who presented with massive haematemesis.6 Grant et al,
reported massive haematemesis in an 11-year-old male
with undiagnosed aortic coarctation and mycotic aneurysm.7
Krieves et al, reported massive haematemesis associated
with aortoesophageal fistula and coarctation of the aorta
in a 15-year-old child.3

Özkaçmaz

When compared with previous cases, our patient
presented with a relatively mild haematemesis. Also, her
haemoglobin levels were within normal limits (13 g/dl).
This may be due to the compression of marked
perianeurysmal haematoma to the esophagus and also to
aortoesophageal fistula. As similarly with reports above,
our case was previously undiagnosed, early diagnosis of
aortic coarctation is very essential to prevent serious
complications such as cardiac failure, aortic rupture,
endocarditis, aortic aneurysm and intracranial haemorrhage.3
A careful and detailed examination of chest
roentgenograms may be very helpful when rib notching
detected which occurs secondary to dilated and tortiosed
intercostal vessels.
Inferior rib notching occurs secondary to various
conditions such as coarctation by the dilated and tortious
intercostal arteries which subsequently erode the inferior
margins of the ribs, to by-pass the stenotic segment and
supply poststenotic descending aortic segments. It is
suggested that if bilateral rib notching present, the
coarctation must be distal to the origin of both subclavian
arteries. Unilateral right rib notching is seen when
coarctation lies distal to the brachiocephalic trunk, but
proximal to the origin of the left subclavian artery or there
may be a right-sided aortic arch with aberrant left
subclavian artery distal to coarctation. Also if there is
unilateral left rib notching it is associated with aberrant
right subclavian artery arising after the coarctation.8 In our
case bilateral inferior rib notching is present because right
aberrant subclavian artery arising just proksimal to aortic
coarctation.
Also 'figure 3 sign' is an important radiological finding
which is formed by stenotic segment (Coarctation site) in
middle and the cranial (prestenotic) dilated segment of
aortic arch and caudal (poststenotic) dilated segment of
descending aorta. In our patient, right-sided tracheal
deviation was suggestive of a mediastinal lesion. When
the lack of evidence of pneumothorax, atelectasis,
consolidation, or fibrosis in lung zones on chest
roentgenograms, further radiological examinations such
as contrast-enhanced computed tomography must be
performed to rule out mediastinal lesions.
To the best of our knowledge this is the first aortic
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coarctation case with right aberrant subclavian artery which
was complicated with aortic aneurysm and aortoesophageal
fistula. Contrary to previous reports, this case was
haemodynamically stable and presented with vomiting
relatively small amounts of blood. Aortic coarctation and
its' major complications must be kept in mind for the
children who present with minor haematemesis. Also, the
chest roentgenogram findings of aortic coarctation and its'
complications must be well-known by the clinicians and
radiologists.
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Case Report
Coronary Artery Aneurysm in a Chinese Boy
with Scrub Typhus
HT LEUNG, HM LEE, V CHENG, KC CHAN
Abstract

Coronary artery aneurysm (CAA) is uncommon in children except in Kawasaki disease. Occasionally it
can be seen in children with congenital disorders such as connective tissue diseases and underlying
inflammatory disease. Other reported causes of CAA such as atherosclerosis, Takayasu arteritis and
infections are more common in adult patients. We reported a 11-year-old Chinese boy with fever, skin
rashes and hepatosplenomegaly who was diagnosed to have scrub typhus and right coronary artery
aneurysm.

Key words

Coronary artery aneurysm; Kawasaki disease; Rickettsia; Scrub typhus

Introduction
Scrub typhus is an acute febrile zoonosis, caused by an
obligate, intracellular bacterium named Orientia
Tsutsugamushi. It is vectored by the biting of the larval
life stage of infected Leptotromidium. It is an important
differential diagnosis in patients presented with pyrexia of
unknown origin, especially from Endemic areas. Scrub
typhus commonly presented with fever, cough,
gastrointestinal disturbance, rash, eschar and
lymphadenopathy.1
Transient right coronary artery dilatation has been
reported in a 3-year-old boy with Mediterranean spotted
fever, caused by Rickettsia coronii, which belonged to the
same family Rickettsiaceae as Orientia Tsutsugamushi.2
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Although coronary artery aneurysm (CAA) has also been
reported in children with Kawasaki disease (KD) together
with scrub typhus,3 it has never been reported in patient
with scrub typhus alone.
We describe an 11-year-old Chinese boy who was found
to have a right coronary artery aneurysm and finally
diagnosed to have scrub typhus.

Case Report
In June 2020, an 11-year-old locally born Chinese boy
was first admitted to our hospital with 7-day history of
fever. His family reported that he had a trail walking among
the bushes in Tung Chung, Lantau Island 3 weeks before
admission. He could not recall being bitten by any insects.
He did not travel outside Hong Kong in the past 1 year and
he did not have contact with any sick people. Patient
enjoyed good past health with no history of KD.
Other than the high swinging fever, he also had a dry
cough, abdominal pain and reddish maculopapular rash
over his trunk. On examination, his temperature was
37.7oC, blood pressure of 126/77 mmHg, pulse rate was
122 beat per minute and respiratory rate of 24 per minute.
Abdominal examination revealed tenderness over the right
upper quadrant, with liver palpable 3 cm below costal
margin and splenic tip was palpable. There was generalised
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maculopapular rash over the trunk, which subsided one day
after admission and there was no eschar found. There was
no lymphadenopathy. Other examinations were
unremarkable.
Complete blood count revealed thrombocytopenia with
platelet count of 59 x 109/L (150-384 x 109/L), white cell
count and haemoglobin level were normal. The peripheral
blood smear showed atypical lymphocytes but no blast
cells. Blood tests revealed deranged liver function test with
elevated Alanine Aminotransferase (ALT) of 467 IU/L (<67
IU/L), Alkaline phosphatase (ALP) of 635 IU/L (160-478
IU/L), Aspartate Aminotransferase (AST) of 357 IU/L (<50
IU/L), Gamma-Glutamyl Transferase (GGT) of 355 IU/L
(<95 IU/L) and total bilirubin of 21 µmol/L (<19 µmol/L).
Other abnormal blood biochemistry results were as follows:
C-reactive protein 40.1 mg/L (<9.9 mg/L); Erythrocyte
Sedimentation Rate (ESR) 51 mm/hour (2-19 mm/hour);
Other biochemical studies including creatinine, urea,
calcium, phosphate, amylase, coagulation profile,
ceruloplasmin, high sensitive troponin T were all
unremarkable. Nasopharyngeal swab was negative for
COVID-19, influenza A, influenza B, adenovirus,
parainfluenza virus, enterovirus/ rhinovirus, mycoplasma
pneumonia. Sputum culture, blood culture, mid-stream
urine cultures were negative. Urine streptococcus antigen

Figure 1

Echocardiogram showed right coronary aneurysm.

was negative. EBV capsid IgM and IgG antibodies were
negative. Serology studies for hepatitis A, hepatitis B,
hepatitis C, Dengue virus, Bartonella henselae, Malaria
were all negative. Urine and saliva cytomegalovirus (CMV)
polymerase chain reaction (PCR) were negative.
The first chest X-ray taken during admission was normal,
but patient started to have desaturation on day 3 of
admission (i.e. day 9 of fever) requiring oxygen
supplement. Repeated chest X-ray showed left lower lobe
consolidation. Antibiotics namely intravenous cefotaxime
and oral Azithromycin were started to treat the left lower
lobe pneumonia. Computed tomography (CT) of the chest,
abdomen and pelvis was also done since the child also
complained of worsening of abdominal pain and he showed
hepatosplenomegaly, periportal oedema and bilateral basal
lung consolidation and pleural effusion. However, fever
was still swinging despite the antibiotics. On day 8 of
admission (i.e. day 14 of fever), a soft systolic heart murmur
was detected over the left lower sternal border and
electrocardiograms were all along normal. Echocardiogram
was performed on the next day (i.e. day 15 of fever) and a
right coronary artery small-sized aneurysm measured
4.89 mm in width (z-score: +3.77) and 11.8 mm in length.
(Figure 1) There was no pericardial effusion or valvular
regurgitation. The ejection fraction was 74% which was
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normal. CT coronary arteriogram also confirmed a solitary
5 mm size coronary artery aneurysm over the proximal
right coronary artery (Figure 2).
At that juncture, we were unable to think of any causes
for the persistent high swinging fever and the coronary
artery aneurysm and giving it the benefit of doubt, we
suggested treating the child as a case of atypical KD. A
dose of intravenous immunoglobulin (IVIG), 2 grams per
kg and high dose of oral aspirin was given and the fever
became low-grade on the second day, but it never settled.
The result of Oreintia Tsutsugamuschi came back two
days after the IVIG infusion. The first IgM titre of Oreintia
Tsutsugamuschi was <128 and the second IgM titer taken
on day 16 was 4096. Scrub typhus was finally diagnosed
and oral antibiotic namely doxycycline was started, and
the fever was finally settled. The child was discharged
uneventfully.

