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Historically Surgeons and Physicians practiced quite independently of each
other with very different mindsets in their clinical care. By origins from middleage Europe surgeons were originally 'barber surgeons' with no physician training.
Even through subsequent centuries till now, the fully trained British surgeons
would continue to distinguish themselves from 'Dr' physician by titling
themselves 'Mr' surgeon or 'Miss' lady surgeon. But in the realms of modern
health care, however, with advances in the understanding of medicine and
complexity of clinical management, there are increasing collaborations between
the two health care streams. Holistic clinical management seems to be a key to
better patient care and clinical outcomes. Nowhere is this more relevant than in
Paediatrics and Child Health. Meanwhile in recent years our editorial board
enjoys receiving a growing number of manuscript submissions on Surgery related
Child health topics from all over the world, partially also reflecting a global
trend towards greater collaborations between Surgeons and Paediatricians in
clinical practice.1,2
Advances in Neonatal Surgery has led to improved survival of neonates from
many lethal neonatal and congenital conditions, but without a doubt it has also
been advances in Neonatal Critical Care that has led to improved overall surgical
outcomes in Neonatal Surgery. The original article herein by Ohba et al, although
seemingly focused on technical interests reviewing the feasibility of singlestage repair of anorectal malformation, precisely reflects the importance holistic
Neonatal Medicine with supportive perioperative critical care that makes
surgery advances feasible.3 Successful endeavor of one-stage operation means
obviating additional surgeries and scars plus many weeks of intensive stomal
care for the parents in between surgeries.
Definitive management of Intussusception and appendicitis in children are
domains of the surgeon. But of interest to the paediatrician these two very
common acute abdominal conditions too often present with the general
symptoms to the family physician and general paediatrician, who are faced with
the grave responsibility of early suspicion with timely referral for surgical
management, which is crux to good treatment outcomes. In their succinct review
of cohort of ileo-colic intussusception, Kim and Lim's original article elucidates
the significant rate of recurrence after initial radiological treatment, revisiting
thoroughly and disputing eloquently the evidence that previously argued for
ambulatory management for intussusception not requiring initial operative
surgery.4
It is noteworthy that local paediatric surgical centres have observed in recent
years an increasing number of complicated appendicitis presenting with
significant sepsis associated with perforations and abdominal abscesses. While
minimally invasive surgery is becoming a norm as definitive treatment in general,
it is often a technical challenge for the young frontline surgeon during
emergency setting. Indeed published data in the past did not always support
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minimally invasive technique over conventional open surgery for complicated
appendicitis. Lv et al in their study provide substantial evidence in their astounding
cohort in support of the feasibility and safety of laparoscopic surgery with
comparable outcomes to open surgery in these complicated cases. Local traineesurgeons and young specialists likewise are fast accumulating similar technical
experiences with steep learning curves. It is ironically mixed blessings to our
surgeons and patients.5
Biliary atresia was a devastating infantile condition before the era of Dr Morio
Kasai. The greatest technical breakthrough dated back to 1951 with Dr Kasai's
portoenterostomy. Together with overall advances in paediatric critical care, the
operation had enormously mitigated the related infant mortality. With inherent
intrahepatic disease affecting a subgroup of patients after surgery, unfortunately
no further technical refinement to-date has proven to significantly improve native
liver survival since Kasai's era. The main advances subsequently have been the
adjunctive medical therapies endeavoring to improve jaundice clearance and native
liver survival. While current clinical practice and research on this remain a hot
topic among surgeons, Dong et al in their joint-effort meta-analysis between
Gastroenterologists and Surgeons critically appraised the published data to
contribute further robust evidence for clinicians.6 While successful liver transplant
programs worldwide benefitted many long term survivors of biliary atresia,
hopefully with future collaborative research in adjunctive treatments by holistic
approach we may see an increase in the rate of long term native liver survival.
Locally many fields of transdisciplinary Paediatric care are already ensuing
industriously with advent of our new Children's Hospital in the region. These
include Neonatology, Oncology, Nephrology, Neurometabolic Medicine, Primary
Cleft Care, Cardiology and many more specialties, all in collaboration with variety
of surgical stream subspecialties and other clinical disciplines dedicated to
children. Following suit other established children's hospitals in the world, the
centralisation of complex paediatric patients and resources into this purposedriven arena provides the ideal settings for seamless patient-centred paediatric
care. We as stakeholders in child health shall enter a new paradigm with new
standards of care.
Dr. NSY CHAO
Guest Editor
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Original Article
Feasibility of One-stage Correction for Recto-bulbar Anorectal
Malformations
G OHBA, H YAMAMOTO, M NAKAYAMA, S HONDA, A TAKETOMI
Abstract

Background: The feasibility of one-stage correction for recto-bulbar anorectal malformations is unclear.
We examined the complications and short-term outcomes of one-stage correction for recto-bulbar anorectal
malformations in neonates. Methods: We retrospectively examined six neonates who underwent onestage correction for recto-bulbar anorectal malformations between 2004 and 2011. We reviewed the
postoperative complications and functional evaluations-via the Kelly score, Krickenbeck classification,
and magnetic resonance imaging. Results: During the study period, nine neonates were diagnosed with
recto-bulbar anorectal malformations. Among these, one-stage correction was performed in six patients.
The recto-bulbar urethral fistulas were confirmed by urethrography. All cases underwent posterior sagittal
anorectoplasty. The average Kelly score was 4.33±1.21. Using the Krickenbeck classification, one child
had grade 3 constipation. Grade 3 soiling was not noted. One child had malpositioning of the rectum that
was revealed by magnetic resonance imaging. Conclusions: One-stage correction for intermediate
imperforate anus is feasible even during the neonatal period.

Key words

One-stage correction; Kelly score; Krickenbeck classification; Posterior sagittal anorectoplasty; Rectobulbar anorectal malformations

Introduction
Bell in 1787 was the first to treat imperforate anus by
dissecting through the perineum and searching for the rectal
ampulla, and the first successful operation by this method
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was performed by Campbell in 1790. However, these
procedures made no allowance for the preservation of a
functioning anus, and Rouz in 1851 was the first to point
out the importance of preserving the sphincter fibers while
dissecting through the perineum.1 Although most surgeons
preferred one-stage correction at that time, one-stage
rectoplasty was reportedly associated with high morbidity
and mortality. Stephens and Smith subsequently supported
the use of a staged program of preliminary colostomy and
later rectoplasty after 12-15 months,2 and deVries and Peña
reported posterior sagittal anorectoplasty (PSARP) as a new
technique in 1982, for patients who had undergone
previous colostomy.3 The standard surgical correction for
intermediate or high imperforate anus currently involves a
three-stage repair;4 colostomy is performed first, followed
by PSARP or sacro-perineal anoplasty (SP), and finally
stoma closure. Although there have been a few reports of
one-stage repair,5,6 patient outcomes remain unclear. We
performed one-stage correction for recto-bulbar anorectal
malformations and examined the complications and
outcomes in neonates to evaluate its usefulness.

Ohba et al

Methods
Patients and Indication for One-stage Correction

Patients diagnosed with recto-bulbar anorectal
malformations between 2004 and 2011 were reviewed.
Patients with birth weights <2000 g were excluded from
the study because they underwent three-stage repair.
Patients with chromosomal abnormalities were also
excluded from the study because of the possibility that the
associated abnormalities (e.g., retardation) might affect the
postoperative faecal evaluation.
One-stage Correction Procedure

Urethrography was used to confirm the presence of a
fistula preoperatively. PSARP was performed as described
by deVries and Peña.3 Briefly, the skin was opened through
a midsagittal incision and the parasagittal fibers and muscle
complex were divided. After all the muscle structures had
been divided, the posterior rectal wall was exposed. The
bowel was then opened vertically to confirm the fistula
and the rectum was separated from the urethra by dissection
above the fistula. The fistula was closed by continuous
sutures. The rectum was fully mobilised and placed in front
of the levator muscle, within the muscle complex and
external sphincter. The divided muscles were repaired using
absorbable sutures. Anoplasty was performed with 12
interrupted absorbable sutures. The anatomical route was
identified using an electrical stimulation device. PSARP
was performed using a standard technique, with no special
procedures necessary. After operation, an 18-Fr catheter
was left in the anus for 7 days and intravenous antibiotics
were administered for 48 hours. Twice-daily anal dilation
was begun 2 weeks after the operation. All operations were
performed in the same institution, by the same surgeon
who had more than 10 years of clinical experience.
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All evaluations were performed by a pediatric surgeon on
an outpatient basis. MRI was performed to look for sacral
anomalies, with an anatomical evaluation done at that time.
Malpositioning of the rectum was evaluated at the level of
the ischial line (I-line) and M-line (midline between the
pubococcygeal line and the I-line). Malpositioning was
defined as the thickness on one side being more than twice
that on the other side.9

Results
During the study period, nine patients were diagnosed
with recto-bulbar anorectal malformations at our hospital,
among whom three were excluded from the study because
of low birth weight (<2000 g) (n=2) or chromosomal
abnormality (n=1). Six patients therefore met the criteria
for inclusion in the study. These six cases were consecutive
apart from the excluded cases. There were no associated
malformations in any case. All fistulas were confirmed by
urethrography, wherein a 6-Fr catheter was inserted into
the urethra and the fistula was identified (Figure 1).
The patient characteristics are summarised in
Table 1. The mean birth weight was 2839±499 g (range,
2180-3364 g) and the mean birth week was 37.4±1.6 weeks

Outcome Evaluations

We reviewed the perioperative complications and
functional evaluations in the six patients at 5-6 years of
age. Functional evaluations were made using the Kelly
score,7 Krickenbeck classification,8 and magnetic resonance
imaging (MRI). The Kelly score is based on continence,
soiling, and sphincter squeeze. Each criterion was classified
on a scale of 0-2, with a possible maximum of 6 points.
The Krickenbeck classification system is composed of three
elements: a diagnostic category, a surgical procedure
category, and a category documenting functional criteria
(voluntary bowel movements, soiling, and constipation).

Figure 1 Fistulas were confirmed in all cases by urethrography.
The fistula (arrow) connected to the rectum and urethral bulbar
can be confirmed in this image. B: bladder; R: rectum.

One-stage Correction of Recto-bulbar Anorectal Malformations
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(range, 36 weeks 0 days-40 weeks 4 days). The mean age
at operation was 1.1 days (range, 1-2 days) and the mean
operative time was 102±16 min (range, 76-118 min). There
were no operative deaths or complications, except for an
intraoperative bladder injury in one patient. However, this
patient recovered with no complications, such as stenosis
or fistula. No infectious complications were observed. The
mean postoperative hospitalisation time was 43±18 days
(range, 23-73 days). There were no early postoperative
complications. There was no extension of hospitalisation
due to surgical complication. The mean follow-up period
in all six patients was 85 months (range, 62-108 months).
The mean Kelly score at 5-6 years of age was 4.33±1.21
(mean continence 1.50±0.55, mean soiling 1.67±0.51, and
mean sphincter squeeze 1.17±0.41) (Table 2). The results
of the Krickenbeck classification are shown in Table 3.
One child had grade 3 constipation. No patients showed
grade 3 soiling. All patients underwent MRI
postoperatively, before discharge, while still ≤2 months of
age. Anatomical malpositioning was revealed in patient B
(Figure 2). No sacral anomalies were identified.

include a single operation, avoiding a colostomy, and
reducing wound breakdown.
Adeniran et al reported that one-stage correction was
safe and that colostomy may be unnecessary in many
patients with anorectal malformations.5 Albanese et al also
reported that postoperative stenosis occurred in one of five
patients after one-stage correction, and there were no cases
of perineal wound complications.6 Similarly, there were
no infectious complications in the current study. Bacterial
colonisation of the bowel takes 1 week, 6 after which
infections are much more likely. One of our patients
experienced an intraoperative bladder injury. Hong et al
reported that the risk of urologic injury was increased in
patients undergoing repair without distal colostography.10
Although all patients in the current study underwent
preoperative urethrography, bladder injury could still
occur. It is necessary to be particularly cautious because of
the relatively shorter distance of the bladder from the
urethra in neonates than in infants. The abrasion range is
accordingly shortened, and rectal mobilisation is easier
with one-stage than with three-stage repair. One-stage
Table 1

Discussion

Patients' backgrounds

Factors

To the best of our knowledge, this study is the first to
report on anus function following one-stage correction for
recto-bulbar anorectal malformations in neonates.
Traditionally, surgical correction of intermediate or high
imperforate anus involves three-stage repair. After
colostomy, it is recommended that definitive repair be
performed at 2-3 months old. 4 Early operation has
advantages including less time with a stoma, easier anal
dilation, and no recognised psychologic sequelae from
painful perineal maneuvers. In addition, the advantages of
performing a single radical operation in the neonatal period

Value

Male: Female

6:0

Birth week

37.4±1.6 week
(36 weeks 0 day - 40 weeks 4 days)

Birth weight (g)

2839± 499 (2180-3364)

Age at operation (days)

1.1 (1-2)

Operating time (minutes)
Postoperative complications

102±16 (76-118)
1/6
(1 : urethra injury, no infection)

Follow up periods (months)

85±15 (62-108)

Kelly score at 5 years old

4.33±1.21 (3-6)

Table 2

Kelly score results

Patient

Continence

Soiling

Sphincter squeeze

Total score

Follow-up (months)

A

1

1

1

3

87

B

1

1

1

3

108

C

2

2

1

5

93

D

1

2

1

4

87

E

2

2

2

6

75

F

2

2

1

5

62

1.50± 0.55

1.67 ±0.51

1.17± 0.41

4.33±1.21

85

Mean

Ohba et al
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correction is therefore no more difficult even during the
newborn period, and can be performed safely, as reported
previously.5,6
Fukata et al reported that the average Kelly score for
patients with intermediate imperforate anus was 4.2,11 while
Senel et al reported an average Kelly score of 5.5 in patients
with intermediate imperforate anus with rectobulbar
urethral fistula. 12 The average score in our study was
4.33±1.21. Using the Krickenbeck classification, Hassett
et al reported grade 3 constipation was noted in 42% of
children, and grade 2 constipation was recorded in one
child in the rectourethral group. One child in this group
had grade 3 soiling.13 Tong et al, using MRI to evaluate
rectal malpositioning in a PSARP group, reported
malpositioning rates of 14.3% at the I-line and 10.7% at
the M-line.9 The case of malposition shown by MRI had a
worse result in both Kelly score and Krickenbeck
classification compared with other cases. MRI findings and
functional outcomes are considered to be correlated in our
series. Correction in the neonatal period allows the
possibility of developing neural networks and synapses,14,15
and training of defecation from an early age can lead to
improvements in defecation function.6,16 However, there
was no evidence of improved defecation function in our
study, and contraction was weak around the anus, reflected
by the sphincter squeeze aspect of the Kelly score and
constipation of the Krickenbeck classification. PSARP in
the neonatal period may be associated with a greater risk
of scarring while dissecting the anal sphincter, because
the anal sphincter is thin. Rintala et al compared PSARP
and SP,17,18 and reported that PSARP was more likely to
cause constipation than SP. Constipation following PSARP
is considered to be related to abnormal movement of the
anal sphincter. The SP method is thus associated with the
possibility of a good prognosis in the case of newborns.
This study was limited by the small number of cases and
the relatively short follow-up period. Furthermore, there

Table 3
Patient

is currently no agreement on absolute parameters in
anorectal anomalies. 19,20 We used the Kelly score,
Krickenbeck classification, and MRI because they are
commonly reported for outcome assessments.13,20 There is
currently no consensus opinion on what parameters to
evaluate at each age, though soiling is difficult to
determine in infants, and we therefore evaluated it only in
subjects older than 5 years in this study.

