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"On ne voit bien qu'avec le coeur, l'essentiel est invisible pour les yeux",
wrote Antoine de Saint-Exupéry in Le Petit Prince. It is with your heart that you
feel essentials that are invisible to your eyes. Eyes of reductionists focus on
preconceived matters of consequence. Sir William Osler said, "The good physician
treats the disease, the great physician treats the patient who has the disease."
Diagnosis precedes treatment. Are we then just diagnosing disease, or should
we be trying to understand and diagnose perturbation of the patient's health
milieu that results in the disease?
In this issue of the Journal, two articles explored the value of serum biomarkers
in diagnosing and predicting occurrence of childhood illnesses. Feng et al
evaluated the value of procalcitonin and C-reactive protein as predictors of
appendiceal perforation in children with acute appenditis.1 They found that
procalcitonin has the highest sensitivity and specificity in predicting occurrence
of this complication in 201 children with a mean age of 7.6 years, as compared with
the use of C-reactive protein. In another study, Dorum et al evaluated the diagnostic
value of serum amyloid A in early-onset neonatal sepsis in preterm infants born
24 to 36 weeks of gestation.2 They found that serum levels of amyloid A, as
compared to C-reactive protein and procalcitonin levels on admission, at 24 hours,
and at 48 hours, have the greatest area under the curve by receiving operating
curve analysis for diagnosing early-onset neonatal sepsis. The aforementioned
studies explored the use of circulating biomarkers known to be associated with
the body inflammatory response for diagnostic purposes. Blood delivers oxygen
and nutrient to different organs, removes waste from body tissues, and carries in
the circulation information on how the body reacts to different diseased
conditions. Hence, circulating biomarkers of inflammation, albeit non-specific for
the underlying disease condition or unrevealing of the underlying pathogenesis,
have been commonly used to aid the diagnosis of infective and inflammatory
conditions in children.
Novel approaches that utilise cutting edge technologies are increasingly used
to identify new biomarkers, which may be involved in the pathogenesis, in
paediatric conditions. As an example, recent studies in patients with Kawasaki
disease aimed to analyse the serum proteome to identify candidate protein
markers that may help in diagnosing and understanding the pathogenesis of
Kawasaki disease. Kimura et al used mass spectrometry-based proteomics
analysis and identified differential expression of about 1800 proteins during
the acute and recovery phases of the illness.3 Of these, three proteins were
found to be higher during the acute phase of the illness and may facilitate diagnosis
of Kawasaki disease. Lech et al performed more extensive molecular profiling
with mass spectrometry-based shotgun proteomics, transcriptomics, and
glycomics in paediatric and adult patients with Kawasaki disease.4 These
investigators found that complex patterns of biomarkers of inflammation and
cell trafficking can persist long after the acute phase of Kawasaki disease. These
studies represent endeavours of the paediatric community to study disease
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conditions using the multi-omics approach to understand
perturbations and to unveil more specific and novel
diagnostic markers in childhood conditions from the
perspective of the whole body system.
A fundamental concept of systems medicine is to view
the human body as a network of networks.5-7 Each level of
biological complexity, from genome to phenome, from cells
to organ, and from molecules to individuals, can be
conceptualised and modeled as networks with specific
components and interactions among these various
networks. 5 This holistic perspective of a network of
networks is in sharp contrast with the reductionistic view of
a handful of pathways to explain causal pathophysiological
relationships between the aetiologic factors and disease
occurrence. From the perspective of systems medicine, it is
perhaps not difficult to understand the disagreement among
different studies of usefulness of biomarkers in diagnosing
specific conditions and the difficulties of translating the
biomarker assay for clinical use. In essence, the non-linear
physiological responses to internal health milieu and external
stimuli renders interpretation of the biological and
pathophysiological variations of circulating biomarkers
difficult. It is intuitive, therefore, to design studies that take
into account of the complexity and variability of human
physiology, which would entail the collection and analyses
of multi-dimensional datasets. The pioneering wellness study
of 108 individuals using personal, dense, dynamic data (pD3)
clouds has clearly demonstrated the feasibility of building a
dataset that can be mined for novel biological and medical
discoveries.8 In this project, personal data including whole
genome sequences, proteomes, metabolomes, gut
microbiomes, and clinical laboratory results were collected
over a nine-month period. Importantly, integration of the
data generated 3470 statistically significant cross-sectional
correlations. The correlation network had revealed
communities of related analytes associated with physiology
and disease and that the connectivity further enabled
identification of known and candidate biomarkers.
Generation of pD3 clouds of children in health and
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disease is yet to be materialised. Nonetheless, large
amounts of paediatric data that provide information on
prenatal well-being, postnatal growth, neurodevelopmental
milestones, childhood illnesses, hospitalisations, use of
medications, vaccination, and lifestyle-related information
are continuously collected, albeit residing in different
database. How to harness the power of these health
information, how to systemically collect the multi-omics
dataset, and how to generate bioinformatics and big data
platforms for their integrated analysis are challenges that
need to be solved to bring system medicines to paediatrics.
YF CHEUNG
Chief Editor
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Original Article
Diagnostic Value of Procalcitonin and C-Reactive Protein Level
for Predicting Appendiceal Perforation in Children
S FENG, XH LAI, Y LOU, W LIU
Abstract

Background: Acute appendicitis is one of the most common abdominal pain in children. Perforated
appendicitis can result in a variety of potentially serious complications. The aim of this study was to
evaluate the value of procalcitonin (PCT) and C-reactive protein (CRP) as predictors of appendiceal
perforation in children. Materials and methods: We identified 201 children (75 female; 126 male, mean
age, 7.6 years) with histologically confirmed acute appendicitis after appendectomy between January
2015 and January 2018. Preoperative laboratory data such as CRP, white blood cell (WBC), PCT and
part of postoperative histologic results were analysed retrospectively. We also performed a multivariate
logistic regression model to determine patient's age and laboratory tests associated with perforated
appendicitis. Results: Mean plasma PCT level of all patients was 1.98 ng/mL (5.73 SD; range, 0.0264.77 ng/mL; median, 0.18 ng/mL). Children with appendiceal perforation had a mean PCT level of 6.26
ng/mL (9.39 SD; range, 0.2-64.77 ng/mL; median, 3.10 ng/mL), which was significantly higher than
those with nonperforated children (P=0.001). Mean CRP values were 60.24 mg/L (55.02 SD, range,
1.0-260 mg/L; median, 44.0 mg/L) in all patients, whereas they were significantly higher in perforated
group (mean, 114.53 mg/L, 53.88 SD, range, 30-260 mg/L) compared with non-perforated children
(P=0.001). Multivariate logistic analysis revealed that both PCT and CRP were associated with
perforation (P=0.001). Area under the receiver operating characteristic curve of PCT for discriminating
acute perforated appendicitis from non-perforated groups was larger than that of WBC and CRP.
Conclusions: Both PCT and CRP are useful markers, and PCT is better than CRP for the diagnosis of
perforated appendicitis in children.
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Introduction
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W LIU

Acute appendicitis is one of the most common
abdominal pain in children. 1 The diagnosis of acute
appendicitis in children is a challenge as many children
with acute appendicitis do not have typical clinical
manifestation.2,3 Furthermore, younger children, especially
infants, usually cannot describe pain and many of them just
have some nonspecific signs such as irritability, anorexia and
lethargy.4 The initial misdiagnosis rate in children is very
high, ranging from 28% to 57% for older children and
nearly 100% for those two years or younger.5 The delay
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in the diagnosis of an acute appendicitis can result in
increased risk of perforation. The rate of perforated
appendicitis varies from 5% to 75% and can even reach
100% for those who are less than one year of age. 6
Perforated appendicitis can result in a variety of potentially
serious complications such as bacterial peritonitis, small
bowel obstruction, and abdominal abscess formation. This
leads to a longer hospital stay and higher mortality rate.7
Therefore, it is very important for pediatric surgeons to
improve preoperative diagnosis rate of perforated
appendicitis accurately. Several previous studies have
evaluated C-reactive protein (CRP), procalcitonin (PCT),
and white blood count (WBC) for predicting the severity
of acute appendicitis. 8,9 In this study we performed a
retrospective chart review of 201 children with
histologically confirmed acute appendicitis in whom
biochemical markers were routinely tested before surgery.
We expected to evaluate the role of CPR, PCT, and WBC
in predicting an appendix perforation.

Materials and Methods
All children under 15 years old admitted between
January 2015 and January 2018 were screened in the study.
Patients were included in the study if they had
appendectomies (laparoscopic or open) and
histopathological findings consistent with acute
appendicitis. However, patients were deemed ineligible if
they had appendiceal abscess or under antibiotherapy in the
study. The initial diagnosis was based on the patient's
symptoms and abdominal examination and it was confirmed
by pathological report after surgery in all of them. The
preliminary diagnosis of appendiceal perforation was made
by the surgeon on the basis of macroscopy appearance and
all cases that were identified as having a macroscopic
perforation were sent for pathological confirmation. After
a retrospective chart review, 201 consecutive patients were
enrolled in the study. Routine preoperative C-reactive
protein, procalcitonin, and white blood count for patients

Table 1

undergoing appendectomy were collected and analysised.
The normal range of procalcitonin levels is between 0 and
0.46 ng/ml. Normal value of WBC and CRP were defined
as 4.0/nL to 12.0/nL and less than 8.0 mg/L, respectively.

Statistical Analysis
SPSS Version 20.0 was applied for statistical analysis.
Mean values and SD were calculated for WBC, CRP, and
PCT levels. The data distribution was assessed by the
Kolmogorov-Smirnov test. For normal distributed data,
Student's t test was used to compare the perforated and
non-perforated groups. For non-normal data distribution,
the Kruskal-Wallis test was used instead. A multivariate
logistic regression analysis was performed to identify
variables that were associated with perforated appendicitis.
The independent variables of interest were age, PCT, WBC,
and CRP. In addition, calculation of sensitivity, specificity,
negative predictive value, and positive predictive value of
PCT, WBC, and CRP as predictors for appendiceal
perforation was included in data analysis. Statistical
significance was set at the 5% level (2-sided).

Results
A total of 201 children (75 female; 126 male; median
age, 7.6±3.0 SD year; range, 2-15 years) with histologically
confirmed acute appendicitis were included in the study.
The mean values of PCT, WBC, and CRP for these patients
are listed in Table 1. The mean PCT level of all patients in
the present study was 1.98 ng/mL (5.73 SD; range, 0.0264.77 ng/mL; median, 0.18 ng/mL). The mean PCT level
for patients in perforated children was 6.26 ng/mL(9.39
SD; range, 0.2-64.77 ng/mL; median, 3.10 ng/mL), which
was significantly higher when compared with the nonperforated ones (P=0.001). Of the potential relevant
variables (age, WBC, CRP, and PCT), logistic regression
analysis indicated CRP and PCT had independent

Details of laboratory values in perforated and non-perforated children in the present study

Group

CRP (mg/L)

WBC (x109)

Perforated children (58)

114.53±53.88

15.61± 6.20

6.26±9.39

Non-perforated children (143)

38.22±37.50

14.55±5.71

0.25±0.59

0.001

0.354

0.001

P value

CPR=C-reactive protein, WBC=white blood count, PCT=procalcitonin

PCT (ng/ml)

Feng et al

association with increasing perforation rates (P=0.001;
Table 2).
Receiver operating characteristic curve (ROC) analysis
for PCT, WBC, and CRP shown that PCT had the largest
area under receiver operating characteristic curve (0.97)
compared with WBC (0.54) and CRP (0.89) (Figure 1).
The optimal ratio of sensitivity (0.93) and specificity
(0.93) was calculated when the PCT level was greater than
0.49 ng/mL regarding perforated appendiceal (Table 3). A
cutoff for PCT of greater than 0.46 ng/mL had 93%
sensitivity and a negative predictive value of 93% for
appendiceal perforation. Specificity of PCT for the
preoperative diagnosis of appendiceal perforation was the
highest (0.92) and PCT still had an acceptable sensitivity
for predicting appendiceal perforation compared with
WBC and CRP. Details of sensitivity, specificity and
predictive values are listed in Table 4.
The mean value of WBC was 14.8/nL (5.8 SD; range,
3.3-38.8/nL) whereas patients in perforated group had a
mean of 15.6/nL (6.2 SD; range, 4.7-38.8/nL) with no
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Table 2 Multivariate analysis of age and laboratory tests in
relation to perforated appendix rates
Factor

OR (95%CI)

p

Age

0.99 (0.81-1.21)

0.92

CRP

1.02 (1.01-1.04)

0.001

PCT

3.20 (1.75-5.85)

0.001

WBC

0.95 (0.86-1.04)

0.27

CPR=C-reactive protein, WBC=white blood count, PCT=procalcitonin

Table 3 The highest sum of sensitivity and specificity for WBC,
CRP and PCT
Laboratory value Sensitivity

Specificity

Serum level

WBC

0.44

0.71

15.38

CRP

0.89

0.75

55.0

PCT

0.93

0.93

0.49

CPR=C-reactive protein, WBC=white blood count, PCT=procalcitonin

Figure 1 Receiver operating characteristic curve analysis for PCT, WBC, and CRP showed
PCT had the largest area under receiver operating characteristic curve (0.97) compared with
WBC (0.54) and CRP (0.89).
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statistical difference compared with patients in the nonperforated group (P=0.354). Mean CRP values were
60.24 mg/L (55.02 SD, range, 1.0-260 mg/L; median,
44.0 mg/L) in all patients, whereas they were significantly
higher in perforated group (mean, 114.53 mg/L, 53.88 SD,
range, 30-260 mg/L) compared with non-perforated
children (P=0.001) (Table 1). ROC analysis shown that
the highest sum of sensitivity and specificity for CRP was
55.0 mg/L. A cutoff for CRP of greater than 8 mg/L had
100% sensitivity and 25% specificity for appendiceal
perforation. The specificity were lower in predicting
appendiceal perforation compared with PCT (Table 4).

Discussion
Acute appendicitis is a common cause of acute abdomen
and requires surgical treatment, while delayed diagnosis
can lead to perforation. The reported overall perforated
rate of appendicitis is 18.3% and 34.0%, but this rises
remarkably in children or older patients. Appendiceal
perforation is associated with plenty of postoperative
complications and higher mortality compared to
appendicitis without perforation. 7 Appendectomy for
perforated appendicitis is still a topic of debate because
of the presence of severe inflammation and serious
adherence of the surrounding structures. Emergency
surgery is strongly recommended for non-perforated
appendicitis while nonsurgical treatment may have a lower
complication rate for perforated appendicitis.10 Therefore,
accurate preoperative diagnosis of a perforated appendicitis
becomes very important. Physical examination such as
diffuse peritonitis and board-like rigidity of the abdomen
are helpful for the preoperative diagnosis of perforation,
but the definitive diagnosis of perforated appendicitis still
requires surgery and histological diagnosis. Although
laboratory testing such as WBC and CRP are useful makers
for diagnosing the appendicitis, their sensitively and
specificity in predicting appendiceal perforation are not
well studied.

Table 4

Procalcitonin is constitutively secreted by the K cells
of the lungs and the C cells of the thyroid gland, and PCT
level always increases with severity of infection in
children.11,12 Unlike CRP and some other biomarkers, the
PCT level does not raise with viral infection or sterile
inflammation in patients.13 Therefore, PCT can be used as
an important marker of bacterial infection, such as sepsis,
wound infection and acute appendicitis. Several studies
have shown PCT was an excellent marker of severe bacterial
infection. For example, the level of plasma PCT is
significantly higher in the infection of renal parenchyma
than lower urinary tract infection.14 Besides, because of
its high sensitivity and specificity, PCT has even been
applied to predict the surgical wound infection after heart
surgery.15 Although PCT has a lower diagnostic value for
diagnosing acute appendicitis compared with other markers
such as CRP or WBC,16-18 several studies have suggested
that PCT was a useful marker for predicting complicated
appendicitis.18,19 Yu et al conducted a systematic review on
the diagnostic accuracy of PCT, CRP, and WBC from seven
studies, which shown that PCT had the highest diagnostic
value for complicated appendicitis.18 In a research made
by Kafetzis et al,19 PCT level >0.5 ng/ml was found to have
a predictive value for the diagnosis of appendiceal
perforation or gangrene with a sensitivity of 73.4% and a
specificity of 94.6% in children. Our results were basically
consistent with those in that report.
In the present study, we assessed the diagnostic accuracy
of PCT, WBC, and CRP for predicting appendiceal
perforation in children. Our study revealed that the
preoperative laboratory CRP and PCT parameters are
useful for predicting appendiceal perforation in the
pediatric patients. The highest sum of sensitivity and
specificity for PCT was 0.49 ng/mL and a cutoff for PCT
of greater than 0.46 ng/mL had 93% sensitivity and 92%
specificity for appendiceal perforation. Using a cutoff for
PCT of greater than 0.5 ng/mL, the results of the study
made by Kafetzis et al were basically consistent with us
with a sensitivity of 73.4% and a specificity of 94.6%.19
Logistic regression analysis results shown both CRP and

Sensitivity, specificity, positive predictive value, and negative predictive value for WBC, CRP, and PCT

Laboratory value

Sensitivity

Specificity

Positive predictive value

Negative predictive value

WBC>12/nL

0.69

0.35

0.51

0.53

CRP>8 mg/L

1.00

0.25

0.57

1.00

PCT>0.46 ng/mL

0.93

0.92

0.92

0.93

WBC=white blood count, CPR=C-reactive protein, PCT=procalcitonin

Feng et al

PCT are significant markers of a perforated appendicitis.
However, the highest sum of sensitivity and specificity
for CRP was significant higher than the normal value
(55.0 vs 8.0 mg/L).
Our work had several limitations. Fistly, this study is a
retrospective study, and surgeons were not blind to the
laboratory values before surgery. Secondly, it is hard to
get the complete blood test results for each patient, which
reduced the number of patients available for our study.
Thirdly, We did not analyse the histological results of the
non-perforated group and the definition of the stages of
appendicitis varies in the literature.20,21 Lastly, our study
had difficulty in identifying the relationship between the
blood tests and the subsequent complications such as
peritonitis, abscesses, and/or intestinal obstruction.
Our study investigated the diagnostic accuracy of PCT,
WBC, and CRP as promising predictive markers for
appendiceal perforation in a group of 201 children. We
observed that patients with appendiceal perforation have
significantly higher PCT and CRP levels than patients
without perforation. In addition, specificity and positive
predictive value of PCT were considerably higher compared
with WBC or CRP. Although logistic regression analysis
shown CRP were also associated with perforation with
considerable sensitivity and specificity, the highest sum
of sensitivity and specificity for it was significant higher
than the normal value compared with PCT. Therefore, our
study indicated that PCT was an independent predictor of
appendiceal perforation and it had the largest area under
receiver operating characteristic curve compared with
WBC and CRP in predicting appendiceal perforation.
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Abstract

Purpose: In this study, the aim was to determine the distinct effectiveness of serum amyloid A in the early
stage of early-onset neonatal sepsis in premature infants. Methods: Preterm newborns hospitalised between
2014 and 2017 for suspected early-onset neonatal sepsis were included in this prospective study. Patients
were evaluated according to clinical and laboratory findings at admission and at the 24th and 48th hours
after admission. The serum amyloid A values of the patients with sepsis and a control group were compared,
and the blood cultures were evaluated. Results: A total of 319 premature newborns were included in the
study: 150 in the sepsis group and 169 in the control group. Their birth weight ranged between 590 g and
3000g and the gestational age was 24-36 weeks. The serum amyloid A values at admission were
significantly higher in the cases diagnosed with sepsis compared to the control group. Conclusion:
Serum amyloid A is a reliable diagnostic marker for the early onset of neonatal sepsis, and it has a higher
sensitivity at symptom onset or in the first hours after birth in premature infants.
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Introduction
Despite the advances in prenatal health care, neonatal
sepsis remains one of the biggest causes of neonatal deaths.1
Suspected neonatal sepsis is amongst the diagnoses that
neonatal specialists consider the most because of a lack of
specific signs and symptoms and the absence of a precise
marker to distinguish from non-infectious settings with
the same manifestations.2 Symptoms that are miscible with
sepsis are frequently encountered, especially in premature
infants.
Early diagnosis and early antibiotherapy are of critical
importance to reduce mortality and morbidity related to
neonatal sepsis. Therefore, antibiotic therapy should be
started immediately in any newborn presenting with the
signs of sepsis. It takes time to obtain the results of the
blood culture, which is the gold standard in diagnosis.3
However, the blood culture may be negative, despite a
generalised bacterial infection, or false positive due to
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contamination. 3 Besides, there is evidence that
unnecessarily prolonged antibiotic use in premature
newborns is associated with an increased risk of late-onset
neonatal sepsis and necrotising enterocolitis and increased
mortality.4
For this reason, numerous laboratory parameters,
including white blood cell count (WBC), the ratio of
immature neutrophil count to total neutrophil count,
platelet count (PLT), C-reactive protein (CRP), serum
amyloid A (SAA), procalcitonin (PCT) and different
cytokines, are used for the early diagnosis of neonatal
sepsis.5-8 Amongst these, CRP and PCT are widely used.
The sensitivity of CRP is low in the early period of earlyonset sepsis and is remarkably increased after 10-12 hours.8
PCT can physiologically increase immediately after birth,
which limits its usage in diagnosing early-onset sepsis.9
SAA defines a family of polymorphic apolipoproteins
released mainly from the hepatocytes. 10 Its release is
regulated by proinflammatory cytokines.11 It increases
tenfold in infectious and non-infectious conditions12 and
can also be used as an acute phase reactant in the diagnosis
of neonatal sepsis.12 Several studies reported that SAA
increases in the earlier phases of inflammation and has
more superior diagnostic value compared to CRP.13 Further
studies are needed to determine and strengthen the role of
SAA in the diagnosis and monitoring of neonatal sepsis.
The current study aimed to identify the role of SAA in
the early diagnosing of early-onset neonatal sepsis (EOS)
in premature newborns. Moreover, it aimed to determine
the cut-off value for SAA in predicting early-onset neonatal
sepsis with high specificity and sensitivity.

