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Introduction

Tracheomalacia (TM) refers to the excessive collapse 
of the trachea resulting from over-relaxation of the 
posterior wall (membranous part) or damage to the 
cartilaginous structure. When the main bronchi are also 
affected, the condition is termed tracheobronchomalacia 
(TBM). Conversely, if only the main bronchi are involved 
without tracheal lesions, the condition is referred to as 
bronchomalacia, which is relatively rare. According to the 
definition provided by the European Respiratory Society 
(ERS), TBM is characterised by a reduction of more than 

50% in the airway lumen diameter during expiration under 
quiet breathing conditions.1 This article provides a 
comprehensive overview of TBM's aetiology, 
pathophysiology, clinical manifestations, diagnosis, and 
treatment methods.

The concept of TM was introduced by Baxter and 
Dunbar in 1963,2 describing a condition in which over-
relaxation of the tracheal posterior wall (membranous part) 
or compromised cartilage integrity results in excessive 
tracheal collapse. The primary mechanism involves a 
dynamic increase in intrathoracic pressure due to 
expiratory recoil pressure of the chest wall, which is 
transmitted to the airways. In normal airways, changes in 
lumen diameter are negligible. However, in a softened 
airway, particularly when airflow obstruction leads to 
increased expiratory force, the tracheal or bronchial wall 
may collapse, causing partial or complete lumen occlusion.

Historically, relevant reports were scarce due to a 
limited understanding of TBM and constraints in 
diagnostic technology. With the increasing use of 
bronchoscopy, research on TBM has progressively 
advanced. Literature indicates that the incidence of TBM 
in the general population is approximately 4.5%, while 
among individuals undergoing bronchoscopy for chronic 
cough or bronchitis, the prevalence ranges from 
approximately 14.1% to 23.4%.3

Abstract Tracheobronchomalacia (TBM) is a relatively rare but severe respiratory disease in children, 
characterised by softening and morphological changes of the trachea and bronchi, leading to respiratory 
distress. The aetiology of this disease remains poorly understood, and the absence of distinctive clinical 
features often leads to misdiagnosis. Bronchoscopy plays a pivotal role in the diagnosis and management 
of TBM. Although most cases of TBM are self-limiting, some children require clinical intervention. This 
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of TBM.
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severity of TBM varies and is typically categorised as 
mild, moderate, and severe.8

In many cases, the aetiology of TBM remains unclear. 
Congenital TBM is more common in preterm infants and 
occurs more frequently in males. This type of TBM may be 
related to abnormalities in cartilage development.9 Some 
studies indicate that congenital respiratory and 
gastrointestinal abnormalities, such as tracheoesophageal 
fistula and oesophageal atresia, may be associated with the 
condition.10 Additionally, several congenital syndromes, 
including CHARGE syndrome, trisomy 21 (Down 
syndrome), cri-du-chat syndrome, cardio-facial-cutaneous 
syndrome, DiGeorge syndrome, and mucopolysaccharidoses, 
have been reported in association with TBM.11

Acquired TBM may be associated with various 
cardiovascular anomalies, such as double aortic arch, dilated 
cardiomyopathy, pulmonary artery sling, enlarged pulmonary 
arteries secondary to left-to-right shunt, right aortic arch, 
aberrant right subclavian artery, pulmonary vein 
enlargement, tetralogy of Fallot with absent pulmonary valve 
syndrome, left atrial hypertrophy, left atrial enlargement, 
severe pulmonary hypertension (PAH), and anomalous origin 
of the innominate artery. Skeletal abnormalities associated 
with TBM may include scoliosis and pectus excavatum. 
Infections and inflammatory processes, such as severe 
tracheobronchitis, persistent bacterial bronchitis, chronic 
suppurative lung diseases (including cystic fibrosis, primary 
ciliary dyskinesia, and other causes of bronchiectasis), 
relapsing polychondritis, and Stevens-Johnson syndrome, are 
also associated with TBM.