Conclusion
One-stage correction for recto-bulbar anorectal
malformations is safe and feasible, even in the neonatal
period. One-stage correction has several advantages
including no need for colostomy, thus avoiding problems
related to colostomy and reducing the burden on family
life. However, further, longer-term observations and largescale studies are required to confirm the suitability of this
procedure.

Krickenbeck classification results
Voluntary bowel
movements

Soiling

Constipation

A

Yes

Grade 1

Grade 3

B

No

Grade 2

Grade 2

C

Yes

No

Grade 2

D

Yes

No

Grade 2

E

Yes

No

Grade 1

F

Yes

No

Grade 2

Figure 2
Postoperative axial T2-weighted magnetic
resonance imaging of the pelvis. Muscles can be seen around
the rectum. Normally they are symmetrical. Malpositioning of
the rectum and muscle (arrows) with a right-left difference at
the M-line (A) and I-line (B) in patient B. R: rectum.
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Original Article
Is Hospital Admission Unnecessary After Successful Reduction
in Paediatric Patients with Intussusception?
YJ LIM, KH KIM
Abstract

Purpose: This study aimed to describe demographic characteristics of hospitalised children with
successful reduction of intussusception and their early outcomes, and assess the frequency of hospitallevel interventions, to determine the necessity of hospitalisation through hospital-level intervention
assessment. Methods: We conducted a retrospective review of children aged 0-18 years with ileocolic
intussusception, who presented to emergency department between March 2010 and December 2017.
Results: Sixty-three patients with successful reduction were included. Median patient age was 23
(7-75) months. Signs and symptoms of intussusception were currant jelly stool in 19 cases (30.2%), a
palpable mass lesion in 15 (23.8%). Median length of stay was 2 (1-8) days. Intussusception recurrence
during hospital admission occurred in 9 patients (14.3%). Of the 63, 25 (39.7%) received at least one
intervention. Conclusions: Approximately 25% of patients underwent hospital-level radiologic studies
to diagnose the possibility of recurrence during inpatient observation. Hospitalisation post-successful
reduction may be helpful for early recurrence detection and prevention of post-reduction complications.
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Hospitalisation; Intussusception; Pneumatic reduction; Recurrence

Introduction
Paediatric ileocolic intussusception is a potentially
serious condition where a portion of the intestine slides
into an adjacent intestinal segment. 1,2 The potential
complications include intestinal necrosis and perforation
if the condition is not treated expeditiously.3,4 Pneumatic
or hydrostatic enema reduction has become the
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treatment standard in patients with noncomplicated
intussusception. However, recurrence can occur after
successful reduction in infants and children. The
recurrence rate of intussusception has been reported
to range from 7% to 13%;4-8 therefore, admission to an
inpatient unit for 24-48 hours after enema reduction is
considered routine in most paediatric hospitals. 5,9-11
However, many recent studies have reported low rates
of early recurrence and adverse events in patients
discharged after short-term observation in the
emergency department (ED) following successful
reduction of intussusception. 2,7,12,13 Thus, there is
currently a debate on whether inpatient treatment is
necessary after successful reduction of intussusception.
The purposes of the present study were to describe the
demographic characteristics of hospitalised children with
successful reduction of intussusception and their early
outcomes, and to assess the frequency of hospital-level
interventions during inpatient observation. We aimed to
determine the necessity of hospitalisation through the
assessment of hospital-level interventions.
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Methods
This study was approved by the Research Ethics Board
of the Inje university Haeundae Paik hospital. We
conducted a retrospective review of children aged 0-18
years with ileocolic intussusception, who presented to the
ED of a single centre between March 2010 and December
2017. Patients with incomplete medical records, those who
did not undergo reduction (although the condition was
diagnosed in another hospital), and those who had
unsuccessful pneumatic reduction were excluded.
The medical charts were reviewed using a standardised
data collection form that collected information on patient
demographics, presenting signs and symptoms,
radiographic studies performed and their findings,
recurrence while in hospital, length of stay, and any
complications or secondary interventions, such as repeat
imaging, recurrence management, and administration of
pain medications or antipyretics. The duration of symptoms
was calculated from the beginning of abdominal pain or
vomiting to the time of enema reduction. The time to
diagnosis of re-intussusception was defined as the time
from the completion of enema (time noted in the radiology
report) to recheck ultrasound (time noted in the radiology
report). Pneumatic reduction was attempted after ultrasound
confirmation of ileocolic intussusception. All patients
underwent a fluoroscopic-guided pneumatic reduction. A
catheter was inserted into the rectum and air insufflation
proceeded. The insufflation pressure was to be no more
than 120 mmHg. The procedure was considered to be
successful when the intraluminal filling defect disappeared
and air filled into the distal ileum after pneumatic
reduction. When the intussusception was not reduced, the
procedure was repeated up to three times. The length of
stay was defined as the period from the day when the patient
was admitted to the hospital to the day when the patient
was discharged (as mentioned on the reviewed chart).
Hospital-level intervention was defined as in-hospital
treatment, such as diagnostic imaging for possible
recurrence, management of recurrence, and administration
of intravenous medication.
Categorical data are reported as numbers and
percentages, while continuous data are reported as means
and standard deviations or medians and interquartile ranges
(IQRs). Categorical variables were compared using the chisquare test, while continuous variables were compared
using the Mann-Whitney test. All statistical analyses were
performed using SPSS version 23 (IBM Corp., Armonk,

NY, USA). All p-values were two-tailed, and a p-value
<0.05 was considered statistically significant.

Results
A total of 84 patients were diagnosed with
intussusception at our institution during the study period.
Of these, 21 were excluded because of reduction failure,
history of intussusception, or immediate surgery after
diagnosis. Thus, 63 patients with successful reduction were
included (Figure 1). The median patient age was 23 months
(IQR, 7-75 months), and 61.9% of the patients were
male (n=39) (Table 1). The signs and symptoms of
intussusception were presence of currant jelly stool in 19
cases (30.2%), a palpable mass lesion in 15 cases (23.8%),
and gastrointestinal issues, such as vomiting, diarrhoea, and
anorexia, in 34 cases (54.0%). A high white blood cell

Table 1

Patient characteristics

Variable
Male gender
Age (median(IQR), mo)

n=63
39 (61.9%)
23 (7-75)

Rota vaccination

38 (60.3%)

Recent fever/URI

19 (30.2%)

Symptom durations >24 hours

12 (19.0%)

Current Jelly stool

17 (27.0%)

Abdominal pain/irritability

62 (98.4%)

GI symptoms (vomiting, diarrhoea)

34 (54%)

Abdominal mass

15 (23.8%)

Leukocytosis (WBC >10,000)

37 (58.7%)

Increased C-reactive protein

32 (50.8%)

Length of stay (median(IQR), day)
Recurrence
Time to diagnosis of re-intussusception
during admission (median(IQR), hour)

2 (1-8)
9 (14.3%)
31 (8-47)

Time to recurrence after reduction <24 hours

3 (4.8%)

24 hours < time to recurrence after reduction
<48 hours

6 (9.5%)

Operation (+)

3 (4.8%)

Intervention during admission

25 (39.7%)

IQR, interquartile range; URI, upper respiratory infection; GI,
gastrointestinal; WBC, whole blood count
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count and C-reactive protein level were identified in
>50% of the patients. The median length of stay was 2
days (IQR, 1-8 days). Intussusception recurrence during
hospital admission was noted in 9 patients (14.3%). The
median time to the diagnosis of re-intussusception
during admission was 31 h (IQR, 8-47 hours), and in 3
patients (4.8%), recurrence was diagnosed within 24
hours. Three patients received surgical management
because of failed air reduction (Table 1). There was no
statistically significant difference in variables between

Figure 1

Flowchart for the selection of patient.

the patients who had recurrence during hospitalisation
and those who did not.
Of the 63 patients, 25 (39.7%) received at least one
intervention during admission (Figure 1). Sixteen patients
(25.4%) had abdominal pain or irritability, and radiological
studies were performed to diagnose the recurrence (Table
2). On comparing patients who received interventions and
those who did not, it was found that most variables did not
significantly differ, except for recurrence and length of
stay (p<0.001 and p=0.007, respectively) (Table 3).
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Discussion
The results of our study showed that approximately 25%
of patients underwent hospital-level radiologic studies to
diagnose the possibility of recurrence during inpatient
observation; more than half of those who underwent
imaging studies were diagnosed with recurrence. The
traditional approach after successful reduction of
intussusception includes admission for observation to
ensure tolerance of enteral diet advancement and to
monitor early recurrence of intussusception. The
recurrence rate within the first 48 hours ranges from 0%
to 7.1%. 14-17 Thus, in many institutions, patients are
commonly placed under observation in the hospital for ≥2

Table 2

Type and number of interventions during admission

Type of intervention

Number of interventions

Radiologic imaging due to abdominal pain

16 (25.4%)

Antipyretic drug medication

9 (14.3%)

Recurrence and need for reduction

9 (14.3%)

Intravenous pain medication

8 (12.7%)

Hydration

2 (3.3%)

Table 3

Comparison of intervention with no intervention

Variable

Intervention No intervention P-value
(n=25)
(n=38)

Male gender
Age (mean±SD, mo)

15

25

0.801

22.9±11.7

26.4±14.7

0.315

Symptom durations
>24 hours

5

7

0.876

Rota vaccination (+)

16

22

0.628

Recent fever/URI (+)

11

8

0.052

Current Jelly stool (+)

8

11

0.796

GI symptoms (+)

15

19

0.436

Abdominal mass (+)

6

9

0.977

Leukocytosis
(WBC >10,000)

15

22

0.865

Increased C-reactive
protein (+)

15

17

0.190

Recurrence

9

0

<0.001

2.9±1.9

1.7±0.6

0.007

LOS (mean±SD, d)

SD, standard deviation; URI, upper respiratory infection; GI,
gastrointestinal; WBC, whole blood count; LOS, length of stay

days. However, there has been an increasing trend of
discharge from the ED after successful reduction of
intussusception in recent years. Kwon et al reported the
effects of a practice guideline of post-reduction
management in children with intussusception in the ED.18
They observed the children in the ED after successful
reduction, fed them 2 hours after reduction, and discharged
them 2 hours after successful feeding according to their
practice guideline. They suggested that the length of stay
after successful reduction of intussusception could be
reduced with the guideline, and there was no difference in
the early recurrence rate. Mallicote et al reported similar
results.2 They retrospectively reviewed paediatric patients
with ileocolic intussusception, who were managed with
either 24-hour inpatient or 4-hour ED observation. They
suggested that discharging patients following
uncomplicated radiological reduction of ileocolic
intussusception according to strict clinical criteria after a
4-hour ED observation period did not increase the
occurrence of adverse outcomes or recurrence when
compared with a 24-hour inpatient observation period. In
the present study, we noted a recurrence rate of 14.3%
within the first 48 h and a median time to the diagnosis of
recurrence after the initial reduction of 31 hours (IQR, 847 hours) during the inpatient observation. In addition, the
recurrence rate was higher after 24 hours (9.5%) than
within the first 24 hours (4.8%).
Although early recurrence rates have been reported to
be low in the literatures, non-operative treatment is not
successful in all cases of recurrence. Whitehouse et al
suggested that it is safe to discharge patients selectively
from the ED after successful enema reduction.13 However,
one (25%) of four patients with recurrence received
surgical treatment 36 h after reduction. In a study by Chien
et al, one of two patients with recurrence 5 hours after
successful enema reduction received surgical treatment.17
In our study, three (33%) of nine patients with recurrence
during in-hospital observation received surgical treatment.
Even though the recurrence rate is low, surgical treatment
is often necessary for recurrence after successful
reduction.
The risk factors for recurrence after successful
reduction of intussusception have been reported in several
studies, but different factors have been reported across
studies. Vo et al reported that persistent fever with a
temperature >38oC and female sex were independently
associated with early recurrence.19 Guo et al reported that
age (>1 year), symptom duration (≤12 hours), absence of
vomiting, mass location (right abdomen), and pathological
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lead points were significantly predictive of recurrent
intussusception.20 Lessenich et al found that proximal
intussusception was associated with a five-fold increase
in the odds of recurrence. 21 In a comparative analysis
between recurrence and no recurrence of intussusception,
Kim et al reported that age ≥2 years was a risk factor for
early recurrent intussusception, and the median time for
recurrence was 25 hours.22 On the other hand, Yang et al
and Champox et al reported that no factors were associated
with recurrent intussusception.23,24 We also did not identify
any factors associated with recurrence.
However, many studies, except that by Lessenich et al,21
were mainly focused on factors such as recurrence rates,
risk factors for recurrence, length of stay, adverse effects
due to early discharge, and so on after successful reduction.
Thus, they did not provide details about hospital-level care,
such as the frequency of diagnostic imaging for possible
recurrence, management of recurrence or complications
associated with the initial reduction, and administration of
intravenous medication. Lessenich et al suggested that the
frequency of hospital-level interventions is an important
factor in the final success decision after successful
reduction. 21 These authors believed that hospital-level
interventions could be estimated by subsequent ED visits
among patients discharged after reduction for reasons other
than recurrence. Supporting the concept of hospital-level
intervention, Somekh et al suggested that a febrile episode
after manipulation of the intussuscepted bowel is often
noted because of bacteraemia or the release of endotoxins
or cytokines.11 Their study showed that five patients had a
rectal temperature of ≥38 0 C within 24 hours after
complete reduction. Vo et al reported that fever was
independently associated with early recurrence.19 In our
study, fever was noted in nine patients (14.3%), and it was
treated with antipyretics during inpatient observation. In a
study by Lochhead et al, 102 children underwent air enema
reduction with subsequent observation in the ED for at least
6 hours, and of those who were discharged home, the revisit
rate was 21%, with episodes of recurrent abdominal pain/
vomiting; most of them (69%) presented within the first
week. 25 Abdominal pain after successful reduction is
associated with the recurrence of intussusception. In such
a situation, radiological examination is necessary for the
rapid diagnosis of recurrence in both inpatient observation
and ED observation. Al-Jazaeri et al reported that although
a recurrence rate of <10% was identified among 74
patients with uneventful admission after successful
reduction, 20 patients (27%) showed pain recurrence
during admission, and repeat ultrasound examinations were
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performed in 24 patients (32%).12 Similar to this previous
study, our study noted that 16 patients (25.4%) underwent
radiological examinations, such as simple abdominal
X-ray or ultrasound, because of abdominal pain or
irritability. Lessenich et al reported that 86 (18.5%) of
435 patients required at least one hospital-level
intervention during admission.21 Our study identified that
at least one hospital intervention was performed in 39.8%
of the patients, which is higher than the rate reported in
other studies. Even though we excluded an administration
of intravenous medication, which may be a potential
provider bias, approximately 25% of the patients underwent
hospital-based radiological studies to diagnose the
possibility of recurrence due to abdominal pain or
irritability. However, unlike the study by Lessenich et al,
we could not identify the factors associated with hospitallevel interventions.
The present study has several limitations. First, the data
were retrospectively collected by medical chart review;
thus, our study lacked randomisation and standardisation.
Our study only analysed patients who received inpatient
observation after successful reduction of intussusception.
Therefore, we could not directly compare the treatment
outcome of patients with ED observation. The hospitallevel interventions were decided by multiple physicians,
including residents, fellows, and professors, and it was not
known whether the intervention decision was appropriate.
This may have resulted in the high rate of hospital-level
interventions. For accurate analysis, a protocol should be
developed and ED observation should be analysed.
Second, this study included a small number of patients,
and the study was performed at a single centre. We could
not find the factors associated with hospital-level
interventions. To identify the associated factors in this
study, a large-scale, multicentre study is required.
In conclusion, we found that approximately 25% of the
patients underwent hospital-level radiologic studies to
diagnose the possibility of recurrence during inpatient
observation, and more than half of the patients who had
undergone the imaging studies were diagnosed with the
recurrence. Hospital-level intervention may quickly
diagnose the recurrence and help prevent complications
caused by recurrence. Although patients may be
successfully discharged after the ED observation as
reported in several publications, some interventions may
be performed after discharge. Therefore, hospitalisation
after successful reduction may be helpful for early detection
of recurrence and prevention of the post-reduction
complication.
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Original Article
Laparoscopic Appendicectomy for Complicated Appendicitis in
Children: A Retrospective Study
CC LV, SQ QI, H HUANG, SL LE, BS HUANG, Y XIANG
Abstract