Discussion
Rickettsia infections are a diverse collection of
obligately intracellular Gram-negative bacteria found in
ticks, lice, fleas, mites, chiggers, and mammals. It can be
classified as 3 groups: typhus group, spotted fever group
and others. Rickettsia is uncommon in our locality and
there have only been 97 cases reported in Hong Kong
between 2015 and 2019.4

CAA in a Chinese Boy with Scrub Typhus

Scrub typhus belongs to the typhus group of Rickettsia
and it is caused by Orientia Tsutsugamushi. Orientia
Tsutsugamushi is an obligate, intracellular bacterium
causing scrub typhus. The genus Orientia belongs to the
order Rickettsiales in the family of Rickettsiaceae. It can
present with a wide range of symptoms, from asymptomatic
to mild symptoms including fever, headache, abdominal
pain and rash, to severe complications including severe
pneumonia, meningitis and myocarditis.1
Studies showed that Rickettsia species primarily infects
the endothelial cell lining of small to medium-sized blood
vessels. This leads to alteration of vascular permeability
and vascular inflammation, which is collectively named
as 'Rickettsial vasculitis'.5 In fact, dilated right coronary
artery has been reported in a case of a 3-year-old boy suffered
from Rickettsia coronii infection.2 In the case report, author
proposed that coronary ectasia may be a manifestation of
rickettsial vasculitis. Similarly, our case illustrated that
coronary artery aneurysm can also be one of the clinical
features and complications of scrub typhus, caused by
rickettsial vasculitis.
Presentation of rickettsia can also mimic KD. There were
cases reported in Korea that scrub typhus presented with
prolonged fever, bilateral conjunctivitis, rash and limbs
erythema and oedema were initially misdiagnosed to be
KD, and all of these cases had no specific findings
suggestive of KD on echocardiogram.6 On the contrary,
there were cases in both Korea and Sri Lanka that scrub

Figure 2 Computer tomography showed a right coronary aneurysm.
Abbreviations: RCA = Right coronary artery; LCx = Left circumflex artery; LAD = Left anterior descending artery
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typhus can be complicated by KD, leading to coronary artery
aneurysm.3,7
The diagnosis of KD should be based on the presence
of fever for at least 5 days, and at least 4 out of 5 criteria,
namely extremity changes, rash, conjunctivitis, oral
mucosal changes, and cervical lymphadenopathy.8 For our
patient, he had only fulfilled two criteria of KD, i.e.
prolonged fever and erythematous rash. A diagnostic
algorithm was also proposed evaluate patients with
suspected incomplete KD but the patient still needed to
fulfill at least 3 out of 5 clinical criteria together with
supportive laboratory criteria to make a diagnosis of
atypical KD with the help of echocardiogram.8
Previous study showing that that the finding of coronary
artery Z score of the right coronary artery greater or equal
to 2.5 has a specificity of 98% (95% CI, 88%-100%) and
sensitivity of 20% (95% CI, 14%-28%) for the diagnosis
of KD,9 especially since the serology result of Oreintia
Tsutsugamuschi was not available at that time. We treated
our patient as KD based on the right coronary artery
aneurysm as suggested by the above study. However, the
clinical pictures and the laboratory findings were unable
to fulfill the diagnosis of KD and atypical KD. While KD is
the most common cause of coronary artery aneurysm in
children, there are still other rarer causes include trauma,
congenital diseases e.g. Loeys-Dietz syndrome and
vasculitis e.g. Takayasu vasculitis10 etc. Our case reminds
that physicians should consider alternative diagnosis to KD
even if coronary artery aneurysm is detected in children.
In looking back on our case, the child presented with
swinging fever, skin rashes, abdominal pain and
hepatosplenomegaly which were typical clinical symptoms
and signs of scrub typhus. Treatment of scrub typhus with
doxycycline is usually straight forward once diagnosis is
made. The serology results and the prompt response to
treatment by doxycycline could have supported the
diagnosis of scrub typhus complicated by coronary
aneurysm in our case.
In conclusion, coronary aneurysm can be a
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manifestation of scrub typhus due to rickettsial vasculitis.
Physicians should be alert that coronary artery aneurysm
can appear in children with scrub typhus and
echocardiogram is useful to detect CAA. Fortunately,
coronary artery abnormalities are usually resolved after
Rickettsia was properly treated.
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Case Report
Milky Cerebrospinal Fluid Following Migration of a
Central Venous Catheter
G MANEENIL, W JANJINDAMAI, S DISSANEEVATE, A THATRIMONTRICHAI
Abstract

Recently, the use of percutaneously inserted central catheters (PICCs) is the mainstay procedure in
premature infants, requiring long-term venous access for administration of medications and parenteral
nutrition. The complications associated with PICCs placement have been reported including malposition,
infection, thrombosis and catheter migration. We reported an extremely low birth weight infant presenting
with lethargy associated with milky cerebrospinal fluid secondary to the administration of parenteral
nutrition through right saphenous vein indwelling central catheter.

Key words

Catheter migration; Neonate; Peripherally inserted central catheter; Preterm

Case Report
A male neonate with a birthweight of 785 g and 29
weeks gestational age was delivered by caesarean section
due to foetal distress. Apgar scores were 2 and 3 at 1 and 5
minutes, respectively and he was intubated and on
mechanical ventilator after birth. During the first week of
life, he had multiple problems including, respiratory
distress syndrome, patent ductus arteriosus and
spontaneous intestine perforate. On day 14, he had an
operation to explore laparotomy with jejunal resection.
During this time, the infant received total parenteral
nutrition (TPN) via umbilical venous catheter. On day 16,
a silastic central venous catheter (28-gauge Premicath,
Vygon, Aachen, Germany) was inserted via the right
saphenous vein. A plain radiograph without contrast showed
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the line tip at fourth-lumbar vertebra level (L4). Infusion
of TPN was commenced and enteral feeding with breast
milk was introduced. Ten days later, the infant developed
lethargy and desaturation. The physical examinations were
normal, anterior fontanelle was not tense, there was no
spasticity of the extremities and deep tendon reflex was
normal. Lumbar puncture (LP) was performed and the
appearance of cerebrospinal fluid (CSF) was cloudy yellow
fluid (Figure 1). Laboratory analysis showed lipemic 4+,
glucose 3577 mg/dL, protein 79.6 mg/dL, white blood cell
25700 cell/mm3 and polymorphonuclear 99%. The serum
triglyceride and glucose levels were 155 and 145 mg/dL,
respectively. The C-reactive protein level was 210 mg/L.
Meropenem and vancomycin were immediately prescribed
through the peripheral line. There was no bacterial growth
on CSF and blood. A lateral plain radiograph showed the
line tip displaced posterior to lumbar spine (Figure 2). The
bedside abdominal ultrasound could not visualize the line
tip. After that, the catheter was removed. A repeat LP was
performed after 7 days and CSF showed bloody appearance
(traumatic tap), white blood cell 240 cell/mm 3 and
polymorphonuclear 70%. The level of glucose and protein
could not be evaluated due to inadequate amount of CSF.
There was no bacterial growth on CSF. The duration of
antibiotic drug was 14 days.
During admission, there was no neurologic symptom
and the cranial ultrasound on week 3 of life revealed
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bilateral intraventricular haemorrhage grade 1. Follow-up
at the age of 12 months showed increase of muscle tone
and deep tendon reflex was 3+. The developmental
stimulation program was implemented and follow-up
clinical assessment was performed at a local hospital.

Discussion
In this case report, the patient developed lethargy with
milky CSF while receiving TPN through a right saphenous
percutaneous central venous catheter. CSF profile showed
a pleocytosis of white blood cells with polymorphonuclear
predominance. The first differential diagnosis was a
bacterial meningitis. However, lipemic CSF and high level
of glucose in CSF were the striking abnormalities. The
leakage of TPN and mixed with the CSF fluid should be
considered.
The complications associated percutaneously inserted
central catheters (PICCs) placement have been reported,
in which the incidence varied from 1.5-10%.1 The common
veins for PICCs placement are the basilic, cephalic, and
axillary veins in the upper extremities and the saphenous
and popliteal in the lower extremities.1,2 The tip should be

Figure 2

Figure 1

Cerebrospinal fluid showed a milky colour.

Anteroposterior (A) and lateral (B) plain radiograph demonstrated the position of line tip of the catheter (L4 level).