Tracheobronchial injuries caused by button batteries, 
delayed clearance of inhaled foreign bodies, and trauma 
may result in TBM. Treatments and surgical interventions 
related to TBM include prolonged intubation, 
tracheostomy, repair of tetralogy of Fallot, foetal balloon 
insertion for congenital diaphragmatic hernia, 
laryngotracheal reconstruction, tracheoplasty, and heart 
transplantation. Tumours and cysts associated with TBM 
may include primary tracheal tumours, teratomas, 
enterogenous cysts, cystic hygromas, thyroid masses, 
lymphatic malformations, thymomas, bronchogenic cysts, 
neuroblastomas, haemangiomas, and lymphomas.1

No unified standard currently exists for assessing TBM 
severity. In 2019, the ERS formulated the TBM severity 
grading criteria as follows: mild TBM refers to a cross-
sectional area reduction between 50% and 75%; moderate 
TBM involves a cross-sectional area reduction between 
75% and 90%; and severe TBM corresponds to a cross-
sectional area reduction exceeding 90%. With its clear 

Histopathology

The trachea comprises cartilage, smooth muscle fibres, 
and connective tissue. The cartilage forms a C-shape, 
accounting for approximately two-thirds of the tracheal 
circumference. The posterior one-third gap of the cartilage 
ring is closed by the membranous posterior wall, 
composed of smooth muscle and fibrous tissue. In 1980, 
Wailoo and Emery4 conducted autopsies on children. They 
found that in those without known congenital diseases but 
with a clear history of respiratory symptoms, the length of 
the tracheal membranous part was greater than the average 
normal value, and the cartilage-to-membranous part ratio 
was reduced. This reduction may suggest that the airway is 
more susceptible to collapse. They also observed that in 
children with tracheoesophageal fistula, cartilage 
deficiency accompanied by an increased length of the 
tracheal membranous part could similarly predispose to 
airway collapse.

Epidemiology

The literature suggests that congenital TBM is more 
prevalent in preterm infants, relatively more so in males 
under 2 years of age, and that bronchomalacia is 
comparatively more frequent.5 Ruben Boogaard et al 
conducted fiberoptic bronchoscopy on 512 children with 
chronic respiratory symptoms and found that 136 cases 
were diagnosed with congenital TM, accounting for 
26.5%. Based on this, the estimated population incidence 
exceeds 1 in 2100.6 However, owing to the lack of specific 
manifestations of TBM, it is often underdiagnosed. 
Additionally, symptoms in some patients resolve with age, 
potentially leading to an underestimation of the actual 
incidence.7 With the continuous advancement and 
development of bronchoscopy technology, the detection 
rate of this disease is gradually increasing, but detailed 
reports on specific incidence and other epidemiological 
characteristics remain limited.

Classification and Aetiology

TBM generally encompasses TM, TBM, and 
bronchomalacia. The condition can be categorised into 
congenital and acquired types based on aetiology. 
Additionally, it can be classified as diffuse or localised 
according to the extent of the lesion. Furthermore, the 
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quantitative indicators, recognition by international 
organisations, and ease of clinical application, this 
standard has gained widespread acceptance domestically 
and internationally.1

Symptoms

Common signs and symptoms of TBM in children 
include a metallic or barking cough, recurrent and/or 
chronic respiratory infections, stridor, life-threatening 
episodic asphyxia, wheezing, respiratory noises, feeding 
difficulties, and dyspnoea. These signs and symptoms 
assist physicians in recognising and diagnosing TBM in 
children.11,12 Symptoms in patients with primary non-
syndromic TBM may spontaneously alleviate with age. 
This improvement is primarily attributed to increases in 
tracheal diameter, enhanced rigidity of the supporting 
cartilage, a more pronounced "C"-shaped cartilage rings, 
and reduced protrusion of the tracheal membranous 
portion as children grow.11

Auxiliary Examinations

Pulmonary Function Tests (PFTs): 
Several studies have explored the value of PFTs in 

diagnosing TBM, although these generally have small 
sample sizes, with only two reports,6,13 including more than 
20 participants. Pulmonary function test results are usually 
positively correlated with TBM severity. Therefore, lung 
function assessment can aid in diagnosing TBM, but 
cannot serve as a standalone diagnostic tool.14

Imaging Studies:
Chest X-ray:15 Currently, there is insufficient evidence 

to support the use of chest radiography in diagnosing 
TBM.

Fluoroscopy:16 Fluoroscopy can be employed as an 
initial screening method for TBM; however, due to its low 
resolution and limited diagnostic utility, chest X-ray is 
generally not the preferred method for diagnosing TBM. 
Chest X-ray combined with barium swallow imaging is 
commonly used to exclude stenosis caused by external 
compression.