Aim: The operation of appendectomy is being performed by both open and laparoscopic methods due to
a lack of consensus on the selection of an appropriate method. This study aimed to compare the outcomes
of two operations for complicated appendicitis in children. Methods: We collected and analysed the
records of 1,008 children who were diagnosed complicated appendicitis and subsequently underwent
either laparoscopic (LA) (472 cases in LA group) or open appendectomies (OA) (536 cases in OA group)
from January 2010 to December 2016. The outcomes including operative time, wound infection,
postoperative intra-abdominal abscess and surgical cost in two groups were compared. Results: There
was no mortality recorded in all cases and 24 cases need the conversion from laparoscopic appendectomy
to open appendectomies. Compared to OA group, laparoscopic appendectomy was associated with lower
incidence of wound infection, higher postoperative intra-abdominal abscess formation, shorter hospital
stay, but with similar operative time and similar cost of hospital stay. Conclusions: The laparoscopic
appendectomy technique is a safe and effective operative procedure for the complicated appendicitis in
children.
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Introduction
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Open appendectomy (OA) has been conventionally
performed for treating acute appendicitis, a common
surgical emergency in children. Metastatic right lower
abdominal pain is the most typical clinical manifestation
of acute appendicitis. Obstruction of the appendix cavity
is the main cause of perforated appendix. Laparoscopic
appendectomy (LA) was first performed by Semm in 1983.1
LA has become increasingly popular due to its better
clinical outcomes, such as reduced length of hospital stay,
lower incidence of wound infection, faster return to normal
activities, shorter postoperative ileus, less postoperative
pain and better cosmetic results.2-4 However, there is no
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consensus on adopting LA to treat complicated appendicitis
of children patients. Moreover, recent studies indicated
several disadvantages of LA such as longer operating time,
higher risk of intra-abdominal collection and more cost
compared to OA.5,6 Therefore, in this study we collected a
large scale of 1,008 children with complicated appendicitis
between January 2010 and December 2016 and compared
the outcomes of laparoscopic versus open appendectomy.

Subjects and Methods
Subjects

This study was approved by Institute Ethics Committee
and all parents of the children provided written informed
consent. Based on the operation records of pediatrics
patients from January 2010 to December 2016 with clinical
diagnosis of acute complicated appendicitis based on the
criteria of perforation of the appendix, empyema or abscess
formation, and finally faecal peritonitis, the patients
selected in this study presented following symptoms: right
lower quadrant pain with fever; imaging showed appendiceal
wall thickening and luminal enlargement, with or without
surrounding fluid; and the patients were confirmed by the
operation and pathological diagnosis. Following patients
were excluded, 1) older than 14 years old; 2) >1-week
hospital stay; 3) previous history of open abdominal or
pelvic operations; and 4) concurrent bowl resection in
addition to appendectomy. Total 1,008 patients with
complicated appendicitis were finally enrolled and their
average age was 5.6 years old (range 15 months old to 14
years old). Among them, 472 underwent laparoscopic
appendectomy and 536 had open appendectomy.

Figure 1
OA.

Operations

Open and laparoscopic appendectomies were performed
by experienced surgeons. Under general anesthesia, OA
was performed using standard techniques of operative
surgery. LA was performed with a 3-trocar technique.
Dissection and mobilisation of the appendix was performed
with pretied suture loops, the retrieval of the resected
appendix was performed through the umbilical port, the
appendix was extracted using a disposable specimen
retrieval bag through the largest port site, and the appendix
was sent for histological examination. After operation, all
patients received antibiotic therapy with antibiotic regimen
as cephalosporin (dosage 50 mg/kg/die) and metronidazole
(dosage 7.5 mg/kg/8 h) for 7 days. In case of cephalosporin
allergy, ciprofloxacin (dosage 15 mg/kg/12 h) was used.
Statistical Analysis

The operative time, intraabdominal collection, Trocar
wound infection, length of hospital stay and cost of
hospital stay and the conversion from LA to OA were
recorded for analysis. The statistical package for social
sciences (SPSS version 13.0) was used to analyse the data.
A two-tailed test with P value <0.05 was considered to be
statistically significant.

Results
Table 1 summarised the general data of the patients in
both LA and OP groups with regard to age, gender, weight,
type of pathology and medical insurance. There were no
significant differences between both groups.
Among the 1,008 children patients, there was no

Patient profiles from 2010 to 2016. LA, laparoscopic appendectomy; OA, open appendectomy; conversion, from LA to
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mortality in either group. 472 underwent LA and 536 had
OA with some conversions from LA group to OA group. As
shown in Figure 1, LA was increasingly performed for
patients since the medical insurance was employed in 2006.
The percentage of conversions from LA to OA
continuously decreased from the highest rate of 14.5% in
2010 to the lowest rate of 3.3% in 2016. There were 24
conversions in the LA group for technical difficulties
including 11 cases of dense ileocecal adhesion, 6 cases of
retrocecal appendix, 4 cases of gangrenous appendicitis, 2
cases of subcutaneous emphysema, and 1 case of iatrogenic
appendicular artery injury.
Compared to OA group, laparoscopic appendectomy
was associated with lower incidence of wound infection
(6.1% vs. 11.9%, P=0.001), higher postoperative intraabdominal abscess formation (7.4% vs. 3.7%, P=0.011),
shorter hospital stay (4.6±1.7 day vs. 8.1±1.3 day,
P=0.002), similar operative time (54±12 min vs. 53±14
min, P=0.226), and similar cost (7,305±426 Chinese yuan
vs. 7,255±435 Chinese yuan, P=0.066) (Table 2).

higher risk of intra-abdominal collection and more
expensive hospital stay. In our study, we observed no
significant difference in operation time between LA group
and OA group, which is not consistent with the observation
reported previously.5,6 We think that the operating time is
highly determined by the surgeons' technical skills,
experiences and the available surgery equipment. It takes
some training procedure to keep up with LA operative
skills. In our experience, the operating time is reduced
with the improvement of LA techniques and the surgeons'
technical skills.
Although the cost of hospital stay is slightly higher in
LA group than in OA group, no significant difference was
observed. LA has been increasingly adopted in treating
complicated appendicitis and the cost has been decreasing
because the frequency of postoperative wound infection
decreases, the use of antibiotics is reduced, and the recovery
of patients is quick. Especially, LA has a significant
advantage in optimising the use of society resources and
economics because the patients in LA group have shorter
length of hospital stay to allow more treatments to be
applied to other patients.6
There were two aspects causing 24 conversion cases in
LA group, i.e. high complication of appendicitis and
inadequate operating skills. It is very difficulty to reveal
the appendix due to local dense ileocecal adhesion,
appendix location and perforated appendix. To tackle such
difficulties, we should remove the omentum and small

Discussion
LA operation has a number of advantages such as small
wound, quick recovery, low incidence of postoperative
wound infection and short length of hospital stay. However,
several disadvantages of LA include longer operating time,

Table 1

Patient demographics
Type of pathology

Group

No.

Age (year)

Gender (male)

Weight (kg)

Medical insurance

Gangrene

Perforation

Abscess

LA

472

4.3±1.2

150

22±7

182

46

353

73

OA

536

55

409

72

4.5±1.3

212

23±7

215

T/χ2

-1.954

1.507

-1.584

2.543

2.223

P

0.051

0.220

0.114

0.111

0.328

Table 2

Comparison of the outcomes of LA and OA groups

Group

Intra-abdominal

Wound

Operative time

Hospital stay

Cost of hospital stay

collection

infection

(min)

(day)

(RMB)

LA (n=472)

35

29

54±12

4.6±1.7

7,305±426

OA (n=536)

20

64

53±14

8.1±1.3

7,255±435

χ2

6.518

10.200

1.211

8.322

1.841

P

0.011

0.001

0.226

0.002

0.066
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intestine to expose the target region, precisely detach the
adhesion with appropriate inclusion of ileocecal or side
peritoneal and prevent unnecessary damage without
touching the weak tissue. In addition, we may add one
more Trocar for further assistance if necessary. With the
improvement of operative techniques and skills the
conversion rate would decrease largely from 14.5% at the
early stage to 3.3% at present.
The intra-abdominal collection is a common
postoperative complication which can severely delay the
recovery of patients. It may extend the length of hospital
stay and the use of antibiotics and, in serious cases, require
re-admission in the hospital to receive additional
operations. Billingham et al reported less intra-abdominal
collection as postoperative complication in LA group than
in OA group.7 However, other studies found no apparent
difference in intra-abdominal collection as postoperative
complication between LA and OA groups.8,9 Furthermore,
LA enhanced the frequency of intra-abdominal collection
compared to OA. 10 In this study, we found that
postoperative intra-abdominal abscess formation was
7.4% for LA and 3.7% for OA. Currently, the mechanism
of intra-abdominal collection has not been fully
understood. Bloechle et al induced gastric ulceration in
rats by instillation of ethanol followed by gastrotomy to
simulate perforation. Gas insufflation into the abdominal
cavity increased the abdominal pressure and caused
turbulence due to the constant gas flow.11 Thus the extent
and severity of peritonitis may be perpetuated by
dissemination of contaminated risk for patients treated
laparoscopically. Polat et al investigated the effect of
different intra-abdominal pressure on bacterial
translocation and suggested that patients should be closely
monitored for septic complication risk following
laparoscopic procedure in which the intra-abdominal
pressure exceeded 20 mmHg.12 Gupta et al showed that
intra-abdominal abscess formation after LA may be affected
by aggressive manipulation of the infected appendix and
increased use of irrigation fluid.13 The formation of the
intra-abdominal collection is also related to the surgeon's
practice, cognitive skill and clinical techniques.14 Reid et
al identified the risk factors for the development of postappendicectomy intra-abdominal abscess.15
The inflamed tissue inside the abdomen is the
underlying pathology of intra-abdominal abscess. In our
study, intra-abdominal abscess usually occurs near the
infected area of the appendix and most commonly in the
removed appendix and the bottom of the cavitas pelvis.