Milky Cerebrospinal Fluid
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located in the superior vena cava (SVC) just proximal to
the right atrial junction when the catheter is inserted in
the upper extremities. If the PICC line is inserted in the
lower extremities, the catheter tip should be at inferior
vena cava and avoid location at the level of fifth-lumbar
vertebra (L5) to first-sacral vertebra (S1) which is the
ascending lumbar veins (ALV) location.4 The confirmation
of the tip location was important. Radiopaque water-soluble
contrast material should be performed, if the position of
the catheter tip is not clear.3,4 The other imaging is the
ultrasonography which can also identify the tip position,
however, the ultrasound should be performed by trained
personnel.
According to previous publications, the migration of
the catheter located on lower extremities may enter the
contralateral femoral vascular system, the renal veins or
the ALV and can cause extravasation of the fluid into
peritoneal, retroperitoneal areas and epidural space.2,3 In
this case report, the tip was located at L4 level, however,
we found leakage of TPN that mixed with the cerebrospinal
fluid. Normally, the ALV emerges from the iliac veins at
the level of L5-S1 and communicates with epidural veins
in the spinal canal via bridging intervertebral veins.2 When
the catheter migrated to the ALV, TPN may have retrograde
flow of fluid into the veins of the vertebral venous plexuses
or the solution can cause endothelial damage which releases
TPN into the epidural space. Furthermore, the tip can move
to the spinal epidural plexus and enter the epidural space.2
Besides our case report, there were previous reports in
the cases of TPN extravasation to CSF. Lachowska et al,
reported the case of misplacement of catheter inserted via
left saphenous vein. The patient developed lethargy and
seizure and CSF profile showed milky appearance. The tip
was located at L3-L4 level after the catheter insertion.
However, the plain radiograph with contrast showed the
catheterization of the left ALV and the contrast was found
in the epidural space. There was no neurological sequalae
and the patient had normal development at 1 year of age.5
Katz et al, reported the preterm infant developed seizure
on day 19 of life. The infant received TPN through a long
intravenous line inserted via a scalp vein. The tip was
located into the SVC. The CSF profile showed
hyperglycorrhachia due to diffusion into the CSF of TPN
solution in the subdural space and the cranial ultrasound
showed bilateral subdural collections. Aspiration and
drainage the collection was performed and the clinical

condition improved rapidly. 6 Moreover, Clarke et al,
reported two preterm infants had silastic lines inserted via
the left saphenous vein and the plain radiograph without
contrast showed the tip at L4 level. The infants developed
lethargy and desaturation and lumbar puncture was
performed. Parenteral nutrition solution was recovered in
the cerebrospinal fluid. The infants were normal at
neurodevelopmental follow up at 5 months and 24 months
of age.3
As mentioned above, the extravasation of
hyperalimentation fluid from the migration or malposition
of PICCs can occur anytime. When the catheter tip takes
an unexpected location, it may be malposition. The
physician should obtain a lateral film to ensure that the tip
has not entered ALV or renal veins. Ultrasonography and
fluoroscope may be alternative imaging to assess the tip
location. Moreover, the physicians should be careful to
take care of the infants and seek a strategy to prevent the
complications of indwelling PICCs, such as, secure the
proper position of catheter, determine the catheter length
daily or take serial radiographs.
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Case Report
A Case of X-linked Chondrodysplasia Punctata with
EBP Mutation, c.204G>T
SA YOON, JS KIM, JH LEE
Abstract

Chondrodysplasia punctata is characterised by punctate or popcorn-like calcium deposits in cartilage
observed on X-rays. X-linked dominant chondrodysplasia punctata (CDPX2) is characterised by bone,
skin, and eye abnormalities. Mutations in emopamil binding protein (EBP) gene cause CDPX2. EBP
gene mutation leads to defect of cholesterol biosynthesis pathway. CDPX2 is an X-linked dominant
disorder so there are different clinical phenotypes between male and female. We report a variant in the
EMP gene in a 2-day-old female with a variable CDPX2 phenotype including typical skeletal anomaly
(stippling), skin defect, and cataract. The prenatal ultrasound found the fetal asymmetric femur but
chondrodysplasia punctata was not suspicious. After birth, in the next-generation sequencing panel for
skeletal dysplasia, a heterozygous mutation in the EBP gene (NM_006579.2) was detected (c.204G>T,
p.Trp68Cys). The clinical phenotype of CDPX2 is variable, especially in affected females, so early
diagnosis can result in early treatment with medicine and surgery for significant ocular (cataract) and
skeletal anomaly and a better prognosis can be expected.

Key words

Chondrodysplasia; Punctata; X-linked

Introduction
Chondrodysplasia punctata is a rare, heterogeneous
congenital skeletal dysplasia. This disorder is characterised
by punctate or popcorn-like calcium deposits in cartilage
observed on X-rays.1
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X-linked dominant chondrodysplasia punctata (CDPX2,
Online Mendelian Inheritance in Man 302960), also
known as Conradi-Hünermann-Happle syndrome, is
characterised by bony abnormalities such as short stature,
asymmetric rhizomelic shortness, radiographic epiphyseal
stippling, midface hypoplasia, transient skin defect. This
disorder is caused by a mutation of emopamil binding
protein (EBP) gene. 1,2 The prevalence of CDPX2 is
estimated at less than 1 in 400,000 newborns. But real
prevalence may be higher because a female patient with
mild symptoms and signs can be underdiagnosed. Most
cases of CDPX2 occur in females.
When this disorder is inherited, it is inherited in an
X-linked dominant pattern. The EBP gene associated with
CDPX2 is located on the short arm of the X chromosome
(Xp11.22-p11.23). The EBP gene provides instructions for
making an enzyme called 3β-hydroxysteroid-∆8, ∆7isomerase. This enzyme is involved in the distal
cholesterol biosynthesis pathway.
Cholesterol is necessary for normal embryonic
development and it is also functionally important for
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embryos and neonates. It is a structural component of the
cell membrane, so it is essential for the barrier function of
the skin and the membrane of the lens and plays an
important role in the regulation of hedgehog signaling
necessary during development.2
In females, a mutation in one of the two copies of the
EBP gene in each cell can cause the disorder. Some cells
produce a normal amount of 3β-hydroxysteroid-∆8, ∆7isomerase and other cells produce none. Symptoms and
signs of CDPX2 vary depending on the degree of the total
reduction of this enzyme. However, in males, a mutation
of the EBP gene results in a total loss of this enzyme. Also,
few males have been born with CDPX2 because it is usually
lethal without this enzyme at all in the early stages of
development.3
Although the symptoms and signs of CDPX2 are
variable, almost all patients with chondrodysplasia
punctata have a body abnormality that appears on X-rays
as spots in epiphysis and cartilage. The stippling of CDPX2
typically is found at the long bones of the arms and legs,
the ribs, and the vertebrae. So, these typical radiologic
findings lead to the suspicion of CDPX2.4
In addition, there are transient skin defects including
striated palmoplantar hyperkeratosis, patchy ichthyotic
skin following the lines of Blaschko., follicular
atrophoderma, and pigmentary defects but skin lesion can
resolve during early infancy. The hair is coarse and
lusterless. Also scarring alopecia is common. Unilateral or
segmental cataracts are commonly found on ophthalmic
examination.5 We report a female newborn with many
clinical manifestations of X-linked dominant
chondrodysplasia punctata and mutation of EBP.
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observed. The right leg was shorter than the left.
Infantogram showed popcorn-like calcifications at
metaphysis of proximal and distal right femur, proximal
right tibia, right talus, both tarsal bones, along with both
paravertebral spaces, both costosternal junctions of 1st ribs,
and right scapula. Also widening of the metaphysis of distal
tibia and fibula were observed (Figure 2). Hip ultrasound
showed the asymmetric femoral head (right 1.3 cm, left
1.6 cm) and amorphous hyperechoic lesion at the cartilage
of the right greater trochanter. Based on these skeletal and
skin anomalies, we became suspicious of skeleton dysplasia
and conducted further evaluations. Echocardiogram
showed atrial septal defect (size 5.5*4.9 mm) and
ophthalmic examination found congenital cataract on the
right eye. Transcranial and abdominal ultrasound showed
no abnormal findings of the brain and abdomen. The
metabolic screening test was normal. Genetic skeletal
dysplasia was suspicious so genetic study was performed.
We performed several tests to find the genetic cause of
skeletal dysplasia. The peripheral blood karyotype of the
patient was normal female (46, XX). In the next-generation
sequencing panel for skeletal dysplasia, a heterozygous
mutation in the EBP gene (NM_006579.2) was detected
(c.204G>T, p.Trp68Cys).6,7 It was classified as a likely
pathogenic variant according to American College of
Medical Genetics (ACMG) guideline.
We did not perform maternal testing because she was
not clinically unaffected.

Case Report
A 2-day-old female newborn was admitted to our
hospital because of a short right femur. She was born at
38+6 weeks by cesarean section. The pregnancy had
progressed normally. She was the first baby and the family
history was unremarkable. At the prenatal ultrasound, the
right fetal femur was shorter than the left but anther
abnormal findings including polyhydramnios were not
found and prenatal genetic testing was not performed.
Physical examination showed skin lesions, dysmorphic
face, and skeletal anomaly. Yellowish hyperkeratotic scaly
patches of skins were observed throughout the whole body
except for the face, hands, and feet (Figure 1). Asymmetric
face, low nasal bridge, and hypoplastic midface were

Figure 1
Skin lesions on the chest and abdomen of a patient
with CDPX2. Yellowish hyperkeratotic scaly patches of skins
were observed throughout the whole body except for the face,
hands, and feet.