Chest Computed Tomography:17,18 Computed 
Tomography (CT) evaluates airway stenosis, dilation, and 
morphological abnormalities. Dynamic chest CT scans 
during expiratory and inspiratory phases can assess the 

airway dynamics and facilitate TBM diagnosis. CT also 
aids in evaluating treatment efficacy, such as postoperative 
airway improvement, and can identify compression 
factors, including vascular abnormalities, which may cause 
or exacerbate TBM.

Dynamic Magnetic Resonance Imaging:19 Magnetic 
resonance imaging (MRI) effectively avoids radiation 
exposure in children and demonstrates the airway cartilage 
and surrounding tissue structure. However, it has 
limitations: longer scan times, the requirement for patient 
immobility necessitating deep sedation or anaesthesia, and 
relatively low spatial resolution, which restricts its 
diagnostic efficacy in small infants.

Tracheobronchography:20 Tracheobronchography is a 
safe technique with high temporal and spatial resolution, 
making it valuable for assessing TBM. However, this 
technique is not yet widely implemented domestically.

Bronchoscopy:1,21,22

Bronchoscopy allows direct visualisation of the extent 
and length of TBM. However, as the bronchoscope 
occupies the airway cross-sectional area, it may increase 
airway pressure, potentially masking airway collapse. 
Moreover, even experienced bronchoscopists must rely on 
subjective evaluation of luminal changes. Image distortion 
due to bronchoscopic lens curvature and orientation, the 
small volume of the paediatric bronchial tree, and rapid 
breathing rate pose additional diagnostic challenges. 
Following an extensive literature review, the ERS 
continues to endorse bronchoscopy as the gold standard for 
diagnosing TBM. This recommendation is based on the 
relatively high sensitivity and specificity of bronchoscopy 
compared to other diagnostic methods. Bronchoscopy, 
performed by experienced physicians under controlled 
anaesthesia and in the absence of airway distortion from 
endotracheal intubation or laryngeal mask, can provide 
valuable diagnostic information.

Medical Treatment

Various medical treatments for TBM have been 
reported in the literature. However, as most cases of 
congenital TBM are self-limiting, diagnostic criteria 
remain inconsistent, the number of cases available for 
study is limited, and pre- and post-treatment evaluations 
are not comprehensive. These factors limit the 
development of standardised treatment strategies for TBM. 
The primary treatment methods currently include:
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β2 Adrenergic Receptor Agonists
Wheezing is a common symptom in patients with 

TBM, and bronchodilators play a significant role in its 
management. Patients with asthma comorbid with TBM 
may use bronchodilators to relax the smooth muscle of the 
central airway. However, the therapeutic efficacy of 
bronchodilators is not consistently optimal. The primary 
reason is that these drugs may exacerbate airway 
obstruction following a reduction in airway smooth muscle 
tone.23

Ipratropium Bromide
A study found that 32 of 52 children with TBM 

exhibited symptomatic improvement following treatment 
with ipratropium bromide.24 However, the study did not 
elucidate whether the improvement was attributable to its 
effects on airway secretions and/or airway tone.

Muscarinic Agonists (e.g., Bethanechol and 
Methacholine)

Muscarinic agonists may reduce tracheal compliance 
by inducing tracheal contraction.25 However, this approach 
is not part of routine clinical practice. These agents 
primarily act on muscarinic receptors (M receptors) on 
airway smooth muscle, particularly M3 receptors. 
Activation of these receptors results in airway smooth 
muscle contraction, which may exacerbate airway 
obstruction.

Mucolytics
The use of mucolytics in TBM treatment has garnered 

some attention. A study26 investigated the efficacy of 
nebulised recombinant human DNase (a mucolytic agent) 
in children with airway malacia and respiratory infections. 
The results indicated that 2 weeks of treatment did not 
significantly promote recovery or reduce the need for 
antibiotics. This finding suggests that although mucolytics 
may theoretically help improve airway secretion clearance, 
their clinical efficacy may not be as anticipated, at least in 
the short term, demonstrating limited therapeutic effects 
for patients with TBM. Therefore, the role of mucolytics in 
TBM treatment necessitates further research and 
evaluation.

Antibiotics
Antibiotics are not employed to treat TBM directly; 

however, bacterial infections can exacerbate symptoms of 
TBM, and studies have demonstrated that antibiotic 
treatment for at least 2 weeks can resolve most symptoms, 

although some children may experience recurrent 
symptoms.27

Management of Comorbidities

Gastroesophageal Reflux
A study found that 70% of children aged 3 to 28 months 

with airway malacia had gastroesophageal reflux (GOR), 
compared with a 39% incidence of GOR in the control 
group.28 This finding demonstrates a strong association 
between airway malacia and gastroesophageal reflux in 
children. However, it should be emphasised that this 
association does not imply causation.