Therefore, the formation of the intra-abdominal collection
is likely related to the inflamed tissue and flowing fluid
from the free end of the appendix. To reduce the risk of
the intra-abdominal abscess, we suggest: 1) to standardise
the operation procedure of LA; 2) to improve clinical
practices and training for the surgical residents and
surgeons so as to reduce the impact of learning curves;16
3) to reduce the abdominal pressure during the operation;
4) to drain completely the fluid accumulated in the
abdomen to avoid same body posture for long time; 5) to
optimise the timing of intervention and operative technique
which includes four abdominal quadrants copious
irrigation;17 6) to extract the appendiceal faecalith in a
whole without breaking them;18 7) to effectively adopt
antibiotic treatment.19
Compared to conventional technique, laparoscopic
appendectomy may potentially provide better abdominal
exploration to facilitate thorough irrigation of abdominal
cavity. There is inconsistent literature evidence that LA
may lead to higher risk of postoperative intra-abdominal
abscess. Further improvement on LA surgery may decrease
the incidence of intra-abdominal abscess formation and
further studies are warranted.
Our study has several limitations. We could not exclude
the bias and the preference of the surgeons since we only
retrospectively reviewed the patients in a single institute
in our hospital. Despite these limitations, our study
suggests that laparoscopic appendectomy technique is a
safe and effective operative procedure for complicated
appendicitis in children.
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Original Article
Efficacy of Postoperative High-dose Steroids in Infants with
Biliary Atresia: A Meta Analysis
XT DONG, L HUANG, DQ MAO, H YANG
Abstract

Purpose: To evaluate whether high vs low-dose steroids or non-steroid improve the clearance rates of
jaundice, cholangitis, and survival rates with the native liver in biliary atresia (BA) after Kasai
portoenterostomy. Methods: Potential prospective and retrospective controlled trials were extracted
from the computer database. Odds ratios (OR) with 95% confidence intervals (CI) were calculated for the
clearance rates of jaundice, cholangitis and survival rates with native liver. Findings: The pooled
OR significantly favour high-dose steroids (the cumulative dosage of prednisolone over 80 mg/kg) over
low-dose steroids (the cumulative dosage of prednisolone less than 43 mg/kg) (1.804; 95%CI: 1.286,
2.531; P=0.001) or non-steroid (2.236; 95% CI: 1.122, 4.458; P=0.022) in the clearance rates of
jaundice. Conclusion: High-dose steroids in postoperative BA improve the clearance rates of jaundice
compared with low-dose steroids and non-steroid at a follow up of 6 months.
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Introduction
The outcome of biliary atresia (BA) has improved since
Kasai and Suzuki reported the hepatic portoenterostomy
to facilitate bile flow, clear jaundice, and normalise
bilirubin levels in infants with BA in 1959.1 However, the
long-term problems in infants with BA after Kasai
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portoenterostomy, such as cholangitis, biliary cirrhosis and
abnormal liver function became apparent.2-4 Furthermore,
The need for liver transplanation is necessitated because
of postoperative BA progress.5 As the availability of donor
livers is limited, optimising the success Kasai
portoenterostomy is very important to improve the survival
rates in the infants with BA.6
Various reports suggest that steroids after Kasai
portoenterostomy have improved the outcome of BA, such
as reduction of bilirubin levels, the improvement of liver
function and increased survival rates with native liver.7-11
However, the results from these studies have been
inconclusive, some reports showed that steroids after Kasai
portoenterostomy did not significantly improve liver
function and cholangitis, reduce the need for liver
transplanation.12-15 Further, the results from a meta analysis
published in 2014 and another systemic review and metaanalysis published in 2011 did not find significant
differences in normalising serum bilirubin levels,
improving cholangitis rates and delaying the need for early
liver transplantation in BA infants with postoperative
steroids compared those with non-steroid. 6,16 A metaanalysis published in 2016 showed that adjuvant steroid
treatment following Kasai portoenterostomy may improve
short-term (≤1 year) clearance rates of jaundice, but no
significant effects on long-term (≥2 years) clearance rates
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of jaundice and native liver survival rates.17 These metaanalysis, however, is no consensus on what constitutes
"high" dosage nor "low" dosage regimens and what kind
type of steroids.
To evaluate the efficacy of high-dose steroids after Kasai
portoenterostomy for BA, we conducted an updated metaanalysis to compare the outcomes of infants with BA after
Kasai portoenterostomy who had been treated with highdose or low-dose steroids or non-steroid according to the
exact dosage of the steroids and used the "prednisolone"
as the only standard of the steroids.

Methods
Study Selection

Articles in four databases-Pubmed/Mediline, Embase
data, web of Science and Cochrane Library − were searched
systematically by two independent reviewers. The research
was limited to human studies, and included both
observational studies and randomised controlled trials
(RCTs). MeSH terms and text words including: biliary
atresia, Kasai portoenterostomy, steroids, prednisolone,
glucocorticoid, dexamethasone, methylprednisolone,
corticosteroids and hydrocortisone, were searched.
Relavant articles were retrieved based on consensus among
authors. The reference lists of the retrieved articles were
searched for other potentially relevant articles. The
literature search was performed on May 1st, 2019.
Inclusion Criteria

The following inclusion criteria were used to identify
published studies for this meta-analysis: 1) definition of
high-dose and low-dose steroids: the cumulative dosage
of prednisolone over 80 mg/kg is defined as high-dose
steroids and the cumulative dosage less than 50 mg/kg is
defined as low-dose steroids. 2) study design: comparative
studies, patients who received high-dose or low-dose
steroids or non-steroid therapy; 3) population and
intervention: infants who were diagnosed as BA and
underwent Kasai portoenterostomy and not received liver
transplantation; 4) outcome measurement: variables of
reports containing the primary outcome of interest were
the clearance rates of postoperative bilirubin. The
secondary outcomes were the cholangitis and survival rates
with native liver after Kasai portoenterostomy. Decisions
regarding which trials to be included were made
independently by two reviewers.
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Exclusion Criteria

Studies were excluded including patients who only
received an unrelated outcome measurement after Kasai
portoenterostomy; double reporting, delivering no baseline
data and no aggregated results.
Data Extraction

Information/data extracted included first author and year
of publication, study design, treatment groups, number of
patients, age and sex distribution of patients, and
postoperative biliary drainage, cholangitis, and survival
rates.
Statistical Analysis

The statistical analysis was carried out through the
statistical software Stata 12.0 (Texas, USA). Forest
plots were used to present the results. Odds ratios (OR)
with 95% confidence intervals (CI) were calculated for
the clearance rates of bilirubin and survival rates with
native liver and were compared between patients who
received high-dose steroids treatment (high-dose
steroids group) and low-dose steroids (low-dose
steroids group) or those who had not received steroids
treatment (non-steroid group). Heterogeneity among
the studies was assessed by calculating the Cochran Q
and the I statistic. For the Q statistic, P<0.10 was
considered to indicate statistically significant
heterogeneity. The I2 statistic indicates the percentage
of the observed between-study variability caused by
heterogeneity. Heterogeneity determined using the
I2 statistic was defined as follows: 0-24%=no
heterogeneity; 25%-49%= moderate heterogeneity;
50%-74%=large heterogeneity; and 75%-100%
=extreme heterogeneity. If either the Q statistic
(P<0.1) or I2 statistic (>50%) indicated heterogeneity
existed between studies, a random-effects model of
analysis was used. Otherwise, a fixed-effects model of
analysis was used. Sensitivity analysis was performed
for the clearance rates of jaundice, cholangitis and
survival rates with native liver based on the leave-oneout approach. Funnel plot was used to observe the
included studies' publication bias, asymmetry degree was
measured by Egger's test, and a P value<0.05 was
considered as an evidence of publication bias. To
investigate the steadiness of our results, sensitivity
analysis investigating the influence of each individual
study on the overall meta-analysis summary estimates
was carried out to identify potential outliners.
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Results
Search Results

Initial electronic search retrieved 430 articles after
removing duplicates, information insufficient, non-steroid
therapy, reviews and meta-analysis, no Kasai
portoenterostomy in which 409 articles were excluded after
first-pass review of titles and abstracts. Nine studies were
eliminated after full text review due to the lack of highdose steroids therapy.7-14 One study was excluded from the
meta-analysis because there was a short follow-up time
(within 2 months after Kasai portoenterostomy) in each
group.15 Two studies were excluded because there were only
abstracts.18,19 Finally, a total of nine articles were identified
(Figure 1).12,20-27
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a random-effects model of analysis was used. The pooled
OR (2.236, 95% CI=1.122 to 4.458, P=0.022, Figure 2)
significantly favours high dose steroids regimens over nonsteroid regimens. In the second group (high-dose vs lowdose steroids), after pooling of data, there was no
significant heterogeneity among the studies (Q=4.150,
df=5, P=0.528; I2=0.0%); therefore, a random-effects
model of analysis was used. The pooled OR (1.804, 95%
CI=1.286 to 2.531, P=0.001, Figure 2) significantly
favours high-dose steroid regimens over low-dose
steroids. Overall, the pooled OR (1.857, 95% CI=1.297
to 2.658, P=0.132, Figure 2) significantly favour highdose steroid regimens over low-dose steroids or nonsteroid (P=0.001, Figure 2).
Cholangitis Rates

The characteristics of the studies are summarised in
Table 1. Among the nine studies included, there were three
randomised controlled trials, and six retrospective studies.
The total number of patients in the studies ranged from 12
to 253 (overall n=948). Six studies reported on other
adjuvant regimens, such as antibiotics, ursodeoxycholic acid.

Four studies were included in the meta-analysis of
cholangitis rates at a follow up of 6 months (high-dose
steroids vs non-steroid). After pooling of data, there was
no significant heterogeneity among the studies (Q=0.090,
df=3, P=0.993; I2=0.0%). The pooled OR (0.502, 95%
CI=0.236 to 1.064, P=0.072, Figure 3) did not significantly
favour high-dose steroid regimens over non-steroid.

Meta-analysis Results

Survival Rates with Native Liver

The clearance rates of jaundice after Kasai
portoenterostomy was defined by direct bilirubin
<20 µmol/L (Dong et al) and serum bilirubin ≤20 µmol/L
(Petersen et al and Wang et al), serum total bilirubin
<25 µmol/L (Bezerra et al) and serum total bilirubin
<34 µmol/L (Vejchapipat et al and Kobayashi et al).20-25 The
studies reported by Davenport et al and Meyers et al did
not provide a definition of jaundice clearance.26,27 Wang et
al and Vejchapipat et al defined postoperative cholangitis as
a combination of fever >38.50C, change of yellow stool to
alcholic stool, and leukocytosis with polymorphonuclear
leukocyte predominance. 22,24 The study reported by
Kobayashi et al was defined postoperative cholangitis as
fever (>380C) accompanied by elevated serum bilirubin and
leukocytosis.25

Five studies were included in the meta-analysis of
survival rates with native liver at a follow up of 12 months
(high-dose steroids vs non-steroid). After pooling of data,
there was no significant heterogeneity among the studies
(Q=7.950, df=4, P=0.093; I2=49.7%); The pooled OR
(1.543, 95% CI=0.733 to 3.247, P=0.253, Figure 4) did
not significantly favour high-dose steroids over low-dose
steroids and non-steroid.

Study Characteristics

Clearance Rates of Jaundice

Two group studies were included in the meta-analysis
of clearance rates of jaundice in infants with BA after Kasai
portoenterostomy at a follow up of 6 months. In the first
group (high-dose steroids vs non-steroid), after pooling
of data, there was a significant heterogeneity among the
studies (Q=13.270, df=6, P=0.039; I2=54.8%); therefore,

Sensitivity Analysis

Figure 5 showed that the results of the sensitivity
analysis, in which the studies were omitted one-by-one.
For the clearance rates of jaundice (RR=1.35, 95%CI:
1.19-1.53, Figure 5A) and the cholangitis rates (RR=
0.66, 95%CI: 0.42-1.04, Figure 5B), Pooled estimates for
all groups were insensitive to the removal of individual
studies and the corresponding pooled ORs were not
substantially altered that indicating that our results were
stable and reliable. For the survival rates with native liver,
the direction and magnitude of the pooled estimated did
not vary markedly with the removal of any study in a
statistically significant finding (RR=1.13, 95%CI: 0.981.30, Figure 5C).
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Characteristics of included in the studies

Author Country

Published Design
year

Bezerra JA

USA

2014

RCT

Dong R

China

2013

Retrospective

Davenport United
M
Kingdom

2013

RCT

No. of
cases

Sex
(male/female)

Mean age
at surgey (d)

70 (high dose) Not available
70 (non-steroid)

70 (high dose)
70 (non-steroid)

253 (high dose)
127 (low dose)

66 (high dose)
74 (low dose)

163:127
(total)

44 (high dose) Not available
18 (low dose)
91 (non-steroid)

46 (high dose)
54 (low dose)
50 (non-steroid)

Petersen C Germany

2008

RCT

Chung HY

2008

Retrospective

13 (high dose)
17 (non-steroid)

Vejchapipat Thailand
P

2007

Retrospective

33 (high dose) 15:18 (high dose)
20 (non-steroid) 12:8 (non-steroid)

84.7 (high dose)
98.3 (non-steroid)

Wang W

2006

Retrospective

27 (high dose)
25 (low dose)

Low: 65
High: 69

Kobayashi
H

Meyers R

Hong
Kong

China

Japan

USA

2005

2003

Retrospective

Retrospective

20 (high dose)
9:11 (high dose)
63 (high dose)
29 (non-steroid) 16:13 (non-steroid) 57 (non-steroid)
11:19 (total)

29:23 (total)

26 (high dose) 15:48 (total)
25 (low dose)
12 (non-steroid)

14 (high dose)
1 infant 13 weeks,
14 (non-steroid) 1 infant 16 weeks,
others less than
12 weeks

70 (high dose)
63 (non-steroid)

30-70 (total)

Not available

Steroid
regimen

Cumulative dosage
prednisolone of
(mg/kg)
196

High dose: intravenous
methylprednisolone 4 mg/kg/d
for 2 weeks and oral prednisolone
2 mg/kg/d for 9 weeks
High dose: intravous prednisolone
(taper of 4 mg/kg/d, 3 mg/kg/d,
2 mg/kg/d every 3 days postoperatively
followed by 8 to 12 weeks of oral
prednilolone starting at
4 mg/kg/d every other day.
Low dose: 4 mg/kg/d of
prednisolone, taper to
2 mg/kg/d over 1-2 weeks.
High dose: 5 mg/kg/d of oral
prednisolone from day 5 to 9,
4 mg/kg/d from day 10 to 14,
3 mg/kg/d from day 15 to 19, 2 mg/kg/d
from day 20 to 24, 1 mg/kg/d from
day 25 to 29, then hydrocortisone
2.5 mg/kg twice daily from day 30 to 32,
2.5 mg/kg once daily form day 33 to 35,
latter regarded as physiological)
Low dose: oral prednisolone
2 m/kg/d day 7 to 21, followed by
1 mg/kg/d day 22 to 28
High dose: methylprednisolone
10 mg/kg/d intravenous day 1 to 5
postoperatively, 1 mg/kg/d
p.o. day 6 to 28
High dose: oral prednisolone
4 mg/kgbid on day 7 postoperative
for 2 weeks, then 2 mg/kg/d for 2 weeks,
then 1 mg/kg/d for 2 weeks
High dose: prednisolone
4 mg/kg/d for 3-4 days on the 7th
day postoperatively, then at alternate
days for 1-3 months
High dose: 4 mg/kg/d of
intravenous methyl prednisolone
for 3 days oral prednisolone 4 mg/kg/d
qod with tapers lasting 18-30 weeks
Low dose: 1 mg/kg/d of
intravenous dexamethasone for
3 days with tapers lasting 1 week
High dose group 1: 20 mg/kg/d
of intravenous prednisolone taper of
15, 10, 5, 2 mg/kg/d, every 3 days
starting on day postoperative 7 days,
each time the stools began to turn pale,
the protocol was restarted at 20 mg/kg/d.
High dose group 2: 20 mg/kg/d of
intravenous prednisolone taper of
15, 10, 5, 2 mg/kg/d, every 3 days
(each dose) starting on day
postoperative 7 days.
Low dose: 6 mg/kg/d of intravenous
prednisolone taper of 4, 2 mg/kg/d,
every 3 days (each dose) starting on
day postoperative 7 days.
High dose: intravenous
methylprednisolone (taper of
10, 8, 6, 5, 4, 3, 2 mg/kg/d) followed by
8 to 12 weeks of 2 mg/kg/d of
prednisone

97

Other
adjuvants
Not available

Cefoperazone,
cefradine,
ursodeoxychlic
acid

36
80.625

Not available

37
91.25

98

170.8

>247

Cefotaxime,
cefaclor,
ursodeoxycholic
Acid
Not available

Antibiotics, oral
cotrimoxazole,
ursodeoxycholic
Acid,vitamins A,
D, E and K
Antibiotics,
UDCA
Fat-soluble
vitamin

<43
>156

Aminogly
coside,
cephalosporin

156

36

298.75

Ursodeoxycholic
acid, ampicillin,
gentamicin,
trimethoprim/
sulfamethoxazole
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Figure 1

Flowchart of study selection.