Methods
This study was carried out prospectively in a tertiary
hospital's neonatal intensive care unit. Preterm newborns
who were hospitalised between 2014 and 2017 for
suspected early-onset neonatal sepsis were included in the
study. The study was approved by the ethics committee of
our university (201813/21). EOS was defined as sepsis
occurring in the first 72 hours of life. Newborns with a
congenital anomaly, chromosomal anomaly, history of
hypoxic birth and suspected necrotising enterocolitis, and
infants whose parents did not give consent were excluded.
The gestational age, birth weight, route of delivery, Apgar
scores and prenatal demographics of the participants, as
well as the history of the early rupture of the membranes
and chorioamnionitis, were retrieved from the electronic
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patient files. The WBC, absolute neutrophil count
(ANC), PLT, CRP, PCT and SAA values studied at three
different time points – at admission and at the 24th and
48th hours of admission – were recorded. The results
of the overall blood cultures taken in the first 72 hours
were evaluated.
Patients were evaluated by the European Medicines
Agency (EMA) neonatal sepsis criteria at the 24th and 48th
hours of admission.14 The patients were divided into two
groups according to the results of two evaluations: the
sepsis group (Group 1) and the control group (Group 2).
Antibiotic treatment was discontinued in patients who were
re-evaluated at the 48th hour of hospitalisation, and they
were excluded from the sepsis group according to the EMA
criteria.14 The patients in the sepsis group were evaluated
in two groups: proven sepsis (group 1a) and clinical sepsis
(group 1b), according to their culture results.
The newborns with a history of premature rupture of
membranes (PROM) and chorioamnionitis were managed
in accordance with the AAP guidelines.2 Accordingly,
antibiotic therapy was started after the blood culture was
taken from all the newborns with chorioamnionitis and
from the premature newborns with PROM. The decision
for the maintenance of treatment was made based on the
results of both the acute phase reactants and the clinical
evaluations performed at admission and at the 24th and
48th hours of admission as the routine procedure of our
clinic.
All CRP, PCT and SAA levels are studied in same
laboratory using the ELISA method; CRP >9 mg/L, PCT >
0.5 µg/L are considered positive according to our
laboratory.
In each group, the demographic characteristics of the
patients, the prenatal risk factors and the maternal and
neonatal characteristics were evaluated. The laboratory
findings were compared between each of the three groups
as well as between the overall sepsis cases (Group 1 and
Group 2) and non-sepsis cases. In the early-onset neonatal
sepsis cases, the cut-off values were calculated for CRP,
PCT and SAA on different days. The sensitivity and
specificity of the cut-off values given by our laboratory
for CRP and PCT were evaluated for the patients.
SPSS software (V.23) was used for the comparisons. The
demographic data were evaluated by a student t-test and
chi-square test. The laboratory data of the groups were
evaluated using the Mann Whitney U test. P<0.05 was
considered significant. The MedCalc (V.13) programme
was used to evaluate the cut-off values and to analyse the
receiver operating characteristic (ROC).
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Results

Discussion

There were a total of 420 premature babies admitted to
our NICU over a period of four years for early-onset
neonatal sepsis suspicion. Of these newborns, 101 were
excluded since they met at least one of the exclusion
criteria, or their parents did not give consent. Finally, 319
newborns with birth weights between 590 g and 3000 g
and gestational ages between 24 and 36 weeks were
included in the study – 150 in Group 1 and 169 in Group 2.
No difference was determined between the demographic
characteristics of the newborns in both of the two groups
(Table 1).
At admission, the most common clinical signs in the
suspected sepsis cases were respiratory distress, feeding
intolerance and non-specific signs that were mentioned in
the EMA neonatal sepsis criteria (Table 2).
Both of the two groups were not different in terms of
PCT values at admission. The CRP and SAA values at
admission were significantly higher in the cases diagnosed
with sepsis compared to the control group. The CRP, PCT
and SAA at the 24- and 48- hour samples were significantly
higher in the sepsis cases (Table 3). No significant
difference was determined between the proven sepsis
(n: 40) and clinical sepsis (n: 110) groups in terms of the
CRP, PCT and SAA values obtained from any sample.
The cut-off values and ROC analysis for the sepsis
prediction of SAA, PCT and CRP in predicting sepsis, and
the area under the ROC curve, sensitivity and specificity
for these values are demonstrated in Table 4.
The breakdown list of bacterial species causing EOS
was shown in Table 5.
No difference was determined between the three groups
in terms of the WBC, ANC and platelet count at any time.

Infections in the neonatal period, which is the most
sensitive period of life, cause substantial side effects. While
early-onset sepsis does not manifest itself with significant
clinical symptoms in the first hours, it is associated with
high mortality rates unless treated.15,16 Therefore, it is
important to start appropriate antibiotherapy in newborns
with any sepsis-related suspected clinical symptom or who
are at high risk for early-onset sepsis. 15 However, a
clinicians' concern may result in many newborns receiving
unnecessary antibiotherapy. In the present study, linking
the symptoms to non-sepsis etiologies during monitoring,
antibiotherapy was discontinued in 53% of the newborns
with suspected early-onset sepsis. Likewise, Murphy et al
reported that sepsis was excluded and antibiotherapy was
discontinued in the early period in nearly 50% of the
patients.17
Although numerous acute phase reactants and scoring
systems are being used, there is yet no single laboratory
test that will rapidly and reliably detect the infection in
newborns with suspected sepsis. 8 The current study
demonstrated that SAA provides significant information
concerning the diagnosis of early-onset sepsis from the
first hours of birth.
SAA is mainly secreted from the liver in response to
inflammation.12 Arnon et al demonstrated that SAA is
superior to CRP as a marker of early-onset sepsis. 11
Cetinkaya et al found that SAA is an accurate and reliable
marker for the diagnosis and monitoring of neonatal sepsis
and is beneficial for the rapid diagnosis of neonatal sepsis,
particularly in the beginning of an infection. They stated
that it can be safely and accurately used together with
other sepsis markers, such as CRP and PCT, as well as for

Table 1

Birth and clinical characteristics of infants included in the study
Group 1 (n: 150)

Group 2 (n: 169)

Gestational age (week), mean±SD

31.19±3.0

31.55±3.28

Birth weight (g), mean±SD

1620±639

1594±594

Admission time (hour), mean±SD

3.15±2.2

2.55±1.9

Apgar min 5, med (min-max)

8 (7-10)

8 (7-10)

Cesarean delivery, %

51.5

49.7

PROM, %

9.1

15.7

3

2.6

32.4

29.4

Choriamnionitis, %
Multiparity, %
PROM; premature rupture of membrane

p

>0.05
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the diagnosis and monitoring of neonatal sepsis in preterm
newborns.10 After this and the similar studies, a metaanalysis performed in 2013 reported that SAA is a valuable
marker of neonatal sepsis, and it has proper diagnostic
accuracy.12 Moreover, the literature reports that SAA not
only has high accuracy in the early detection of neonatal
sepsis, but it also shows the inverse relationship with
mortality.8 In the current study, SAA studied in the early
Table 3

Table 2

Clinical findings in suspected sepsis cases

Clinical signs

N: 319

Respiratory instability, n (%)

280 (88)

Gastrointestinal signs, n (%)

203 (64)

Non-specific signs*, n (%)

166 (52)

Temperature instability, n (%)

102 (32)

* Irritability, lethargy and, hypotonia

CRP, PCT, and SAA values of the infants included in the study
Group 1 (n: 150)

Group 2 (n: 169)

p

Admission

5.5 (3.3-96)

4.5 (3.3-15)

0.02

24th hour

25.5 (3.3-126)

3.6 (3.3-28)

<0.001

48th hour

25 (9-197)

3.3 (3.3-20)

<0.001

0.29 (0.05-79)

0.31 (0.05-55)

0.65

CRP (mg/L), median (min-max)

PCT (µg/L), median (min-max)
Admission
24th hour

7.9 (1.55-327)

3.9 (0.05-56)

<0.001

48th hour

5.38 (2.05-200)

1.67 (0.05-36)

<0.001

Admission

13.62 (4.5-84)

3.55 (3.3-30)

<0.001

24th hour

22.05 (7.3-185)

3.83 (3.3-31)

<0.001

48th hour

23.10 (8.1-207)

5.22 (3.3-25)

<0.001

SAA (mg/L), median (min-max)

CRP: C-reactive protein; PCT: procalcitonin; SAA: serum amyloid A

Table 4

Cut-off values and ROC analysis for sepsis prediction for CRP, PCT, and SAA

Variable
CRP (mg/L)
Admission
24th hour
48th hour

Cut-off

AUC

P

Sensivity

95% CI

Specifity

95% CI

>3
>9

0.593

<0.001

72
35

66.1 - 77.9
30.8 - 40.3

42
94

36.1 - 49.4
91.8 - 98.9

>4
>9
>4

0.716

<0.001

0.794

<0.001

53
75
76

47.2 - 60.4
69.2 - 81.9
70.6 - 81.3

83
91
76

77.7 - 88.0
88.4 - 93.7
70.3 - 81.5

82

76.6 - 89.2

89

85.2 - 91.7

17

12.7 - 23.0

91

87.3 - 95.0

35

29.0 - 41.9

68

62.2 - 74.9

46

40.1 - 53.6

75

68.5 - 80.7

82

77.1 - 87.5

28

22.8 - 35.5

62

56.4 - 68.8

60

54.4 - 67.2

82

76.8 - 86.7

31

25.4 - 37.7

>9
PCT (µg/L)
Admission

>3.25

0.542

0.12

>0.5
24th hour

>7

0.626

<0.001

>0.5
48th hour

>1.7

0.636

<0.001

>0.5
SAA (mg/L)
Admission

>9.5

0.706

<0.001

63

56.2 - 68.8

80

73.4 - 84.8

24th hour

>10

0.779

<0.001

63

55.7 - 68.6

88

82.9 - 92.0

48th hour

>11

0.875

<0.001

80

74.3 - 84.5

85

80.2 - 89.6

CRP: C-reactive protein; PCT: procalcitonin; SAA: serum amyloid A: ROC: receiver operating characteristic; AUC: area under the ROC curve; CI: confidence
interval
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period for the diagnosis of early-onset sepsis was higher
in the sepsis cases compared to the control group. There
was no difference between the SAA values of the clinical
and proven sepsis cases.
Different studies have reported different values for the
cut-off value of SAA. 18 These differences have been
attributed to the differences in the methods used and in
the patients' ages.12 In the current study, the cut-off value
of SAA for early-onset sepsis was 9.5 mg/L for the samples
obtained at admission, 10 mg/L for the samples obtained
at the 24th hour and 11 mg/L for the samples obtained at
the 48th hour of admission.
Mithal et al determined significantly higher CRP and
SAA values in the umbilical cords of the cases with proven
sepsis compared to the control group.19 However, they
determined no elevation in the suspected sepsis cases but
similar PCT values between the three groups.19 In the
current study, both the proven and clinical sepsis cases
had significantly higher SAA and CRP values compared to
the non-sepsis cases at admission. However, the PCT values
at admission showed no difference between the sepsis and
non-sepsis cases.
The white blood cell count and absolute neutrophil count
have been widely used for years as screening tests for
neonatal infections. However, they have very low diagnostic
values in early-onset neonatal sepsis. In the first 72 hours,
the neutrophil count is influenced by the gestational age,
route of delivery and gender.20 Murphy et al stated that

Table 5 The breakdown list of bacterial species causing earlyonset neonatal sepsis
Staphylococcus epidermidis

7

Group B streptococcus

5

Escherichia coli

5

Enterococcus spp.

5

Enterobacter spp.

4

Klebsiella spp.

3

Staphylococcus aureus

3

Candida spp.

2

Moraxella osloensis

1

Staphylococcus haemolyticus

2

Burkholderia cepacia

1

Ralstonia picketti

1

Cronobacter sakasakii

1

normal WBC values do not exclude EOS.17 Similarly, the
literature reported no significant difference between the
WBC and PLT counts of the cases with and without
sepsis.6,10 Furthermore, in the current study, no significant
difference was determined between the early-onset sepsis
cases and non-sepsis cases in terms of white blood cell
count and neutrophil count studied consecutively in the
first three days. The ratio of the immature neutrophil count
to total neutrophil count (I/T ratio) is considered to be a
more sensitive marker.17 In the current study, the I/T ratio
was not evaluated.
Although thrombocytopenia can accompany neonatal
infections, it is within the normal limits in the majority of
infected newborns. The thrombocyte count has a weak
sensitivity in diagnosing early-onset sepsis, monitoring
response to treatment and in estimating the efficacy.8,21
Moreover, in the current study, the number of
thrombocytopenic patients and the mean thrombocyte
count were similar between the cases with and without
sepsis. Likewise, studies investigating early-onset and lateonset sepsis cases determined no significant difference
in terms of the thrombocyte count and the number of
thrombocytopenia cases compared to the non-sepsis
cases. 6,10
In the current study, there was no significant difference
between the acute phase reactants of the proven and clinical
sepsis cases. Likewise, the literature determined similar
acute phase reactant values between the sepsis cases with
and without growth in the blood culture.10
The limitations of this study were the low number of
cases of proven sepsis and the large distribution of birth
weights and gestational ages of the babies.
In conclusion, the present study revealed that SAA is a
reliable diagnostic marker for EOS, and it has higher
sensitivity at symptom onset or in the first hours after birth.
Based on the results of the current study, taking 10 mg/L
as the cut-off value for SAA appears to be reasonable.
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The Impact of Paediatric Neuromuscular Disorders
on Parents' Health-Related Quality of Life and
Family Functioning
MHT HO, R LIANG, YT IP, H ZHI, WHS WONG, SHS CHAN
Abstract

Aims: This study aimed to evaluate the impact of hereditary neuromuscular disorders on parent's healthrelated quality of life and family functioning, and to study the correlation of parental stress on family
impact. Methods: This retrospective cross-sectional study analysed responses from 80 parents of 80
children with different neuromuscular disorders on two self-reported questionnaires: the Chinese version
of PedsQL™ Family Impact Module and the Parental Stress Scale. Results: We found the Parental Stress
Score exhibited a moderate negative correlation with the PedsQL™ Family Impact Module total score
(Pearson correlation coefficient: -0.55). Among different neuromuscular disorders, spinal muscular atrophy
had the worst negative family impact. Additionally, a non-walking status had moderate negative effects
on family impact (T-test effect size: 0.71). Conclusion: Neuromuscular disorders cause a significant
negative family impact. Evaluation of parental stress, parental health-related quality of life and family
functioning should be part of the standard of care for affected families.
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Introduction
Hereditary neuromuscular disorders (NMDs) are a
heterogeneous group of conditions cause by underlying
genetic mutation(s) leading to diseases arising from
different parts of the lower motor neuron units. These
diseases differ regarding age of onset, disease progression
and life expectancy and commonly cause orthopaedic,
respiratory, cardiovascular, nutritional and gastrointestinal
complications. A child with an NMD presents a complex
challenge to the whole family. Parents of chronically ill
children frequently report physical, emotional and
cognitive problems.1 Conversely, the family's wellbeing
affects the care received by the ill child.2 Therefore, the
importance of assessing the impact of chronic illness on
parents or families has become evident. Parents with
children having chronic illnesses often have significant
stress affecting multiple aspects of their life.3
The family impact of an NMD can be evaluated by
considering the effects of the disease on individual
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members (e.g., the parental HRQOL) and the overall family
(e.g., family functioning). The parental HRQOL is a multidimensional construct used to evaluate parents' perceptions
of the effects of their children's disease on the different life
domains related to physical, mental and social wellbeing.4
Family functioning refers to a family's ability to accomplish
tasks important to wellbeing, adapt to changing
circumstances or balance the needs of individuals with
those of the entire family.5 Up to date, very few reports
have documented the family impacts of NMDs, or compared
the family impacts of different paediatric NMDs.
The Family Impact Module (FIM) of the Paediatric
Quality of Life Inventory (PedsQL™ 4.0) (PedsQL™ © 1998
JW Varni, Ph.D. All rights reserved) is a validated parentreport questionnaire developed by Varni et al6 and crossculturally adapted into Chinese by Chen et al.7 The Chinese
version comprises nine domains-Physical functioning,
Emotional functioning, Social functioning, Cognitive
functioning, Communication, Worry, Daily activities,
Family relationships and Finance. The first 4 subscales
measures parent self-reported HRQOL functioning, and the
Daily activities and Family relationships subscales measure
parent-reported family functioning and is commonly used
to assess family impact. By contrast, other available
instruments are generally brief and one-dimensional.8
The Chinese version of the Parental Stress Scale (PSS),
a validated self-report scale developed by Cheung,9 was
adapted from the Parental Stress Scale developed by Berry
and Jones. 10 This scale measures the level of stress
experienced by parents and considers both positive (e.g.,
emotional benefits, self-enrichment, personal
development) and negative components of parenthood
(e.g., demands on resources, opportunity costs,
restrictions). This one-page questionnaire is half the length
of the PedsQL™ FIM and is commonly used in Hong Kong
to screen and identify parents experiencing stress and to
facilitate early referrals to clinical psychology services.
However, it remains uncertain whether the PSS score
correlates with a poor parental HRQOL or poor family
functioning. Therefore, this study aimed to systemically
evaluate the parental HRQOL and family functioning in the
families of paediatric patients with NMD and to examine
the correlations of these measures with parental stress.

Methods
Study Design

At our hospital, all families of children with hereditary
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NMDs attend paediatric neuromuscular disorder clinics
and complete the Chinese versions of the PSS and
PedsQL™ FIM upon diagnostic confirmation. This
retrospective study evaluated the parents' responses to both
questionnaires during follow-up visits at our
neuromuscular disorder clinics during the period of 4th
July 2016 to 15th March 2018. Data on the age, sex,
diagnosis, comorbidities, ambulation status (walker/nonwalker), ventilation support (does/does not require) and
feeding status (requires/does not require assistance) of each
paediatric NMD patient were systematically collected from
the electronic patient health record system at the same
time as the questionnaire completion.
The patients' diagnoses were classified into one of four
groups. Group 1 comprised patients with deteriorating
muscle diseases, mainly Duchenne muscular dystrophy and
congenital muscular dystrophy. Group 2 comprised
patients with types 1 to type 3 5q spinal muscular atrophy
(SMA), representing deteriorating motor neuron diseases.
Group 3 comprised patients with stable neuromuscular
diseases including congenital myopathy and congenital
myasthenic syndrome. All patients with congenital
myasthenic syndrome received oral medical therapy that
resulted in clinical motor improvement. Group 4
comprised patients with hereditary stable peripheral nerve
diseases with minimal or mainly distal weakness.
The parent who served as the main caregiver was invited
to complete the questionnaires. If the questionnaires were
completed during multiple visits, only the results from the
first set were collected and documented. The total score,
parental HRQOL summary score, family functioning
summary score and each dimensional score in the PedsQL™
Family Impact Module were computed according to the
guideline provided by the developer. The total PSS score
was also computed.
Measures

The primary study outcomes were the parental HRQOL
and level of family functioning, measured by the PedsQL™
FIM. The secondary outcome was the correlation between
PedsQL™ FIM and PSS.
The PedsQL™ FIM comprised 37 items across 9
domains. The Finance domain was not included in the
analysis since this domain was only introduced in the
Chinese version of the questionnaire and was not part of
the validated original questionnaire developed by Varni et
al. The parental HRQOL summary score was calculated as
the average of the physical, emotional, social and cognitive
functioning scores. The family functioning summary score
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was calculated as the average of the daily activities and
family relationships scores.8 All scores ranged from 0 to
100, with higher scores indicative of better functioning.
The total PedsQL™ FIM scores were compared with those
of children with other neurological conditions. These were
obtained from published studies that used the PedsQL™
FIM to assess paediatric neurological diseases in
comparable sample sizes. The selected data for
comparison were extracted from a study of acquired brain
injury by de Kloet et al.11
The PSS comprised 17 items scored on a 6-point scale;
higher scores indicate greater stress. Previous data
indicated that a cut-off point of 52/53 could be used to
demarcate parent groups exhibiting satisfactory adjustment
vs maladjustment. This scale had demonstrated satisfactory
levels of internal reliability and test-retest reliability.9,10
Statistical Analysis

Descriptive statistics were calculated for the
demographic features. Means and standard deviations (SD)
of the PedsQL™ FIM and PSS scores were calculated for
the total study sample and subgroups stratified by
diagnosis and ambulation status. A t-test was used to
compare data sets.
To compare the PedsQL™ FIM scale and total scores of
patients with different diagnoses, the data was log10
transformed before analysis since the distribution of the
data was not normal. A one-way analysis of variance
(ANOVA) and post-hoc Tukey Kramer analysis were
conducted.
A Pearson product-moment correlation analysis was
used to determine the linear correlation between the PSS
score and PedsQL™ FIM scale and summary scores. All
statistical analyses were conducted using SPSS Statistics
20 (IBM, Armonk, NY, USA). Statistical significance was
defined as p-value of <0.05.
Ethics

This study was approved by the relevant Institutional
Review Board.

Paed NMD on Parental HRQOL & Family Functioning

The distribution of the patient demographics and age ranges
of patients in the four disease groups are shown in Table 1.
The means and standard deviations of the PedsQL™ FIM
scores of the four NMD groups are presented in Table 2.
Among the eight inventory domains, the domain on 'Worry'
received the worst scale score. The Cronbach's alpha
coefficients for the total and all scale scores ranged from
0.86 to 0.98. No floor or ceiling effect was observed (floor/
ceiling percentages: 0.0-18.7%). Furthermore, when the
PedsQL™ FIM scores were compared among the 4 different
groups of NMDs, parents in Group 2 (deteriorating motor
neuron diseases) reported the lowest total and scale scores
across all items. Parents in Group 4 (hereditary peripheral
neuropathies) yielded the highest total and scale scores. A
one-way ANOVA revealed significant differences among
the mean PedsQL™ FIM total, parental HRQOL and family
functioning scores of different disease groups (all p<0.01).
A post-hoc analysis revealed that Group 2 accounted for
the greatest differences in the mean scores when compared
with the other groups. The results of the ANOVA and posthoc analysis are shown in Table 3. Additionally, the
PedsQL™ FIM scores were compared according to
ambulation status. A non-walking status was found to have
moderate negative effects on the overall family impact,
parent HRQOL and family functioning scores (T-test effect
size: 0.71-0.83) (Table 4). Moreover, the PedsQL™ FIM
total score in our NMD cohort was worse than that of the
patients with acquired brain injuries,11 as demonstrated in
Table 5.
The Cronbach's alpha coefficient for the PSS was 0.89,
indicating high internal consistency. The PSS score
exhibited a moderate negative correlation with the
PedsQL™ FIM total score (Figure 1) (Pearson correlation
coefficient: -0.55). Specifically, parents with a higher level
of stress reported a significantly lower HRQOL and poorer
family functioning. When a cut-off of 52/53 was used to
categorise parents into low- and high-stress groups, 36.63%
of parents were in the high stress group. The corresponding
mean PedsQL™ FIM total scores were 75.92 (SD = 12.83)
and 62.16 (SD = 15.38), respectively. This difference was
significant and had a large effect size of 0.98.

Results
Discussion
Eighty parent reported PedsQL™ FIM and PSS
questionnaires were collected from 21 fathers and 59
mothers. Most of the affected NMD children were
medically stable and ambulatory (81% walkers, 94% not
requiring ventilation support, 99% on full oral feeding).