Eosinophilic Esophagitis
Children with eosinophilic esophagitis comorbid with 

TBM appear to have poorer prognoses than those 
presenting solely with gastrointestinal symptoms. Among 
children who underwent oesophageal atresia repair, 17% 
developed oesophageal eosinophilia, and many of these 
children also had TBM.29 Compared with the control group 
without eosinophilia, these children had significantly 
higher incidences of reflux symptoms, airway 
hyperreactivity, hypoxia (resulting from TBM and 
oesophageal dysfunction), and swallowing difficulties.29,30

Respiratory Health Issues
All appropriate respiratory health measures should be 

emphasised, including but not limited to immunisations, 
influenza vaccinations, provision of a dry and warm living 
environment, proper exercise, and avoidance of passive 
smoking. Respiratory physiotherapy is commonly used in 
TBM management to enhance mucociliary clearance. 
However, based on our literature review, no studies have 
specifically investigated the effectiveness of physiotherapy 
in patients with TBM.31 Therefore, although respiratory 
physiotherapy is widely used in clinical practice, its 
specific role and effect in TBM management require 
further investigation.

Surgical Treatment

Surgical intervention, including stent implantation, 
may be necessary for patients presenting with symptoms 
such as apnoea, cyanosis, feeding difficulties, failure to 
wean from mechanical ventilation, and recurrent 
pneumonia. Comprehensive diagnostic evaluations assist 
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in determining the most appropriate surgical technique. 
Surgical and endoscopic treatment options include 
tracheostomy, aortopexy, tracheal resection, tracheopexy 
(anterior or posterior), endoluminal stenting, and external 
airway splinting.16 During these procedures, intraoperative 
bronchoscopy may be particularly helpful in guiding 
surgeons. Indications for surgical intervention typically 
include severe symptoms consistent with significant 
expiratory airway obstruction demonstrated by PFTs, 
severe airway stenosis on imaging and bronchoscopy, 
recurrent pneumonia, difficulty in weaning from 
mechanical ventilation, intermittent airway obstruction, 
and when other treatment methods are ineffective or the 
patient's condition poses long-term health risks. The 
advantages and disadvantages of surgical and medical 
treatments are summarised in Table 1.

Tracheostomy: Once the mainstay of surgical treatment 
for TBM, tracheostomy is now generally considered a last 
resort. This procedure involves creating an incision through 
the anterior neck skin and trachea to insert a tracheostomy 
tube, thereby maintaining an open airway and facilitating 
respiration. Tracheostomy provides an internal airway stent 
and allows for long-term mechanical ventilation if 
necessary. However, it often results in prolonged 
dependence on an artificial airway, resulting in numerous 
complications that limit the application of this method in 
TBM management, including difficulties in extubation, 
tracheal spasm and stenosis, tracheal injury, secondary 
tracheal malacia, and repeated respiratory infection.16

Airway plasty: Airway plasty comprises various 
surgical methods to correct TM, adapted according to 
clinical presentation. Anterior aortopexy is primarily 
indicated for short-segment TM secondary to congenital 
tracheal occlusion (TOF).32 If bronchial collapse persists 
following aortopexy, pulmonary artery suspension surgery 
may be considered. Tracheal traction suturing techniques, 
also known as anterior tracheopexy, can provide more 
effective TM correction.33 Posterior tracheopexy surgery 
involves stabilising the trachea by suturing the posterior 
tracheal membrane to the anterior longitudinal ligament of 
the spine via a right posterior thoracotomy.34

Tracheectomy: In a limited number of carefully 
selected patients with short-segment TM, tracheal 
resection may be considered when other surgical or 
endoscopic techniques fail to achieve satisfactory 
outcomes. Furthermore, in patients with severe collapse 
above the tracheostomy site post-tracheostomy, known as 
peristomal TM, limited tracheal resection with end-to-end 
anastomosis is indicated.35