Figure 2 Forest plot showing results for the meta-analysis of the clearance rates of jaundice
among infants with biliary atresia who underwent Kasai portoenterostomy and did high-dose steroids
vs did low-dose steroids or did not receive adjunct postoperative steroids. CI, confidence interval.
The first group: high-dose steroids vs non-steroid; The second group: high-dose steroids vs lowdose steroids.

Dong et al

Figure 3
Forest plot showing results for the meta-analysis of the cholangitis among infants with biliary
atresia who underwent Kasai portoenterostomy and did high-dose steroids vs did not receive adjunct postoperative
steroids. CI, confidence interval.

Figure 4
Forest plot showing results for the meta-analysis of the survival rates with native liver among
infants with biliary atresia who underwent Kasai portoenterostomy and did high-dose steroids vs did not receive
adjunct postoperative steroids. CI, confidence interval.
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Figure 5. Results of sensitivity analysis examining the influence of individual studies on pooled estimates as
determined using the leave-one-out approach: (A) Clearance rate of jaundice; (B) Cholangitis rate; (C) Survival rates
with native liver. Cholangitis rate. CI, confidence interval.
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Publication Bias

Egger's publication bias plot was performed to assess
the publication bias of the literature. The symmetrical
Egger's plots provided no evidence for publication bias in
the total studies for the clearance rates of jaundice (t=0.400,
P=0.695) (Figure 6), for cholangitis rates (t=0.200, P=0.863)
and for survival rates with native liver (t=1.820, P=0.167).

Discussion
Postoperative steroids as an important adjunct regimens
were used to treat infants with BA after Kasai
portoenterostomy, high-dose steroid protocols showed a
beneficial efficacy of reducing serum bilirubin, improving
liver function and cholangitis, and increasing survival rates
with native liver.20,25-27 Some studies, however, reported
that high-dose steroids did not improve the outcomes of
BA infants after portoenterostomy. 21-22 There is no a
systemic review and meta-analysis to support the efficacy
of high-dose steroids. Additionally, there still existed the
lack of consistency between these studies in the types of
steroids given, the duration of treatment, or the dosage of
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high and low-dose steroids. Our present meta-analysis
includes nine studies and 948 infants with BA. For the first
time, we used the "prednisolone" as the only standard of
the steroids and further defined the cumulative dosage of
prednisolone over 80 mg/kg throughout the total treatment
courses as the standard of high-dose steroids and the
cumulative dosage of prednisolone less than 43 mg/kg
throughout the total treatment courses as the standard of
low-dose steroids in our meta-analysis. We examined the
effects of high-dose steroids on the important indicators
after portoenterostomy compared with low-dose steroids
or non-steroid so that we can support the sufficient
evidences for clinical treatment.
The results of our meta-analysis suggest that high-dose
steroids (the cumulative dosage of prednisolone over
80 mg/kg) after portoenterostomy provide a beneficial
effect on the clearance rates of jaundice at a follow up of
6 months compared with low-dose steroid (the cumulative
dosage of prednisolone less than 43 mg/kg) or non-steroid
group. Overall, high-dose steroids after portoenterostomy
showed a beneficial efficacy of improving the clearance
rates of jaundice at a follow up of 6 months compared
with low-dose steroids and non-steroid. Subsequent

Figure 6. Egger's publication bias plot for the results of clearance rates of jaundice and did high-dose steroids vs did
low-dose steroids or did not receive adjunct postoperative steroids. Egger's publication bias test result (P=0.695).
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sensitivity analysis reveals that the meta-analysis of
clearance rates of jaundice has robustness/reliability. Our
data, however, show the efficacy of high-dose steroids after
Kasai portoenterostomy in the aspect of reducing serum
bilirubin, which is not consistent with those from a
previously published meta-analysis and systematic review
that did not find a significant effect of adjunct postoperative
steroid therapy on normalising serum bilirubin levels.6,16
Four studies reported the effects of high-dose steroids vs
non-steroid regimens on improving the cholangitis rates
at a follow up of 6 months. Our meta-analysis reveals that
high-dose steroids have no significant beneficial effects
on the cholangitis rates at a follow up of 6 months
compared with non-steroid groups (Figure 3). There are
another three papers reported the effects of high-dose
steroids vs low-steroids on improving the cholangitis that
we can't perform a meta-analysis due to the lack of
sufficient data. Total seven studies including five papers
(high-dose steroids vs non-steroid) and two papers (highdose steroids vs low-dose steroids) reported the survival
rates with native liver at a follow up of 12 months. For the
same reason, we performed one meta-analysis to compare
between high-dose steroids with non-steroid. Our metaanalysis reveals that high-dose steroids have no significant
beneficial effects on survival rates with native liver at a
follow up of 12 months compared with non-steroid (Figure
4). Comparison between high-dose and low-dose steroids,
Wang et al reported that high-dose steroids did not improve
the survival rates with native liver at a follow up of 12
months. 22 Additionally, one study by Davenport et al
reported that there was no difference in 1-year and 4-year
native liver survival rates between high-dose steroids (86%
and 56%) and low-dose steroids (72% and 50%).26 Another
study reported by Dong et al showed that two-year survival
rate with native liver in the high-dose steroid group was
much higher than that in the low-dose steroid group (53%
vs 38%, P<0.01).20 As such, we suggest that more studies
are needed to fully evaluate the survival rates with native
liver between high vs low-dose steroids.
Due to a limitation on number of literature, we should
consider all factors interfering with our results. Firstly,
Our meta-analysis includes nine studies and 948 infants
with BA. More clinical trials with a large sample size are
needed because insufficient number of samples possibly
affect the objectivity and authenticity of the results.
Secondly, different study design affects the reliability of
the results. Although our publication bias assessment of
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all studies did not provide the evidences for publication
bias in the publications, total nine studies including six
studies in our meta-analysis were retrospective and
therefore may have varying degrees of bias inherent with
the design. Only three randomised controlled trials further
elucidate the efficacy of high vs low-dose steroids or nonsteroid after Kasai portoenterostomy. Therefore, more
randomised, double-blind, multicentre trials are needed.
Thirdly, although we used the "prednisolone" as the an
unified standard of the steroids in this study, there still
exist differences in half-life and bioavailability among
different types of the steroids. Therefore this study may
have varying degrees of bias inherent. Fourthly, there was
obvious heterogeneity between the studies, for example,
the effects of high-dose steroids vs non-steroid on native
liver survival rates. Further, in several studies, high-dose
steroid regimens were not standardised resulting in withinstudy heterogeneity, which affected the outcomes of our
meta-analysis. Therefore, well-designed prospective
studies, especially randomised controlled trials, are needed
to explain the important efficacy of high-dose steroids after
Kasai portoenterostomy. Finally, not every research result
in all the studies was the outcome of interest. As such, the
results of our meta-analysis were partially limited by the
availability of data.
Our results in this meta-analysis suggest that high-dose
steroids (the cumulative dosage of prednisolone over
80 mg/kg) after Kasai portoenterostomy for BA may
significantly improve the clearance rates of jaundice at a
follow up of 6 months compared with low-dose steroid
and non-steroid regimens and can not improve the
cholangitis at a follow up of 6 months and the survival
rates with native liver at a follow up of 12 months compared
with non-steroid regimens. Given that adjunct steroids will
undoubtedly continue to be routinely prescribed, we
recommend to use high-dose steroid regimens (the
cumulative dosage of prednisolone over 80 mg/kg) after
Kasai portoenterostomy and further conduct more welldesigned prospective clinical controlled trials with a larger
sample size to provide more definite evidences to support
the application of high-dose steroid protocols.
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Case Report
The First Case of TNNT3 Related Distal Arthrogryposis
Type 2B in Hong Kong
MKY MOK, PT YU, HM LUK

Abstract

Distal Arthrogryposis (DA), is a group of ten (DA1-DA10) rare, clinically and genetically heterogeneous
autosomal dominant disorders primarily characterised by non-progressive congenital contractures of the
distal limb joints without a neuromuscular disease. Among the ten subtypes, DA Type 2B (DA2B), known
as Sheldon-Hall syndrome is considered to be the most common manifesting camptodactyly, talipes
equinovarus, ulnar deviation of fingers, triangular face, small chin and short stature. However, individuals
with a mutation in TNNI2, TNNT3, or MYH3 have phenotypes that can hardly be distinguished from one
another. Here we have reported the first molecularly confirmed TNNT3 related distal arthrogryposis
family in Hong Kong. The clinical phenotype and underlying mechanism have also been discussed.

Key words

Distal arthrogryposis 2B; Sheldon-Hall syndrome; TNNT3

Introduction
Arthrogryposis is a group of rare syndromes involving
congenital, non-progressive contractures in two or more
joints in different body areas,1 subsequent to pathological
basis such as recognisable genetic disorders, environmental
insult or exposure to a teratogen. Distal Arthrogryposis
(DA) is characterised as an autosomal dominant disorder
of arthrogryposis with congenital contractures of distal
limb joints. According to Bamshad's diagnostic criteria,2
DA is diagnosed based on more than two clinical
characteristics: (1) a consistent pattern of distal joint
involvements (2) limited proximal joint involvement (3)
an autosomal dominant inheritance pattern (4) reduced

penetrance and (5) variable expressivity. DA patients may
commonly exhibit camptodactyly, ulnar deviation, talipes
equinovarus, absent flexion finger creases, scoliosis or
congenital hip dislocation and stiff elbows.3 Up to date,
ten different types of DA have been classified according
to proportion of features they share with one another,2
where only less than 100 cases of DA2 have ever been
reported, the epidemiological data for prevalence,
penetrance and expressivity remains uncertain in literature.
Herein, we presented a case of a Chinese family with
dominant TNNT3 mutation clinically diagnosed with Distal
Arthrogryposis Type 2B (DA2B), to provide more clues
on genotype-phenotype correlations.
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A full-term new-born Chinese baby boy was referred
from the Department of Obstetrics and Gynaecology of a
public hospital in October 2006 for Arthrogryposis
Multiplex Congenita involving left rigid talipes
equinovarus, right rocker-bottom foot with calcaneal
deformity. It was noted that the baby had a strong maternal
family history of multiple joint deformities involving eight
affected family members over five generations (Figure 1).
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The proband was initially presented with right inguinal
hernia, right torticollis, both hands with flexion deformity
at proximal interphalangeal joints and incomplete flexion
at distal interphalangeal joints, ulnar deviation of fingers
and single transverse palm creases (Figure 2a). He also
had a right rocker-bottom foot with talipes equinovarus
and a cast on his left foot (Figure 2b). There was no
dysmorphic facial feature and the neurological examination

Figure 1

Pedigree of the family.

was normal. He had undergone multiple corrective surgeries
for his inguinal hernia and distal joint deformities since
the age of 2. There are multiple family members affected,
yet the clinical features are highly variable. His mother
had no feet contractures but had torticollis in childhood,
presented with mild facial asymmetry, only index and
middle fingers of her left hand showed flexion contractures
at proximal interphalangeal joints and incomplete flexion
at distal interphalangeal joints (Figure 2c). His maternal
grandmother presented likewise with similar yet even
milder contractures at both hands only and had no facial
asymmetry. However, the detailed clinical features of other
affected family members were not available.
Based on the clinical manifestations of multiple nonprogressive distal joint contractures and a strong positive
family history, the diagnosis of DA could be clinically
ascertained according to Bamshad's criteria. 2 Blood
samples were collected from the boy and his mother in
February 2017 for gene panel testing that included CHRNG,
MYH3, TNNI2, TNNT3, TPM2 genes. The coding and splice
site junction (+/-10bp) of the above genes were captured

(a)

(b)

(c)

Figure 2
Distal joint contractures of the family. (a) Proband presented with bilateral flexion deformity at distal joints and ulnar deviation of
fingers; (b) Proband's right rocker-bottom foot with talipes equinovarus; (c) Proband's mother presented with similar flexion contractures,
most severe at index and middle fingers of her left hand.
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and simultaneously sequencing by massively parallel
sequencing on Illumina platform (MiSeq). The sequencing
reads were then assembled and aligned to reference gene
sequences based on human genome build GRCh37/USCS
hg19. Variants were being called by Helicube
bioinformatics analysis. All potential likely pathogenic or
pathogenic variants were further confirmed by Sanger
capillary sequencing. As a result, a heterogenous missense
variant c.188G>A (p.Arg63His) in TNNT3{NM_006757.3}
gene was detected in both proband and his mother. This
variant is a reported pathogenic variant in a disease database
ClinVar and not present in population databases like ExAC
and gnomAD. By the American College of Medical
Genetics and Genomics (ACMG) guideline which provided
interpretative categories of sequence variants, it is
classified as pathogenic, thus the molecular diagnosis of
TNNT3 related Distal arthrogryposis 2B [OMIM 601680]
was substantiated.

Electronic-Database Information
Disease databases – primarily contain variants found in
patients with disease and assessment of variants'
pathogenicity:
• ClinVar, http://www.ncbi.nlm.nih.gov/clinvar/, a
disease database of assertions about the clinical
significance and phenotype relationship of human
variations.
Population databases – generally contain frequencies
of variants in large populations:
• Exome Aggregation Consortium (ExAD), http://exac.
broadinstitute.org/, a population database of variants
found during exome sequencing of 60,706 unrelated
individuals sequenced as part of various diseasespecific and population genetic studies, where
paediatric disease subjects and related individuals
were excluded.
• Genome Aggregation Database (gnomAD), http://
gnomad.broadinstitute.org/, a similar population
database with newer and larger size of datasets i.e.
125,748 exome sequences and 15,708 wholegenome sequences from unrelated individuals
sequenced as part of various disease-specific and
population genetic studies.