CDPX2 with EBP Mutation, c.204G>T
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Discussion
Almost all patients have a stippling in epiphysis and
cartilage, but this abnormality disappears in early
childhood. Other bony abnormalities in patients with
CDPX2 include asymmetric shortening of the long bones
(upper arms and thighs) and progressive kyphoscoliosis.
These skeletal abnormalities cause patients with CDPX2
to tend to have short stature.
Most patients with CDPX2 have cataracts from birth.
Another eye abnormalities include small eyes

(microphthalmia) and small corneas (microcornea). The
cornea is the clear front surface of the eye. These eye
abnormalities can result in impaired vision. Therefore, early
treatment is essential for normal visual development.8
Females with CDPX2 typically have normal intelligence
and can expect a normal lifespan but not in males. Males
with CDPX2 have hypotonia, structural brain changes,
seizures, moderate to severe developmental delay, typical
facial characteristics, and other birth defects, these clinical
features are some of the same features in females with
CDPX2.2
EBP mutation can lead to 2 phenotypes, CDPX2, and
male emopamil-binding-protein disorder with neurological
defects (MEND) syndrome. MEND syndrome is inherited
in an X-linked recessive pattern and has typically
neurological defects.9 The inherited pattern and neurologic
defect are the important points that distinguish CDPX2
from MEND syndrome.
We report a variant in the EBP gene in a 2-day-old female
with a variable CDPX2 phenotype including typical skeletal
anomaly (asymmetric rhizomelia and stippling), skin
defect, facial asymmetry, and cataract. The prenatal
ultrasound found the fetal asymmetric femur but
chondrodysplasia punctata was not suspicious. At birth, she
has many phenotypes of CDPX2 and typical radiologic
findings so the early diagnosis was possible. Even though
clinical phenotype of CDPX2 is variable but an early
diagnosis can result in early treatment with medicine and
surgery including significant ocular (cataract) and skeletal
anomaly and a better prognosis can be expected.

Conclusion

Figure 2 Radiological features of female patients with
CDPX2. Popcorn-like calcifications at metaphysis of proximal
and distal right femur, proximal right tibia, right talus, both
tarsal bones, along with both paravertebral spaces, both
costosternal junction of 1st ribs, right scapula, and chondroid
lesions. Widening of the metaphysis of distal tibia and fibula
were observed.

We report a variant in the EBP gene in a 2-day-old female
with a variable CDPX2 phenotype including typical skeletal
anomaly (stippling), skin defect, and cataract. Early
diagnosis by genetic study and early treatment is very
important for a better prognosis.

Declaration of Interest
The authors declare that there is no conflict of interest.

Yoon et al

203

References
1.
2.

3.

4.

5.

Happle R. X-linked dominant chondrodysplasia punctata. Review
of literature and report of a case. Hum Genet 1979;53:65-73.
Kanungo S, Soares N, He M, Steiner RD. Sterol metabolism
disorders and neurodevelopment-an update. Dev Disabil Res Rev
2013;17:197-210.
Derry JMJ, Gormally E, Means GD, et al. Mutations in a delta 8delta 7 sterol isomerase in the tattered mouse and X-linked dominant
chondrodysplasia punctata. Nat Genet 1999;22:286-90.
Rossi M, Hall CM, Bouvier R, et al. Radiographic features of the
skeleton in disorders of post-squalene cholesterol biosynthesis.
Pediatr Radiol 2015;45:965-76.
Milunsky JM, Maher TA, Metzenberg AB. Molecular, biochemical,
and phenotypic analysis of a hemizygous male with a severe atypical
phenotype for X-linked dominant Conradi-Hunermann-Happle

6.

7.

8.
9.

syndrome and a mutation in EBP. Am J Med Genet A 2003;116A:
249-54.
Lambrecht C, Wouters C, Van Esch H, Moens P, Casteels I, Morren
MA. Conradi-Hünermann-Happle syndrome: A novel heterozygous
missense mutation, c.204G>T (p.W68C). Pediatr Dermatol 2014;
31:493-6.
Takeichi T, Honda A, Okuno Y, et al. Sterol profiles are valuable
biomarkers for phenotype expression of Conradi-HünermannHapple syndrome with EBP mutations. Br J Dermatol 2018;179:
1186-8.
Cassidy L, Taylor D. Congenital cataract and multisystem
disorders. Eye (Lond) 1999;13(Pt 3b):464-73.
Arnold AW, Bruckner-Tuderman L, Has C, Happle R. ConradiHünermann-Happle syndrome in males vs. MEND syndrome (male
EBP disorder with neurological defects). Br J Dermatol 2012;
166:1309-13.

HK J Paediatr (new series) 2022;27:204-214

Contemporary Practice in Paediatrics
Clinical Guidelines on the Management of
Acute Bronchiolitis
JW CHENG, MF YEUNG, TWY CHEUNG, EYL POON, KK SIU, YP TSANG,
OY WONG, KF LAU, AM LI, SC SIT, AYC TAM
Explanatory Notes on Level of Evidence and Grading System on Recommendation
The definition of types of evidence and grading recommendations originate from the US Agency for Healthcare Research
and Quality (AHRQ).
Levels of Evidence
Level

Type of evidence

Ia

Evidence obtained from meta-analysis of randomised controlled trials

Ib

Evidence obtained from at least one randomised controlled trial

IIa

Evidence obtained from at least one well-designed controlled study without randomisation

IIb

Evidence obtained from at least one other type of well-designed quasi-experimental study

III

Evidence obtained from well-designed non-experimental descriptive studies, such as comparative studies, correlation studies
and case control studies

IV

Evidence obtained from expert committee reports or opinions and/or clinical experience of respected authorities

Grading of Recommendations
Grade

Type of recommendation

A (Levels Ia, Ib)

Requires at least one randomised control trial as part of the body of literature of overall good quality and
consistency addressing the specific recommendation

B (Levels IIa, IIb, III) Requires availability of well-conducted clinical studies but no randomised clinical trials on the topic of
recommendation
C (Level IV)

Requires evidence from expert committee reports or opinions and/or clinical experience of respected authorities.
Indicates absence of directly applicable studies of good quality
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Evidence is graded upon the methodological qualities.
Guidelines normally contain many different
recommendation based upon different levels of evidence.
It is important that users are aware of the level of evidence
on which each guideline recommendation is based. The link
between guideline recommendation and the supporting
evidence should be made explicit. Separating the strength
of the recommendation from the level of evidence helps
in situations where extrapolation is required to take the
evidence of a methodologically strong study and apply it
to the target population. Gradings of recommendation in
addition to level of evidence allow more flexibility for
future revision. However, it is important to emphasis that
the grading does not relate to the importance of the
recommendation.
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of bronchiolitis and accounts for 50% to 86% of cases.1,4,5
Other viruses, including human rhinovirus, human
metapneumovirus, influenza, adenovirus, coronavirus and
parainfluenza viruses, are also found to be aetiological
agents of bronchiolitis.

Epidemiology

Bronchiolitis is the commonest lower respiratory tract
disease in infants. It mainly occurs in children under two
years of age. Most cases requiring hospitalisation involve
infants less than 12 months. It has been reported that
bronchiolitis accounted for 5.05 to 6.6% of all paediatric
admissions in Hong Kong.1,2 Bronchiolitis tends to be a
self-limiting disease in most cases. However, it can still
cause significant morbidity in the infected infants.
Children with underlying medical diseases, such as
prematurity, cardiac disease or underlying respiratory
disease, are particularly prone to develop severe diseases.
Since the previous version of the guidelines developed
by the Hong Kong College of Paediatricians issued in
2006, additional studies have shed new light on the
evidence behind various treatment and prevention strategies
for bronchiolitis, particularly on the use of systemic
steroids, bronchodilators, hypertonic saline and respiratory
support modalities such as high flow nasal cannula.

Bronchiolitis remains one of the commonest reasons
for paediatric inpatient admissions. A local study has
estimated the annual hospitalisation incidence to be 35513949 and 1176-1242 per 100,000 children under 1 year
old and between 12 to 23 months.6 Two other more recent
studies have shown that the annual RSV hospitalisation rate
for infants younger than 6 months and under 1 year to be
233.4-311.2 per 10,000 children and 266.7-341.4 per
10,000 population in Hong Kong respectively.7,8 Various
studies have described a male predominance in
bronchiolitis and RSV infection with a male to female ratio
of 1.3-2.2 to 1. 1,6,8 Bronchiolitis is generally a benign
disease and mortality is rare. One of the above study
found that there were 3 deaths with the primary
diagnoses of bronchiolitis and RSV bronchiolitis in all
HA hospitals in 2 years period while death rate of 17.839.2 per 1,000,000 per person-year for RSV infection
in children aged between 0 to 4 years old was reported
in another article. 6,8 Despite having a low mortality,
bronchiolitis is one of the paediatric respiratory disorders
which is associated with the longest median stay in hospital
of 3 days.6 Seasonal variation in incidence is well known to
exist in RSV infection. In contrast to other countries like
the United States of America and the United Kingdom,
where activity of RSV infection is usually highest during
the winter months, it has been demonstrated that the peak
season for RSV infection in Hong Kong was between April
and October.1,7,8

Definition

Clinical Features and Diagnosis1-4 (Grade B)

Bronchiolitis is a clinical diagnosis made by clinical
history and physical findings. It is defined by a consensus
guideline from UK as a seasonal viral illness characterised
by fever, nasal discharge and dry, wheezy cough. Clinical
examination may reveal fine inspiratory crackles and/or
high pitched expiratory wheeze.3

Diagnosis of bronchiolitis is based on history and
physical examination:

Introduction

Aetiology
Respiratory syncytial virus is the most common cause

A. Symptoms

- Affected children are aged up to 2 years, with the
majority less than 12 months
- Fever in 30% of cases, usually of less than 39oC
- Viral upper respiratory tract prodrome: rhinorrhea and
cough, followed by onset of respiratory distress and
wheezing in next few days
- Apnoea may occur in very young infant
- Poor feeding

Management of Acute Bronchiolitis
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B. Physical findings