Extratracheal stent immobilisation: This method can 
provide adequate airway support for highly selected cases, 
as an alternative to endoluminal stenting for patients with 
severe and/or diffuse TM/TBM. However, external 
splinting and tracheal reinforcement may lead to 
complications such as erosion into surrounding structures, 
potential choking effects following somatic growth in 
children, infection, and long-term tissue tolerance issues. 
These factors must be closely monitored when considering 
this method.36 Absorbable external stents may become a 
new focus in the management of TBM. In recent years, the 
preliminary clinical application of 3D-printed bionic 
polycaprolactone (PCL) external tracheal stents in adult 
and paediatric patients with TM has been successful. This 
technology effectively supports patients with TM in 
maintaining normal tracheal morphology.37

Airway Stent Implantation: Montgomery first proposed 
airway stenting in 1965, initially applying it to a 4-month-
old female infant.38 This approach is considered an 
appealing treatment concept. Most medical institutions 
reserve it as a last resort for children who are unsuitable for 
other surgical options and not candidates for tracheostomy. 
However, some institutions regard airway stenting as a 
viable alternative to tracheostomy. The primary advantage 
of stent implantation is that it does not require a 
thoracotomy and causes minimal trauma to the patient. 
Nevertheless, common clinical disadvantages are 
associated with this technique. These include susceptibility 
to granulation tissue proliferation, tearing of the 
membranous portion of the trachea, stent migration, 
impaired function of the normal tracheal epithelium, and, 
in severe cases, tracheal wall perforation. Additionally, 
stents may require expansion as children grow to 
accommodate anatomical changes. Following stent 
implantation, patients often experience immediate clinical 
improvement.39

Continuous Positive Airway Pressure

Patients with TBM can be managed using various forms 
of non-invasive pressure ventilation, including continuous 
positive airway pressure (CPAP), bi-level positive airway 
pressure (BiPAP), high-flow nasal cannula oxygen therapy, 
and appropriate ventilatory support.11 However, pressure 
support ventilation is generally not a standalone treatment 
for severe TBM. Instead, it is typically employed as an 
initial measure or adjunct to other treatment methods to 
provide symptomatic relief and respiratory support.
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Table 1 Comparison of treatment modalities for tracheobronchomalacia in children
Means of Treatment Indication Advantage Disadvantages
Conservative treatment No clinical symptoms or mild No invasive intervention  At present, there are no specific
 and moderate symptoms under is required drugs, and most patients take
 2 years old  bronchodilators which can also  
   aggravate the condition

CPAP Primary treatment, or other Reducing the patient's expiratory It cannot be used for the long-term
 adjuvant treatment for patients resistance, opening the patient's treatment of TBM in children, nor
 with moderate or severe illness airway and increasing the expiratory can it be used as an independent
  flow can prevent atelectasis when treatment for severe TBM
  used in the acute phase

Airway stent Patients with severe The tracheobronchus can be directly It is easy to produce granulation
implantation tracheomalacia who did not dilated, the patient does not need to tissue hyperplasia, stent 
 respond to conservative open the chest, the operation time is displacement, affect normal trachea
 treatment short, and the trauma is small epithelial function, and even  
   penetrate the trachea wall to cause
   serious complications

Tracheotomy Emergency treatment in case  The operation is simple and can There were too many
 of acute airway obstruction; quickly relieve the severe dyspnea complications, such as difficulty in
 Short-term treatment to relieve caused by tracheal stenosis extubation, tracheal spasm and
 symptoms, used to establish  stenosis, tracheal injury, secondary
 artificial airway  tracheal malacia, respiratory tract
   infection, etc.
Tracheectomy The segment length of It can directly solve local airway It is not suitable for the treatment of
 tracheomalacia is less than 1/2 diseases without causing immune large tracheal resection or tracheal
 of the total trachea length in rejection, and is the most effective defect. If tracheectomy is too long,
 adults and less than 1/3 of the method for tracheal reconstruction intraoperative anastomosis can not
 total trachea length in children in clinical practice be performed. Anastomotic stricture
   is prone to occur after long
   tracheectomy due to high
   anastomotic tension

Airway plasty It is used to treat severe TM of Retain the original tracheal tissue The surgical procedure is relatively 
 long segments that cannot be to a certain extent; It is especially complicated; There are 
 directly dilated internally suitable for patients with severe complications such as wound
  tracheomalacia caused by infection and split, and there is a 
  membranous trachea certain risk of postoperative
   restenosis; Treatment for distal

   bronchomalacia is limited 
Extratracheal stent Same as "endotracheal  It does not change the mucociliary It is rarely used clinically, and its 
immobilisation stent implantation" structure of the airway, has fewer feasibility and safety have not been
  complications such as airway verified; Due to the need for 
  obstruction, and is more suitable personalised development, the 
  for children patients than external support is difficult to
  "endotracheal stent implantation" quantify and mass production
CPAP: continuous positive airway pressure; TBM: tracheobronchomalacia; TM: tracheomalacia
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Conclusions