Discussion
Arthrogryposis, a rare condition with incidence of
1/3000 pregnancies, 4 has over 400 different specific
conditions recognised and over 320 genes implicated over
the past 40 years.1 In Hall's review,5 only 28% found to
have genetic cause, the rest remained either unknown or
attributed to environmental insult. Given the phenotypic
variability, it has been classified into three groups 5
(i) primary limb involvement; (ii) limb involvement plus
other malformations or anomalies; and (iii) limb
involvement plus central nervous system dysfunction and
mental retardation.
Upon unremarkable neurological examination without
extra-articular involvement, our patient was suspected to
have group 1 of arthrogryposis. Though epidemiological
data indicates that amyoplasia congenita is the most
classical form of arthrogryposis with sporadically
occurring pattern,1 the strong family history of our patient
involving only multiple joint contractures without any
neurological disorders, directed the cause to DA, which
is as well the second most common form of arthrogryposis
with an incidence of around 1/20,000 live births.3
Concerning the gene ontology of DA, mutations in genes
that lead to sarcomeric protein or connective tissue
dysfunction, such as TNNI2, TNNT3, TPM2, MYH3, and
MYH8 genes that encode components of the contractile
apparatus of fast-twitch myofibres or MYBPC1 gene that
encodes myosin-binding protein C1 of slow-twitch
myofibres or fibrillin gene FBN2, can all cause DA. 3
Among which, TNNT3 gene mutation found in our patient
was newly considered as a positional and functional
candidate for causing multiple congenital contractures.6
According to last update in October 2019 by NCBI gene
(https://www.ncbi.nlm.nih.gov/gene/7140), TNNT3 is
located on chromosome 11p15.5 containing 22 exons and
it encodes the fast-twitch skeletal muscle isoform of
troponin T,6 which forms part of the contractile apparatus
of fast twitch myofibres by interacting with actomyosin
ATPase inhibitory subunit troponin I, calcium binding
subunit troponin C, tropomyosin and actin, to regulate
muscle contraction and relaxation. TNNT3 was later found
to play a role in nuclear localisation of calcium channel
Cavβ1a subunit in skeletal muscle in the early
differentiation of muscle progenitor cells.7 In experimental
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functional study, the mutation in our family with the
substitution of the 63rd codon with Arginine to Histidine,
leading to a gain of function with increased ATPase activity
that disturbed troponin T's interaction with tropomyosin,
which increased calcium sensitivity in the skeletal muscle
and consequently muscle contractility, thus further caused
the development of contractures.6
So far, only few pathogenic mutations of fast skeletal
muscle TnT gene (TNNT3) have ever been reported,8,9 most
were clinically diagnosed as DA2B, yet exhibited wide intrafamilial phenotypic variability and spectrum of clinical
expressions, suggesting reduced penetration of pathogenic
mutations. The observation that DA2B can be caused by
mutations in either TNNI2 or TNNT3 confirms that DA2B
is genetically heterogeneous.6 Although the cause of DA2B
can be distinguished by direct genetic testing of TNNT3
and TNNI2, there is no strict genotype-phenotype
correlations for distinguishing subtypes clinically. TNNT3
gene has been conventionally mapped to cause DA2B, yet
a study revealed that a TNNT3 gene mutation is also able
to cause DA1,10 proposing that DA1 and DA2B may be
regarded as a continuum of increasingly severe forms of
myopathy. As the diagnosis of DA2B depends on the
presence of non-limb findings and calcaneovalgus
deformities,10 our patient could be clinically classified as
DA2B with facial and shoulder asymmetry, mild right
ptosis, torticollis and right foot calcaneal deformity.
However, ptosis, torticollis and inguinal hernia observed
in our patient have rarely been reported in cases of TNNT3
mutation, therefore we have expanded the phenotypic
manifestations for TNNT3 related disease.
The management for DA is mainly supportive care.
Early intervention with occupational and physical
therapy, serial casting or surgery would all help optimise
the quality of life. Given the extreme spectrum of
phenotypic expressivity, parental testing even in the
absence of significant symptoms should be considered
for reproductive risk assessment.

Conclusion
We have reported the first case of TNNT3 related DA
family in Hong Kong. This highlights the clinical approach
and importance of genetic testing in management of
arthrogryposis.
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Case Report
Two Cases of Neonatal Graves' Disease Illustrating the
Role of Thyrotropin-receptor Antibody (TRAb) as a
Diagnostic and Surveillance Marker
FLY CHAN, KL NG, TKC TSUI

Abstract

Neonatal Graves' disease is an important but rare neonatal condition. We report two cases of neonatal
Graves' disease with drastically different clinical manifestations. These cases highlight the importance of
accurate history taking in pregnant patients and demonstrates the clinical utility of thyrotropin-receptor
antibody (TRAb) as a predictor of neonatal hyperthyroidism.

Key words

Anti-TSHR; Graves' disease; Hyperthyroidism; Neonatal thyrotoxicosis; TRAb

Introduction

Case Report

Neonatal Graves' disease results from the maternal
transfer of thyrotropin-receptor antibodies (TRAbs) to the
foetus during the second half of pregnancy. TRAbs are
heterogeneous in terms of their molecular and functional
properties. They can be classified into different subclasses:
stimulating (TSAbs), blocking (TBAbs), or neutral
(N-TRAbs).1 The relative proportion of stimulating and
blocking activities in the maternal circulation and their
clearance rate from the neonatal circulation determine the
severity of symptoms and the timing of disease onset.

Case 1: Our first patient was a premature female infant
born in June 2016. The baby's mother was a 26-year-old
primigravida who did not receive antenatal medical care.
She was admitted for rupture of membranes at 30 weeks'
gestation when she was diagnosed with Graves'
thyrotoxicosis. Her serum TRAb level was >40 IU/L
(Reference range: <1 IU/L). She was started on
propylthiouracil (PTU) and propranolol. She delivered her
baby two days after admission. Her baby weighed 1330
grams and required respiratory support at birth. She had
triangular facies and bilateral exophthalmos, without the
presence of goitre. Developmental maturity was estimated
to be 36-38 weeks by the New Ballard score. Knee
radiographs showed ossification of both distal femoral
epiphysis and proximal tibial epiphysis, indicating the baby
reached full term maturity, which likely resulted from
thyrotoxicosis due to uncontrolled maternal Graves'
disease.
During the first few days of life, the baby remained
euthyroid. Serum TSH level was suppressed at <0.01 mIU/L
(Reference range: 0.70-15.2 mIU/L) and fT4 level was
normal. The baby remained stable on the subsequent
few days. On day 9, the baby developed tachycardia,
tachypnoea and excessive irritability. Serum fT4 was
>100 pmol/L (Reference range: 11.5-28.3 pmol/L).
Thyrotoxicosis was diagnosed and antithyroid treatment was
started right away. PTU was commenced at a dose of

Department of Paediatrics and Adolescent Medicine, United
Christian Hospital, 130 Hip Wo Street, Kwun Tong,
Kowloon, Hong Kong SAR
FLY CHAN
KL NG

MRCPCH, FHKCPaed, FHKAM(Paed)
FRCP, FRCPCH, FHKAM(Paed)

Department of Chemical Pathology, Prince of Wales
Hospital, 30-32 Ngan Shing Street, Shatin, N.T., Hong
Kong SAR
TKC TSUI

MRCP(UK), FRCPA, FHKCPath

Correspondence to: Dr FLY CHAN
Email: cly065@ha.org.hk
Received September 28, 2019

Chan et al

237

5 mg/kg/day. Propranolol and Lugol's solution were also
given. The baby's symptoms resolved with treatment. Her
thyroid function returned to normal upon stepwise
adjustment of PTU. All medications were discontinued on
day 65. The serum thyrotropin-receptor antibody (TRAb)
level also decreased gradually with time (Figure 1). The
baby had satisfactory weight gain after treatment and was
discharged from the hospital at one and a half months old.
Case 2: Our second patient was a full-term female infant
born in January 2017. The baby's mother was a 31-yearold primigravida with a history of autoimmune
thyrotoxicosis. She received two courses of radioactive
iodine (RAI) treatment in 2014 and 2015 respectively and
was on regular thyroxine replacement. Maternal thyroid
function and foetal ultrasound surveillance were normal

Figure 1

Serum fT4 and TRAb levels in case 1 and case 2 infant.

throughout pregnancy. TRAb test was not done during the
antenatal period. She delivered her baby girl at 38 weeks'
gestation. The baby weighed 2680 grams and was born in
good condition. She had no goitre and was euthyroid. Cord
blood showed mildly elevated fT4 at 38.47 pmol/L
(Reference range: 11.5-28.3 pmol/L) and suppressed
thyroid stimulating hormone (TSH) at <0.01 mIU/L
(Reference range: 0.72-11.0 mIU/L). These blood tests
results were not available initially because of a long
turnaround time.
During the first 5 days of life, the infant remained
asymptomatic. However, thyroid function test on day 6
showed biochemical evidence of thyrotoxicosis. Serum
fT4 level was >100 pmol/L (Reference range: 11.0-32.0
pmol/L). Antithyroid treatment was started on day 7. PTU
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was given at a dose of 5 mg/kg/day, together with
propranolol and Lugol's solution. Serum fT4 level returned
to normal on day 9 and TSH level normalised on day 15.
The baby was discharged from special care baby unit on
day 26. The dosage of PTU was tapered and discontinued
on day 36. All along the baby did not exhibit any clinical
sign of thyrotoxicosis. The corresponding maternal TRAb
level on day 21 was 4.6 IU/L. (Reference range: <1 IU/L).

Discussion
Severity of Disease

Previous studies have shown a strong correlation
between maternal and neonatal TRAb levels.2,3 This could
be reflected on the postnatal course of our infants. Both
infants developed thyrotoxicosis with high fT4 yet they
presented with different clinical pictures. This can be
attributed to different end organ responses to thyroxine in
different individuals. Figure 1 shows that both infants' fT4
levels fluctuated after the start of PTU treatment. The first
infant's fT4 dropped to 3.8 pmol/L (Reference range:
11.5-28.3 pmol/L) on day 23 as a result of overtreatment.
Overdosing of antithyroid drugs occurs not uncommonly
in neonates where dose titration is especially difficult.
Timing of Disease Onset

Infants born to mothers with Graves' disease can present
at different times after birth. This depends on the
metabolism of maternal antithyroid drugs (ATD) and the
relative clearance of TRAb functional subclasses from the
infant's body. The first infant was asymptomatic on the first
few days of life because of the effects of maternal
antithyroid ATD. Since ATD were metabolised faster than
TRAbs,4 the infant ultimately became hyperthyroid. On the
other hand, the second case demonstrates that even without
the effects of ATD, the onset of neonatal Graves' disease
could be delayed, owing to the more rapid clearance of
TBAbs than TSAbs in the infant's circulation. Delayed
presentation of up to 45 days has been reported in the
literature.5
Antenatal Screening

Conventionally tested thyroglobulin antibodies and antithyroid peroxidase antibodies during pregnancy are not
related to the pathophysiology of neonatal Graves' disease.
Instead, it is the transplacental transfer of TRAbs that causes
neonatal hyperthyroidism or hypothyroidism. TRAb,
therefore, is both a pathogenic and diagnostic hallmark for

neonatal Graves' disease. Testing of TRAb is particularly
useful to identify pregnant women who have treated
autoimmune thyroid disease and who remain euthyroid
during pregnancy. TRAb levels can remain elevated after
definitive antithyroid treatment in spite of normal thyroid
status. 6,7 As illustrated in our second case, the mother
continued to harbour a significant level of serum TRAb
even though she had received RAI treatment before. This
could be explained by the escape of the autoreactive T cells
and the shed A-subunit of TSH receptor in the circulation.
Laurberg et al reported that TRAb levels continued to be
elevated in 40% of patients five years after RAI
treatment.7
Testing of maternal TRAb level can predict the
development of neonatal Graves' disease. A maternal TRAb
value >5 IU/L or 3 times the ULN of the second-generation
assay has been proposed as a cut-off value to identify highrisk cases. 3,8 The American Thyroid Association
recommends maternal TRAb testing in selected patients
as shown in Table 1.4 No further testing is required if the
initial TRAb level is below the reference range, as a
negative TRAb has a high negative predictive value of
neonatal Graves' disease.3,4,8
Postnatal Surveillance

Determining TRAb level of the infant from the cord
blood or immediately after birth could help identify infants
at risk of neonatal Graves' disease. As neonatal
thyrotoxicosis can develop acutely, parents of high-risk
infants should be educated about the symptoms of
thyrotoxicosis. In our first infant, there was a sudden onset
of symptoms on day 9. In our second infant who only had
biochemical thyrotoxicosis, there was also a very rapid
rise of serum fT4 level from 32.3 pmol/L to >100 pmol/L
(Reference range: 11.5-28.3 pmol/L) within a day. In fact,
the suppressed cord blood TSH in both infants predicted
the subsequent development of thyrotoxicosis. Therefore
it would be ideal to have readily available in-house
measurements of TSH to help pick up these suspected
cases quickly.
Table 1

Indications for ordering a TRAb test in pregnant women

(a) History of thyroidectomy for the treatment of hyperthyroidism
in pregnancy
(b) Untreated or antithyroid drug-treated hyperthyroidism in
pregnancy
(c) History of Graves' disease with past treatment with radioactive
iodine or surgery
(d) History of delivering an infant with hyperthyroidism

Chan et al

Currently, there is no consensus on the optimal followup interval of high-risk infants. However, close surveillance
of the biochemical and clinical thyroid status is important
even if the infants are asymptomatic at birth. A literaturebased review by van der Kaay et al recommends testing
TRAb in high-risk infants' cord blood, with monitoring of
thyroid function on day 3-5 and day 10-14 respectively,
followed by outpatient follow-up till 2 to 3 months old.2
On the other hand, infants with a negative test could be
discharged from follow-up.2 A French recommendation
also advocates testing of TRAb in high-risk neonates as
part of the postnatal management.9 Presently, TRAb testing
is not widely available in Hong Kong because of resources
limitation. This has become a major obstacle for local
clinicians to adopt the recommendations from international
guidelines.