This study conducted a multi-dimensional investigation
of the family impact of NMDs. In this cohort, the affected
NMD patients were mostly medically stable and
ambulatory. The parents reported a poor parental HRQOL
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Patient demographics

Demographic factors

Number

Percentage

18
26
15
21

22.5
32.5
18.9
26.2

60
20

75.0
25.0

Ambulation status
Walker
Non-walker†

65
15

81.3
18.8

Ventilation status
No ventilation support needed
Ventilation support needed‡

75
5

93.8
6.2

Feeding status
Oral feeding
Tube feeding

79
1

98.8
1.2

Diagnosis
Deteriorating muscles diseases §
Deteriorating motor neuron diseases
Stable neuromuscular diseases
Stable peripheral nerve diseases

26
12
34
8

32.5
15.0
42.5
10

Age (years)
0-4
5-8
9-12
13-18
Sex
Male
Female

†

Mean age (years)
8.7
6.0
9.2
12.0

Age range (years)
3.6-16.5
1.2-17.6
0.9-17.2
5.4-17.8

Bedridden = 1, Wheelchair user = 14

‡

Nocturnal non-invasive ventilation = 5
Congenital muscular dystrophy (unclassified) = 3, Duchenne muscular dystrophy = 17, Emery-Dreifuss muscular dystrophy = 1, Infantile facioscapulohumeral
muscular dystrophy = 1, Megaconial congenital muscular dystrophy = 1, Muscular dystrophy (unclassified) = 2, Ulrich congenital muscular dystrophy= 1
§

Table 2

PedsQL™ FIM scores
NMD Group 1
Mean
S.D.

NMD Group 2
Mean
S.D.

NMD Group 3
Mean
S.D.

NMD Group 4
Mean
S.D.

Total
Mean S.D.

Total score

71.9

13.42

58.19

16.8

68.57

15.76

81.44

6.31

69.55

15.58

Parent HRQOL summary score

69.66

16.02

49.79

23.62

63.81

19.77

76.59

12.32

64.80

20.27

Physical functioning

72.84

14.98

59.72

17.5

73.02

14.76

83.62

10.59

65.42

20.10

Emotional functioning

72.89

16.12

58.67

24.51

68.59

18.28

81.33

19.55

62.37

24.50

Social functioning

75.19

14.87

60.83

20.6

71.37

19.36

85.83

12.39

65.81

23.33

Cognitive functioning

77.78

16.49

60.33

17.77

70.82

18.52

80

12.65

65.77

23.02

65.22

17.80

44.47

19.02

62.34

22.17

76.39

16.26

62.06

22.18

68.72

16.41

50

19.72

66.86

22.95

83.81

10.61

58.44

26.71

74

16.24

59.67

21.19

71.41

17.33

80

19.94

65.00

24.10

Communication

73.46

18.56

58.89

20.52

66.67

21.08

89.52

14.19

62.23

26.24

Worry

57.38

17.04

54.67

16.52

57.88

19.55

72.57

16.76

48.27

23.56

Family functioning summary score
Daily activity
Family relation

PedsQL™: Paediatric Quality of Life Inventory, FIM: Family Impact Module, HRQOL: health-related quality of life, S.D.: standard deviation, NMD:
neuromuscular disorder
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and a low level of family functioning significantly worse
than those reported in acquired brain injury. Our findings
suggested that rare hereditary NMD diseases with complex
medical needs, have significant negative family impacts
and the family needs should not be neglected.
This study found that out of the eight domains of the
PedsQL™ FIM, parents reported the worst scores in the
'Worry' domain, which included worries about others'
reactions to their child's condition. Previous studies

Table 3

revealed that some parents of children with disabilities
avoided their relatives and friends since their child's and
family's needs were often not understood by others.14 As
NMDs are rare diseases, they are often poorly understood
by the general public. Therefore, parents might be
particularly worried about others' reactions to their
affected child. The Worry domain also addressed worries
on the efficacy and safety of the child's treatment, as well
as the child's future. The current findings may correlate

One-way ANOVA table of (log-transformed) total score, parental HRQOL summary score and functioning summary score

Score

NMD
Group 1

NMD
Group 2

NMD
Group 3

NMD
Group 4

Tukey Post Hoc Test Multiple comparisons^#

p-value

Total score*

1.86 ±0.78
(n=26)

1.75±0.14
(n=12)

1.82±0.11
(n=34)

1.91±0.04
(n=7)

Group 1, Group 2: 0.11 (0.02-0.20)
Group 2, Group 3: 0.08 (0.01-0.17)
Group 2, Group 4: 0.17 (0.04-0.29)

0.012
0.101
0.005

Parental HRQOL
Summary score*

1.83±0.11
(n=26)

1.64±0.259
(n=12)

1.78±0.15
(n=34)

1.88±0.08
(n=7)

Group 1, Group 2: 0.19 (0.05-0.34)
Group 2, Group 3: 0.15 (0.006-0.28)
Group 2, Group 4: 0.24 (0.05-0.44)

0.004
0.037
0.009

Family
Functioning
Summary score*

1.80±0.13
(n=25)

1.60±0.24
(n=12)

1.76±0.19
(n=34)

1.88±0.10
(n=7)

Group 1, Group 2: 0.20 (0.04-0.36)
Group 2, Group 3: 0.16 (0.01-0.32)
Group 2, Group 4: 0.28 (0.06-0.50)

0.010
0.036
0.007

*Score are expressed in Mean ± SD; # Statistically significant result (p<0.05) were shown
^ Multiple comparisons are expressed in Mean Difference (95% CI)
NMD: neuromuscular disorder, HRQOL: health-related quality of life

Table 4

Independent T test comparing ambulation status with scale scores and total scores for PedsQL™ FIM impact for NMD sample
Mean

Walker
S.D.

Non-walker
Mean
S.D.

PedsQL™ FIM total score

71.57

14.79

60.93

Parental HRQOL summary score

67.47

18.91

Family functioning summary score

65.43

20.60

Difference

Effect Size

15.92

10.64*

0.71

53.42

22.57

14.05*

0.72

47.92

23.70

17.51*

0.83

*Statistically significant result (p<0.01) were shown
PedsQL™: Paediatric Quality of Life Inventory, FIM: Family Impact Module, NMD: neuromuscular disorder, S.D.: standard deviation,
HRQOL: health-related quality of life

Table 5

Independent T test comparison of PedsQL™ FIM total scores of this NMD cohort and acquired brain injury cohort11
NMD (N=80)
Mean
S.D.

Total score

70.55

15.58

Acquired Brain Injury (N=108)
Mean
S.D.
80.4

17.9

Difference

Hedges' g effect size

-9.85*

-0.58

*Statistically significant result (p<0.05) was shown
PedsQL™: Paediatric Quality of Life Inventory, FIM: Family Impact Module, NMD: neuromuscular disorder, S.D.: standard deviation
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with the fact that treatments for some NMDs remain under
research and there are still lack of cures or diseasemodifying treatments for many NMDs at the current stage.
Furthermore, NMDs have variable prognoses, and the
uncertain treatment outcomes might increase parents'
concerns about their child's future.
The lack of the availability of effective treatment that
resulted in a negative family impact at the time of this
study, was especially evident in the deteriorating motor
neuron disease group 2 comprised of patients with 5q SMA.
SMAs are mainly treated via supportive interventions
during the study period from July 2016 to March 2018.
The first US Food and Drug Administration (FDA)approved drug treatment for SMA, named nusinersen, was
available in the United States since December 2016.
During the study period, Spinraza was not available to the
patients with SMAs in Hong Kong. Parents were anxious
about the deteriorating course of the disease without
accessibility to the available treatment, and these concerns
may have contributed to the poorer parental HRQOL and
level of family functioning in this group. On the other
hand, the PedsQL™ FIM scores from the deteriorating
muscles diseases (the group with muscular dystrophies)
and the stable neuromuscular diseases groups (the group
with congenital myopathy and congenital myasthenic
syndrome) were comparable. The PedsQL™ FIM scores of
the peripheral neuropathy group were highest. This suggests
the inaccessibility of available treatment might have a
significant negative family impact in addition to the rate of
disease progression. For DMD, the currently available

Figure 1
Scatter plot of the Paediatric Quality of Life
Inventory (PedsQL™) Family Impact Module (FIM) total score
against the Parental Stress Scale (PSS) score.
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steroid treatments help to maintain the motor function and
delay motor deterioration; so, the negative family impact
was not as significant as that for SMA. In Hong Kong,
nusinersen was eventually made available to patients with
SMA type I in May 2018 and to patients with later onset
SMA in 2019. A follow-up study of the HRQOL and family
functioning of those families with children receiving the
treatment would be valuable to evaluate the proposed
impact of treatment on parental HRQOL and family impact.
Our findings also revealed lower parental HRQOL and
family functioning scores in the group of non-walkers when
compared to those remained ambulant. This finding was
consistent with previous reports of a negative correlation
of parents' QOL with children's functional independence.
In Bray P et al study, parents had greatest emotional
disturbance of their child's DMD during the time of loss of
ambulation.12 In Liang R et al study, the overall family
functioning in those with affected DMD boy was found to
worsen as the child increased in age with advancing disease
stage.13 These results suggest the need for a reassessment
of family impact as the child's ambulation deteriorates or
develops additional medical complications. Our
observation that the PedsQL™ FIM scores of the peripheral
neuropathy group 4 were highest again added support to
the above findings, as all the affected children in this group
were ambulant with minimal or only distal weakness, and
did not required other medical support having a stable
disease course.
We further examined the correlations of the PedsQL™
FIM with PSS scores. Notably, we demonstrated that a PSS
cut-off point of 52/53 could be used effectively to identify
parents with poor HRQOL and low level of family
functioning with significant difference in mean PedsQL™
FIM total scores between high stress and low stress groups
being demonstrated. While the shorter PSS could be used
as a brief screening tool to identify high-risk parents, it
also helps to identify families with significant negative
family impact and impair functioning that needs early
support.
This study had several limitations. First, comparisons
of our findings with other neurological diseases were
performed using data extracted from previous report, given
the lack of local PedsQL™ FIM score data for direct
comparison. Future research should consider the inclusion
of time-matched samples of other disease condition for
direct comparison. Second, the collected parental
demographic information was limited, and the effects of
some factors on the family impact such has the family
income, accommodation, parents' educational level and
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health status, could not be assessed. Furthermore, families
between NMD groups were not matched by demographic
variables, as inter-group differences may not be solely
explained by the difference in diagnosis. Future studies
with larger number of NMD patients with data stratification
by different demographic variables, could be helpful to
identify underlying risk and protective factors for parental
stress and family functioning. Finally, this study included
only patients attending the outpatient NMD clinics with a
stable general health and not those with frequent inpatient
admissions with more severe disease complications.
Therefore, the results may not be able to reflect the family
impact of NMDs of the whole spectrum of severity but
only those more stable with higher functional performance.
In conclusion, this is the first multi-dimensional study
on the family impact using PedsQL™ FIM on paediatric
NMDs. We found that paediatric onset NMDs can cause
significant negative family impact and affect the family
functioning. Evaluation of parental stress, parental healthrelated quality of life and family functioning should be
part of the standard of care for families with affected
children with NMDs. The significantly lower family impact
in the group of 5q-SMA may be attributed to both the
rapid deteriorating disease course and the inaccessibility
of treatment available overseas, at the time of the study.
While PSS could be used in the clinic setting to screen for
high risk families with affected paediatric NMD children,
the use of PedsQL™ FIM self- reported questionnaires help
to understand the affected parental HRQOL and the family
impact better, so to guide the necessary support for the
family.
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Original Article
Does Subclinical Hypothyroidism Affect Lipid and
Epicardial Fat Tissue Thickness in Children?
E UNAL, A AKIN, R YILDIRIM, M TÜRE, H BALIK, FF TA , AG PIRINççIO

LU,

YK HASPOLAT

Abstract

Objective: The aim of this study was to measure serum lipid levels and epicardial adipose tissue thickness
in patients determined with subclinical hypothyroidism. Methods: The study included 61 paediatric
patients with a diagnosis of subclinical hypothyroidism and a control group of 61 healthy children. The
thyroid hormone levels, lipid parameters and epicardial adipose tissue thickness were examined in all
the patients. Results: The mean epicardial adipose tissue thickness of the subclinical hypothyroidism
patients was higher than that of the control group but not at a level of statistical significance (4.15±0.91
vs 4.06±0.99, p=0.598). The mean high-density lipoprotein cholesterol level of the subclinical
hypothyroidism group was statistically lower than that of the control group (p=0.040). Conclusion: The
results of this study showed a significant decrease in the high-density lipoprotein cholesterol levels of
children with subclinical hypothyroidism. No significant increase was seen in the epicardial adipose
tissue thickness of the children with subclinical hypothyroidism. This is the first study to have examined
epicardial adipose tissue thickness in children with subclinical hypothyroidism.
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Introduction

E UNAL
FF TA
YK Haspolat

Subclinical hypothyroidism (SH) is defined
biochemically as a state when the serum thyroid stimulating
hormone (TSH) concentration is above the upper normal
reference limit while serum free thyroxin (fT4) is within
the normal range. The frequency of SH seen in adults has
been reported as 4-20% with a clearly greater risk of
progressing to hypothyroidism.1 Although there is a limited
number of epidemiological studies of children and
adolescents, the SH prevalence in the paediatric population
has been reported as <2%.2
Although SH is usually incidentally diagnosed, an
association between SH and atherosclerotic heart disease
has been demonstrated. Subclinical hypothyroidism
features some of the risk factors that can accelerate the
development of atherosclerosis. Such risk factors include
an increased body mass index (BMI), greater visceral
adipose tissue, insulin resistance, atherogenic
dyslipidemia, hypercoagulability, and systolic and diastolic
hypertension.3-5 Moreover, higher TSH levels even in the
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normal range are associated with an increased mass of
visceral adipose tissue, which is an independent risk factor
for the development of coronary heart disease. 6,7
Epicardial adipose tissue (EAT) is an important indicator
of intra-abdominal visceral fat accumulation.8 Therefore,
it was aimed to investigate the thickness of EAT in patients
with SH.
In recent years, non-invasive methods have started to
be used in the determination of atherosclerosis, which
constitutes a risk for cardiovascular disease. Epicardial
adipose tissue is defined as the visceral adipose tissue
between the pericardium and the myocardium and it is
measured with transthoracic echocardiography (TE). There
are few studies that have evaluated the relationship
between EAT thickness and SH. Some of these studies have
reported a relationship between EAT thickness and SH9-12
and other studies have reported no relationship.13,14 To the
best of our knowledge, this is the first study to have
evaluated the relationship between EAT thickness and SH
in children.

Subjects and Methods
Study Population

The study included 61 children diagnosed with SH in
the Paediatric Endocrinology Clinic and a control group
of 61 healthy children with normal thyroid functions (serum
TSH, fT4). The children with SH were referred to our
paediatric endocrinology clinic from the community by
their paediatricians because of the incidental finding of
elevated TSH concentrations in their routine annual checkup. Subclinical hypothyroidism was diagnosed on the basis
of elevated serum TSH levels (TSH, 4.2-20 µIU/L) and
serum fT4 levels within the normal range in 2 separate
fasting blood samples taken at an interval of 2-6 weeks.
The aetiology of patients diagnosed with SH was
investigated and only idiopathic patients were included
in the study. Hashimoto's thyroiditis was diagnosed on the
basis of the presence of either antithyroglobulin (anti-Tg)
or antithyroid peroxidase (anti-TPOAb) antibodies (or
both) in the serum. Hashimoto's thyroiditis patients were
excluded from the study. None of the patient or control
group subjects had hypertension, liver or kidney function
disorders, cardiac pathology or chronic disease. Exclusion
criteria for both groups included diabetes mellitus, obesity
or a history of medication use. Height was measured using
a Harpenden stadiometer with a sensitivity of 0.1 cm and
weight was measured using a scale with a sensitivity of 0.1 kg
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(SECA, Hamburg, Germany). The weight of each subject
was measured with all clothing removed except
undergarments. Body mass index was calculated by
dividing weight (kg) by height squared (m2).
The study protocol was approved by the Ethics
Committee of Dicle University Faculty of Medicine, and
written informed consent was obtained from all participants,
prior to enrollment in the study (date: 16 December 2016,
registration number: 21).
Serological Parameters
Serum TSH, free triiodothyronine (fT3) and fT4 levels
were measured by electrochemilumines immunoassay
(ECLIA) in a Cobos e601 analyser (Roche HITACHI
Germany). In the laboratory where the study was
conducted, the normal reference values were 0.27-4.2 µIU/
mL for TSH, 3.69-9.85 pmol/L for fT3 and 12-22.8 pmol/L
for fT4. Fasting blood samples were obtained by
venipuncture in the morning at 8 a.m., after an overnight
fast of at least 12 h. Serum concentrations of total
cholesterol (TC), high-density lipoprotein (HDL)
cholesterol, and triglycerides (TG) were measured by
enzyme assay (Abbott diagnostics C16000 chemistry
analyser, IL, USA). The value of low-density lipoprotein
(LDL) cholesterol was calculated using Friedwald's
equation.
Echocardiographic Assessment of Epicardial Adipose
Tissue

Before the procedure, all the patients were applied with
12-derivation surface electrocardiography (ECG) and 2dimensional (2D), M-mode and colour Doppler
echocardiography. The patients were then placed in the
lateral decubitus position. Using 2D long and short heart
axis views, EAT thickness was evaluated in the right
ventricle free wall at the end of the systole (Vivid 3; GE
Vingmed, Horten, Norvay). A total of 5 measurements were
taken of EAT thickness during 5 cycles of 2D long and
short heart axis views. For each patient an average of the
values was calculated. Epicardial adipose tissue is seen as
an echo-free space anterior to the right ventricular wall
and the thickness is measured at the point between the
epicardial surface of the right ventricle and the parietal
pericardium.
Statistical Analysis

Data obtained in the study were analysed statistically
using IBM SPSS 21.0 for Windows statistics software.
Measured variables were stated as mean±standard deviation
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(SD), and categorical variables as number (n) and
percentage (%). Conformity to normal distribution of the
data was evaluated. The Student's t-test was applied in the
comparison of 2 selected groups with normal distribution,
and in the comparison of 2 groups not showing normal
distribution, the Mann Whitney U-test was used. Chi-square
test analysis was applied for the comparison of qualitative
variables between groups. To evaluate relationships
between numerical variables, Pearson Correlation analysis
was applied. The hypotheses were two-way and a value of
p<0.05 was accepted as statistically significant.

of children for mean EAT thickness (p=0.598). There was
also no significant correlation between TSH and EAT
thickness (r: 0.052; p=0.689). When the patients were
separated into two groups as TSH <10 µIU/mL and
≥10 µIU/mL, no statistically significant difference was
determined in respect of EAT thickness and lipid values.
The EAT thickness values and biochemical parameters of
the SH patient group and the control group are shown in
Table 2.

Discussion
Results
The 61 patients diagnosed with SH comprised 28 males
and 33 females with a mean age of 8.0±3.3 years. The
control group of 61 healthy euthyroid children comprised
28 males and 33 females with a mean age of 8.4±2.4 years.
No significant difference was determined between the
groups in respect of age, gender, weight and BMI. The
demographic characteristics and the thyroid function test
results of the patients are shown in Table 1.
In comparison with the control group, the TSH level in
the SH group was statistically significantly high (p<0.001).
Of the total 61 patients, TSH was <10 µIU/mL in 51 patients
and ≥10 µIU/mL in 10 patients. No statistically significant
difference was determined between the groups in respect
of total cholesterol, LDL-C and triglyceride levels. The
HDL-C level was statistically significantly lower in the
SH patient group than in the control group (p=0.040).
No significant correlation was found in the two groups

Table 1

The effects of thyroid hormones on the cardiovascular
system have long been known. Cross-sectional and cohort
studies have concluded that hypothyroidism increases
atherosclerosis. There is a clear relationship in particular
of hypothyroidism with increased LDL-cholesterol, high
diastolic blood pressure, a low degree of inflammation and
hypercoagulability and this has been shown to contribute
to the development of atherosclerotic plaque.15,16 It is not
clear whether or not SH increases the risk of cardiovascular
disease. Just as there are studies that have shown no
relationship between SH and cardiovascular risk, a
relationship between coronary artery disease and
atherosclerosis has been reported in a meta-analysis.17-19
In some placebo-controlled studies in adults, it has even
been shown that L-thyroxin treatment had positive effects
on atherosclerotic changes and cardiovascular risk in
patients with SH.20,21 However, all the above-mentioned
studies have been conducted on adults and there have been
very few studies that have evaluated the relationship

Demographic characteristic of study groups

Variables

SH group (n=61)

Control group (n=61)

p value

28/33

38/23

0.069

Age (year)*

8.0±3.37.3 (3.5-15)

8.4±2.48.1 (4.0-13.8)

0.501

Weight (kg)

24.3±10.4

25.1±7.3

0.645

Weight SDS

-1.01±1.03

-0.79±1.04

0.38

Height (cm)

120.7±18.2

126.0±13.3

0.072

Height SDS

-1.28±1.10

-0.56±1.07

0.01

16.0±2.1

15.6±1.9

0.283

-0.40±0.95

-0.71±0.98

0.055

Sex (Male/Female)

BMI
BMI SDS
Data are given as mean ± SD
*Data are given as mean ± SD (range)

BMI, body mass index; SH, subclinical hypothyroidism SDS, standard deviation score
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between SH and cardiac functions in children.22,23 In a study
by Çatli et al22 it was shown that both systolic and diastolic
impairments in the left ventricle led to an increase in the
left ventricle mass index in children with SH. Sert et al23
also showed that there was an increase in left ventricle
mass index in SH children.
There are very few studies in literature that have
evaluated the lipid profile of children with SH.22,24-27 In a
study which evaluated both paediatric and adult SH patients,
it was reported that no lipid anomaly developed in
paediatric SH patients with TSH <10 µlU/L and in those
with TSH >10 µlU/L, there was only a decrease in the HDL
level.24 Çatli et al22 reported no statistically significant
difference between a paediatric SH patient group and a
control group in respect of TC, TG, HDL and LDL levels.
In a study of 49 children diagnosed with SH, Cerbone et al25
determined a statistically significant lower HDL-C level
compared to the control group. Paoli-Valeri et al 26
examined children aged 2-9 years diagnosed with SH and
found that the HDL cholesterol level was significantly low
in these children. Although Unal et al27 found no difference
between a paediatric SH patient group and a control group
in respect of HDL-C and TG, the total cholesterol and LDLC levels were seen to be significantly increased. In the
current study, the HDL-C level of the SH patients was found
to be significantly low compared to that of the control
group and no significant change was observed in the other
lipid parameters. As it was considered that the low HDL-C
in the SH group could have been coincidental, power