- Tachycardia
- Tachypnoea
- Increased respiratory effort: intercostal and/or
subcostal insucking, use of accessory muscles, nasal
flaring and grunting
- Fine inspiratory crackles
- High-pitched expiratory wheeze
- Prolonged expiration
- Central cyanosis may occur in severe cases

Investigations
A. Current evidence on the clinical utility of chest X-ray
(CXR) consistently showed that CXR is not of clinical
value in typical bronchiolitis, adds cost, and increases
the risk of inappropriate antibiotics use.9-12 Routine CXR
not recommended in children presenting with simple
bronchiolitis as it does not improve management and
may lead to treatments of no benefit. CXR is not
indicated except in the following conditions: 13-17
(Grade B)
1. Children for whom intensive care is contemplated
2. Children with unexpected clinical deterioration
3. Children with suspected alternate cause of respiratory
distress
4. Children with underlying cardiopulmonary diseases
Current evidence is insufficient to demonstrate a good
correlation between chest radiography findings and
disease severity.
B. Viral testing is not routinely recommended as the
underlying viral aetiology is generally not correlated
with specific clinical features or responsiveness to
treatment 13,15,18-23 (Grade C)
C. Haematological and biochemical investigations are not
routinely indicated. They may be useful to rule out
coinfection or secondary bacterial infection, and to
assess the general status of the patient13-15,18-19,22 (Grade
B)
D. Pulse oximetry detects hypoxemia not suspected by
physical examination but its role in predicting clinical
outcomes requires further studies13,14,19,24,25 (Grade C)
E. Blood gas analysis is warranted in patients with18,26
(Grade C)
1) Severe respiratory distress
2) Impending respiratory failure

Factors Associated with Severe Disease
From literature and guidelines, severity of bronchiolitis
can be classified into:
1) Epidemiological Factors14,27
Patient

Family

Male

Young maternal age

Prematurity (born before
gestational age of 37 week)

Maternal lower socioeconomic
status and education level

Post menstrual age (PMA)
<=60 week or <3 months
old at presentation

Multi-parity

Breast fed <2 months
or not on breast feeding

Bedroom sharing with 2 or more
household members

Day care centre attendance

Passive household smoking

2) Underlying Medical Conditions

Patients being diagnosed with chronic lung disease (or
bronchopulmonary dysplasia in old nomenclature), congenital
heart defects with significant haemodynamic shunting,
neuromuscular disease, immunological deficiencies and
presence of chromosomal abnormalities all associated with
increased risk of severe RSV infection.13-15

Indications for Hospital Admission/PICU
Admission
There is no study locally concerning the above issues.
In international guidelines, as many patients are being
managed in the community, indications for both hospital
admission and/or PICU admission are mainly determined
by the clinical severity of the RSV infections.
Scoring systems shown little evidence towards
determining the need for admission or predictive duration
of hospital stay.15,28
Severity of RSV infection, as suggested by different
international guidelines from the United States of America,
Australia and the United Kingdom, can be divided into 2
parts - 1) if the disease affects the activities of daily living
(general behaviour and feeding) of the child, and
2) presenting vital signs (including respiratory rate at rest,
presence of signs of respiratory distress, oxygen saturation
SpO2 in room air, and whether presence and frequency of
apneic episodes) of the child at presentation to medical
service providers.
The Australasian bronchiolitis guidelines15 categorised
the above items into a bedside clinical assessment tool,
which is adopted below:
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Mild

Moderate

Severe

Behaviour

Normal

Mild or intermittent irritability

Increasing irritability or lethargic, fatigue

Feeding

Normal

Mild decrease or difficulty in feeding
(less than 50-75% of usual volume or
signs of clinical dehydration)14

Refuse or reluctant to feed
Dehydrated on clinical assessment

Normal to mild tachypnoea

Increase in respiratory rate

Marked increase or decrease in respiratory rate

No

Brief apnoea

Frequent and/or prolonged apnoea

No to mild chest
wall retractions

Moderate chest wall retractions,
tracheal tug, nasal flaring

Marked chest wall retractions, tracheal tug
and nasal flaring

>=92% in room air

90-92% in room air

<90% in room air, hypoxaemia

Respiratory rate
Apnoea
Use of accessory
muscles
Oxygen saturations

Cases presenting with moderate severity should be
carefully assessed for the need for hospital admission,
taking into account the underlying patient and family risk
factors as discussed above. Capability of family members
in taking care the child and recognising signs of
deterioration are important considerations on deciding
whether to admit the patient or not.14,15
Patients presenting with severe symptoms may be
candidates for PICU admission.

Pharmacological Management
Bronchodilators (Beta-2-agonists and Anticholinergics)

There is currently no evidence to recommend the
routine use of beta2-agonists for the management of
acute bronchiolitis in children. However, trial of inhaled
bronchodilators may be warranted in severe cases
followed by a reassessment for efficacy of treatment.
(Level Ia, Grade A)
Beta-2-agonists

Similar to previous years of evidence, updated metaanalysis on the trials of bronchodilators in the treatment
for first-time wheezers presenting with acute bronchiolitis
did not have consistent evidence to show improvement in
outcomes such as oxygen saturation or reduction in length
of hospitalisation.26,29-32
Several meta-analyses and systemic reviews have shown
that bronchodilators may improve clinical symptom scores,
but do not affect disease resolution, need for hospitalisation
or length of stay. Given the inter observer variability with
interpretation of clinical scores, and no objective measure is
able to correlate them, they are not considered validated
measures of bronchodilator efficacy.13,33
Bronchodilator treatment in outpatient settings were
not shown to reduce the rate of hospitalisation. Similarly,

inpatient bronchodilator treatment did not show a
reduction in the duration of hospitalisation.29
While many large meta analyses and systemic reviews
do not suggest routine administration of inhaled
bronchodilators as inpatient nor outpatient treatment, some
studies recommend that bronchodilators may provide
modest to short term clinical improvement and a one time
trial of inhaled bronchodilators may be warranted for
infants and children with bronchiolitis and severe disease,
showing persistently increased respiratory effort,
hypoxemia, apnoea or respiratory failure.30,32 With trials
of bronchodilator use, the child should be evaluated for
the efficacy soon after treatment.
Recent studies have identified multiple viral
bronchiolitis phenotypes with heterogeneity in clinical
presentation, indicating the need to consider phenotypespecific treatment strategies. Groups of infants with viral
bronchiolitis that were proposed to likely will benefit from
beta 2-agonist (including Infants with a history of
wheezing, nocturnal cough, atopy or strong family history
of asthma) may warrant a trial of bronchodilator.34
Due to the lack of robust criteria to identify infants with
viral bronchiolitis that may benefit from bronchodilators
from those who do not, with reassessment of clinical
condition, it is appropriate to continue to administer beta
2 agonist to those who benefit from this medication.
Overall, given the lack of evidence suggesting its
efficacy, the adverse side effects and the cost associated
with these treatments, bronchodilators are not effective in
the routine management of bronchiolitis but individualised
use can be considered with appropriate evaluation and
assessment.
Ipratropium Bromide

The use of ipratropium is not recommended in the
treatment of bronchiolitis. (Level IV, Grade C)
There is no recent trial to document the efficacy of this
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medication. Only the NICE guidelines14 documented that
it does not recommend the use of ipratropium in treatment
of bronchiolitis. Other international guidelines have no
recommendation on its use.

severe cases with bronchiolitis admitted to intensive care,
administration of nebulised hypertonic saline led to reduced
duration of respiratory support and length of stay.41
Ribavirin

Nebulised Adrenaline

There is insufficient evidence to support the routine use
of nebulised adrenaline in out-patient or in-patient
treatment of bronchiolitis. Single administration trial may
be considered in children >3 months with moderate to
severe disease with evaluation of effect. (Level Ia, Grade A)
A Cochrane systemic review30 in 2011 and two large
multi-centered trials 26,35 found that adrenaline did not
change hospital length of stay, improve clinical scores nor
decrease the need for supportive therapy (O2, ventilation
support, NG tube feeding).
Based on this evidence, the routine use of neb adrenaline
is not recommended for in-patient which also concur with
recommendations from international guidelines.13-15,18,36-39
The Cochrane systemic review 30 also found that
adrenaline maybe effective in reducing hospital admission
especially in first 24 hours of AED attendance. A Canadian
trial36 also showed that combined treatment with nebulised
adrenaline and dexamethasone reduced admissions. Along
with finding from a multi-centered trial40 that on demand
inhalation is associated with shorter length of hospital stay
compared with a fixed schedule inhalation, a few
international guidelines 14,18,36,37 suggest that a dose of
adrenaline trial may be considered with monitoring of
clinical response.