Conclusion
There are a few clinical pearls presented in our cases.
Firstly, the severity and time of onset of neonatal Graves'
disease are highly variable. Parents should be counselled
on the possibility of a delayed but acute onset of the
disease. Secondly, past medical history of thyroid problems
in all pregnant women should be accurately ascertained.
Finally, TRAb testing should be advocated in selected
pregnant women and infants as it has an important
implication on Graves' disease identification and
management.
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Case Report
If You See a Round Density on Chest X-ray in a Cyanotic
Child, Suspect Pulmonary Arteriovenous Malformation
AE BA

ARAN,

F KARDELEN, G ARSLAN, A B NGöL

Abstract

We reported a 15-month-old infant who presented with dyspnoea and cyanosis. She was hospitalised
with the diagnosis of bronchopneumonia but the patient showed no clinical improvement with antibiotic
treatment. There was persistent cyanosis and there was progressive radiological change on anteriorposterior chest X-ray (CXR) during follow-up. A round density was noted on the CXR, tests were performed
to exclude pulmonary arteriovenous malformations (PAVM) and the diagnosis was made. Transcatheter
embolisation of the pulmonary arteriovenous malformation was performed with an Amplatzer Vascular
Plug. In patients with suspected pneumonia resistant to treatment, presence of round or oval density on
CXR should raise the suspicion of PAVM.

Key words

Cyanosis; Pulmonary arteriovenous malformation; Round density

Introduction
Pulmonary arteriovenous malformations (PAVM), are
abnormal direct connections between the pulmonary artery
and pulmonary veins, which can cause right to left shunt.1
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They are also known as pulmonary arteriovenous fistula,
aneurysm, pulmonary angioma, cavernous haemangioma or
telengiectasis.2 The incidence in the general population is
estimated to be 2-3/100,000. The majority of cases are
seen in the 5th-6th decades of life, and only 10% are seen
in children.1 We reported a paediatric patient who presented
with dyspnoea and cyanosis, unresponsive to the treatment
for pneumonia, and during follow-up PAVM was diagnosed.

Case Report
A 15-month-old female infant presented at another
centre with shortness of breath and cyanosis, was referred
to our hospital with the presumptive diagnosis of
congenital heart disease and bronchopneumonia. On
admission, the patient had intermittent cough and was
afebrile. Respiratory rate was 35/min and saturation was
80%. Air entry were reduced in the basal region of right
lung with no rales nor rhonchi. There was no finger
clubbing nor telengiectasis. Congenital heart disease was
excluded by telecardiography, electrocardiography,
echocardiography and arterial blood gas examination
results.
Haemoglobin was 13.4 g/dL, haematocrit as 40.2, white
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blood cells as 14,900/mm3 (predominantly fragmented),
and C-reactive protein as 3 mg/l. On the anterior-posterior
chest X-ray (CXR), there was infiltration in the inferior
lobe of the right lung (Figure 1a). As the patient showed no
clinical improvement with the initial treatment of
sulbactam ampicillin, with a presumptive diagnosis
bronchopneumonia, this was changed to vancomycin,
meropenem, clarythromycin. The cyanosis continued and
progression was observed on CXR during follow-up (Figure
1b). On thoracic computed tomography (CT), there was an
intense contrast involvement consistent with vascular
malformation, and a dilated pulmonary vein draining to
the left atrium (Figure 1c). Pulmonary angiography was
done and a diagnosis of right PAVM was made (Figure 1d).
Patient was referred to a tertiary referal centre where
transcatheter embolisation of PAVM with an Amplatzer
Vascular Plug was done successfully. After the procedure,
cyanosis resolved, saturation was 97% in room air and the
radiological opacity on the CXR resolved (Figure 1e). On
follow-up examination when the patient was 18 months
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old, parents complained that patient had squint and reduced
vision. Magnetic resonance imaging examination the brain
was normal. However orbita tomography examination
showed a soft tissue density mass with calcification
measuring 1.1x1.1x0.7 cm in the posterolateral of the left
globe. A diagnosis of retinablastoma was made. After 6
cycles of chemotherapy, there was significant shrinking
in the lesion in the posterolateral of the left globe on the
follow-up orbital CT.

Discussion
PAVM is rarely seen in children. The aetiology and
prognosis are not well known. It can be due to congenital
cause, acquired after cardiac surgery (Glenn or Fanton
procedures) hepatic cirrhosis, infections, amyloidosis,
mitral stenosis, chest trauma, and bronchiectasis. PAVMs
may be simple or complex, single or multiple. Eighty
percent of the cases are simple PAVM with a single feeding

Figure 1
(a) Anterior-posterior chest X-ray at the time of presentation; infiltration in the inferior lobe of the right lung.
(b) Radiograph on the 7th day of treatment; increased density in a round form 3-4 cm in diameter in the inferior basal of the right lung.
(c) Thoracic CT; intense contrast involvement consistent with vascular malformation and dilated pulmonary vein draining to the left
atrium. (d) Pulmonary angiography; intense contrast involvement consistent with PAVM and draining vein below.
(e) Follow-up anterior-posterior chest X-ray following the application of Amplatzer Vascular Plug.
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segmental artery and single draining vein. In complex type
there are two or more feeding arteries or draining veins.
PAVM with autosomal dominant Hereditary Haemorrhagic
Telengiectasis is present in 36% of single lesions and 57%
of multiple lesions.3 The diagnosis of HHT could not be
made in this case as there was no family history, epistaxis,
telengiectasis or visceral organ involvement. No other
causes of PAVM could be found. Therefore this is a case
of simple congenital PAVM.
More than half of cases with PAVM are asymptomatic,
and lesions are often dedected by routine CXR. Common
presenting symptoms are listlessness, dyspnoea without
exercise, chest pain, haemoptysis, and recurrent epistaxic
attacks. In the majority of patients (75%) there are no
abnormal physical examination findings. Cyanosis, finger
clubbing, telengiectasis and systolic murmur may be found
in the physical examination. The classic triad of PAVM is
cyanosis, finger clubbing and polycythemia, but this is
only present in 20% of cases. Our patient presented with
cyanosis without any finger clubbing, telengiectasis and
heart murmur.
With increasing age, necrosis may be seen in the vessel
wall as a result of progressive growth in the PAVM. This
may cause an increase in the amount of shunting or
haemorrhage. In addition, these lesions are associated with
several life-threatening complications which include heart
failure, stroke, cerebral abscess, pulmonary haemorrhage,
haemothorax, and rupture. These complications can
develop at any age regardless of the lesion size.1 The patient
did not have any the above complications. Interestingly,
retinablastoma was diagnosed during follow-up of the
patient.
The diagnosis of PAVM is made through a combination
of clinical presentation as well as diagnostic imaging tests
such as CXR, thorax CT, transthoracic contrast
echocardiography, and pulmonary angiography. CXR
abnormality is present in approximately 98% of PAVM
cases.1 The classic radiological appearance is a round or
oval shaped opacity often in a lobular patern with sharp
borders usually in the inferior lobes and around 1-5 cm in
diameter. 4 This radiological abnormality can lead to a
diagnosis pneumonia or tumour. Alternatively this can
present as parenchymal haemorrhage or atelectasia
associated with bronchi compression. Our patient presented
with cough with no spesific radiological abnormality.
Patient was treated as pneumonia. However patient was
unresponsive to treatment and repeated CXR showed a
round opacity, PAVM was suspected and diagnosis was
made.

Treatment of PAVM can be either endovascular
embolisation therapy or surgical excision. In endovascular
embolisation therapy, embolisation coils or mini-balloons
can be used. Other potential therapy include cryotherapy,
radiotherapy or laser therapy. Although transcatheter
embolisation therapy is frequently used to treat PAVM,
potential problems and complications include persistence
of the lesion, growth of new feeding arteries, migration of
the embolic agent, haemorrhage, tachyarrhythmia,
bradyarrhythmia, air embolisation and pulmonary
hypertension can occur.5 Our patient with suspected PAVM,
CXR, thorax CT and CT-pulmonary angiography were
utilised to further evaluate the lesion. Echocardiography
is performed to exclude pulmonary hypertension. If there
is pulmonary hypertension, significant shunts, giant lesions
involving the whole lobe, renal failure or other specific
conditions. (e.g. intravenous contrast dye allergy, failed
endovascular application), surgical excision is
indicated. 4 Our patient was treated with transcatheter
Amplatzer Vascular Plug and no complications were
observed during the follow-up period.

Conclusion
PAVM can cause significant morbidity and mortality.
Early diagnosis and treatment are important to prevent
complications. In patient with cyanosis resistant to
treatment PAVM should be kept in mind if there is round or
oval opacity seen in CXR.
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Case Report
A Case Report of Congenital Nephrogenic Diabetes
Insipidus with Compound Heterozygous Mutation of
the Aquaporin-2 Gene in a Chinese Male Infant
F CHOI, MT LEUNG, KL NG, TKC TSUI

Abstract

Congenital nephrogenic diabetes insipidus is a rare disorder that affects the kidneys' ability in urine
concentration. Both diagnosis and management of the disease, especially during infancy are challenging.
We report a five-month-old boy with failure to thrive and hypernatraemic dehydration. The diagnosis of
nephrogenic diabetes insipidus was confirmed with water deprivation test and mutation analysis of the
aquaprorin-2 (AQP2) gene. Parental genetic analysis showed that the proband is a compound heterozygote
for two pathogenic AQP2 variants.

Key words
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Introduction

Case Report

Nephrogenic diabetes insipidus (NDI) is an inherited or
acquired disorder in which the kidneys fail to respond to
arginine vasopressin (AVP), resulting in the inability to
concentrate urine. Congenital nephrogenic diabetes
insipidus (CNDI) usually presents in the first year of life
with repeated vomiting, polyuria, polydipsia and failure
to thrive.1,2 Ninety percent of CNDI cases are caused by
mutations of the arginine vasopressin V2 receptor
(AVPR2) gene which are inherited in an X-linked recessive
manner, while less than 10% of cases are accounted by
mutations of the aquaporin-2 (AQP2) gene which have an
autosomal recessive or an autosomal dominant mode of
inheritance.3,4

Case Presentation
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This is a five-month-old boy with a history of
Haemoglobin H disease, presented to us with repeated
regurgitation and failure to thrive. His birth history and
perinatal history were unremarkable. He was noted to have
generalised hypotonia and significant head lag upon
examination. His growth charts revealed decreasing trend
of body weight, body length and head circumference from
50th centile down to 3rd centile.
Investigations

The patient was found to have severe hypernatraemia
with serum sodium level up to 167 mmol/L (Reference
range: 136-145 mmol/L). He was initially treated as
hypernatraemic dehydration with intravenous fluid.
However, the serum sodium level rose to 177 mmol/L. His
serum osmolality was 340 mOsm/kg H2O (Reference range:
275-295 mOsm/kg H 2O) and his urine osmolality was
inappropriately low (132 mOsm/kg H2O). He was also noted
to have high urine output of 12 mL/kg/hr.
Water deprivation test was performed, with the urine
osmolality remaining low at 104 mOsm/kg H2O and the
urine output high despite the administration of DDAVP.
Plasma anti-diuretic hormone was 30.7 pg/ml (ref: 1.013.3 pg/ml). The diagnosis of nephrogenic diabetes
insipidus was biochemically confirmed.
Other investigations, including growth hormone,

AQP2 Mutation Causing Nephrogenic DI

244

cortisol and adrenocorticotropic hormone, and computed
tomography of the brain were unremarkable. Ultrasound
of the kidneys showed mildly prominent right renal pelvis
and calyces, likely related to the polyuric state and
distended urinary bladder.
Genetic Analysis

Genetic testing on AVPR2 gene (OMIM*300538)
detected no pathogenic variant. Subsequent genetic
analysis on AQP2 gene (OMIM*107777) was performed
with DNA extracted from peripheral blood of the patient.
All coding exons and their exon/intron boundaries of at
least 40 nucleotides were sequenced bi-directionally. Two
heterozygous pathogenic AQP2 variants, M_000486.5:
c.3G>T p.? and NM_000486.5:c.140C>T p.(Arg47Val),
were detected, as shown in Figure 1. Compound
heterozygosity was confirmed by genetic testing on the
patient's non-consanguineous parents. His mother was
confirmed to be an unaffected carrier of the former variant,
NM_000486.5:c.3G>T p.?; while his father is an unaffected
carrier of the latter variant, p.(Arg47Val).
Treatment and Follow Up

The patient was put on low renal solute load formula
and required hydrochlorothiazide, amiloride and
indomethacin. His serum sodium level gradually
normalised. Despite these measures, his weight gain
remained fair, gaining only 1.3 kg over six months. He
subsequently underwent surgery for gastrostomy. Upon his
latest visit at 20 months of age, his body weight caught up
to 75th centile and his body height and head circumference
caught up to 10th centile. His development has caught up
to age-appropriate standards.