Table 2

analysis was performed in this study. Using the HDL-C
data in the power analysis, the power of the study was
found to be 85%. This demonstrated that the low HDL-C
values in the SH group were not coincidental.
In recent years, non-invasive methods have started to
be used in the determination of atherosclerosis, which
constitutes a risk for cardiovascular disease. Epicardial
adipose tissue thickness is a new measurement tool in the
early determination of atherosclerosis.28 It is thought that
an increase in EAT causes the development of coronary
atherosclerosis through autocrine and vasocrine
mechanisms.29,30 In other studies, EAT thickness has been
shown to have a relationship with coronary artery disease,
independent of obesity31 and a positive correlation has
been shown between EAT thickness and the severity of
coronary artery disease. 8 Epicardial adipose tissue is
visceral fat tissue stored around the heart, especially on
the right ventricle free wall and the left ventricle apex. It is
also known to be stored around the atriums. Magnetic
resonance imaging (MRI) is accepted as the gold standard
test for the measurement of visceral body fat and it has
been determined that MRI measurement of visceral fat
tissue and EAT thickness measured with TE have shown a
good correlation.8,32
There have been very few studies evaluating the
relationship between EAT and SH. In some studies
conducted on adults, EAT thickness has been shown to be
greater in SH patients, compared to the control group.10,11
In a study by Korkmaz et al12 the EAT thickness was shown

Biochemical characteristics and epicardial adipose tissue thickness of the study groups

Variables

SH group (n=61)

Control group (n=61)

p value

TSH (µIU/mL)*

7.44±2.31
6.5 (5-14.5)

2.52±0.79
2.5 (0.82-4.27)

0.000

fT4 (pmol/L)

16.77±1.85

17.12±2.03

0.061

fT3 (pmol/L)

6.86±0.68

6.87±0.66

0.926

Total cholesterol (mmol/L)

158.0±29.6

155.5±21.9

0.603

LDL-C (mmol/L)

87.2±26.8

82.4±16.0

0.234

HDL-C (mmol/L)

53.8±9.9

57.8±11.2

0.040

Triglycrides (mmol/L)

84.0±44.4

73.0±24.5

0.092

EATT (mm)

4.15±0.91

4.06±0.99

0.598

Data are given as mean ± SD
*Data are given as mean ± SD and median (range)
EATT, Epicardial adipose tissue thickness; fT4, free thyroxine; fT3, free triiodothyronine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SH, subclinical hypothyroidism; TSH, thyroid-stimulating hormone
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to be greater in the SH patients compared to the control
group, and the increase was more significant in patients
with TSH ≥10 µIU/mL. In the same study, there was
reported to be a significant correlation between TSH and
EAT. In a cross-sectional study of adults, EAT thickness
was found to be similar in the patient and control groups,
but a positive correlation was determined between EAT
and TSH in the SH group. However, an important drawback
of that study is that all the patients had a TSH value
<10 µIU/mL.14 In another study of adults, no difference
was found between the SH and control groups in respect
of EAT thickness and there was not determined to be any
relationship between EAT thickness and TSH. However, that
study had the disadvantage of being cross-sectional, the
patient numbers were low and there was no information
about the duration of the disease.13
To the best of our knowledge, there has been no previous
study in literature which has evaluated the relationship
between SH and EAT thickness in children. In this study,
EAT thickness in children with SH was greater than in the
control group, but the difference was not statistically
significant. In addition, no significant correlation was
found in the current study between EAT thickness and TSH,
total cholesterol, triglyceride, LDL-C and HDL-C. In a
previous study of adult SH patients, EAT thickness was
shown to be greater in those with TSH >10 µlU/mL. 14
However, in another study of patients with TSH <10 µIU/
mL, no significant difference was determined between the
patient and control groups in respect of EAT thickness and
there was no positive correlation between EAT thickness
and TSH. 7 In the current study patient group, only 10
patients had TSH ≥10 µIU/mL.

Study Limitations
This study had some limitations. First, it was a crosssectional study and did not include any long-term followup, so the duration of exposure to subclinical
hypothyroidism was not clear. The second point TSH
>10 µIU/mL was found only 10 of 61 patients in subclinical
hypothyroid group. In previous adult studies, the
relationship between SH and EAT thickness has been
determined especially in patients with TSH ≥10. Therefore,
there is a need for further studies including many more
patients with TSH ≥10 µIU/mL to be able to evaluate the
relationship between TSH and EAT thickness.
In conclusion, the results of this study demonstrated
that the HDL-C levels of children with SH were significantly
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low. Although there is known to be a relationship between
low HDL and the risk of cardiovascular disease, there is a
need for further long-term studies of greater numbers of
patients to be able to better understand the clinical
importance of low HDL in relation to subclinical
hypothyroidism. In the current study, a significant increase
in EAT thickness was not determined in the children with
SH. As this study was cross-sectional, it did not include
long-term follow-up, so until these patients are followed
up in the long-term, it is not known how SH in paediatric
patients affects EAT thickness. As this is the first study to
evaluate EAT thickness in children with SH, there is a need
for further studies to support these findings so that a more
definitive conclusion can be reached.

Conflicts of Interest
The authors declare no conflict of interests.

References
1.

Cooper DS, Biondi B. Subclinical thyroid disease. Lancet 2012;
379:1142-54.
2. Wu T, Flowers JW, Tudiver F, Wilson JM, Punyasavatsut N.
Subclinical thyroid disorders and cognitive performance among
adolescents in the United States. BMC Pediatr 2006;6:12.
3. Tzotzas T, Krassas GE, Konstantinidis T, Bougoulia M. Changes
in lipoprotein(a) levels in overt and subclinical hypothyroidism
before and during treatment. Thyroid 2000;10:803-8.
4. Caraccio N, Ferrannini E, Monzani F. Lipoprotein profile in
subclinical hypothyroidism: response to levothyroxine
replacement, a randomized placebo-controlled study. J Clin
Endocrinol Metab 2002;87:1533-8.
5. Natale F, Tedesco MA, Mocerino R, et al. Visceral adiposity and
arterial stiffness: echocardiographic epicardial fat thickness
reflects, better than waist circumference, carotid arterial stiffness
in a large population of hypertensives. Eur J Echocardiogr 2009;
10:549-55.
6. Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, Witteman
JC: Subclinical hypothyroidism is an independent risk factor for
atherosclerosis and myocardial infarction in elderly women: the
Rotterdam Study. Ann Intern Med 2000;132:270-8.
7. Westerink J, van der Graaf Y, Faber DR, Visseren FL; SMART
study group: The relation between thyroid-stimulating hormone
and measures of adiposity in patients with manifest vascular
disease. Eur J Clin Invest 2011;41:159-66.
8. Iacobellis G, Assael F, Ribaudo MC, et al. Epicardial fat from
echocardiography: a new method for visceral adipose tissue
prediction. Obes Res 2003;11:304-10.
9. Belen E, De irmencio lu A, Zencirci E, et al. The Association
between Subclinical Hypothyroidism and Epicardial Adipose
Tissue Thickness. Korean Circ J 2015;45:210-5.
10. Unubol M, Eryilmaz U, Guney E, Akgullu C, Kurt Omurlu I.

Subclinical Hypothyroidism and Epicardial Fat

26

11.

12.

13.

14.

15.
16.
17.

18.

19.

20.

21.

Epicardial adipose tissue in patients with subclinical
hypothyroidism. Minerva Endocrinol 2014;39:135-40.
Asik M, Sahin S, Ozkul F, et al. Evaluation of epicardial fat
tissue thickness in patients with Hashimoto thyroiditis. Clin
Endocrinol (Oxf) 2013;79:571-6.
Korkmaz L, Sahin S, Akyuz AR, et al. Epicardial adipose tissue
increased in patients with newly diagnosed subclinical
hypothyroidism. Med Princ Pract 2013;22:42-6.
Arpaci D, Toco lu AG, Yilmaz S, et al. Epicardial Adipose Tissue
Thickness in Patients With Subclinical Hypothyroidism and the
Relationship Thereof With Visceral Adipose Tissue Thickness.
J Clin Med Res 2016;23:215-9.
Santos OC, Silva NA, Vaisman M, et al. Evaluation of epicardial
fat tissue thickness as a marker of cardiovascular risk in patients
with subclinical hypothyroidism. J Endocrinol Invest 2015;238:
421-7.
Cappola AR, Ladenson PW. Hypothyroidism and atherosclerosis.
J Clin Endocrinol Metab 2003;88:2438-44.
Biondi B, Klein I. Hypothyroidism as a risk factor for
cardiovascular disease. Endocrine 2004;24:1-13.
Cappola AR, Fried LP, Arnold AM, et al. Thyroid status,
cardiovascular risk, and mortality in older adults. JAMA 2006;
295:1033-41.
Rodondi N, Newman AB, Vittinghoff E, et al. Subclinical
hypothyroidism and the risk of heart failure, other cardiovascular
events, and death. Arch Intern Med 2005;165:2460-6.
Razvi S, Shakoor A, Vanderpump M, Weaver JU, Pearce SH.
The influence of age on the relationship between subclinical
hypothyroidism and ischemic heart disease: a metaanalysis.
J Clin Endocrinol Metab 2008;93:2998-3007.
Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU. The
beneficial effect of L-thyroxine on cardiovascular risk factors,
endothelial function, and quality of life in subclinical
hypothyroidism: randomized, crossover trial. J Clin Endocrinol
Metab 2007;92:1715-23.
Monzani F, Caraccio N, Kozakowa M, et al. Effect of
levothyroxine replacement on lipid profile and intima-media
thickness in subclinical hypothyroidism: a double-blind, placebo-

controlled study. J Clin Endocrinol Metab 2004;89:2099-106.
22. Çatl G, K r M, An k A, Y lmaz N, Böber E, Abac A. The effect of
L-thyroxine treatment on left ventricular functions in children with
subclinical hypothyroidism. Arch Dis Child 2015;100:130-7.
23. Sert A, Pirgon Ö, Aypar E, Yilmaz H, Odabas D. Subclinical
Hypothyroidism as a Risk Factor for the Development of
Cardiovascular Disease in Obese Adolescents With Nonalcoholic
Fatty Liver Disease. Pediatr Cardiol 2013;34:1166-74.
24. Marwaha RK, Tandon N, Garg MK, et al. Dyslipidemia in
subclinical hypothyroidism in an Indian population. Clin Biochem
2011;44:1214-7.
25. Cerbone M, Capalbo D, Wasniewska M, et al. Cardiovascular
risk factors in children with long-standing untreated idiopathic
subclinical hypothyroidism. J Clin Endocrinol Metab 2014;99:
2697-703.
26. Paoli-Valeri M, Guzman M, Jimenez-Lopez V, Arias-Ferreira A,
Briceno-Fernandez M, Arata-Bellabarba G. Atherogenic lipid
profile in children with subclinical hypothyroidism. An Pediatr
2005;62:128-34.
27. Unal E, Ak n A, Y ld r m R, Demir V, Yildiz , Haspolat YK.
Association of Subclinical Hypothyroidism with Dyslipidemia
and Increased Carotid Intima-Media Thickness in Children.
J Clin Res Pediatr Endocrinol 2016;9:144-9.
28. Jeong JW, Jeong MH, Yun KH, et al. Echocardiographic epicardial
fat thickness and coronary artery disease. Circulation Journal.
2007;71:536-9.
29. Sacks HS, Fain JN, Memphis TN. Human epicardial adipose
tissue: a review. Am Heart J 2007;153:907-17.
30. Iacobellis G. Epicardial adipose tissue in endocrine and metabolic
diseases. Endocrine 2014;46:8-15.
31. Iacobellis G, Lonn E, Lamy A, Singh N, Sharma AM. Epicardial
fat thickness and coronary artery disease correlate independently
of obesity. Int J Cardiol 2011;146:452-4.
32. Iacobellis G, Ribaudo MC, Assael F, et al. Echocardiographic
epicardial adipose tissue is related to anthropometric and clinical
parameters of metabolic syndrome: a new indicator of
cardiovascular risk. J Clin Endocrinol Metab 2003;88:
5163-8.

HK J Paediatr (new series) 2021;26:27-30

Case Report
Multilocus Inherited Neoplasia Alleles Syndrome:
Case Report of Two Cases
S HO, IFM LO, HM LUK

Abstract

The advancement of genomic testing allows the detection of individuals affected by multilocus inherited
neoplasia alleles syndrome (MINAS), a term that refers to those who harbour two or more dominant
cancer predisposing germline variants. Although the phenotypic implication for MINAS is yet to be
established, it is postulated that it might lead to a more severe or atypical phenotype. Herein we report
2 individuals each harbouring 2 pathogenic germline cancer predisposition gene variants. The first patient
is a 18-year-old Chinese boy with likely pathogenic variants in NM_003000.2(SDHB):c.137G>A
(p.Arg46Gln) and NM_000264.3(PTCH1):c.2380C>T(p.Gln794*). He has a relatively earlier onset of
paraganglioma compared to the mean age of diagnosis in individuals harbouring a pathogenic SDHB
mutation. The second patient is a 12-year-old Chinese boy with pathogenic variants identified in
NM_000729.3(BRCA1):c.4372C>T(p.Gln1458*) and NM_000314.4(PTEN):c.1003C>T(p.Arg335*).
He has clinical features of PTEN hamartoma tumour syndrome including developmental delay and
macrocephaly, but enjoys good health and has no oncological disease to date.

Key words

MINAS; Multilocus inherited neoplasia alleles syndrome

Introduction
The term multilocus inherited neoplasia alleles
syndrome (MINAS) was first introduced by Whitworth et
al in 2016.1 It is used to describe patients who harbour
dominant germline variants in two or more cancer
predisposing genes. Previously believed to be a rare
henomenon, more individuals with MINAS are uncovered
due to the increasing application of next-generation

sequencing that enables simultaneous parallel sequencing
of multiple cancer predisposition genes. Although the
phenotypic implication for MINAS is yet to be established,
it is postulated that it might lead to a more severe or atypical
phenotype. In this case report, we presented 2 patients each
carrying 2 dominant cancer predisposing genetic variants.

Case Report
Case 1
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The index patient is an 18-year-old Chinese gentleman
who is the only child of a non-consanguineous Chinese
couple. He first presented to paediatricians for mild
developmental delay and macrocephaly at 10 months old.
Physical examination revealed hypertelorism and frontal
bossing (Figure 1). He was subsequently found to have
external hydrocephalus requiring endoscopic
ventriculostomy at 2 years of age. He developed maxillary
and mandibular odontogenic keratocysts with surgical
resection at 13 years of age. He was found to be

Multilocus Inherited Neoplasia Alleles Syndrome

28

hypertensive at 14 years old and subsequent CT scan of
the abdomen showed a soft tissue enhancing lesion at the
right side of the aortic bifurcation at the aortocaval region.
Operative histological evaluation confirmed that he was
suffering from para-aortic paraganglioma and complete

tumour removal was achieved. He had catch up in
development and graduated from a mainstream secondary
school. There is no otherwise family history of
paraganglioma, pheochromocytoma or hypertension.
He was referred to Clinical Genetic Service at 6 years
old for developmental delay and macrocephaly. Genetic
testing including karyotyping, NSD1 sequencing and
Fragile X testing were unremarkable. Subsequent clinical
exome sequencing detected likely pathogenic variants in
NM_003000.2(SDHB):c.137G>A (p.Arg46Gln) [PS1, PM2,
PP5] and NM_000264.3(PTCH1): c.2380C>T(p.Gln794*)
[PVS1, PM2].
Family cascade screening showed that the mother also
carries the same pathogenic variants in both the SDHB and
PTCH1 genes. On physical examination, she has
macrocephaly, frontal bossing and also bilateral palmer
pits (Figure 1). She had history of basal cell carcinoma
(BCC) over the right cheek and left upper lip and had
excision at the age of 54. Both affected individuals were
referred to have relevant investigations and regular
surveillance.
Case 2

The index patient is a 12-year-old Chinese boy who
presented with developmental delay and macrocephaly at
2 years old. Physical examination showed frontal bossing
and mildly depressed nasal bridge (Figure 2). With PTEN
hamartoma tumour syndrome in mind, hereditary cancer
predisposition syndrome panel was offered to the proband
after detailed discussion with the parents. The possibility
of identification of secondary and incidental findings was
also conveyed to the parents. The hereditary cancer
predisposition syndrome panel revealed two clinically
significant pathogenic variants in NM_000729.3(BRCA1):
c.4372C>T(p.Gln1458*) [PVS1, PS1, PM2, PP5] and

Figure 1
Clinical photos of proband taken at 2 years old. There
is macrocephaly, hypertelorism and frontal bossing (a, b). Clinical
photo of proband at 18 years old (c). Clinical photo of mother of
proband. She has similar facial features including macrocephaly,
hypertelorism and frontal bossing (d). She also has bilateral palmer
pits (e).

Figure 2
Clinical photos of proband with macrocephaly, frontal
bossing and mildly depressed nasal bridge.
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NM_000314.4(PTEN):c.1003C>T(p.Arg335*) [PVS1,
PM1, PM2, PP5].
The genetic findings and their implications including
the risk of developing malignancies and the need of regular
surveillances were explained to the parents. The BRCA1
gene pathogenic variant is paternally inherited while the
PTEN pathogenic variant is de novo. Currently, both the
proband and his father has no known oncological disease.
There is no family history of breast or ovarian cancer.

Discussion
SDHB (Succinate dehydrogenase complex iron sulfur
subunit B) is an essential component in the mitochondrial
respiratory chain and citric acid cycle. SDHB gene mutation
is associated with paragangliomas 4 [MIM115310], an
autosomal dominant disorder that predisposes affected
individuals to developing extra-adrenal sympathetic
paragangliomas with an increased risk of metastasis;
phaeochromocytoma and other malignancies such as renal
cell carcinoma. For individuals harbouring the SDHB
mutations, 34% developed malignancy.2 The penetrance
of paraganglioma/phaeochromocytoma was estimated to
be 21.8- 57.6% at the age of 60.3 Individuals at risk should
have annual biochemical and clinical surveillance for
features of paraganglioma and full-body MRI or otherwise
cross-sectional imaging biennially.
PTCH1 gene is a tumour suppressor gene which encodes
the protein patched-1, a receptor for sonic hedgehog, and
together they prevent uncontrolled cell proliferation.
PTCH1 gene is associated with basal cell naevus syndrome
[MIM109400], also inherited in an autosomal dominant
manner. Basal cell naevus syndrome (BCNS), also known
as Gorlin-Glotz syndrome (GGS), is characterised by
macrocephaly, development of multiple jaw keratocysts,
basal cell carcinomas, cardiac and ovarian fibromas. Basal
cell carcinomas can occur in early childhood but usually
presented at the age of 30s. Surveillance for affected
individuals would include head circumference and
development monitoring, orthopantogram and skin
examination at regular intervals.
In this report, patient 1 has a younger age of diagnosis
of paraganglioma when compared to the median age at
diagnosis in SDHB carriers (30 years old).2 Although the
SDHB and PTCH1 genes are involved in different cellular
pathways and the mother has not developed
paraganglioma yet at the age of 56, a synergistic effect
from harbouring pathogenic variants in both genes cannot
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be excluded. In the proband's mother, she had basal cell
carcinoma during her 50s, which is slightly later compared
to the average age of onset in affected individuals with
PTCH1 variant.
For case 2, PTEN hamartoma tumour syndrome (PHTS)
is a tumour suppressor gene that produces phosphatase and
tensin homolog, a phosphatase protein product involved
in the regulation of cell proliferation via antagonising the
P13K/AKT pathway. Affected individuals have an
increased risk of developing benign tumours, harmatomas
and also malignancies involving different organs (e.g.
breast, thyroid, renal cell, endometrial, colon cancer and
melanoma) and might have developmental delay. The
majority of malignancies occur after the age of 30s, though
there is reported case of thyroid cancer occurring as early
as 7 years of age.4 Individuals harbouring PTEN pathogenic
variant are recommended to have regular surveillance
including annual dermatological examination and thyroid
ultrasound. Women are encouraged to have monthly breast
self-examination, annual breast screening and transvaginal
ultrasound or endometrial biopsy. Regular colonoscopy
and renal imaging is also recommended.
BRCA1 is a tumour suppressor gene responsible for
DNA break repair or destruction of cells when beyond
repair by its interaction with other cyclin protein and cylindependent kinase. Mutation of BRCA1 gene could led to
an increased genomic instability and predispose affected
individuals to oncological diseases. BRCA1-associated
hereditary breast and ovarian cancer syndrome (HBOC) is
characterised by an increased risk of breast and ovarian
cancer development. Monthly breast self-examination,
annual/semiannual clinical breast examination, annual
mammography and breast MRI is advocated for breast
cancer screening in affected female individuals. For
affected males, breast self-examination and annual clinical
breast examination and annual screening of prostate cancer
is also recommended.
Although PTEN and BRCA1 appeared functionally
distinct, mutual interaction between these two genes has
been proposed as both were involved in the p53 pathway.5
However, there is of note no published study regarding
affected individuals with both mutations having a more
severe/atypical phenotype. A close follow up of our
proband is needed to watch out for evolving oncological
diseases.
The term multilocus inherited neoplasia alleles
syndrome (MINAS) was first introduced in 2016 by
Whitworth et al. 1 Previously believed to be a rare
phenomenon, more individuals with MINAS are uncovered
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due to the increasing application of next-generation
sequencing that enables simultaneous parallel sequencing
of multiple cancer predisposition genes. Out of the 314
cancer panels performed in our center, only 1 individual
was identified to have MINAS. Most of the reported cases
involve affected individuals with a hereditary cancer gene
mutation that is related to the presenting cancer phenotype;
and a second mutation that has no manifestation in the
proband and related family members at the time of
reporting. Current reported cases of MINAS mainly involve
breast and colorectal cancer related genes (e.g. BRCA1
and BRCA2 mutation) or those genes related to
constitutional mismatch repair syndrome. Ascertainment
bias is difficult to eliminate as certain types of cancer and
their related genes are more readily recruited for analysis.
Affected individuals with a more severe phenotype and a
strong family history are also more likely subjected to
genetic testing. It is postulated that MINAS involving a
certain combination of mutations might produce a more
severe phenotype. However, due to the heterogeneity of
mutation combinations and varying mechanisms of
oncogenes, whether or not MINAS could lead to a more
severe phenotype (e.g. an earlier onset, unusual tumour
characteristics) remains inconclusive. Existing data give
conflicting information even for the better-known BRCA1
and BRCA2 mutation combination. 6,7 For the other
mutation combinations, only limited case reports and
animal studies are available.
It is believed with the advancement of medical
knowledge and increasing readiness of genetic testing,
more individuals with MINAS will be detected. A precise
interpretation of mutation combinations will be on demand
in order to facilitate personalised management and risk
estimation. Based on current limited experiences with
MINAS, affected individuals with a more severe phenotype
exist but there is not enough evidence to extend to a
conclusion. From our data, we can see there is a relatively
earlier onset of paraganglioma in the proband harbouring
both SDHB and PTCH1 variant, but there is no further
evidence to support an atypical or more severe clinical
phenotype in individuals with MINAS. Prospective follow
up of these two probands and their families would be of
value in order to appreciate the age-dependent penetrance

of the variants. Further functional studies and tumour
profiling might be able to provide further insight into the
phenotypic effect of MINAS. Data sharing with continuous
update is encouraged as it might hopefully help to improve
our understanding of MINAS.
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Case Report
A New Case - Heterozygote PACS1 Mutation in a Patient with
Schuurs-Hoeijmakers Syndrome and a Left Duplex Kidney:
Case Report
B DILBER, E ARSLAN ACAR, AH CEBI, A CANSU

Abstract

PACS1 is a rare form of monogenic disorder characterised by intellectual disability, developmental
delay, and mild distinctive facial features. The typical facial features include a low hairline on the
forehead, eyes that are spaced far apart and slanting downwards, thick eyebrows that may be connected
to each other, long eyelashes, large ears that are set low on the head, and gaps between the teeth.
Diagnosis is made through a genetic analysis, particularly by whole exome sequencing. Although renal
abnormalities are rarely seen in such patients, we present an atypical case of a 33-month-old girl with a
left duplex kidney.