Ribavirin is not recommended for routine use in the
treatment of bronchiolitis. (Level IV, Grade C)
Ribavirin is the only anti-viral medication approved for use
against RSV. It is a guanosine analog and inhabits RSV
replication. Use of ribavirin in RSV disease remains
controversial because of its expense, uncertainties regarding
its efficacy and questions of side effects to exposed healthcare
workers. Its routine use is not recommended but may be
considered in immunocompromised host.42-48
Palivizumab

Palivizumab is not recommended for routine use in
the treatment of bronchiolitis. (Level IV, Grade C)
A humanised monoclonal anti-RSV antibody against the
RSV F glycoprotein and hence prevents cell fusion.
Palivizumab has been shown to reduce disease severity in
high risk groups. However, its administration is restricted
because of its expensive cost. Currently its prophylactic
use is recommended to selected patient groups, namely
those with a gestational age of <29 weeks, chronic lung
disease of prematurity, haemodynamically significant
congenital heart disease, airway abnormality,
neuromuscular disease that impairs airway clearance and
immunodeficiency. 13 Currently there is no evidence to
support the routine use of palivizumab in the treatment of
acute RSV bronchiolitis.49

Nebulised Hypertonic Saline

The use of nebulised hypertonic saline for the treatment
of bronchiolitis is controversial. (Level IV, Grade C)
Nebulised hypertonic saline acts as a mucolytic,
enhances and stimulates ciliary action. Several studies have
demonstrated beneficial effects of nebulised hypertonic
saline on reducing hospital length of stay, clinical severity
scores and risk of hospitalisation in infants treated as
outpatients. However, these studies were heterogeneous
and limited by their study design and sample size. The
National Institute for Health and Care Excellence (NICE)
published its guidelines on the management of children
with bronchiolitis in June 2015 and recommend avoidance
of all nebulised therapies, 14 the same view is also
expressed in the Australian guidelines.15 The American
Academy of Pediatrics suggests its use should only be
considered in those infants with a prolonged length of hospital
stay.13 One recent study however provided evidence that in

Antibiotics

Antibiotics are not recommended for routine use in
the treatment of bronchiolitis. (Level Ia, Grade A)
Antibiotics are often prescribed in acute bronchiolitis,
especially in infants with evidence of coinfection and
whose illness needed intensive care unit admission. The
most recent Cochrane review does not support the routine
use of antibiotics as only a small proportion of infants
with severe RSV bronchiolitis developed proven secondary
bacterial infection.50,51
Leukotriene Receptor Antagonists (LRA) - Montelukast

LRAs are not recommended for routine use in the
treatment of bronchiolitis. (Level IV, Grade C)
Cysteinyl leukotrienes, a class of lipid mediators are
released during RSV infection and contribute to the
pathogenic changes in the airways. Few studies have
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investigated the role of LRA in infants with acute viral
bronchiolitis and none have documented a positive
response. Therefore at present routine use of LRA is not
recommended.52,53
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respiratory distress.57 Common criteria for initiating CPAP
are respiratory distress, high oxygen requirement or
increasing PCO2 and apnoea.14,58
Humidified High Flow Nasal Cannula

Corticosteroids

Systemic or inhaled corticosteroids are not
recommended for routine use in the treatment of
bronchiolitis. (Level Ia, Grade A)
Currently available evidence does not recommend the
use of systemic or inhaled corticosteroids in infants with
bronchiolitis. 15 Although there may be a subgroup of
patients who could benefit from corticosteroids (high risk
for the subsequent development of asthma), the effect is
slow and demands repeated systemic doses with a potential
risk of adverse effects.40,54

Non-pharmacological Management
Respiratory Support

Oxygen supplementation is recommended for children
with bronchiolitis if their oxygen saturation is less than
92%.40 [Level IV, Grade C]
Non-invasive ventilation (CPAP or HHFNC) should be
considered in children with bronchiolitis with hypoxia
(oxygen saturations less than 92%) and moderate to severe
respiratory distress. [Level Ib, Grade A]
The benefit of supplemental oxygen therapy has not
been specifically studied. The absolute oxygen saturation
at which to commence supplemental oxygen therapy has
ranged in studies from 90 to 94%. No RCTs have reported
long-term neurodevelopmental outcomes in babies with
bronchiolitis. Due to the lack of this long-term evidence
on the safety with oxygen saturation targets of less than
92%, both the NICE guideline and Australasian
bronchiolitis guideline recommend commencing oxygen
therapy below this level.15
Continuous Positive Airway Pressure

Continuous positive airway pressure (CPAP) is
recommended in children with moderate or severe
bronchiolitis, especially in young infants with bronchiolitis
who presented with apnoea. [Level IIa, Grade B]
First line nasal CPAP reduces duration of ventilation
and hospital stay as compared with invasive ventilation.55,56
Pre-emptive nasal CPAP is used for moderate to severe
acute bronchiolitis.56 Studies show that CPAP reduces
capillary PCO2, improves oxygenation and clinical

Humidified High Flow Nasal Cannula (HHFNC) could
be an effective intermediary therapy in children with
moderate bronchiolitis, bridging standard and critical
care. [Level Ib, Grade A]
HHFNC has increasingly been used as an alternative to
CPAP. It is better tolerated than nasal CPAP. Reviews and
studies have concluded that HHFNC may be feasible in
infants with bronchiolitis and may decrease the need for
intubation.59-61
Several recent RCTs compare the efficacy of HHFNC
versus CPAP or standard oxygen therapy. Infants with
bronchiolitis who received high-flow oxygen therapy
outside the PICU had lower rates of escalation of care due
to treatment failure than infants who received standard
oxygen therapy.61 In addition, use of HHFNC prevents
intensive care admission in children with moderately
severe bronchiolitis attending emergency department, for
whom standard oxygen therapy failed.62 This shows that
HHFNC can be an effective intermediary therapy, bridging
standard and critical care.
There is no significant difference on the rate of
intubation and PICU length of stay for HHFNC and nasal
CPAP use in moderate to severe acute bronchiolitis. 63
Nasal CPAP has a higher success rate as compared to
HHFNC, in terms of improvement in apnoea, respiratory
distress and oxygen saturation etc. 63 [Level Ib] We
conclude that HHFNC is a reasonable alternative to nasal
CPAP in children with moderate bronchiolitis, with
better tolerability.
Mechanical Ventilation

Mechanical ventilation should be considered for
infants who do not improve with intermediary therapies
of nasal CPAP or HHFNC. [Level IIb, Grade B]
Mechanical ventilation may be necessary in infants with
insufficient support by nasal CPAP or HHFNC. Risk factors
include prematurity, low birth weight, bronchopulmonary
dysplasia, apnoea, low oxygen saturation, poor oral intake
and severe retraction on admission.20,64
There is no consensus on which ventilator technique is
the best for children with bronchiolitis.65,66 Both volume
and pressure cycled ventilation has been used. The use of
high frequency oscillation has been successful in some
case reports.67,68
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Fluid and Nutrition

Use of isotonic fluids is recommended (Level Ia, Grade A)
Inpatients should receive sufficient fluid to avoid
dehydration. (Level IV, Grade C)
Inpatients should be monitored for overhydration.
(Level IV, Grade C)
Feeding by gastric tube can be used in cases of moderate
or severe respiratory distress.69-71 (Level Ia, Grade A)
Monitoring hydration status is necessary should
dehydration be suspected. (Level IV, Grade C)
Respiratory distress due to increased work of breathing
may cause inadequate feeding and dehydration. 58
Tachypnoea and fever also increases fluid loss, worsening
the dehydration.69,72 Oral feeding may be sustained in milder
cases by small volume frequent feeds. Nasogastric,
orogastric or intravenous fluids should be given for infant
who cannot maintain hydration orally.13-15 Intravenous fluids
may decrease the risk of aspiration by minimising
interference with breathing, but it creates a catabolic state
due to low calorie intake, and also increases the risk of
fluid overload and electrolyte imbalance.69,72 Infants may
achieve a better nutritional status and nitrogen balance
though gastric tube feeding.58
An open randomised trial showed no significant
differences in rates of intensive care unit admission, need
for ventilatory support, or adverse effects between
nasogastric and intravenous hydration.70 A randomised pilot
study comparing intravenous and gastric tube hydration
showed no difference regarding the duration of oxygen
supplementation or length of stay.69
Current guidelines recommend that infants should
receive enough fluids to restore fluid loss and avoid
dehydration. Fluid retention due to inappropriate secretion
of antidiuretic hormone (SIADH) has been reported in
bronchiolitis,73,74 thus side effects of overhydration should
be monitored, especially in those with severe disease.
Suggested monitoring includes body weight, electrolytes,
serum and urine osmolality.58 Use of isotonic fluids is
recommended to avoid iatrogenic hyponatremia.14,15,75
Monitoring

Continuous oxygen saturation is not required for infants
with oxygen saturation levels of more than 92%. (Level Ib,
Grade B)
There is currently no specific evidence-based score
system and absolute discharge criteria available for
bronchiolitis and more research has been recommended.14,15
After initial assessment, although it has been shown that
oxygen saturation levels will directly lead to ward

admission, routine use of continuous saturation monitoring
is not required for infants with oxygen saturation levels of
more than 92%, or stable infants already on oxygen
supplementation, with evidence suggesting that it
increases the length of hospital stay for patients. 15,25,76
Intermittent monitoring on an as-needed basis has been
suggested to be a safe practice for bronchiolitic children.77,78
Routine venous or arterial blood gas testing is not
recommended. If supplemental oxygen concentration of
>50% is required and/or the child has impending
respiratory failure, it is suggested that a capillary blood
gas level can be taken.14
Chest Physiotherapy and Suctioning