TBM lacks specific clinical manifestations, making it 
prone to misdiagnosis in clinical settings. Numerous 
challenges remain in its diagnosis and treatment that 
require further investigation. TBM management strategies 
vary depending on clinical symptoms, aetiology, age, 
disease severity, and other patient-specific factors. 
Therefore, treatment should be individualised. In terms of 
conservative management, continued research into the 
pathophysiological mechanism of TBM may facilitate the 
development of targeted pharmacotherapies. Advances in 
materials science and manufacturing processes, 
particularly in biocompatibility, may lead to more effective 
and safer interventions for stent therapy. In surgical 
management, combining traditional techniques with 
materials science or tissue engineering innovations holds 
promise for improved treatment outcomes. Notably, the 
use of absorbable external stents may represent an 
emerging area of research with significant therapeutic 
potential.
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Introduction 

Congenital cytomegalovirus (cCMV) infection is one 
of the most common congenital intrauterine infections 
worldwide, with an estimated incidence of approximately 
one in 200 infants.1 It is well-known to be associated with 
sensorineural hearing loss (SNHL) and long-term adverse 
neurological outcomes in children.2 Some of the patients 
will present with symptoms at birth, including low-birth 
weight, microcephaly or hepatosplenomegaly. For these 
symptomatic patients, antiviral is recommended in treating 
the infection and preventing the long-term sequelae.3-7

Magnetic Resonance Imaging (MRI) brain is currently 
readily available and can assess intracranial abnormalities 
that are commonly associated with cCMV infection. 
Different scoring systems have been used to predict long-

Abstract Objective: Congenital cytomegalovirus (cCMV) infection is one of the most common congenital 
intrauterine infections worldwide, and it is well-known to be associated with sensorineural hearing loss 
(SNHL) and long-term adverse neurological outcomes in children. A magnetic resonance imaging (MRI) 
severity score by Lucignani et al is reported to be a good predictor for such outcomes. This study aims to 
show whether the MRI severity score can predict the neurological outcomes in cCMV infection patients. 
Method: Total 21 paediatric patients who were diagnosed to have cCMV infection and MRI performed 
between the year 2015 and 2024 in Queen Elizabeth Hospital were included. Images of their MRI brain 
were reviewed by two radiologists blinded to clinical data and gave an MRI severity score by Lucignani  
et al. Results: MRI score equal to or more than 2 is associated with adverse neurologic outcomes, while 
no association is demonstrated for other clinical parameters such as birth weight and gestational week. 
Conclusion: MRI severity score is shown to be associated with adverse neurological outcomes. 
Therefore, early MRI brain is helpful for telling prognosis in cCMV infection patients.

Key words Cytomegalovirus infection;  Magnetic resonance imaging;  Neurology;  Paediatrics
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infection. An internal cCMV patients log of all cCMV 
patients is kept in the Department of Paediatrics, QEH 
since 2015. All cCMV patients are having follow-up in the 
Department of Paediatrics, QEH till age of 18 years after 
they have completed audiology surveillance. A total of 24 
patients were diagnosed cCMV infection between 1st 
January 2015 to 31st December 2024 in the Department of 
Paediatrics, QEH. MRI brain was performed in 21 of these 
patients. Three patients were excluded either due to 
defaulted follow-up or defaulted MRI brain appointment. 
Ethical approval for all stages of the research was obtained 
from the Central Institutional Review Board of Hospital 
Authority (PAED-2025-093).

Data Collection
Independent variables include maturity (gestational 

weeks), birth weight (kg) and the presence of symptoms 
were collected by reviewing clinical records. Adverse 
neurologic outcomes were defined as the presence of 
SNHL, and neurodevelopment outcomes including autistic 
spectrum disorder (ASD) and global developmental delay 
(GDD). SNHL in this study is defined as hearing threshold 
>25 dBnHL by either auditory brainstem response (ABR), 
play audiometry or pure tone audiometry (PTA) by 
audiologists. 

term outcomes of patients.8-10 An MRI severity score by 
Lucignani et al.10 incorporates all abnormalities that are 
proven to be associated with cCMV infection and it grades 
the severity of each abnormality, therefore it is reported to 
be a good predictor for long-term SNHL and neurologic 
outcomes with score equals to or more than 2. This 
retrospective study aims to determine whether this MRI 
severity score can predict the SNHL and neurological 
outcomes in cCMV infection patients in our local 
population.