Key words

Down-like face; Duplex kidney; PACS1; Typical facial features

Introduction
PACS1 gene is found on the long arm of the chromosome
11 (11q13.1-13.2). The mutations showing autosomal
dominant inheritance in this gene are known to cause
Schuurs-Hoeijmakers syndrome. For the first time, SchuursHoeijmakers et al diagnosed PACS1 as a de novo mutation
in two boys who had similar findings and no cognation.
The findings included similar typical facial appearance,
intellectual and motor disability, and cryptorchidism.1 A
de novo c.607C>T (p.R203W) mutation was detected in
both boys and their clinical appearance were highly similar.
In 2014, three other patients with similar findings and
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PACS1-associated symptoms were described by Gadzicki
et al.2
The only known cause of Schuurs-Hoeijmakers
syndrome is the PACS1 mutation. Typical manifestations
of this syndrome include intellectual disability,
characteristic facial features such as a mouth with downturned corners, seizures, and cerebral abnormalities. A de
novo c.607C>T (p.R203W) mutation is typically seen in
PACS1. Also, Miyake N et al reported a de novo missense
PACS1 (c.608G>A (p.R203Q) mutation. 3 In the case
presented in this study, a heterozygous missense c.607C>
T (p.R203W) mutation was detected in the PACS1 gene
and the patient was diagnosed with whole exome
sequencing (WES). Additionally, the patient was detected
with a left duplex kidney, which is a rare occurrence in
such patients.

Case Presentation
A 33-month-old girl with a body weight of 12.8 (10th25th percentile), height of 90 cm (10th percentile), and a
head circumference of 48 cm (10th percentile) presented
to the paediatric neurology clinic due to speech retardation
and atypical facial appearance. Neuromotor development
of the patient was retarded and it was revealed that she could
hold her head steady at 4 months, sat without support at 18
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months, started to walk at 26 months. Although the patient
produced only four meaningful words, she was friendly and
good-humoured. Her IQ was revealed to be 54 according
to the Denver Developmental Screening Test (DDST). She
was the first living child delivered at the third pregnancy of
her mother who was 27 years old during the time of delivery.
It was also revealed that the mother had been followed up
due to oligohydramnios throughout the gestational period
and her father was a 32-year-old healthy individual. The
parents had no consanguineous relationship. Patient history
revealed that the patient had been monitored under
mechanical ventilation after birth due to neonatal meconium
aspiration syndrome. Moreover, she experienced apnoeic
seizures three times in the neonatal period, followed by a
focal seizure on her right arm at the age of 3 months. After
the age of two, her antiepileptic treatment was discontinued
when she had no more seizures. Physical examination
revealed hypertelorism, mild ptosis, a large mouth,
depressed and wide nasal bridge, long philtrum, flat
eyebrows, eyelids drooping downwards, prominent ears,
thin upper lip, overlapping toes in the right foot, and pectus
excavatum (Figure 1). Additionally, a grade 1/6 systolic
ejection murmur was heard. Other system examinations
were normal and biochemical analyses were unremarkable.
No immunodeficiency was found. A patent foramen ovale
(PFO) was detected on electrocardiography (ECG). Renal
ultrasonography (US), which was performed due to the
presence of recurrent urinary tract infections, revealed a
left duplex kidney. Cranial magnetic resonance imaging
(MRI) scan was normal and electroencephalography (EEG)
was unremarkable. WES revealed a heterozygous de novo
missense c.607C>T (p.R203W) mutation in the PACS1
gene.

Schuurs-Hoeijmakers Syndrome and a Left Duplex Kidney

Discussion
Abnormal migration of nerve cells resulting from the
replacement of arginine by tryptophan in the furin-binding
region is considered to play a role in the etiopathogenesis
of PACS1, and similar facial findings are explained by
zebrafish research.4 However, the presence of similar facial
features in other symptoms including Baraitser-Winter
syndrome, Cornelia de Lange syndrome, Mowat-Wilson
syndrome, and Kabuki syndrome complicates the diagnosis
of PACS1 mutations. This challenge can be eliminated by
the use of WES analysis, which can also detect the
abnormalities accompanying these facial features.
The PACS1 mutation detected in our patient was
characterised by intellectual disability, prominent
craniofacial characteristics (hypertelorism, mild ptosis, a
large mouth, depressed and wide nasal bridge, long
philtrum, flat eyebrows, eyelids drooping downwards,
prominent ears, and thin upper lip), psychomotor
retardation, mild-to-moderate speech retardation,
hypotonia, seizures, structural malformations (heart, brain,
eyes, kidneys, and bones), and additional congenital
anomalies (Tables 1 & 2). The WES analysis performed in
our patient detected a heterozygous missense c.607C>T
(p.R203W) mutation in the PACS1 gene. This mutation was
also shown to be heterozygous in the DNA sequencing
analysis performed with the Sanger method. Additionally,
the parents were also examined and were found to be normal.
Schuurs-Hoeijmakers et al, in their series of 19 cases
aged 2-21 years, found typical facial anomalies in all
patients as well as different abnormalities including cardiac
abnormalities in 10 patients and renal problems in three
patients. 4 Additionally, almost half of the patients

Figure 1
Clinical photo showing hypertelorism, mild ptosis, a large mouth, depressed and wide nasal bridge, long philtrum, flat eyebrows,
eyelids drooping downwards, prominent ears, thin upper lip, overlapping toes in the right foot, and pectus excavatum.
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presented with gastrointestinal problems such as severe
feeding, swallowing, and reflux problems. Renal
abnormality was seen in only three cases and two of them
had right renal duplex anomaly and urethral diverticulum.
No vesicourethral reflux was observed. 4 In our case,
however, had a left duplex kidney and grade IV
vesicoureteral reflux. We consider that advanced genetic
analyses are helpful for the establishment of diagnosis in
these patients, as was in our case. Accordingly, WES
analysis appears to be ideal option in the diagnosis of these
patients.

Conclusion
Whole exome sequencing (WES) appears to be an ideal
method for the diagnosis of patients with moderate
intellectual disability, prominent speech retardation, and

non-persistent seizures, particularly of patients with
similar facial appearance. Patients with PACS1 mutation
may rarely present with renal abnormalities, most of which
are treatable. The use of social media platforms (e.g. PACS1
groups) by the parents of children diagnosed with PACS1
mutation could be helpful for raising awareness and
eliminating concerns among these patients and their
parents. Accordingly, by presenting the current case, we
aimed to raise awareness among the parents of children
with a PACS1 mutation by emphasizing that a PACS1
mutation could be present in syndromic patients with
intellectual disability and similar facial appearance and
that there could be additional abnormalities in such patients
that may require clinical follow-up.
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Table 1

Typical facial appearance findings of PACS1 mutation

Facial apperance

References

Arched eyebrows
Hypertelorism with downslanting palpebral fissures

1.

Long eye lashes
Ptosis (in some)

2.

Low set and simple ears
Bulbous nasal tip

3.

Wide mouth with downturned corners
Thin upper lip with an unusual "wavy" profile

4.

Fat philtrum
Diastema of the teeth

Table 2

Schuurs-Hoeijmakers JH, Oh EC, Vissers LE, et al. Recurrent de
novo mutations in PACS1 cause defective cranial-neural-crest
migration and define a recognizable intellectual-disability syndrome.
Am J Hum Genet 2012;91:1122-7.
Gadzicki D, Döcker D, Schubach M, et al. Expanding the phenotype
of recurrent de novo variant in PACS1 causing intellectual disability.
Clin Genet 2015;88:300-2.
Miyake N, Ozasa S, Mabe H, et al. A novel missense mutation
affecting the same amino acid as the recurrent PACS1 mutation in
Schuurs-Hoeijmakers syndrome. Clin Genet 2018;93:929-30.
Schuurs-Hoeijmakers JH, Landsverk ML, Foulds N, et al. Clinical
delineation of the PACS1-related syndrome-Report on 19 patients.
Am J Med Genet A 2016;170:670-5.

Major organ involvement for Schuurs-Hoeijmakers syndrome

Growth & Feeding
Neurodevelopmental features
Neurological disorder &
Behaviour seizures
Cerebral imaging
Skeletal abnormalities
Congenital malformations

Microcephaly

Failure to thrive

Oral aversion

Reflux G-tube

Developmental delay/
intellectual disability

Language
development

Temper tantrums/
agression

Hypotonia

Structural brain
abnormalities

Dysmorphic facial
features

Autism spectrum
disorder

Pectus excavatum

Scoliosis

Clinodactyly of 5th finger

Abnormal skull shape

ASD/VSD

Colobomata
Cryptorchidism

Single palmar crease

Kidney abnormality
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Case Report
Safety and Effectiveness of Herbal Medicine Administered from
the Early Neonatal Period in Two Neonates with Congenital
Cystic Lymphatic Malformations
S HASHIMOTO

Abstract

There are various treatments of lymphatic malformations. Herbal medicine (TJ-28) is effective for treating
lymphatic malformations. TJ-28 was administered from the early neonatal period to two neonates with
lymphatic malformations at birth. In Case 1, a lymphatic malformation on the neck at birth was treated
with TJ-28 from 5 days old. The lymphatic malformation was greatly reduced, but there was a mild
transient elevation in liver aminotransferases levels, which were unlikely to be related to TJ-28. In Case
2, a lymphatic malformation in the femur at birth was treated with TJ-28 from 3 days old. There were no
adverse events, but the lymphatic malformation was not reduced until 7 months old. TJ-28 administered
from the early neonatal period showed no serious adverse events and it was effective in one of two cases.
Therefore, TJ-28 may be a treatment for neonates with lymphatic malformations when surgery or
sclerotherapy is difficult.

Key words

Herbal medicine; Lymphatic malformation; Neonate; Safety

Introduction

Case Report

Treatments of lymphatic malformations (LMs) are
varied, such as surgery, sclerotherapy, and oral
medication. 1-3 Recently, the effectiveness of herbal
medicine (Eppikajyutsuto, TJ-28; Tsumura Co., Tokyo,
Japan) in treating LMs was reported.4-6 Whether TJ-28 is
safe and effective for administration from the early neonatal
period or for neonates with large congenital LMs at birth
is unclear. This report describes two neonates with large
LMs at birth who were safely treated with TJ-28 from the
early neonatal period.

Case 1
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The neonate's mother was 37 years old and had a normal
course of pregnancy. A foetal ultrasound and magnetic
resonance imaging (MRI) examination showed a mass on
the right neck, which suggested LM, at 39 weeks and 4
days of pregnancy. The neonate was delivered at 39 weeks
and 5 days of gestation by caesarean section.
The neonate was a boy and his birth weight was 3430 g.
The Apgar score was 8 points at 1 minute and 9 points at
5 minutes, and his cardiorespiratory dynamics were stable.
He had a mass in the right neck, and it was soft, elastic, and
undulating. There were no symptoms of the respiratory
tract and oesophageal exclusion. He had no external or
internal malformations excluding the mass in the neck.
MRI showed a multicystic mass with T1 low intensity and
T2 hyperintensity, and this mass was located from the right
submandibular to lateral cervical areas (Figures 1A & 1B).
The pharynx and airway were retracted and contralaterally
deviated. The cyst was diagnosed as mixed micro- and
macrocystic LM. Informed consent was obtained from the
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patient's parents regarding the fact that the safety and
effectiveness of herbal medicine administered in the
neonatal period to treat LMs has not been established, and
TJ-28 was administered at a dose of 0.2 g/kg/day from the
age of 5 days. The patient was discharged home at the age
of 7 days.
The patient had no symptoms caused by the LM after
discharge. The LM was not complicated by bleeding,
infection, or trauma, and was gradually reduced. At 3
months old, apparent swelling of the neck had almost
disappeared. MRI showed that the LM was greatly reduced
at 5 months old (Figures 1C & 1D). There was a mild
increase in liver aminotransferase levels at 5 months of
age, and aspartate transaminase was 98 IU/L and alanine
transaminase was 94 IU/L; however, both values were
maximums at that point and normalised spontaneously by
9 months of age even though administration continued.
Therefore, we assessed that this adverse event was not likely
related to TJ-28. TJ-28 treatment did not induce
pseudoaldosteronism and sympathetic hyperactivity
symptoms, and there were no other serious adverse events.
TJ-28 administration was stopped at 9 months old. At the
time of this report, the patient was 15 months old, and the
LM remained, but there was no regrowth. TJ-28 or other
additional treatments have not been required.
Case 2

The neonate's mother was 25 years old. A foetal
ultrasound and MRI examination showed a mass in the
right thigh from 20 weeks of pregnancy. There were no
other abnormal findings and no pleural or peritoneal
effusion. The neonate was delivered at 39 weeks and
0 day of gestation by vaginal delivery.
The neonate was a boy and his birth weight was 2725 g.
The Apgar score was 8 points at 1 minute and 9 points at
5 minutes, and his general condition was stable. He had a
mass in the right femur, and it was soft, elastic, and
undulating. The circumference of the right thigh was
19 cm and the ratio of right/left was 1.36. MRI showed a
multicystic mass with T1 low intensity and T2
hyperintensity, and the mass was located from the right
perineum to frontal and interior of the femur (Figures 1E
& 1F). The mass was diagnosed as mixed micro- and
macrocystic LM. Informed consent was obtained from the
patient's parents to use TJ-28, and it was administered at a
dose of 0.3 g/kg/day from 3 days old. He was discharged
home at 6 days old.
The LM showed no bleeding or infection, but it has not
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been reduced to date (Figures 1G & 1H). At the time of
this report, the patient was 7 months old, and has been
continuing TJ-28 administration. There have been no
adverse events, including pseudoaldosteronism and
sympathomimetic symptoms. The circumference of the
right femur was 32 cm and the ratio of right/left was 1.33.

Discussion
Treatment of LMs has remained a challenge depending
on the tumour size, location, and age of onset.1-3 In Japan,
the effectiveness of an herbal medicine, TJ-28, has been
reported since 2011.4-6 The use and efficacy of TJ-28 in
neonates have not been clarified until our report.
Furthermore, treatment of large LMs of the neck in infants,
particularly early infancy, tend to be surgery or
sclerotherapy because of airway obstruction.2,3 Sometimes
surgery or sclerotherapy is difficult. This is because surgery
has the risk of injury to surrounding normal tissues.
Sclerotherapy has little effect on some types of LMs and
there is the possibility of respiratory obstruction according
to reactive enlargement when it is on the neck. New oral
therapies, including propranolol, sildenafil, and sirolimus,
are effective.1 However, there is insufficient evidence for
the effectiveness of these drugs and serious side effects
can occur in a few cases. Caution should be applied for
administering these drugs in neonates. Therefore, the
current cases were treated with TJ-28 in consideration of
safety.
The effect of TJ-28 to LMs is yet to be fully clarified.
Mao, which is the main component of TJ-28, suppresses
prostaglandin E2 biosynthesis, expression of
cyclooxygenase 2 protein, and activation of the inhibitor
of the nuclear factor-k B-dependent signalling pathway.4
These actions might not only reduce the mass, but also
prevent bleeding or infection. In one of our cases, the LM
was greatly reduced. In the other case, the size of the LM
did not decrease, but we continued TJ-28 administration
because of the possibility of preventing an increase in the
size of the mass, bleeding and infection. Mao is an Ephedra
herb and sometimes induces sympathomimetic symptoms.
Attention must be paid to tachycardia and hypertension in
older people who take Mao, particularly those who have
ischaemic heart disease. TJ-28 also contains the
Glycyrrhizae radix, "Kanzo", so it occasionally induces
pseudoaldosteronism. We used TJ-28 while carefully
considering the risk of hypertension, tachycardia, oedema,
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(A)

(C)

(B)

(F)
(D)

(E)

(H)
(G)
Figure 1
Magnetic resonance imaging (MRI) scan (T2-weighted image).
A, B (Case 1, at birth): MRI shows a large multicystic mass of the neck (arrow). The pharynx and airway are retracted and contralaterally
deviated (arrow head); C, D (Case 1, at 5 months old): The mass shows a marked reduction (arrow) and the pharynx and airway are not
deviated (arrow head); E, F (Case 2, at birth): MRI shows a large multicystic mass of the thigh (arrow). The cyst is widely spread from the
right perineum to frontal and interior of the femur in subcutaneous tissue; G, H (Case 2, at 5 months old): The mass is not reduced compared
with at birth (arrow).
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irritability and hypokalaemia. There were no serious
adverse events, including pseudoaldosteronism and
sympathomimetic symptoms, in both of our cases during
the administration of TJ-28. Also, the side effects of TJ28 have not been reported in paediatric patients with LMs.
One of our cases showed a mild transient elevation in liver
aminotransferase levels; however, this increase was not
likely related to TJ-28 treatment. TJ-28 use in neonates is
likely safe; however, further studies are needed to confirm
its safety.
The most important advantage of TJ-28 therapy for LMs
is that it is noninvasive compared with surgery or
sclerotherapy, so TJ-28 can be administered as an
outpatient treatment. However, the possibility of recurrence
after administration, and the optimum dose and duration
are unknown. Also, TJ-28 sometimes has a poor effect
depending on the location or type.4 TJ-28 treatment is more
effective for mixed micro- and macrocystic LMs than for
macrocystic LMs because TJ-28 prevents the accumulation
of lymphatic fluid, and micro- and macrocystic LMs contain
less lymphatic fluid than macrocystic LMs.4 Additionally,
LMs of the head and neck occasionally spontaneously
decrease under observation alone. 7 These factors may
explain the different effects of TJ-28 in our two cases. There
are still some problems that must be solved regarding TJ28 therapy for LMs. However, TJ-28 is easy to use in infants,
particularly in neonates, who have problems of safety with
other treatments. Therefore, TJ-28 should be attempted
before surgery or sclerotherapy from the early neonatal
period.
In conclusion, TJ-28 treatment from the early
neonatal period had no serious adverse events. This
treatment was effective for congenital cystic LMs at
birth in one of our two cases. In the other case, the LM
did not decrease in size, but TJ-28 might have prevented
an increase in the size of the mass, bleeding and
infection. TJ-28 may be a treatment option for neonates
with large LMs when there is difficulty with surgery or
with sclerotherapy.
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Case Report
Restless Leg Syndrome in a Child and an Adolescent with
Excellent Responses to Iron Replacement Therapy
CPL HOO, WL LAU, CH KO

Abstract

We report symptomatic Restless Leg Syndrome (RLS) in an adolescent with normal intelligence, and a
young autistic child who suffered from stroke. Both were found to have low serum ferritin levels. In both
cases, iron replacement therapy resulted in complete remission of symptoms. The findings substantiate
the hypothesis that brain iron deficiency is implicated in the pathophysiology of RLS. Ferritin level
below 112 pmol/L (50 ng/ml) serves as a useful threshold to aid diagnosis and treatment in symptomatic
young children who cannot tell their discomfort.

Key words

Iron deficiency; Iron supplementation; Restless leg syndrome; Serum ferritin

Case One
An 18-year-old girl presented with lower back injury
during volleyball practice. She complained of low back
pain, lower limb weakness and numbness. X-ray and
Magnetic Resonance Image (MRI) of lumbosacral spine
were unremarkable. After a course of physiotherapy, she
still complained of persistent lower limb numbness despite
improvement in weakness and pain. She described the
feeling as "a sense of insufficient blood flow" to lower
limbs and therefore an urge to move in order to relieve
such discomfort. The discomfort was more obvious during
nighttime that made her difficult to initiate sleep.
Examination showed decrease in touch sensation over right
lower limb below knee level, but no definite gloves and
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stockings distribution of numbness. No focal
neurological signs were elicited. Complete blood count,
liver, renal and thyroid function, muscle enzymes (CK
and LDH), fasting glucose, vitamin B12 and folate level
were normal. Nerve conduction studies (NCV), visual
evoked potentials (VEP) and somatosensory evoked
potentials (SSEP) did not reveal any evidence of
neuropathy. However, she was found to have low serum
ferritin level 18 pmol/L (reference 24-675 pmol/L) and
iron saturation 8% (reference 15-50%); notably serum
iron, total iron binding capacity (TIBC), haemoglobin
level and mean corpuscular volume (MCV) were normal.
Ferrous sulphate 300 mg twice daily (equivalent to
elemental iron 195 mg daily, or 4 mg/kg/day) was given.
Ferritin level raised to 51 pmol/L 9 weeks after
supplementation at which time she has partial
improvement in symptoms, while she declined further
blood taking thereafter. Total 3 months of iron
supplementation was given. Sustained remission with
improved sleep six months after iron therapy was taken
off was noted in subsequent follow-up.

Case Two
A 3-year-old right hemiplegic autistic boy with
idiopathic acute ischemic stroke was admitted for neurorehabilitation. Mother reported and video-recorded marked
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irritability, repetitive non-stereotyped left lower limb
movement at nighttime which disturbed sleep. The child
remained fully conscious but was difficult to be
consoled. Family history was negative for RLS.
Investigations revealed low serum ferritin 48 pmol/L
(reference 53-739 pmol/L); serum iron, TIBC,
haemoglobin level and MCV were normal. He was
empirically started on elemental iron 90 mg per day
(6.2 mg/kg/day). Two months later the symptoms
persisted and rechecked serum ferritin varied from
42 to 90 pmol/L. Iron supplement was increased to
120 mg per day (8.3 mg/kg/day). Serum ferritin level
subsequently raised to 132 pmol/L at four months after
treatment, associated with total resolution of symptoms.
He was given six months of iron supplement, and mother
reported sustained remission of leg movement with
improved sleep five months after cessation of treatment.