Chest physiotherapy is not necessary for the majority
of patients, but may be considered in children who have
relevant comorbidities. (Level Ia, Grade A)
Routine upper airway suctioning is not recommended.
(Level Ia, Grade A)
Maintenance of nasal patency by normal saline nasal
irrigation may be considered. (Level IV, Grade C)
Nine randomised controlled trials comparing chest
physiotherapy vs no intervention have showed no
significant difference in disease severity, respiratory
parameters, oxygen requirements or length of stay.79 Chest
physiotherapy can be considered in children who have
relevant comorbidities (e.g. neuromuscular diseases) when
there may be difficulty in clearing secretions, 14 with
possible benefit of upper airway suctioning for children
in respiratory distress or difficulty in feeding, especially
for apnoeic children.14 Routine airway suctioning and chest
physiotherapy has however been recommended against due
to its potential harm.14,15,80
There has also been a study suggesting that a single
normal saline nasal irrigation improves oxygen saturation
in bronchiolitis infants.81
Prognosis

Bronchiolitis is a self-limited illness that often resolves
without complications in healthy infants. (Level IIa, Grade B)
The mortality rate in children hospitalised with RSV
bronchiolitis in developed countries is low. Complications
of apnoea, respiratory failure, secondary bacterial infection
and mortality are increased in young infants (6 to 12
weeks), those with low birth weight, underlying
cardiopulmonary disease or immunodeficiency.82-84
RSV and rhinovirus lower respiratory tract infections
increase the risk of recurrent wheeze and have a negative
effect on lung function in the first decade of life.85-89
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Prevention13

Enhance hand hygiene (washing with soap or with
alcohol-based rubs) and avoiding contact with individuals
with respiratory tract infections could minimise
transmission of infectious agents. (Level IIa, Grade B)
Minimising passive exposure to cigarette smoke
(including smoking cessation program to parents) could
reduce the risk and severity of bronchiolitis. (Level IIa,
Grade B)
Encouraging exclusive breastfeeding for at least 6
months to decrease the morbidity of respiratory infections.
(Level IIa, Grade B)
Palivizumab (RSV passive immunisation) decreases
the risk of hospitalisation due to severe RSV illness
among preterm infants and those with chronic lung
disease and haemodynamically significant congenital
heart disease. (Level IIa, Grade B)
Influenza is an uncommon but preventable cause of
bronchiolitis. To reduce the risk of influenza-related
hospitalisations or deaths, annual influenza
immunisation is recommended for everyone older than
six months. (Level III, Grade C)
Evaluation and Follow-up Actions for Persistent or
Recurrent Wheezing

There is currently no evidence to support inhaled
glucocorticoids for the prevention of subsequent
wheezing episodes in infants and children with
bronchiolitis.90 (Level Ib, Grade A)
There is no evidence to support montelukast for the
prevention of recurrent or persistent wheezing after
bronchiolitis.91-93(Level Ib, Grade A)
Follow up for bronchiolitis will depend on the situation
of the patient. Patients who have strong family history
of atopy, or those who suffer from severe or recurrent
bronchiolitis may require further workup to monitor
clinical progress and look out for differential diagnoses
or development of asthma. (Level IV, Grade C)
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Clinical Quiz
What is the Diagnosis?
SSW CHENG, SKL HO, IFM LO
The proband is a 5-year-old boy. He was born full term
in Hong Kong to a non-consanguineous Chinese couple.
Antenatal checkup was normal. He was referred to genetic
clinic for multiple congenital anomalies at 4 months of
age. Physical examination at that time revealed normal
growth parameters. He had bilateral mild hearing deficit,
bilateral pre-auricular skin tags, left preaxial polydactyly,
toes syndactyly and hypoplastic toes (see Figures A-D).

He was hypeterloic without cleft lips and palate. He had
normal male genitalia. His cardiovascular and abdominal
examination was unremarkable. His renal ultrasound,
echocardiogram and MRI brain were unremarkable. On
further follow up, he had borderline developmental delay
and chronic constipation since infant period. He had
corrective surgery for pre-axial polydactyly and
preauricular skin tag during infant period.

(A) Pre-auricular skin tag of right ear; (B) Right foot: variable 1st/2nd toes syndactyly, hypoplastic second toe and mild splitting between
2nd/3rd toes; (C) Left foot: variable 1st/2nd toes syndactyly, hypoplastic second toe and mild splitting between 2nd/3rd toes and 3rd/4th toes
syndactyly; (D) Left preaxial polydactyly. (E) Facial profile at 4 months old; (F) Facial profile at 3 years old; (G) Lateral facial profile at 5 years
old with mildly malformed ear; (H) Bilateral 1st/2nd toes syndactyly and displaced nails (with consent for publication by parents).
The clinical quiz was prepared by:
SSW CHENG
SKL HO
IFM LO
Clinical Genetic Service, Department of Health, Hong Kong SAR

Answer to "Clinical Quiz" on Pages 219-221
N.B. The Editors invite contributions of illustrative clinical cases
or materials to this section of the journal.
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MCQs
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) Post-Operative Prognosis of the Patients with
Esophageal Atresia: The 22-Year Experience of
a Reference Hospital
1. Which of the followings is the most common type of
esophageal atresia?
a. Atresia with distal fistula
b. Atresia with double fistula
c. Atresia with proximal fistula
d. Atresia without fistula
e. Fistula
2. Which of the following options is the type of
esophageal atresia with the highest mortality?
a. Atresia with distal fistula
b. Atresia with double fistula
c. Atresia with proximal fistula
d. Atresia without fistula
e. Fistula
3. The most common postoperative complication of
esophageal atresia was given correctly in which of the
following options?
a. Atelectasis
b. Pneumonia
c. Anastomosis leakage
d. Fistula
e. Haemorrhage
f. Pneumothorax
4. Factors affecting mortality in the Waterston
classification are correct in which of the following
options?
a. Type of the atresia
b. Birth weight
c. Congenital anomalies
d. Pulmonary problems
e. Gestational age

5. Which system isn't affected in VACTERL association?
a. Skeletal system
b. Gastrointestinal system
c. Cardiovascular system
d. Urinary system
e. Central nervous system
(B) Benefits of Providing 2 mmol Calcium/kg/day
in Parenteral Nutrition for Premature Infants: A
Cohort Study on Biochemical Markers of
Metabolic Bone Disease of Prematurity
1. The following radiological features are compatible with
metabolic bone disease of prematurity except:
a. Osteopenia
b. Fracture of clavicle
c. Rachitic rosary
d. Periosteal reaction
e. Fraying of epiphysis
2. The risk factors for the occurrence of metabolic bone
disease of prematurity are:
a. Prolonged period of parenteral nutrition
b. Frusemide
c. Dexamethasone
d. None of the above
e. All of the above
3. Which of the following method of investigations is
most specific for diagnosis of metabolic bone disease
of prematurity if available?
a. Alkaline phosphatase level
b. Serum phosphate level
c. X-ray long bone
d. DEXA scan
e. Serum vitamin D level
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4. Concerning the prevention of rickets of prematurity,
which of the following is true?
a. Infantrini (a formula with 30 Cal/Oz) is superior to
expressed breast milk fortified with human milk
fortifier (which provides roughly 24 Cal/Oz)
b. Human milk fortifier (when used to with expressed
breast milk) prevents metabolic bone disease of
prematurity because it provides additional calorie and
protein, which is useful for building of bone
c. Total parenteral nutrition is superior to any forms of
milk formula in terms of prevention of metabolic
bone disease of prematurity because we can currently
provide calcium up to 2 mmol/kg/day using parenteral
nutrition admixture
d. Vitamin D 800 IU per day reduces the incidence of
metabolic bone disease of prematurity
e. Currently commercially available premature infant
formula contains calcium and phosphate meeting
fetal accretion rate of calcium and phosphate and can
decrease development of rickets of prematurity

2. What is the recommendation of WHO for the optimal time to
start complementary foods?

a.
b.
c.
d.
e.

4 months of age
5 months of age
6 months of age
7 months of age
8 months of age

3. What is the recommendation of WHO for total duration
of breastfeeding?
a. Continuation of breastfeeding with appropriate
complementary foods for up to 3 years or beyond.
b. Continuation of breastfeeding with appropriate
complementary foods for up to 2 years or beyond.
c. Continuation of breastfeeding with appropriate
complementary foods for up to 1 year or beyond.
d. Continuation of breastfeeding with appropriate
complementary foods for up to 1.5 years or beyond.
e. Continuation of breastfeeding with appropriate
complementary foods for up to 2.5 years or beyond.