Discussion
Mutations in the AQP2 gene account for 10% of the
CNDI cases. To date, at least 68 different mutations in the
AQP2 gene causing CNDI have been described. Of these,
most are missense mutations, which are responsible for
recessive CNDI. Both AQP2 variants detected in our patient
were in exon 1 and have been reported in non-Chinese
patients confirmed with CNDI.5,6 To our understanding,
our patient is the first reported case of AQP2-related CNDI
in Hong Kong.
The AQP2 gene is located on chromosome 12q13
and codes for the 271-amino acid AQP2 protein, a
transmembrane protein characterised by six transmembrane
domains connected by five loops and intracellular N- and
C-termini, which is a vasopressin-regulated water channel
at the apical membrane, the principal cells of the collecting
duct. Mutations of AQP2 result in CNDI which is
characterised by the lack of responsiveness of the
collecting duct to the antidiuretic action of vasopressin.4
It has been postulated that the start codon mutation, AQP2
c.3G>T p.?, may lead to abolition of the translation start
site or use of an alternative in-frame initiation codon at
position 46, the second ATG located in exon 1, which would
result in elimination of the entire first and a small part of
the second transmembrane domains of the AQP2 protein.
Mutations located in the first transmembrane domain
leading to improper function of the AQP2 protein have been
reported. 5 Functional study suggested that the AQP2
p.(Arg47Val) missense variant, causes protein misfolding
and endoplasmic reticulum retention, hence retaining 40%
of the water permeability of the wildtype AQP2 protein.6
Many different treatment regimens have been employed

Figure 1
Electropherogram of two heterozygous pathogenic AQP2 variants detected in the proband, (A) NM_000486.5:c.3G>T p.?
and (B) NM_000486.5:c.140C>T p.(Arg47Val). The affected nucleotide is marked by an arrow.
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by paediatricians worldwide in the treatment of CNDI, with
the aim of preventing hypernatraemic dehydration, which
may lead to developmental disability consequently. Current
treatment strategies focus on relieving symptoms by diet
modification and use of various combinations of
medications.
By minimising the osmotic load without compromising
caloric and fluid intake in affected infants can reduce
urinary water loss whilst enabling normal growth and
development.3
Infants who are formula fed usually present earlier than
those who are breastfed as commercial formula is known
to contain higher salt and protein content, which puts
affected infants more susceptible to severe hypernatraemia
and dehydration. Our patient has been formula fed all along
and his symptoms developed since three months of age,
but only presented to us at five months. A low renal solute
load formula was given as recommended by dietitian.
Currently, there is no consensus on a specific regimen
in treating children with CNDI. Different drug
combinations have been reported over the years, most of
which include the use of diuretics. In the Midwest Pediatric
Nephrology Consortium's (MWPNC) study, up to 93%
paediatricians chose thiazides as the main class of drug in
treating patients with NDI.7 Thiazides reduce urine output
by increasing sodium and water reabsorption in the
proximal tubules and delivering less water to the collecting
ducts. However, hypokalaemia often results as a side effect.
Therefore, potassium sparing agents such as amiloride are
commonly used in combination with thiazides to
ameliorate the potassium loss. Other combinations of
medications include non-steroidal anti-inflammatory drugs
(NSAIDs), for example indomethacin. The mechanism by
which NSAIDs reduce water excretion in humans remains
unclear, but it has been reported that the combination
regimen of thiazides with NSAIDs is superior to singledrug therapy.8 Our patient was treated with a combination
of hydrochlorothiazide, amiloride and indomethacin,
which partially reduced his urine output. However, his
weight gain remained unsatisfactory and required insertion
of a gastrostomy which is also the most common
intervention for failure to thrive in the MWPNC study.
Conventional treatment only focuses on symptomatic
treatment but not curative therapies. A possible therapeutic
approach to rescue the plasma membrane expression of
functional misfolded mutant proteins is the use of
chemical chaperones to promote escape from the
endoplasmic reticulum. Since several AQP2 mutations do
not lead to a complete loss of function, different molecules
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able to re-establish proper protein folding have been
analysed. In contrast, for those AQP2 mutations caused by
deletions, insertions, splicing, or rearrangements, it is
impossible to consider this therapeutic option.4 With the
increase in understanding of AQP2 at molecular level, new
treatment strategies may be emerging in the near future.
Therefore, genetic analysis for CNDI patients to confirm
the underlying genotyping is not only important for the
confirmation of the mode of disease inheritance, genetic
counselling and family planning but also have an
implication to the disease management and the potential
use of novel therapeutic agents. It is recommended that all
patients with CNDI should undergo genetic analysis for
AVPR2 or AQP2 for the definitive diagnosis.
In summary, we reported a case of a Chinese male infant
with AQP2-related CNDI who was treated with a
combination of hydrochlorothiazide, amiloride and
indomethacin, and required gastrostomy insertion for
optimal growth and development.
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Clinical Quiz
What is the Diagnosis?
SSW CHENG, IFM LO, HM LUK

The proband is a 15 month old girl. She was born full
term in Hong Kong to a non-consanguineous Chinese
couple. Antenatal checkup was normal. Postnatally, she
had bilateral profound hearing loss detected at newborn
and ear anomalies were noted. She was referred to genetic
clinic for the above. Physical examination at 15 month
old of age revealed short stature (69 cm <3rd) and failure
to thrive (7.845 kg <3rd centile), subtle facial dysmorphism
(mild hypertelorism, depressed nasal bridge and facial
asymmetry), bilateral pre-auricular pits and bilateral neck
sinus with clear discharge. She was on hearing aids. Her

vision and cardiovascular examination was unremarkable.
She had normal renal function and structure by ultrasound.
She had borderline developmental delay. No significant
family history of hearing impairment or renal problem was
noted. The body weight and body height centiles were all
below 3rd centile in subsequent follow up. Subsequent
MRI temporal bone showed bilateral cochlear hypoplasia,
type II incomplete partition anomaly with deficient
cochlear nerve. She had right cochlear implant surgery
subsequently.

Figure
A. Facial profile; B. Right preauricular pit and with hearing aids; C. Neck sinus with clear discharge (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 253-254
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) Feasibility of One-stage Correction for Rectobulbar Anorectal Malformations
1. What is the standard therapy for intermediate imperforate
anus?
a. One-stage correction
b. Three-stage repair
c. Radiation
d. Laxatives
e. No treatment required
2. Which of the followings is not observed for functional
evaluation in this paper?
a. Soiling
b. Constipation
c. Sphincter squeeze
d. Length of fistula
e. Voluntary bowel movements
3. How did the authors diagnose the type of anorectal
malformations?
a. Urethrography
b. Computed tomography
c. Magnetic resonance imaging
d. Colonography from stoma
e. Ultrasound
4. What is the disadvantage of one-stage correction for
intermediate imperforate anus?
a. Need colostomy
b. Can avoid a colostomy
c. Increasing infection
d. Functional prognosis unknown
e. Need multiple operations

5. What is the author's opinion in this paper?
a. Kelly score is useful for evaluating the anorectal
malformations.
b. One-stage correction for recto-bulbar anorectal
malformations is feasible.
c. Three-stage repair is preferable for recto-bulbar
anorectal malformations.
d. Anorectal malformations should not be operated.
e. Operation for anorectal malformations should be done
at 5-6 years of age.

(B) Is Hospital Admission Unnecessary After
Successful Reduction in Paediatric Patients with
Intussusception?
1. What is the USG finding observed in patient with
intussusception?
a. Triangular cord sign
b. Target sign
c. Whirlpool sign
d. Circle sign
e. Double bubble sign
2. A 12-month-old male presents with two episodes of green
emesis, abdominal pain, lethargy and bloody stool.
Which of the following is the most likely diagnosis?
a. Pyloric stenosis
b. Malrotation
c. Intussusception
d. Incarcerated inguinal hernia
e. Acute appendicitis
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3. A 12-month-old male presents with a 1-day history of
abdominal pain, green emesis, lethargy, currant jelly
stool. The physician feels there may be a small palpable
mass in the right upper quadrant but is not certain. What
is the best way to establish the most likely diagnosis?
a. Plain abdominal X-ray
b. Laparoscopy
c. CT of the abdomen
d. Upper GI study with contrast
e. Ultrasound

(C) Laparoscopic Appendicectomy for Complicated
Appendicitis in Children: A Retrospective Study

4. A 19-month-old male presents with a 2-day history of
abdominal pain, green emesis, lethargy, and bloody
stool. Infant is ill appearing. Physical exam reveals
abdominal distention, direct & rebound tenderness on
abdomen. Ultrasound demonstrated target sign. What is
the best treatment?
a. CT of the abdomen
b. Fluid resuscitation
c. Hydrostatic reduction
d. Surgical intervention
e. Broad-spectrum antibiotic and blood cultures

2. Who are most likely to develop acute appendicitis
perforation?
a. The aged
b. Children
c. Pregnant woman
d. Adults
e. People with immunodeficiency

5. A 10-month-old male present with a 4-hour history of
abdominal pain, green emesis. On examination, the
infant is healthy appearing. Physical exam reveals no
abdominal distension or tenderness. Ultrasound
demonstrated target sign. What is the next step in
management?
a. CT of the abdomen
b. Fluid resuscitation
c. Hydrostatic reduction
d. Surgical intervention
e. Broad-spectrum antibiotic and blood cultures

1. What is the most common complication of acute
appendicitis?
a. Appendiceal perforated peritonitis
b. Pylephlebitis
c. Subphrenic abscess
d. Pelvic abscess
e. Intestinal abscess

3. In who does appendicitis develop quickly, is prone to
perforation and has a high mortality rate?
a. Children
b. The aged
c. Pregnant woman
d. Adults
e. Cancer patients
4. Which is the most typical clinical manifestation of acute
appendicitis?
a. Paroxysmal right lower abdominal pain
b. Psoas test positive
c. Pyrexia
d. Metastatic right lower abdominal pain
e. Nausea and vomiting
5. What is the main cause of perforated appendix?
a. Obstruction of the appendix cavity
b. The wall of the appendix is pinched by the bezoar
c. Bacterial infection
d. Lymphatic obstruction
e. Immunodeficiency
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(D) Efficacy of Postoperative High-dose Steroids
in Infants with Biliary Atresia: A Meta Analysis
1. Which of the following operations is the surgical
treatment of biliary atresia?
a. Kasai portoenterostomy
b. Liver transplanation
c. Cholecystectomy
d. A+B
e. B+C
2. W h i c h a r e t h e c o m p l i c a t i o n s a f t e r K a s a i
portoenterostomy in infants with biliary atresia?
a. Damage of liver function
b. Biliary cirrhosis
c. Jaundice
d. Cholangitis
e. All of the above

4. Which of the following steroids can be used as adjuvant
therapy after Kasai portoenterostomy in infants with
biliary atresia?
a. Prednisolone
b. hydrocortisone
c. Dexamethasone
d. Methylprednisolone
e. All of the above
5. How much dose of prednisone can improve the clearance
rates of jaundice at a follow up of 6 months after Kasai
portoenterostomy?
a. Over 10 mg/kg
b. Over 20 mg/kg
c. Over 40 mg/kg
d. Over 60 mg/kg
e. Over 80 mg/kg

3. What are the treatment methods for cholangitis after Kasai
portoenterostomy in infants with biliary atresia?
a. Antibiotics
b. Steroids
c. Vitamins
d. Ursodeoxycholic acid
e. All of the above

Answers of July issue 2020
(A)

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

(C)

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

(B)

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

(D)

1. b; 2. a; 3. c; 4. d; 5. b
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CLINICAL QUIZ (p246) ANSWER
What is the diagnosis?
The clinical features of this child (bilateral profound hearing loss, bilateral preauricular pits, neck sinus with
discharge and facial asymmetry) were compatible with Branchio-otorenal Spectrum Disorder (BORSD). Under this
umbrella entity, it contains two phenotypes: Branchiootorenal (BOR) syndrome and Branchiootic syndrome (BOS).
In view of absence of renal involvement, our patient is likely suffering from BOS. She attended the genetic clinic at
15 months of age, we performed hearing impairment panel on her. Genetic analysis confirmed she had heterozygous
missense variants NM_005982.3(SIX1)c. 517A>C p.(Lys173Gln). Parental testing showed the variant was de novo.
This variant is not present in normal population genomic database (ExAC and gnomAD). A different amino acid
change (Lys173Asp) in the same codon has been reported in literature with Branchiootic syndrome phenotype. Insilico computation program predicted this variant to be deleterious. Together with denovo change, this variant is
classified as likely pathogenic according to ACMG guideline.1 SIX1 gene [OMIM*601205] is associated with
Branchiootic syndrome 3 [OMIM #608389] which is inherited in autosomal dominant manner.
Branchio-otorenal spectrum disorder (BORSD) is characterised by malformations of the outer, middle, and inner
ear together with conductive, sensorineural, or mixed hearing impairment, branchial fistulae and cysts, and renal
malformations ranging from mild renal hypoplasia to renal agenesis. Prevalence of BORSD is not known. Previous
studies predicted the prevalence may range from 1 in 40,000 to 1 in 70,000 but may be subjected to ethnic group
difference.2,3 The clinical presentation is heterogeneous. Extreme variability can be observed in the presence, severity,
and type of branchial arch, otologic, audiologic, and renal abnormality from right side to left side in an affected
individual and among other affected family members.4

How is the clinical diagnosis established in BORSD?
The diagnosis of BORSD relies on clinical suspicion and pattern recognition. Major and minor diagnostic criteria
for Branchiootorenal Spectrum Disorder were shown below Table:5
Major Criteria

Minor Criteria

Second branchial arch anomalies
Deafness
Preauricular pits
Renal anomalies

External auditory canal anomalies
Middle ear anomalies
Inner ear anomalies
Preauricular tags
Other: facial asymmetry, palatal abnormalities

Second branchial arch anomalies include branchial cleft sinus tract which may appear as a pinpoint opening anterior
to sternocleidomastoid muscle (usually in lower third of the neck) and branchial cleft cyst. Middle ear anomalies
include malformation, malposition, dislocation or fixation of the ossicles or malformation of the middle ear space.
Inner ear abnormalities, e.g. cochlear hypoplasia, enlargement of cochlear and vestibular aqueducts or structural
hypoplasia of lateral semicircular canal which are detected by MRI temporal bone.6 Renal anomalies include renal
agenesis, hypoplasia or dysplasia, uretero-pelvic junction obstruction, calyceal cyst / diverticulum, hydronephrosis,
vesicoureteral reflux...etc.4
In the absence of a family history, three or more major criteria OR two major and two minor criteria must be
present to make the clinical diagnosis of BORSD. With one first degree relative meeting the above criteria, one
major criteria is sufficient to establish the clinical diagnosis.
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Molecular diagnosis of BORSD and Genetic counseling
The diagnosis of Branchiootorenal spectrum disorder is established in a proband fulfilled the diagnostic criteria
and/or by identification of a heterozygous pathogenic variant in one of the following genes EYA1 (OMIM* 601653),
SIX1 (OMIM*601205) and SIX5 (OMIM*600963). Around 40% of BORSD genetically confirmed patients had EYA1
pathogenic variants and among them, 80% is related to sequence error while 20% is related to deletion of EYA1.7 SIX1
and SIX5 sequence error attributed to 2% and 2.5% to the genetically confirmed BORSD patients respectively.4,7
Thus over 50% BORSD patients cannot identify a heterozygous pathogenic variant in those related genes despite
extensive genetic workup. Based on current evidence, no genotype-phenotype correlation has been drawn for BORSD.
BORSD 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 for a pregnancy at increased risk and preimplantation genetic diagnosis are possible. Branchiootorenal
spectrum disorder would have 100% penetrance, although expressivity is highly variable and intrafamilial variation
exists.

What are the management issues for BORSD?
Management of BORSD adopts a multi-disciplinary approach. ENT doctors, audiologists, surgeons, pediatricians,
urologists, clinical geneticists and speech therapists…etc. inputs are important. Surgical treatment e.g. excision of
branchial cleft cysts / fistula depends on clinical presentation. Medical and surgical treatment for vesicoureteral
reflux may help to prevent the development to renal failure. Semi-annual examination for hearing impairment and
annual audiometry were indicated to monitor the progression of hearing loss. Regular monitoring of renal function
was needed for those with underlying renal impairment or structural abnormalities. At-risk relatives should be
screened for hearing loss and renal involvement to allow for early diagnosis and treatment. Affected individuals
should avoid nephrotoxic drug.
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