Discussion
RLS is a common, complex while treatable neurological
condition affecting the central nervous system
sensorimotor network. Paediatric population-based studies
reveal a prevalence ranging from 2-6%, with 25% children
and 50% adolescents experiencing moderate to severe

Table 1

symptoms.1 Intriguingly, the condition is not commonly
reported in local literature. Zhang et al conducted a local
population-based family study using a single question to
screen for RLS symptoms in 1549 adolescents, revealing
a prevalence of 2.8%.2 Prevalence in children was not
studied. A thorough search through the Hospital Authority
Clinical Data Analysis and Reporting System (CDARS)
from 1st January 2014 to 31st December 2018 retrieved
two in-patients with the diagnosis of RLS among 431,322
Paediatric admissions, yielding an estimated incidence of
4.6 per 100,000 admissions. While the exceptionally low
incidence is likely due to low hospitalisation rate for RLS,
this also reflects under-diagnosis of this treatable condition,
particularly in young children who cannot tell their
symptoms.
Table 1 summarises the National Institute of Health
(NIH) diagnostic criteria for definite RLS in children and
adolescents.3 As illustrated in case one, in most adult and
adolescent cases aged 13-18, the diagnosis of RLS is
entirely based on clinical history which can be summarised
as the acronym "URGE":
• Urge to move legs, usually associated with unpleasant
sensation
• Rest induces symptoms
• Getting active brings relief
• Evening and night make symptoms worse

NIH workshop diagnostic criteria for RLS in children and adolescents

Diagnostic criteria for definite RLS in children 2-12 years old:
"Definite 1" RLS
A. All four adult essential criteria are met:
1. An urge to move the legs;
2. The urge to move begins or worsens when sitting or lying down;
3. The urge to move is partially or totally relieved by movement;
4. The urge to move is worse in the evening or night than during the day or only occurs in the evening or night; and
B. The child uses his/her own words to describe leg discomfort.
or
''Definite 2" RLS
A. All four adult essential criteria are met, and
B. 2-3 supportive criteria are met:
1. Sleep disturbance inappropriate for age
2. Biological parent or sibling has definite RLS
3. The child has a sleep study documenting a periodic limb movement index ≥5h of sleep
Diagnostic criteria for definite RLS in adolescents 13-18 years old:
All four adult essential criteria are met.
For all ages: The leg sensations are not solely accounted for as symptoms of another medical or a behavioural disorder
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Definitive diagnosis is more difficult in children aged
2-12 years, who often have difficulty to describe the leg
discomfort in his/her own words. Diagnosis in the latter
requires supportive criteria including first degree family
history, polysomnographic evidence of periodic limb
movement or significant sleep disturbance (Table 1). As
illustrated in case 2 who had limited speech and negative
family history, definitive diagnosis is challenging for the
family paediatrician who does not readily have access to
polysomnography. Moreover, mimics such as orthopaedic
problems, myalgia, dermatitis, polyneuropathy, cramps or
arthritis will need to be excluded. 3 RLS may also be
overlooked in children who present as impaired cognition
and daytime functioning secondary to sleep disturbance.
Co-morbid conditions such as attention deficit/
hyperactive disorder (ADHD) and mood disorders may also
be the chief complaints shrouding underlying RLS in young
kids.4
Brain iron deficiency has been implicated in the
pathophysiology of RLS. Paediatric studies identified low
ferritin levels below 112 pmol/L in over 80% of RLS
cases. 5 Iron is a co-factor for tyrosine hydroxylase, an
important enzyme in the synthesis of dopamine. Iron
deficiency below 112 pmol/L is hypothesised to disrupt
dopamine production in norepinephrine and serotonin
neurotransmitter systems.4 Physicians should be aware this
cut-off level is higher than the lower-limit-of-normal for
diagnosis of iron deficiency anaemia, as hemoglobin
synthesis is only affected with ferritin level below 22.527.0 pmol/L. 6 In symptomatic young children with
probable RLS (i.e. first degree family history, together with
urge to move legs, rest induces symptoms, getting active
brings relief, but symptoms may not be worse toward
evenings), the finding of low ferritin level below 112 pmol/L
is a useful guide to initiate iron replacement. A favorable
therapeutic response, in retrospect, may help confirm the
diagnosis in young children. Sleep study may be reserved
for those probable RLS with normal ferritin levels, or nonresponders to iron replacement therapy.1
Dye et al evaluated 105 children with RLS and serum
ferritin below 112 pmol/L. 7 Clinical improvement of
periodic limb movement coincided with serum ferritin
increases. The latest clinical practice guidelines by the
International Restless Legs Syndrome Study Group
(IRLSSG) in 2017 also supports setting a therapeutic target
for serum ferritin ≥112 pmol/L for oral iron in RLS. The
usual recommended dose is 3-6 mg/kg/day of elemental
iron for three months, with repeat serum ferritin levels to
assess response and avoid iron overload.7 As illustrated in

case 2, refractory symptoms with suboptimal ferritin level
after initial iron replacement may warrant augmentation
of supplement to attain ultimate therapeutic threshold. If
ferritin levels are very low or levels fail to improve after
treatment with iron, further evaluation is required to
exclude occult blood loss and malabsorption. 4,7
Intravenous iron therapy is effective in refractory adult
RLS cases with severe iron deficiency or malabsorption.
The IRLSSG recommended that intravenous iron is used if
following occur: a prior iron treatment of at least 3 months
has not produced an adequate benefit or was discontinued
because of adverse effects and there has been no appreciable
rise in serum ferritin levels with 3 months of oral iron
treatment. 8 Non-pharmacological treatment includes
maintaining good sleep hygiene, avoid medications,
nicotine and caffeine that may aggravate RLS symptoms.
Pharmacological treatment is used in cases with ongoing
significant symptoms despite iron supplementation.
Dopaminergic agents including ropinirole and pramipexole
are considered first-line agents in adult RLS. Clonidine
and gabapentin have also been shown to improve symptoms
in children with prominent sleep disturbance.4,7

Conclusion
RLS is a complex but treatable condition; yet it is likely
to be under-diagnosed in local paediatric population.
Careful history taking, physical examination and relevant
investigations are mandatory to detect the condition
and look for comorbid conditions. Ferritin level below
112 pmol/L is a useful diagnostic as well as therapeutic
threshold to guide initiation of iron replacement in
symptomatic children.
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Management of Atopic Dermatitis in Children:
2020 Review by the Guidelines Development Panel of
Hong Kong College of Paediatricians
TNH LEUNG, JWCH CHENG, SCW CHAN, CM CHOW, PY CHOW,
KL HON, KM HO, YY LAM, DCK LUK, SC NG, VK SUGUNAN
Abstract

The Guidelines Development Panel on "Management of Atopic Dermatitis (AD) in Children" has performed
the first updated review on the topic since the publication of the management guidelines by the Hong Kong
College of Paediatricians in 2013. While most of the recommendations of the original guidelines are still
valid, various management issues are further elaborated based on recent evidences in addition to the latest
international and regional guidelines. Using validated clinical scores for assessment of severity of AD are
advocated by the European guidelines to guide stepwise management and monitor progress. There are more
evidences to support the proactive approach with use of topical anti-inflammatory agents as long-term treatment
for the control of chronic recurrent AD. Topical corticosteroids remain first line topical agents for AD, while
topical calcineurin inhibitors are indicated for sensitive areas and can be used as maintenance treatment. The
role of newer therapeutic agents including topical phosphodiasterase 4 inhibitors, biologics and allergen
immunotherapy for use in paediatric patients are deliberated. Management of itch, tackling issues of steroid
phobia and compliance remain challenges in AD management. The concepts of skin barrier dysfunction in AD
and targeting the skin for allergy prevention strategies are discussed.
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Introduction
The first set of "Clinical Guidelines on Management of
Atopic Dermatitis (AD) in Children" was endorsed by the
Hong Kong College of Paediatricians (HKCPaed) in
December 2012. 1 The guidelines highlighted practical
recommendations with reference to National Institute for
Health and Clinical Excellence (NICE) guidelines
"Management of Atopic Eczema in children, from birth to
12 years" published in December 2007.2,3 Subsequently,
NICE has further produced seven quality statements as
standard of care in September 2013, which are regularly
reviewed.4 International guidelines from other countries
have also been updated. In 2014, the American Academy
of Dermatology (AAD) published a set of guidelines in
four sections comprising more comprehensive
recommendations as compared with the Joint Task Force
practice parameters published in 2012. 5-10 The 2018
European consensus-based guidelines on management of
atopic dermatitis in adults and children were issued in the
Journal of European Academy of Dermatology and
Venereology.11,12 Regional guidelines were released by the
Japanese Dermatology Association and the Japanese
Society of Allergology in 2016 and 2017 respectively13,14
and guidelines from the Asia-Pacific Consensus Group for
Atopic Dermatitis were available in 2015. 15 These
guidelines have addressed recommendations for children
in various areas. The HKCPaed Guidelines Development
Panel has reviewed these updated guidelines and together
other new evidences, the panel agreed that our local practice
recommendations in 2013 are still applicable. Several
management issues are further elaborated in this article:
• Clinical scores for severity assessment to guide
management
• Proactive approach for maintenance
• New therapeutic agents including topical antiinflammatory agents, biologics and allergen
immunotherapy
• Targeting the skin for prevention of AD and other
allergy diseases

Prevalence of AD
Atopic dermatitis (AD) affects children globally with
prevalence of up to 20% in some countries and there is a
two-to-threefold increase in industrialised countries in the
past decades.16 In Hong Kong, results of the International
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Study on Asthma and Allergy in Childhood (ISAAC) phase
one (1994-95) and phase three (1999-2001) studies
revealed that the prevalence of children with current
eczema remained similar at 3.8% and 3.9% for 13 to 14
years old, and slightly increased from 3.6% to 4.2% for 6 to
7 years old.17-20 Another publication in 2007 showed a
prevalence of 5.6% in pre-school children.21 There has
been a lack of more recent local prevalence data for more
than 10 years. From 2001-2017, a local cross-sectional
survey using the ISAAC questionnaire has recruited 2000
parents of children 6 to 7 years old, but results are not yet
published at the time when this article is written.22

Diagnosis of AD
The diagnosis of AD remains clinical and is based on
the widely adopted Hanifin and Rajka clinical criteria.23
The NICE and Japanese guidelines describe diagnostic
features specifically for children, and highlighted AD being
an inflammatory, pruritic and chronically relapsing skin
disease often occurring in families with other atopic
diseases.6,11,13,14 AD rashes have classical distributions that
vary with age.13 Atopic tendencies can be defined either by
(1) a personal or family history of bronchial asthma,
allergic rhinitis, allergic conjunctivitis or atopic
dermatitis, or (2) an overproduction of immunoglobulin E
(IgE).6,13 There is no pathognomonic laboratory biomarker
for the diagnosis of AD.6 Serum total or allergen-specific
IgE levels, and skin prick tests with specific allergens may
help the diagnosis of IgE-associated atopic tendencies.11
Raised total IgE levels are seen in up to 80% of patients
with AD and correlate with disease severity, 13 while
eosinophilia may be found in some but not all AD patients.
Atopy patch testing is useful in diagnosing contact
dermatitis that might occur concomitantly in recalcitrant
widespread eczema.11

Use of Clinical Scores to Document Disease
Severity and Guide Stepwise Management
SCORAD (SCORing Atopic Dermatitis),24 EASI (Eczema
Areas and Severity Index)25 and NESS (Nottingham Eczema
Severity Score)26 are some of the most commonly used
validated clinical scores for documenting extent and
severity of lesions. 27 These scores are useful to guide
management and assess response to treatment.11 CDLQI
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(Children's Dermatology Life Quality Index) is a short term
subjective symptom score for monitoring of life impact
on various skin conditions including AD. 28 Validated
Chinese versions of SCORAD, NESS and CDLQI scores
are available. 29,30 PO-SCORAD (Patient-Oriented
SCORAD) 31 and POEM (Patient-Oriented Eczema
Measure)32 are useful tools for patients to monitor their
own disease activity.
In a systematic review, 15 AD severity scores were
found to be in good correlation. Assessment of itch and
sleep disturbance are the two parameters common to most
eczema scores. 33 In the latest European guidelines,
SCORAD is included to guide management.11 If clinical
scores are not used in practice, the following should be
assessed and documented to guide stepwise management
of AD as in Table 13,11,13
• Signs: extent and severity
• Symptoms: itch and sleep
• Quality of life (QoL): psychological well-being of child
and family

Table 1

Goals of Management
The goals of AD management in children should aim at
disease control to prevent chronic skin damage using
therapeutic agents with minimal side effects, and to ensure
the physical and psychological well-being of the child
and family.

Basic Management
Basic management for all severities of AD involves
(1) skin hydration with emollients; (2) identification and
avoidance of triggers; and (3) education and psychological
support.
1. Emollients and Bathing Practices

Genetic defects in filaggrin (FLG), an epidermal protein
responsible for aggregating the cytoskeleton, contribute
to skin barrier dysfunction in AD and are linked to

Stepwise treatment of atopic dermatitis in children12

Level of severity

Physical signs

Quality of life (QoL)

Treatment

assessment
Severe or persistent
SCORAD >50

Widespread areas of dryness
Redness
Swelling
Lichenification
Oozing/Scabs
Scratch marks and alteration

Incessant itch
Sleepless nights, disruption
of QoL
Loss school days

- Hospitalisation
- Potent to very potent TCS
- Systemic immunosuppressants
(e.g. Cyclosporin A, Azathioprine,
Methotrexate)
- Dupilumab if age appropriate

Moderate or recurrent
SCORAD = 25-50

Localised areas of dry skin
Redness +/- excoriation or
localised skin thickening

Frequent itching
Sleep disruption
Moderately affects QoL

- Moderate to potent TCS
- TCI
- Proactive therapy with TCS or TCI
- Wet wrap therapy
- Phototherapy for older children

Mild or transient
SCORAD <25

Areas of dry skin
Small areas of redness

Infrequent itching
Some disturbance in sleep
Minimal impact of QoL

- Mild to moderate potent TCS
- TCI
- Antiseptics and antimicrobials for
secondary infections

Dry skin only and for
all severity

Basic management:
- Skin hydration, emollients
- Addressing specific triggering factors
- Education and psychological support

STEP UP according to severity*
SCORAD: SCORing Atopic Dermatitis
*For each step:
- Add on treatment to previous level as appropriate
- Consider the need for treatment of superimposed infections
- Ensure compliance and review for alternative diagnoses before stepping up
- Referral to dermatological specialist as indicated
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development of other allergic diseases in later life. 34
Maintenance of skin barrier function is the cornerstone
of AD therapy for controlling transepidermal water loss,
itch, inflammation and infections. Emollients should be
used as basic skin care even when the skin is clear of active
lesions.35
1.1 Choice of Emollients
Cochrane review in 2017 and recent studies revealed
that regular use of emollients could improve symptoms,
decrease flares, and reduce the need for topical
corticosteroids in AD.36,37 Emollients containing glycerol,
urea or glycyrrhetinic acid were reported to be better
compared to controls (vehicles, placebo or without
emollients). Newer formulations of emollients containing
ceramides, cholesterol, fatty acids and new technologies
are developed to enhance delivery of these substances to
enhance skin barrier. However, current evidences do not
support demonstrate any emollient being significantly
better than another.36,37
Most emollients are found to be safe but adverse
effects have been reported. Urea-containing
emollients are effective but irritation has been
reported especially when applied to skin with lesions.
Though the risk of 5% urea cream in causing renal
dysfunction in infants has not been established, it
might best be avoided for children younger than 2
years old and a more diluted concentration is
preferred for toddlers. 11,37,38 Emollients containing
proteinaceous allergens such as oat-meal, peanut oil,
lanolin may cause contact allergy, 11,37 while other
emollients containing antiseptic or antibacterial
agents like benzalkonium chloride may produce
contact dermatitis.
Sodium lauryl sulphate (SLS) is a surfactant commonly
found in bathing substitutes and leave-on emollients such
as emulsifying ointment and aqueous cream. In the past
decade, studies suggested that SLS might cause skin
irritation, dryness and thinning especially in children with
AD.39,40 The adverse effects depend on concentration of
SLS, duration of exposure, individual skin condition and
age.41 With review of available evidences, authorities in
European Countries (EU), 41 United Kingdom (UK), 42
United States (US) 43 and Australia 44 have issued
recommendations concerning the use and proper labelling
of SLS in topical emollients. In general, SLS-containing
emollients are safe to use as soap substitutes when applied
briefly and washed off, while their use as leave-on
emollients have a potential risk of irritation. The
recommended threshold concentration of SLS in these
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products is 1% in US and 1.5% in Australia 43,44 and
labelling of products containing any concentration of SLS
is needed for EU. 41,42 Yet, side effects vary among
individuals and there has been long history of use by patients
who do not report significant adverse effects. SLScontaining products can be applied upon weighing of risks
and benefits while patients should be alerted to the possible
adverse effects. SLS-free emollients shall be prescribed
instead when irritation arises.42 It is worth mentioning that
other than SLS, emollients may contain other surfactants,
preservatives or components that can also cause irritation.
"Natural" oils are getting more popular as nonconventional emollients. However, it has been shown that
olive oil can disrupt the skin barrier, increase dryness and
worsen AD. Further research is needed for other natural
oils, such as sunflower oil and coconut oil, before any
recommendations can be made.45
The best emollient is one that is acceptable and
affordable to patient and family. Ideal emollients from
patients' and parents' perspectives include non-fragrant,
non-herbal, white or transparent preparations that require
applications of no more than two to three times per day.46
Oily ointments have higher moisture retaining properties
but should be balanced with comfort and tolerability which
may affect compliance.13 Different emollients may be
needed for different times of the day, seasons and body
parts depending on patient's preference and enviromental
conditions.
1.2 Quantities of Emollients
Adequate quantities of emollients are estimated
according to the age of patients. Infants require about 125
grams per week, small children 250 grams per week, while
large children or adults may need around 500 grams per
week.4,11 Emollients should be applied at least twice a day
or more liberally depending on skin conditions.13
1.3 Bathing Practices
Bathing daily in lukewarm water thoroughly but gently
for not more than 5-10 minutes is recommended. 11,47
Recently, the BATHE study showed no difference in
symptom scores with and without addition of bath
emollients for AD management in children. 48 Bathing
followed by emollient application (referred to as the
"soak and seal" method) is probably more relevant. 47
Bathing and showering practices are influenced by
culture. Showering can remove sweat and it is preferred
to bathing especially during humid summer seasons in
Hong Kong. 13,49 The use of antiseptics is discussed in
the section of management of infections.
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2. Identification and Avoidance of Triggers

2.1 Common Triggers and Avoidance
Common triggers of AD include mechanical or chemical
irritants, extreme temperatures, tobacco smoke, local and
systemic infections, and specific allergens (Table 2).3,11,13
Heat and sweat are the commonest triggers during the hot
humid weather in Hong Kong. General advice include the
use of light breathable clothing and bedding, wiping off
sweat properly, ensuring cool and smoke-free
environment.50 Clinical studies on specific aeroallergen
avoidance against house dust mites have been ambivalent.
Climate therapy and relocation to mite-free environments
have been shown to be beneficial to some AD patients.11
For pet avoidance, studies have demonstrated a
correlation between cat exposure with AD, while dog
exposure at early life seems be unrelated to or even
protective against AD.11 Clothing and cleanser choices
should be non-irritating, 11 but large scale studies are
lacking in terms of protective clothing. Psychological
stress is also a major contributor to itch and AD
especially in late childhood and adult populations.
2.2 Food Allergy and AD
Food allergy is a contributing factor in up to one-third
of young children with moderate to severe AD.11,13 Based
on current evidences, food allergy is a trigger rather than
a cause of AD. Recent data suggest that AD precedes and
contributes to the development of food allergy.51 It is
postulated that cutaneous exposure of food antigens
through the inflammed skin in AD in early life give rise to
sensitisation.52
Type I IgE-mediated food hypersensitivity skin reactions
are typically non-eczematous urticarial rashes presenting
along with systematic reactions including anaphylaxis,
Table 2

Common triggers of atopic dermatitis

Triggers of AD

Common examples

Irritants

Sweat, wool fabrics, soap

Environment

Extremes of temperature, dryness, smoke, air
pollutants

Infections

Local infections with microbes, systemic
infections (e.g. viral illness)

Psychosocial

Stress, anxiety

Allergens

Food, animal dander or saliva, house dust mites
(HDM), mould, pollen, fragrances contact
allergens

angioedema, or gut dysmotility symptoms within 2 hours of
exposure and usually resolve within a day.3,11 Eczematous
flares triggered by food antigens are Type IV delayed-type
hypersensitivity reactions appear at around 6-48 hours after
exposure. A combination of Type I and Type IV reactions
occurs in approximately 40% of children.11 Diagnosis of food
allergies is made by detailed history taking, allergen tests,
food elimination and provocation test as indicated.13 Skin
prick tests are used for the diagnosis of type I reactions.
Type IV food hypersensitivities may be confirmed by atopy
patch tests.11 Other allergy tests with unproven diagnostic
value provided by community and online suppliers are
discouraged. 3 Definitive diagnosis of food allergy is
confirmed by supervised double-blind placebo-controlled
food challenges which is contraindicated in patients with
severe allergic reactions or anaphylaxis.11
For non-breastfed infants younger than six months old
with moderate to severe AD resistant to standard treatment,
the British guidelines recommend empirical trial of
extensively hydrolysed protein or amino acid based milk
formulas for six to eight weeks.3 In Hong Kong, parents
commonly practice dietary exclusion of foods, in particular
fish, seafood and beef for their children with AD. 53
Comprehensive reviews showed that there were insufficient
data to support indiscriminate elimination diets for AD.53,54
3. Education and Psychological Support

Patients and their carers should be empowered to
participate in management of AD according to the
personalised treatment plan. Misconceptions and fallacies
about eczema are common and frequently lead to problems
of non-compliance, treatment failure and psychosocial
stress.55 Healthcare providers should allow sufficient time
during consultations to provide education, agree on a plan
to achieve the goals of management, and address concerns
on the various aspects of eczema management including
diagnosis and prognosis, triggering factors, therapeutic
options and the related side effects. At every clinical visit,
compliance and proper application of AD prescriptions have
to be reinforced, use of alternative treatments, and impact
on quality of life and psychosocial issues should be
explored.3 Studies have shown that non-compliance to
treatment is a major issue in AD management. 12
Psychological stress exacerbating the itch-scratch cycle,
and intrafamilial psychodynamics can contribute to noncompliance. Education of patients and caregivers through
nurse-led or digital mediated educational programmes,
eczema workshops or camps to provide multidisciplinary