5. Which of the following combination of calcium and
phosphate products is most compatible even at high
concentrations in preparing parenteral nutrition
admixture?
a. Sodium phosphate and calcium chloride
b. Sodium glycerophosphate and calcium chloride
c. Sodium phosphate and calcium gluconate
d. Potassium phosphate and calcium gluconate
e. Sodium glycerophosphate and calcium gluconate

4. It is known that optimal breastfeeding lowers morbidity
ad mortality. However, the rate of breastfeeding is not
that optimal. What is the approximate rate of exclusive
breastfeeding among infants worldwide according to the
suggested duration of exclusive breastfeeding by WHO?
a. 60%
b. 40%
c. 30%
d. 70%
e. 50%

(C) The Effect of Breastfeeding on the Rate of
Infections in the First 2 Years of Life

5. Breastfeeding has many known health benefits besides
its nutritional benefits. Which of the below could be
included as health benefits of breastfeeding?
I. Reduction in obesity
II. Reduction in sudden infant death syndrome
III. Reduction in necrotising enterocolitis
IV. Reduction in diabetes
V. Reduction in infections
a. (i), (iii), (iv), (v)
b. (i), (ii), (iii), (v)
c. (i), (ii), (iii), (iv), (v)
d. (i), (iii), (v)
e. (i), (iv), (v)

1. What is the World Health Organization (WHO)
recommendation regarding the duration of exclusive
breastfeeding?
a. Continuation of exclusive breastfeeding for the first
4 months of life.
b. Continuation of exclusive breastfeeding for the first
6 months of life.
c. Continuation of exclusive breastfeeding for the first
5 months of life.
d. Continuation of exclusive breastfeeding for the first
8 months of life.
e. Continuation of exclusive breastfeeding for the first
7 months of life.
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3. What bacteria is deficient in the intestinal microbiota of
babies with infantile colic?
a. Clostridium difficile
b. Escherichia spp
c. Klebsiella spp
d. Lactobacillus
e. Proteobacteria

(D) I n v e s t i g a t i o n o f t h e E f f e c t i v e n e s s o f
Lactobacillus reuteri DSM 17938 in the
Treatment of Infantile Colic: A Double-blind
Placebo-controlled Randomised Study
1. Which of the following is not one of the characteristics
of infantile colic?
a. It can be observed in babies of 2 weeks at the earliest
b. Restlessness and crying crises are observed
c. Diarrhoea is common
d. When the baby is 6-8 weeks old, it peaks
e. It usually regresses when it is 3-4 months old

4. Which of the following is not among the expected side
effects due to the use of L. reuteri in our study?
a. Abdominal pain
b. Diarrhoea
c. Distention
d. Vomiting
e. Bloating

2. Which of the following is not considered among the
aetiology of infantile colic?
a. Excessive gas production and contraction of the
intestines
b. Hypersensitivity to cow's milk protein
c. Temporary lactase deficiency
d. Intestinal microbiota changes
e. Prematurity

5. According to the results of our study, what is the
effectiveness of L. reuteri in infants with infantile colic?
a. Reduce crying episodes and restlessness times
b. Ends crying crises completely
c. Ends fits of restlessness completely
d. Ends irritability attacks completely
e. Ends the fuss completely

Answers of April issue 2022
(A)

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

(C)

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

(B)

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

(D)

1. b; 2. b; 3. c; 4. e; 5. e
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CLINICAL QUIZ (p215) ANSWER
What is the diagnosis?
The clinical features of this child (preaxial polydactyly, toes syndactyly, chronic constipation and bilateral
hearing impairment) were compatible with Townes-Brocks syndrome (OMIM # 107480). Townes-Brocks syndrome
(TBS) is a rare disorder characterised by a classical triad of imperforate anus, dysplastic ears and thumb malformations.
Townes-Brocks syndrome was first described in 1972 By Townes and Brocks in a family with father and 5 of his
7 children who had imperforate anus, triphalangeal thumbs, and other anomalies of the hands and feet, including
fusion of metatarsals, absent bones, and supernumerary thumbs.1
In view of the characteristic features of TBS, our patient had next generation sequencing performed and the
analysis confirmed a reported nonsense pathogenic variant SALL1 {NM_002968.2}:c.967C>T (p.Gln323*). Parental
studies revealed the variant was de novo. The diagnosis of Townes-Brocks syndrome was substantiated.
Apart from those core features of TBS, renal impairment may occur with or without structural abnormalities in over
40% of TBS patients. Congenital heart disease can occur in 25% of patients. Over 50% of TBS patients would have
foot malformations (e.g. flat foot and overlapping toes) and nearly 40% had genitourinary malformations. Intellectual
disability occurs in approximately 10% of individuals. Rare features include iris coloboma, Duane anomaly, ArnoldChiari malformation type 1, and growth retardation can also be found.2
The exact prevalence of TBS is not available.2 The clinical manifestation is heterogeneous. Given the widely
variable manifestations and clinical overlap with VACTERL association and other syndromes, many cases of TBS
probably remain undiagnosed. The condition is rare with estimated prevalence of 1 per 250,000 without stringent
diagnostic criteria use.3

How is the clinical diagnosis and molecular diagnosis established in Townes-Brocks
syndrome?
The diagnosis of TBS is established in a patient with three major features. If only two major features are present,
the presence of minor features and the absence of atypical features support the diagnosis. Identification of a
heterozygous SALL1 pathogenic variant on molecular genetic testing establishes the diagnosis if clinical features are
inconclusive.2
Major features (% in TBS patients)

Minor features (% in TBS patients)

• Imperforate anus or anorectal malformation (84%)*

• Sensorineural and/or conductive hearing impairment (68%)**

• Dysplastic ears (87%)*

• Foot malformations (50%)**

• Typical thumb malformations without hypoplasia
of the radius (89%)*

• Renal impairment with or without renal malformations (42%)**
• Genitourinary malformations (36%)**
• Congenital heart disease (12-25%)

Atypical features
• Radius hypoplasia on clinical examination or radiographs

• Cleft lip/palate

*Percentages based on studies, a total of 61 persons with novel SALL1 pathogenic variants (not including the most common pathogenic
variant, p.Arg276Ter)4,5
**Percentages based on studies4-6
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Clinical Quiz Answer

Eighty-four percent TBS patients has imperforate anus or anal stenosis. They can also present as anteriorly situated
anus, recto-vaginal or recto-urethral fistula and chronic constipation. Some patients may have gastroesophageal
reflux symptoms. Eighty-seven percent of TBS patients would have dysplastic ears in the form of overfolded superior
helices, preauricular skin tags/pits, or microtia/external ear underdevelopment or satyr ears. Thumb malformations,
e.g. preaxial polydactyly, bifid/triphalangeal thumbs, and hypoplastic thumbs without hypoplasia of the radius were
reported in 89% of TBS individuals. Sixty-seven percent of TBS individuals had the classic triad.
Congenital sensorineural and/or conductive hearing loss with variable severity can be found in 68% individuals.
Clubfoot, overlapping toes (II and IV over III), syndactyly of toes, missing toes (III) were detected in around 50% of
individuals. Forty-two percent of TBS individuals had renal agenesis, renal hypoplasia, polycystic kidneys or functional
impairment with or without structural abnormalities. Congenital heart defects including atrial septal defect, ventricular
septal defect, tetralogy of Fallot, truncus arteriosus, pulmonary valve atresia, and persistent ductus arteriosus were
found in 50% TBS patients with the common SALL1 p.Arg276Ter pathogenic variant or 12-25% TBS individuals
with other SALL1 variants.7
TBS results from mutations of the developmental gene spalt-like transcription factor 1 (SALL1) gene. SALL1
protein was found to be involved in ciliogenesis, cilia disassembly and elongation and Sonic Hedgehog (SHH)
signaling. Thus TBS is considered as a ciliopathy.8 No genotype-phenotype correlations have been made for the
majority of pathogenic variants due to limited no of reported patients and most mutations are private. The most
common pathogenic variant p.Arg276Ter is associated with more severe phenotype (higher percentage of patients
with classical triad) and higher percentage of congenital heart defect than other pathogenic defects.

What are the conditions mimicking TBS?
The clinical presentation of TBS can overlap with Goldenhar syndrome (hemifacial microsomia), Okihiro syndrome,
branchiootorenal syndrome (BOR) and VACTERL association.
Goldenhar syndrome patients have features of oculo-auriculo-vertebral spectrum phenotypes and do not have
upper-limb or anal malformations. Okihiro syndrome (Duane-radial ray syndrome) is featured by Duane anomaly and
radial ray defects, thumb aplasia and less commonly by hearing loss and renal position anomalies. Radial hypoplasia
and thumb aplasia were not seen in TBS patients.
For BOR syndrome, individuals have thumb abnomalities together with ear malformations and renal malformation
or impaired renal function. BOR syndrome is not associated with anorectal malformation.
VACTERL is characterised with vertebral defects, anal atresia, cardiac defects, tracheo-esophageal fistula, renal
malformations, and limb defects. It is an important differential diagnosis for patients with suspected TBS. Severe
vertebral defects and tracheo-esophageal fistula were not reported in TBS patients. VACTERL association is a sporadic
condition. For sibling or offspring recurrence risks of VACTERL association are estimated at approximately 1%.

Genetic counselling and management issues of TBS
TBS shows an autosomal dominant inheritance pattern, with the risk of inheriting TBS for children of affected
parents being 50%. In sporadic cases, with non-affected parents, the recurrence risk in further pregnancies has been
reported to be 1~5%. Sporadic cases are attributed to de novo mutations or germline mosaicism in parents.
Management of TBS prefers multi-disciplinary approaches involving paediatric orthopaedic surgeons, surgeons,
geneticists, cardiologists, nephrologists, ENT surgeons and general paediatricians.
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Immediate surgical intervention would be needed for imperforate anus. Hearing loss that is mild may worsen with
age. Annual hearing evaluation is indicated. Early intervention should be provided for severe hearing loss. To improve
the fine motor function, surgery for severe malformations of the hands would be indicated at early age.
Regular monitoring of renal function in individuals with and without renal anomalies should be considered.
Hemodialysis and possibly kidney transplantation would be options for end-stage renal failure. Baseline
echocardiogram is indicated to look for congenital heart defects.
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