Methods

Research Participants
Antiviral therapy is recommended for symptomatic 

cCMV patients in the Department of Paediatrics, Queen 
Elizabeth Hospital (QEH) since 2015 according to 
international recommendations. All these patients are 
assessed by paediatric infectious diseases physicians for 
fitness and timing of starting and continuation of antiviral 
therapy. cCMV infection is diagnosed by positivity of 
Detection of Early Antigen Fluorescent Foci (DEAFF) test 
in urine for newborn infants within the first 3 weeks of life 
for those infants with symptoms compatible with cCMV 

Table 1 Institutional Protocol for brain imaging in patients with cCMV infection
Sequence Plane Fat   Section  Repetition Time to echo Matrix
  saturation thickness time (TR) (msec) (TE) (msec)
T2 weighted Axial No 4 mm 4740 184 256x224
T1 weighted Axial No 4 mm 684 8.9 256x224
3-D T1 weighted rapid gradient echo Coronal No 1 mm 2200 2.73 256x256
Diffusion-weighted imaging  Axial NA 4 mm 4730 89 152x168
T2 weighted Coronal No 3 mm 3600 101 512x512
SWI Axial NA 3 mm 42 36 256x192
D: dimensional, NA: Not applicable, SWI: susceptibility weighted imaging

Table 2 Table showing the items included in the MRI severity score
Items 0 1 2 3
Cortex Normal  Cortical simplification Micropolygyria / dysplasia Lissencephaly pachygyria 
White matter (WM) Normal Myelination delay Periventricular WM disease /   Parietal / anterior temporal WM 
   germinolytic cysts  disease / periventricular temporal cysts
Cerebellum Normal Mildly hypoplastic  Moderately hypoplastic  Severely hypoplastic 
Lateral ventricles Normal Ventriculomegaly  
Calcifications Normal Punctate periventricular Extensive periventricular / WM WM and deep gray matter
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MRI Acquisition 

MRI Protocol 
In our institution, either 1.5-T MRI MAGNETOM 

Avanto Fit (Siemens Healthineers, Erlangen, Germany) or 
3-T MRI MAGNETOM Skyra scanner (Siemens 
Healthineers, Erlangen, Germany) are used to scan these 
patients. A summary of our institutional protocol (Table 1) 
is attached as reference.

Image Interpretation 
Images of their MRI brain were reviewed by two 

radiologists blinded to clinical data and gave an MRI severity 
score by Lucignani et al (Table 2) which consisted of white 
matter abnormalities, cortical malformation, cerebellar 
abnormalities, any calcifications and any ventricular 
dilatation. All the sequences in the MRI examination were 
reviewed and the images were assessed and scored using the 
five domains. The minimum possible score was 0 and the 
maximum possible score was 13. Examples of abnormal MRI 
brains with their corresponding MRI scores are shown in 
Figures 1-3. In our study, ventricular dilatation is defined as 
fronto-occipital horn radio greater than 0.4.

Statistical Tests
Different statistical tests have been used in this study. 

Kappa test is used to assess the inter-observer variability 
between two radiologists in assessment of the MRI brain. 
Mann-Whitney test is used to compare the difference 
between different parameters and their association with the 
development of neurological outcome. Chi-square test has 
been used to assess the association between the 
development of symptoms at birth and neurological 
outcomes. Fisher's exact test has been used to assess the 
association between MRI score and development of 
neurological outcomes. 

Results 

MRI Alterations
Two radiologists reviewed MRI brain of 21 patients 

and gave MRI severity score independently. There is good 
agreement between 2 radiologists by Kappa test (Kappa 
value 0.796). The combined MRI severity scores range 
from 0 to 6.5 and the median is 0.5. There are 10 patients 
who have adverse neurologic outcomes, and 11 patients 

Figure 1. 8-month-old girl with cCMV infection presented with severe microcephaly. (a) T2 weighted axial (b) T1 weighted axial MRI 
images show abnormal T2 hyperintense, T1 hyperintense signals in the white matter of bilateral periventricular regions (arrow), which score 
2 marks in the MRI severity score.