Leung et al

age-related structured group training programmes have
been recommended as adjuncts to conventional AD
treatment.12,56
Psychosocial issues are often untended to with
depression, anxiety, stress and guilt feelings of patients
and caregivers complicating the management of eczema.
Severe complications and tragedy with deaths due to
malnutrition, suicide and homicide related to eczema have
been reported locally.57-59 Provision of psychosocial and
psychiatric intervention are of paramount importance to
allow timely support of individuals and their caregivers3,11
Psychotherapy, counselling, behavioural therapy and
relaxation techniques could help patients and family to
better cope with disease.9,12,13

Topical Anti-inflammatory Agents for Acute
Flare and Maintenance Treatment
Therapeutic agents used for management of AD depend
on severity assessment (Table 1). Most children with AD
can be effectively managed with topical anti-inflammatory
agents. Adjunctive therapies include anti-pruritic
medications for management of itch, antiseptics and
antibiotics for management of infections.
Principles of Topical Anti-inflammatory Agents Use
Topical corticosteroids (TCS) and topical calcineurin
inhibitors (TCI) are the most commonly used topical antiinflammatory agents for treatment of acute flares and
maintenance therapy.
Acute flares: Treat with topical anti-inflammatory
(usually TCS) with potency appropriate for the severity at
the first sign of active flare and continued at least until
visible lesions are cleared, then followed by step-wise
tapering with either a less potent TCS or less frequent
application can prevent rebound of AD symptoms. It must
be stressed that tapering of TCS should not be done too
early as subclinical inflammation persists.11,14,60
Proactive versus reactive approach for maintenance
therapy: AD is a chronic inflammatory condition with
subclinical inflammation present in skin without visible
lesions.61 The classical reactive approach of using topical
anti-inflammatory agents only during acute flares for short
duration is applicable to mild transient disease (Table 1).
The proactive management strategy of AD control has
emerged for prevention of flares in moderate to severe
and recurrent disease as supported by recent evidences and
international guidelines.9,11,14,62 The proactive approach is
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the induction of remission of acute eczema with topical
anti-inflammatory agents, followed by maintenance
treatment with low dose TCS or TCI intermittently two to
three times per week to the treated areas, while using
emollients for skin care over all affected and unaffected
areas. 11,62-64 Studies have shown the effectiveness in
preventing AD flares and safety of proactive use of TCS
for up to 20 weeks and TCI for up to 52 weeks.3,11,60,62,65
There is no consensus on the exact length of proactive
therapy.
1. Topical Corticosteroids (TCS)

TCS remains the mainstay of medical therapy for
AD. 11,13,60 Appropriate strength, dosage and correct
application of topical anti-inflammatory agents are the
three main pillars of effective AD treatment.11 There are
different classification systems for TCS potency in
different countries. In this article, we have used the
Niedner's classification (used in UK, Australia and New
Zealand) with 4 classes of steroids namely mild, moderate,
potent and very potent, instead of using Roman numbers
(I, II, III, IV) to avoid confusion with other classification
systems.66 Common TCS formulations available in Hong
Kong are listed in Table 3.
Dilution of TCS with emollients will not reduce its
potency or side effects.11,60 With the same compound and
concentration, ointments are more potent than creams and
lotions. In the same class of potency, newer TCS (e.g.
mometasone furoate and fluticasone diproprionate) have
less adverse effects like skin atrophy then old halogenated
TCS (e.g. fluocinolone acetonide), and are therefore more
appropriate for infants and sensitive skin areas.1,5,63 Dosage
of TCS can be measured by the fingertip unit (FTU),67 which
approximates to 0.5 gram of the ointment squeezed from a
tube with a 5 mm nozzle along the index finger from the
tip to the first finger joint. One FTU of ointment applied
"even and thin" is adequate to cover skin area equivalent to
two adult hands with fingers together. The maximal amount
of FTUs applied can be estimated according to age and body
parts (Table 4).68
Evidences to support recommendations on how to apply
TCS are limited. A Cochrane review protocol on the
effectiveness and safety of different practices in application
of TCS for people with eczema has been recently submitted
in 2019.69 Its generally recommended to apply TCS for
once or twice daily, and more recent studies suggest that
once daily application of newer TCS may suffice.3,7,70 At
least 15 minutes should lapse between application of
different topical medications and emollients. Whether a
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formulation should be applied first or last depends solely
on patient's preference.3
TCS applied two to three times per week as maintenance
treatment with a monthly amount of 15 g in infants, 30 g in
children and 90 g in adolescents is generally safe. 11
Duration of therapy depends on individual AD severity, site
of application and the choice of TCS formulation.1 NICE
guidelines in 2006 recommended TCS to be applied 7 to
14 days for acute flares of AD. 3 Studies suggest that
proactive intermittent use of low potency TCS (e.g. 1%
hydrocortisone cream or ointment) to mid potency TCS
(e.g. 0.05% fluticasone diproprionate cream or 0.1%

Table 3

methylprednisolone aceponate) twice per week for up to
20 weeks are considered safe and effective.11,65,71,72
Local adverse effects of TCS like hypertrichosis, skin
atrophy, telangiectasis, striae are uncommon and found
mainly after inappropriate usage.60 Hypopigmentation or
hyperpigmentation is related to the clearing of the eczema
rather than due to side effects of TCS. Use of TCS has to be
more cautious over sensitive areas and skin folds including
face, axilla, neck and napkin area.11,13 Severe side effects
including cataracts, hypothalamic-pituitary-adrenal axis
suppression and Cushing's disease are rare. Risks of adverse
effects increased with high potency TCS, prolonged use

Potency of common topical corticosteroids available in Hong Kong

Potency

Generic name

Strength

Formulation*

Mild

Hydrocortisone acetate

0.1%-2.5%

L/C/O

Moderate

Clobestasone butyrate
Desonide
Fluocinolone acetonide
Triamcinolone acetonide

0.05%
0.05%
0.005-0.0125%
0.1%

C/O
L/C/O
C/O
C/O

Potent

Betamethasone dipropionate
Betamethasone valerate
Fluocinolone acetonide
Fluticasone proprionate
Methylprednisolone aceponate
Mometasone furoate

0.025-0.05%
0.1%
0.025%
0.05%
0.1%
0.1%

L/C/O
L/C/O
C/O/gel
C
C/O
L/C/O

Very potent

Betamethasone dipropionate in propylene glycol
Clobetasol propionate
Diflucortolone valerate

0.05%
0.05%
0.1%

C/O
L/C/O/S
C/O/fatty ointment

L = Liquid which includes lotion# and those label as "scalp application" S= Shampoo
C = Cream
O = Ointment
*For the same drug, in order of potency L<C<O
References: (15, 119)

Table 4

Maximal amount of TCS applied to body parts according to age68
Infants
3-6 months

Infants
1-2 year

Small child
3-5 years

Child
6-10 years

Adolescent
>12 years

Finger-tip unit (FTU)#
Face and Neck

1

1.5

1.5

2

2.5

Trunk (Front)

1

2

3

3.5

7

1.5

3

3.5

5

7

1 Arm + Hand

1

1.5

2

2.5

3+1

1 Leg + Feet

1.5

2

2

4.5

6+2

Trunk (Back + buttock)

# Finger-tip unit (FTU)= 0.5 gram of the ointment squeezed from a tube with 5 mm nozzle along the index finger from the tip to first finger joint of adult hand.
One FTU of ointment applied
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and occlusion.60 Tachyphylaxis is not proven in TCS.13 There
is good evidence to support the safety of appropriate TCS
use for paediatric AD.60
Steroid Phobia
Steroid phobia is an important reason for treatment
failure. A systematic review of 16 worldwide studies
including two local studies found that the prevalence of
steroid phobia ranged from 21% to 83.9% in various
countries. The main concerns are skin thinning and other
skin adverse effects, growth and development problems
and other non-specific long term effects.73 Steroid phobia
influences acceptability and usage of TCS by patients and
caregivers, which in turn leads to poor AD control.74
In our local population, misconceptions and fallacies
on AD are related to mistrust and unrealistic expectations
about Western Medicine, phobias of anti-inflammatory
agents, and use of complementary and alternative therapies.55
On-going education by healthcare professionals and
provision of updated information to caregivers are of
topmost priority.60
2. Topical Calcineurin Inhibitors (TCI)

TCI is indicated for acute and proactive treatment of
AD, especially over sensitive body areas like face, eyelids,
intertriginous and anogenital areas. For acute flares, initial
use of TCS to induce remission followed by TCI may be
considered.7 The age indications for the three available
TCIs have remained unchanged (see below). With the
availability of safety data of the two TCIs, the latest
American and European guidelines recommend off-label
use of 0.03% tacrolimus and 1% pimecrolimus ointment
for children less than 2 years old if clinically indicated.7,11
TCI

Age indication

AD severity

1% pimecrolimus cream

≥2 years old

Mild-Moderate

0.03% tacrolimus ointment

≥2 years old

Moderate-Severe

0.1% tacrolimus ointment

≥16 years old

Moderate-Severe

Duration and dosage of TCI for proactive therapy
depend on individual AD severity. Studies have shown
that TCI use twice per week up to one year is safe and
effective in reducing AD flares and improving quality
of life. 11,12,65,71 Dosage recommendation of 0.03%
tacrolimus ointments applied per day for children aged
2-5 years (or body weight <20 kg) is ≤1 g; children
6-12 years (or 20-50 kg) is ≤2-4 g; while children 13
years or older (>50 kg) is ≤5 g. 13

Side effects of TCI are mild, tingling or burning
sensations that occur within an hour of application, tend
to resolve after a few days or with emollient application.
TCI has the advantage of increasing skin thickness contrast
to the risk of skin atrophy for TCS. Systemic absorption
of TCI is minimal with no increase in infection or
carcinogenic risks. Although the FDA has not withdrawn
its black box warning issued in 2006 with concerns of
lymphoma risks shown in animal studies, subsequent
clinical studies have not shown any increase in risk of
lymphoma or other related cancers from TCI use. 63,75
However, UV protection for TCI use to reduce the potential
risk of carcinogenicity is still recommended.11,13 Clinicians
are advised to alert patients and caregivers to the blackbox warning before starting treatment.
3. New Topical Anti-inflammatory Agents

Crisaborole 2% topical ointment (topical
phosphodiesterase 4 inhibitor) - Efficacy and safety of twice
daily application of Crisaborole topical ointment for up to
one year treatment of mild to moderate eczema has been
demonstrated. The drug has been recently approved for
patients 3 months and older and may soon be available
locally. Other new selective topical phosphodiesterase 4
inhibitors are currently under investigation. However, their
efficacy when compared with TCI and TCS is not yet
determined.11,76
Sodium cromoglycate 4% emulsion - A new
formulation of an old drug has been investigated with
positive results for eczema in children and safe for long
term use up to 15 months.76,77 However, this is not available
in Hong Kong.
Other novel topical anti-inflammatory agents under
investigations including lipoxins and janus kinase
inhibitors (JAKi) e.g. tofacitinib76 require further studies
to prove the efficacy and safety in paediatric population.

Adjunctive Therapy
1. Dry Wrap and Wet Wrap Therapy

Bandages or cotton clothing can be used for dry or wet
wrapping. Localised wrapping after application of
emollients and TCS is indicated for chronic lichenified
AD with acute flares.3 The treatment can be maintained for
3 to 14 days to control flares effectively and improve
patients' tolerance to corticosteroids.3,11,78 Effects may last
for one month and can be continued with emollients alone
until AD resolves.3,78 Whole body dry or wet wrap therapy
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with emollients and TCS should not be the first-line therapy
and must be supervised by healthcare professionals. 3
Occlusive dressings, dry or wet wrap therapy should not
be used for infected AD and these are not recommended
for TCI due to uncertainty of systemic absorption.13
2. Anti-pruritic Agents

Itch is the most disturbing symptom which affects sleep
and quality of life and the itch-scratch cycle further
aggravates AD. The pathogenesis of itch in eczema is
contributed by multiple factors including skin barrier
dysfunction, abnormal Th2 immune response, various itch
mediators and hyperinnervation of skin. Exacerbating
factors trigger cytokines and mediators release that induce
itch through stimulating nerve endings. 50 Effective
treatment of AD with emollients and topical antiinflammatory medications are the cornerstone for the
management of itch. Identification and avoidance of
external triggers of itch are essential.
2.1 Oral Antihistamines
1st and 2nd generation oral H1 antihistamines have long
been used in AD. However, a recent Cochrane metaanalysis of studies in adults and children showed no
evidence that oral H1 antihistamines are effective as "addon" treatment of AD.79 Antihistamines may be considered
for type I hypersensitivity reactions like urticaria and
allergic rhinitis that coexist with AD. First generation
antihistamines may be beneficial in AD through its sedative
effect.11 However, there are also concerns on the adverse
effects on sleep quality with long term use of
antihistamines.
2.2 Other Anti-pruritic Therapy
There is insufficient evidence to prove that topical
antihistamines, topical cannabinoid receptor antagonists,
topical non-steroidal anti-inflammatory drugs ("NSAIDs")
or topical anaesthetics are effective antipruritic therapy.11,13
Provision of adequate education, age-appropriate
distraction techniques such as breathing and relaxation
exercises, and activity involvement are adjunctive
treatments for itch relief.80
3. Anti-microbials and Antiseptics for Management of
Infections

Microbial dysbiosis by an overgrowth of Staphylococcus
aureus has been found to be associated with AD flares.
Secondary infections can be due to bacteria such as
Staphylococcus aureus and Streptococcus pyogenes,
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viruses like herpes simplex and molluscum contagiosum
and fungi. Routine skin swab sampling is not recommended
and are only needed when antibiotic resistance or when
organisms other than S. aureus or methicillin-resistant
S. aureus (MRSA) are suspected.3,8 Antibiotic use for noninfected AD skin is not recommended. 3,9,12 Topical
antibiotics can be applied alone or combined with TCS on
AD skin with localised infections. 3 Systemic antistaphylococcal antibiotics like oral flucloxacillin or first
generation cephalosporins could be prescribed as first line
antibiotics when bacterial superinfection is found.12
Upon diagnosis of eczema herpeticum, prompt initiation
of antiviral therapy with systemic acyclovir and referral to
specialists or emergency medical service is indicated.3,4,12
Add-on systemic antibiotics may be required in cases with
secondary bacterial infection or when such possibility
cannot be ruled out.3 Treatment of other viral infections
such as molluscum contagiosum and Coxsackie infection
is mainly symptomatic.12 Antifungal therapy including
topical ketoconazole shampoo or systemic itraconazole,
fluconazole may be indicated to add on to topical antiinflammatory agents for head and neck dermatitis or
patients with Malassezia spp. IgE sensitisation. 12 In
general, TCS should be continued during antimicrobial use
in most conditions provided specific treatment for the
infections are given. 12 Topical steroids are not
recommended during the acute illness of eczema
coxsackium but can be reintroduced to treat eczema once
the child is afebrile.81 TCI should be stopped during acute
infection.
Diluted bleach bath with 0.005% bleach (i.e. 1:1200 of
home-used bleach containing 6% sodium hypochlorite)
twice per week can be used as an antiseptic for moderate
to severe or infected eczema for its benefits in reduction
of bacteria and repair of skin barrier.7,11,12,82 Coal tar has
been shown to have anti-inflammatory and antiseptic
effects. A local randomised control trial (RCT) on adding
pine tar for bathing showed significant improvement in
symptom scores and decrease in Staphylococcus aureus
colonisation in paediatric subjects with moderate to severe
AD compared with vehicle.83 There is no evidence for using
antiseptic bath soaps in non-infected AD patients.84

Phototherapy, Systemic Agents and Other
Therapies
Phototherapy, systemic immunosuppressive agents and
biologics are second line therapeutic options for more
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severe or recalcitrant AD. Before considering these
treatment modalities, the patient should be evaluated for
possible alternative diagnoses, treatment compliance,
optimisation of management with topical therapy,
avoidance of triggers and adequate education. The severity
of AD and impact on quality of life has to be balanced with
risks of therapy.85 Referral to specialist care is highly
recommended should these therapies be considered.
Detailed discussions and recommendations on these
advanced therapies are beyond the scope of this article.
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2. Systemic Immunomodulatory Therapy

In a systematic review which include limited paediatric
data, cyclosporin A is recommended as the first-line
systemic immunomodulatory treatment, while
azathioprine and methotrexate could be recommended as
alternative options for moderate to severe AD.90
2.1 Short-term Oral Glucocorticoids
Systemic steroids may be considered in adults but should
not be used for AD in children as risks outweighs the
benefits.8,12,13

1. Phototherapy

Exposure to natural or artificial ultraviolet ("UV") light
has been found to be mostly beneficial on AD patients,
though some may worsen following UV exposure.
Explanations for its benefits vary but include the
immunomodulatory and anti-inflammatory effects of UV
and vitamin D.8,11,13 Phototherapy is considered an effective
and safe second-line therapy with anti-pruritic effects for
moderate to severe AD in adults and children. Systematic
review of small studies on narrowband UVB (NB-UVB)
and UVA (UVA1) showed that both are effective in
improving clinical scores of AD and safe with minimal
side effects.86,87 There is little evidence on differences on
comparative studies.88 In Hong Kong, NB-UVB is more
commonly used. Choice of wavelength and dose shall be
individualised depending on the skin type and tolerance.8
The common side effects of phototherapy include
photodamage, xerosis, erythema, actinic keratosis,
sunburns and tenderness.86 There has been limited clinical
data on the long-term risk of skin cancer associated with
UV therapy in children.
Emollients and TCS can be continued until 2 hours
before the phototherapy while TCI shall be avoided.63 The
enclosed hot environment and compliance issues have
limited the application of this treatment modality in
children. Patients need to travel to designated centres with
the equipment to receive treatment 2-3 times per week
for 6-12 weeks. However, the relatively small size of our
city could be an acceptable option for older children with
moderate to severe AD who do not respond to the usual
topical treatment.8,11,13 Targeted phototherapy delivers high
energy UV light to the involved areas only. It allows
treatment of localised areas such as the scalp, nose,
genitals, etc; it is easy to administer and is better tolerated
by children.89 More research is needed to demonstrate its
effectiveness for localised AD in children. Moreover, the
use of daylight phototherapy and home-based phototherapy
are currently being explored.

2.2 Cyclosporine A (Cys A)
For severe AD, Cys A can be started at 2.5 mg/kg/dose
twice daily and reduced by 0.5-1.0 mg/kg/day every 2
weeks when treatment effect has been achieved. Trials for
children 2-16 years old revealed similar results with
intermittent short-term treatment of 12 weeks or low dose
continuous treatment for 1 year. Side effects including
nephrotoxicity and hypertension shall be closely
monitored. There is no role of drug trough levels in
monitoring of cyclosporine A treatment.11,13
2.3 Azathioprine
An off-label treatment for children with severe AD
starting at 1-3 mg/kg/day can be considered if cyclosporine
A is ineffective or contraindicated. Apart from risks of
malignancies and teratogenicity, azathioprine can induce
severe fatal myelosuppression in patients with thiopurine
methyltransferase (TPMT) deficiency more commonly
found in Caucasians, or nucleotide diphosphatase
(NUDT15) deficiency which is particularly relevant for
Asians and our local Chinese population. 91 FDA
recommends prior laboratory screening for TPMT
genotype or phenotype and NUDT15 genotype before
initiation of treatment.92 Regular monitoring of complete
blood profile and liver function tests are needed during
Azathioprine use.11,63
2.4 Methotrexate
A few retrospective studies on low dose methotrexate
in children with AD demonstrated that it is safe and effective
with similar efficacy compared to cyclosporin.63
Limited data is available for other systemic therapy like
mycophenolate mofetil (MMF), interferon gamma,
montelukast or immunoglobulins.11,63,90
3. Biologics

Dupilumab is a fully human monoclonal antibody and
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dual interleukin-4 (IL-4) and interleukin-13 (IL-13)
receptor inhibitor. Since 2019, it has been the only biologic
approved for moderate-to-severe AD in patients 12 years
and older who are not responsive to topical or systemic
treatments in USA and Europe. Emollients and TCS or TCI
should be continued during subcutaneous dupilumab use
and its maintenance effect has been shown to last for over
1 year with minimal side effects. 12,76 Off-label use of
dupilumab with injection every 2 weeks or 4 weeks in
children <12 years old has been reported.93 Based on the
positive results of the phase 3 study for children 6 to11
years old being treated for 16 weeks, US Food and Drug
Administration (FDA) lately approved the drug to be used
from 6 years old.94 Its clinical use is however limited by
the high cost.
Other biologics like rituximab, omalizumab or
ustekinumab are not recommended for AD, while some
guidelines recommend short-term use of mepolizumab,
an anti-interleukin-5 antibody, in selected cases.12
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6. Traditional Chinese Medicine (TCM)

Various Traditional Chinese Medicine (TCM)
formulations are being used in our locality as an adjunctive
therapy or sole treatment for AD. A local study of a Chinese
herbal concoction had shown efficacious improvement in
quality of life and reduction in TCS use.99 Cochrane review
of 28 randomised controlled trials was not able to draw
definitive conclusions on the benefit of either oral or
topical TCM on AD for children and adults due to the
heterogeneity and poorly designed studies.100 The NICE
guidelines stressed the possible presence of
hepatotoxic ingredients and the use of corticosteroids
in certain TCM preparations. 3 Use of unfounded
complementary alternative medicine followed by
cessation of original medical prescriptions may cause
worsening of AD.11-13 Patients and caregivers are advised
to consult registered TCM practitioners for proper
assessment and prescription of TCM.
7. Other Complementary Alternative Therapy

4. Allergen Specific Immunotherapy (ASIT)

Subcutaneous immunotherapy ("SCIT") and sublingual
immunotherapy ("SLIT") are two regimens for treatment
of allergen sensitisation commonly used for allergic
rhinitis and allergic asthma. There are some evidences
suggesting ASIT with house dust mite is an effective
treatment for selected, highly sensitised patients with
severe AD flares after exposure. 12 The Cochrane
systematic review found only limited evidences that
ASIT could be an effective treatment for AD and future
studies with high quality allergen formulations were
suggested. 95 Currently, ASIT remains an "off-label"
treatment option and should only be considered when
clearly informed decision is made with patients and
caregivers.
5. Vitamin D

Current data supports that vitamin D deficiency is
associated with AD severity especially in children.96,97 It is
important to be alerted to vitamin D and other nutritional
deficiency in AD and provide supplementation in cases of
documented deficiency. Effects of empirical
supplementation of vitamin D supplementation are
inconsistent. 96,98 Further research on dosage, timing,
duration of vitamin D for management of various severity
of AD are needed before specific recommendations could
be made . The role of Vitamin D supplement for prevention
of AD and allergic diseases is also uncertain.

Currently, there is no evidence to support the use of
probiotics or prebiotics, acupuncture, topical unsaturated
fatty acids, topical crude plant extracts, autologous blood
therapy, bioresonance, homeopathy, aroma therapy,
massage therapy, salt baths, avocado oil and vitamin
supplementation for treatment of AD.3,12,13

Referrals and Collaborations with Other
Professionals
Collaborations between nurses, social workers, allied
health workers, psychologists and psychiatrists may be
needed especially for but not limited to severe cases.3,11
When AD is recalcitrant to treatment, referral to
dermatology specialists or specialised centres is
recommended for consideration of differential diagnoses
like contact dermatitis, cutaneous lymphoma or mycosis
fungoides. 3,4 Other specialists shall be involved when
comorbidities such as immunodeficiencies are suspected
or complications like retinal detachment, cataract, or
stunting of growth have occurred.13

Prevention of AD and Atopic March
'Atopic march' refers to the progression of allergic
conditions which often begins with AD in early infancy
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followed by food allergy, allergic rhinitis and asthma in
later childhood. The skin barrier theory is being postulated
as the biological mechanism for atopic march. The
disrupted epidermal barrier in AD, environmental factors,
and infections predispose to cutaneous antigen penetration,
which stimulates local Th2 immune responses and
subsequent development of other allergic diseases. Hence,
intervention strategies targeting the skin to prevent atopic
march are implicated. 101 The concept of disease
progression in atopic march may in fact be more complex
as heterogenous phenotypes of allergic diseases and comanifestation of multiple allergic diseases are observed.
There are ongoing studies on differential mechanisms,
prognosis and development of targeted strategies to search
for effective treatment and prevention of allergic
diseases.102
A group of local allergists published guidelines on
measures for allergy prevention including
recommendations on diet for mothers and infants,
environmental avoidance of smoking and air pollution,
immunisation and judicious use of antibiotics. The
guidelines also suggest early treatment and control of
allergy diseases of which eczema is usually the first to
present in infants.103 Preventive strategies for infants at
risk of eczema include empirical emollients, modification
of maternal and infant diets, probiotics and prebiotics are
discussed in more details below.
1. Empirical Emollients

Two earlier studies on empirical application of
emollients within the first month of life for at risk infants
have shown reduction of AD incidence at 6 months by 3250%.104,105 Subsequently, various countries have carried out
further studies. The PEBBLES pilot study (A randomised
controlled trial to prevent eczema, food allergy and
sensitisation using a skin barrier improvement strategy)
in Australia use ceramide containing emollients as
prophylaxis for high risk neonates. The study did not show
reduction in AD at 6 months and 1 year, while food allergen
sensitisation was reduced only in the subgroup with
frequent application of emollients five times per day.106
The Preventing Atopic Dermatitis and ALLergies in
Children (PreventADALL) study conducted in Sweden and
Norway, with application of emollients from 2 weeks old,
also failed to show any preventive effect of AD or food
allergy at 1 year old.107 The results of these two studies
were limited by problems of compliance. There are still
ongoing research to investigate on the optimal timing,
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frequency and type of emollients for this potentially safe
and inexpensive strategy that could be beneficial in clinical
practice.
2. Dietary Intervention

International and local guidelines on allergy prevention
recommend no dietary restriction for breastfeeding
mothers, exclusive breastfeeding for 6 months and
substitution with hydrolysed milk formulas for high risk
infants if exclusive breastfeeding is not feasible. 103,108
Historically, it was believed that delayed introduction of
antigenic foods exposure for high risk infants can prevent
development of allergic diseases including eczema.
However, with recent publication of the landmark studies
LEAP (Learning Early About Peanut Allergy)109 and EAT
(Enquiring About Tolerance)110 on food allergy prevention,
the concept about food immune tolerance and sensitisation
with early exposure has changed dramatically. The
hypothesis of dual antigen exposure postulates that
immune tolerance occurs as a result of oral exposure to
food antigens while sensitisation develops through skin
exposure. Currently, most authorities support the
introduction of complementary foods from 4 months old
and should not be delayed beyond 6 months. 108,111 For
infants high risk for peanut allergy, it is recommended to
introduce peanuts at 4-6 months, while for infants with a
low to moderate risk, peanuts can be introduced before
first year of life.108 Exclusion is only needed if there is
documented adverse reactions. However, whether these
recommendations can be generalised to other foods and
populations of different genetic and cultural background
is still uncertain. A study on earlier introduction of
complementary foods from 3 months old cannot prevent
eczema or subsequent food allergies. 107 A recent
systematic review suggested that a diversity of
complementary foods in infancy may reduce development
of allergy diseases in childhood. 112 In practice,
complementary foods as available in different cultures can
be introduced from 4 to 6 months when the child is
developmentally ready.
3. Prebiotics, Probiotics and Synbiotics

Microbial dysbiosis of the gut has been linked to allergic
diseases including AD. 113 Prebiotics, probiotics and
synbiotics have been shown to have mixed effects on
treatment and prevention of AD.11 The recently updated
Cochrane review and a meta-analyses of paediatric studies
on probiotics for treatment of AD showed no or little
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evidence that probiotics are effective treatment for
established AD.114,115 Studies on various prebiotics and
synbiotics combination are even more heterogenous and
so far without definitive evidence of treatment benefit.
World Allergy Organisation (WAO) and McMaster
University published the Guidelines for Allergic Diseases
Prevention (GLAD-P) on probiotics and prebiotics in 2015
and 2016 respectively.116,117 The guidelines recommend that
probiotics may be used for prevention of eczema in (1)
high risk infants and (2) their mothers during pregnancy
and breastfeeding. For prebiotics, it is only recommended
in non-exclusively breast-fed high-risk infants. The
guidelines emphasized that the recommendations are only
based on very weak evidences. Subsequent studies do not
support the supplementation of probiotics for infants at
risk for eczema.118 These products are heterogenous and
any clinical effects of one product shall not be generalised
for another.
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Clinical Quiz
What is the Diagnosis?
SSW CHENG, IFM LO, HM LUK

The proband is a 8 years old boy. He was born full term
to a non-consanguineous Chinese couple in Hong Kong.
Antenatal checkup showed small head circumference at
3rd centile. His birth weight was 3.95 kg. Postnatally, he
suffered from failure to thrive without developmental delay.
He was referred to genetic clinic for dysmorphism at 1 year
old. Physical examination at that time revealed
microcephaly (41 cm, <3rd centile), short stature (70 cm,
SD -2.2), low body weight (6.95 kg, SD-3.0 ), depressed
nasal bridge, antevertered nostrils, bulbous nasal tip, long

philtrum, thin upper vermillion border and right
hypoplastic ear. He had right hearing loss. His hands, feet
and genitalia were normal. Cardiovascular examination
and abdominal examination were unremarkable.
Subsequently, he developed multiple exostoses at right
scapula and left distal tibia at the age of 2. He studied in
mainstream primary school with average performance. He
had sparse hair and eyebrows and short hands. Orthopedic
surgery was performed for exostoses on right knee at 7
years of age.

Figure
(A) Facial profile at 1 years of age. (B) Left ankle region exostosis (arrow). (C) Facial profile at 8 years old (with consents for
publication by parents).

The clinical quiz was prepared by:
SSW CHENG
IFM LO
HM LUK
Clinical Genetic Service, Department of Health, HKSAR

Answer to "Clinical Quiz" on Pages 62-64
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) Diagnostic Value of Procalcitonin and
C-Reactive Protein Level for Predicting
Appendiceal Perforation in Children

(B) The Diagnostic Value of Serum Amyloid A in
Early-Onset Neonatal Sepsis in Premature
Infants

1. Which is the most common acute surgical abdomen in
older children?
a. Acute appendicitis
b. Intestinal obstruction
c. Meckel's diverticulum
d. Intussusception
e. Abdominal tumour

1. Which has the highest value in the diagnosis of neonatal
sepsis?
a. Positive multiple acute phase reactants
b. Consecutive CRP positivity
c. Serum Amyloid A positivity
d. Blood culture positivity
e. Urine culture positivity

2. The clinical manifestation of acute appendicitis in
younger children, especially infants include?
a. Irritability
b. Anorexia
c. Lethargy
d. Fever
e. All of above

2. Which of the tests and acute phase reactants used in the
diagnosis of early-onset neonatal sepsis provides the
least information?
a. C-reactive protein
b. Serum Amyloid A
c. Procalcitonin
d. Blood culture
e. Sepsis scoring systems

3. Perforated appendicitis can result in a variety of
potentially serious complications such as?
a. Bacterial peritonitis
b. Small bowel obstruction
c. Abdominal abscess formation
d. Septic shock
e. All of above
4. The preoperative laboratory values for diagnosis acute
appendicitis in children include?
a. White blood count (WBC)
b. C-reactive protein (CRP)
c. Procalcitonin (PCT)
d. D-Dimer
e. All of above
5. Which of the following biochemical markers has the
largest area under receiver operating characteristic (ROC)
curve in predicting appendiceal perforation?
a. Procalcitonin (PCT)
b. White blood count (WBC)
c. C-reactive protein (CRP)
d. Neutrophil count
e. None of the above

3. What is the cut off value for SAA with high specificity
and sensitivity in the diagnosis of neonatal sepsis?
a. 0.1 mg/L
b. 25 mg/L
c. 0.5 mg/L
d. 10 mg/L
e. 2.5 mg/L
4. Which is correct for early-onset neonatal sepsis?
a. Antibiotic therapy should be started only in culture
positive cases
b. Acute phase reactants are generally normal
c. Staphylococcus epidermidis is one of the common
causes
d. In case of suspected early sepsis treatment should
always be given at least 7 days
e. Long-term antibiotic treatments are safe
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5. Which of the following is the least common symptom
in neonatal sepsis?
a. Respiratory instability
b. Vomiting
c. Temperature instability
d. Nutritional difficulty
e. Convulsion

5. Which of the following could be a source of stress for
parents of children with neuromuscular disorders?
a. Loss of ambulation of their children
b. Unavailability of effective treatment
c. Uncertain treatment outcome
d. Lack of public awareness of neuromuscular disease
e. All of the above

(C) The Impact of Paediatric Neuromuscular
Disorders on Parents' Health-Related Quality
of Life and Family Functioning

(D) Does Subclinical Hypothyroidism Affect Lipid
and Epicardial Fat Tissue Thickness in Children?

1. Which of the following statement is true?
a. All hereditary neuromuscular diseases have similar
disease course
b. The motor function of children with Duchenne
muscular dystrophy is usually stable over time without
much deterioration
c. Children with neuromuscular disorders could suffer
from respiratory, cardiovascular, orthopaedic,
nutritional and gastrointestinal complications.
d. There is curative treatment for most of the
neuromuscular disorders
e. All of the above
2. Which of the following is an example of hereditary
motor neuron disease?
a. Duchenne muscular dystrophy
b. 5q spinal muscular atrophy
c. Congenital myopathy
d. Congenital myasthenic syndrome
e. None of the above
3. What is the first US Food and Drug Administration
(FDA)-approved drug for treating spinal muscular
atrophy?
a. Steroid
b. Nusinersen
c. Coenzyme Q10
d. Gene therapy
e. Tacrolimus
4. Which of the following aspects were included in the
evaluation of parent health-related quality of life?
a. Physical
b. Emotional
c. Social
d. Cognitive functioning
e. All of the above

1. What is the definition of subclinical hypothyroidism?
a. TSH high, fT4 normal
b. TSH high, fT4 low
c. TSH normal, fT4 low
d. TSH normal, fT4 normal
e. None of the above
2. Which of the following is not associated with
hypothyroidism?
a. Dyslipidemia
b. Atherosclerosis
c. Increased risk of cardiovascular disease
d. Obesity
e. Increased HDL cholesterol
3. Which of the following does not play a role in the
relationship between subclinical hypothyroidism and
atherosclerosis?
a. Increased body mass index
b. Increased visceral adipose tissue
c. Insulin resistance
d. Atherogenic dyslipidemia
e. Hypocoagulability
4. Which of the following is the gold standard method for
visceral adipose tissue measurement?
a. Magnetic resonance imaging
b. Transthoracic echocardiography
c. Computerised tomography
d. Electrocardiography
e. None of the above
5. Which of the following statements about subclinical
hypothyroidism is incorrect?
a. It is more common in adults
b. It is more common in children
c. It is usually detected incidentally
d. It may cause dyslipidemia
e. It may cause atherosclerosis

Answers of October issue 2020
(A)

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

(C)

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

(B)

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

(D)

1. d; 2. e; 3. e; 4. e; 5. e
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Our Fond Memory
of the Late Dr. Kelvin LIU Kam Wing (

)

MBChB (IREL) 1979, LLMRCP LLMRCS (IREL) 1979, BAO (NUI) 1979, FRCS (GLASG) 1984
FRACS 1988, FCSHK 1990, FHKAM (SURGERY) 1993, FRCSEd 2003
President of the Hong Kong Paediatric Society (2010-2012)
Honorary Life Member of the Hong Kong Paediatric Society (2012)
Founding President of the Hong Kong Society of Paediatric Surgery (2015-2019)
Honorary Life Member of the Hong Kong Society of Paediatric Surgery (2019)

Dr. Kelvin LIU was graduated from the Royal College of Surgeons in Ireland and had been working in the United
Kingdom, Ireland, Australia and Hong Kong. When he returned to Hong Kong, he joined the Department of
Surgery at the Chinese University of Hong Kong to start his professional life as clinician, academic, and teacher
in Paediatric Surgery.
Dr. LIU was one of the pioneers to introduce paediatric minimal invasive surgery and paediatric liver transplantation
in Hong Kong. In 1997, Dr. LIU worked as the team leader to set up the Cleft Lip and Palate Service Multidisciplinary
Team (CLAPS) at the United Christian Hospital which has provided an one-stop holistic service for the treatment
of cleft deformity in children. He was the mentor of many paediatric surgeons trained in Hong Kong and had
instrumental role in leading the development of paediatric surgery into a flourishing subspecialty. Dr. LIU was
the Founding President of the Hong Kong Society of Paediatric Surgery and had actively involved in planning
the paediatric surgical services at the Hong Kong Children's Hospital. As an experienced paediatric surgeon, Dr.
LIU always worked hand-in-hand with his paediatric colleagues to handle the complicated paediatric cases.
Being a close partner to paediatricians, Dr. LIU joined the Hong Kong Paediatric Society (HKPS) to promote
child health and served the Society for decades at different positions. He was the second paediatric surgeon elected
as the President of HKPS. Dr. LIU had led our Society to celebrate the memorable 50th Anniversary during
his Presidency in 2010-2012. His international connections also facilitated the Society to establish collaborative
network with many renowned institutes and global organizations such as Children's Hospital of Philadelphia (CHOP),
the Boston Children's Hospital and American Academy of Pediatrics (AAP). In 2010, he represented HKPS to
sign an MOU with AAP to start the collaborative relationship between the two parties.
We are so sad that Dr. LIU has left us. To the medical profession, we have lost a great leader, a respectable
teacher, a close friend and a multi-talented colleague. To the children and families, they will forever miss this
dedicated and passionate doctor who has devoted his lifetime to work for the betterment of children. He had
indeed established a strong foundation for his successors to further develop quality services and training of paediatric
surgery in Hong Kong and demonstrated clear directions for his colleagues to follow. He will be eternally remembered
by all of us in the field.
Dr. LIU passed away peacefully on 18th October 2020 in Hong Kong. Memorial Service would be held at the
Universal Funeral Parlor, Hung Hom, Hong Kong on 25th November, 2020. To his family, we would like to
convey our most sincere condolences. To the medical professionals, we shall forever miss him!

Dr. Chok-wan CHAN
President of International Pediatric Association (IPA) (2007-2010)
Honorary President of Asia-Pacific Pediatric Association (APPA)
President of the Hong Kong Paediatric Society (1982-1985)
20th November 2020, Hong Kong.
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CLINICAL QUIZ (p58) ANSWER
What is the diagnosis?
The clinical features of this child (sparse hair, bulbous nasal tip, thin upper lip, short stature and multiple exostoses)
were compatible with Trichorhinopharyngeal syndrome II (TRPSII). Trichorhinophalangeal syndrome (TRPS) is a
rare disorder characterised by distinctive craniofacial and skeletal abnormalities, first described in 1966 by Giedion,
who named the syndrome on the basis of the three core features: sparse hair, bulbous nasal tip and short/deformed
fingers.1 Under this entity, it contains three subtypes: TRPS I, TRPS II and TRPS III differing in clinical characteristics
and pattern of genetic alteration in the TRPS1 gene (OMIM*604386). All subtypes are characterised by different
involvement in craniofacial, ectodermal and skeletal systems TRPS II is featured by multiple exostoses/
osteochondromas and an increased risk of mild-to-moderate intellectual disability. TRPS III is considered an extreme
clinical spectrum of TRPS I, with more severe brachydactyly due to short metacarpals and severe short stature. This
term may not be used nowadays but may come across in old literature.
In view of multiple exostoses and facial dysmorphic features, our patient is likely suffering from TRPS II. He had
chromosomal microarray analysis performed at 2 years of age. The test showed a copy number loss at chromosome
8q23.3q24.12, with a size of at least 6.99 Mb. The deletion encompasses the TRPS1 and EXT1 (OMIM*608177). The
deletion is de novo. The haploinsufficiency or loss of function mutation of EXT1 gene is associated with multiple
exostoses type 1 (OMIM#133700). Thus the diagnosis of TRPS II was substantiated in this child.
The exact prevalence of TRPS is not available in literature.2 Around 100 cases of TRPS I and TRPS III and 100
cases of TRPS II were published until June 2017.3 The clinical manifestation is highly heterogeneous. Given the
widely variable manifestations, many cases of TRPS probably remain undiagnosed. The condition is rare with
estimated prevalence of 0.2-1 per 100,000 without ethnic group difference.2

How is the clinical diagnosis established in TRPS?
The diagnosis of TRPS relies on clinical suspicion and pattern recognition. There is no consensus diagnostic
criteria for TRPS. TRPS should be suspected if individuals having the following clinical or radiological findings:
Clinical features

Radiological features

Characteristic facial features

Cone-shaped epiphyses (detected >2 years old)

Skeletal anomalies

Hip deformities

Ectodermal features (including hair, dental and nails)

Secondary joint degeneration

Intellectual disability*

Multiple osteochondromas*

*Detected in TRPS II only

Characteristic facial features include bulbous nasal tip, long flat philtrum, thin upper lip with vermilion border
and protruding ears. Ectodermal anomalies includes slow growing, fine and sparse scalp hair with receded mediooccipital hairline, thin eyebrows, dystrophic nails and dental anomalies, such as supernumerary teeth. Skeletal
anomalies include short metacarpals or phalanges (ranging from mild to severe brachydactyly), ulnar or radial
deviation of the fingers, swelling of proximal interphalangeal joints (clinobrachydactyly), impaired small joint
mobility, joint pain, cone-shaped epiphysis, short stature and osteopenia/decrease in bone mass.4 Hip deformities,
e.g. coxa vara, coxa plana, and coxa magna, Perthes disease-like femoral head changes could be detected in TRPS
patients. Secondary joint degeneration Is characterised by joint space narrowing and subchondral sclerosis, involving
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hips commonly but also found in other joints. Degenerative changes can be also be present in cervical spine, knees
and ankles. Clinical presentation of TRPS could vary widely, from mild change in the phalanges to osteopenia with
fragility fractures.
For TRPS II, intellectual disability (usually mild to moderate) and multiple osteochondromas are unique features
which are not present in other two subtypes.

Molecular diagnosis of TRPS and Genetic counselling
The diagnosis of TRPS is established in a proband with typical clinical facial features, ectodermal manifestations,
limb anomalies together with radiological findings. If the clinical phenotype is not distinct, the molecular diagnosis
would be helpful in establishing the diagnosis.
TRPS1 gene is located on chromosomal band 8q24.1. It encodes a transcription factor for a zinc-fingerprotein. It
represents a candidate gene for bone homeostasis regulation. It is believed to involve in regulation of bone
perichondrium mineralisation and proliferation and apoptosis of chondrocytes.5
TRPS I is caused by heterozygous pathogenic variant of the TRPS1 gene, which leads to haploinsufficiency or loss
of function of TRPS1. TRPS II, also known as Langer-Giedion syndrome, is a contiguous gene syndrome, caused by
a larger deletion in the long arm of chromosome 8 (8q23.3-8q24.11) involving TRPS1 and EXT1 genes. The deletion
can be detected by chromosomal microarray or even karyotype if the size of deletion is bigger than 5 Mb. EXT1
appears to have a regulatory effect on longitudinal bone growth and is involved in the development of exostoses.
Mental retardation found to be correlated with the size of the interstitial 8q deletion.6
TRPS III is a variant of TRPS I, certain missense mutations of the same gene have been described in patients with
TRPS III phenotype.7
TRPS is inherited in an autosomal dominant manner. The offspring of an affected individual is at a 50% risk of
inheriting the pathogenic variant. Once the pathogenic variant has been identified in an affected member, prenatal
testing and preimplantation genetic diagnosis for a pregnancy at increased risk are possible. TRPS1 would have
100% penetrance, although expressivity is variable and intrafamilial variation exists.

What are the management issues for TRPS?
Management of TRPS is principally supportive and prefers multi-disciplinary approaches involving pediatric
orthopedic, endocrine, genetic, dental, physiotherapy and occupational therapy departments. For ectodermal aspect,
advice about hair care and dental care (e.g. extraction of supernumerary teeth) can be given. For skeletal aspect, short
stature with or without growth hormone deficiency is major concern. The use of human growth hormone therapy has
variable results and would need to be discussed on individual patient's basis. Joint pain is common among TRPS
patients. The main stay of treatment is use of analgesic, e.g. NSAID. Physiotherapy may help to improve the joint
mobility. Occupational therapy can benefit the fine motor skills or task. In case of severe hip dysplasia, orthopedic
surgery, e.g. prosthetic hip implantation can be considered.
Monitoring of linear growth and psychomotor developmental in childhood would be recommended. For TRPS II
patients: X-ray evaluation of osteochondromas is recommended when the exostoses are symptomatic and at the time
near the end of puberty (when normal growth of osteochondromas has ceased) to provide a baseline for comparison
with any future enlargement. Concerning the effect of growth hormone therapy on exostoses development, there is
no concrete evidence to conclude it will lead to significant increase in size or number of exostoses.8 However,careful
clinical and imaging follow-up of exostoses is mandatory during the time of growth hormone use.

Clinical Quiz Answer
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