(a)  (b)
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have no adverse neurologic outcomes. Table 3 is the 
summary of the patients with their symptoms, age of 
performing MRI, MRI score, hearing outcome, 
neurodevelopmental outcome and year of follow up.

Correlation Between Clinical Rsk Factors and 
Neurological Outcome

By Mann-Whitney Test, the mean gestational week of 
cohort with neurological outcomes is 36.0 weeks, and the 
cohort without neurological outcome is 37.3 weeks, and 
there is no statistically significant association between 

them (p=0.751). The mean birth weight of the cohort with 
neurological outcome is 2.35 kg while that of the cohort 
without neurological outcome is 2.43 kg, and there is no 
statistically significant association between them 
(p=0.805) (Table 4).

Regarding the development of symptoms at birth, there 
are 20 patients that are symptomatic at birth, which 9 of 
them develop neurological outcome subsequently and 11 
of them do not. Only 1 patient included was asymptomatic 
at birth, and the patient did not develop neurological 
outcome. These is no statistically significant association 

Figure 3. 3-month-old boy with cCMV infection presented with microcephaly. (a) T1 weighted axial MRI image shows simple gyral 
pattern over bilateral frontal lobes (arrow). In addition, there is periventricular T1 hyperintense signal which shows blooming artifact in the 
(b) SWI axial MRI image (arrowhead), suggestive of extensive periventricular calcifications. (c) T2 weighted axial MRI image shows 
extensive T2 hyperintense signal over bilateral parietal white matter (curved arrow). (d) T2 weighted coronal MRI image shows 
ventriculomegaly. This patient has total score of 7 in the MRI severity score.

 (a) (b) (c) (d)

Figure 2. 3-month-old boy with cCMV infection presented with generalised petechiae and hepatosplenomegaly. (a) T1 weighted axial 
MRI image shows excessive number of gyri over bilateral frontal lobes (arrow), suggestive of polymicrogyria. (b) T2 weighted axial MRI 
image shows oval-shaped T2 hyperintense lesions in the periventricular region of bilateral temporal lobes (arrowhead), suggestive of 
periventricular temporal cysts. (c) T2 weighted coronal MRI imagen shows ballooning of bilateral lateral ventricles (curved arrow), 
suggestive of ventriculomegaly. This patient has total score of 6 in the MRI severity score.

 (a) (b) (c)
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Table 3 Summary table of cCMV patients' clinical details, MRI scores and long-term outcomes
Case  Symptoms Age of  MRI score Hearing  Neurodevelopmental Year of 
Number  Performing (average Outcome Outcome Follow-up
  MRI (months)  score)   (years)
1 Microcephaly, abnormal fetal  8 3 L moderate to  Normal 10
 USG, abnormal neuroimaging   profound SNHL
2 Microcephaly, petechial rash, 7 8 Normal GDD 9
 thrombocytopenia, hepatosplenomegaly,
 abnormal neuroimaging

3 Microcephaly, abnormal fetal USG, 1 4.5 R severe SNHL Normal 9
 abnormal neuroimaging

4 Prematurity, LBW, abnormal neuroimaging 3 0 Normal Normal 8

5 LBW, prematurity, abnormal neuroimaging 7 1 L and R  ASD, GDD 8
    mild-moderate SNHL

6 Microcephaly, SGA, LBW 8 0 Normal Normal 8

7 ELBW, prematurity, thrombocytopenia 8 2 Bilateral  GDD 8
    moderate-severe SNHL

8 Neonatal hepatitis, abnormal neuroimaging 14 0 Normal Normal 7

9 Prematurity, asymptomatic 4 0 Normal Normal 7

10 Microcephaly, SGA, LBW, thrombocytopenia NA NA Normal Normal 6

11 Microcephaly, SGA, LBW, thrombocytopenia NA NA R mild conductive HL GDD 6

12 Microcephaly, SGA, LBW 13 0 L mild SNHL Normal 6

13 Hepatosplenomegaly, abnormal fetal USG,  36 3 Bilateral severe-profound GDD 6
 abnormal neuroimaging   SNHL, post-bilateral CI

14 Microcephaly, abnormal neuroimaging 7 2 L mild SNHL Normal 4

15 Microcephaly, thrombocytopenia, 2 0 Normal Normal 4
  abnormal neuroimaging

16 Microcephaly, SGA, LBW 4 0 Bilateral – L moderate, Normal 4
    R mild SNHL

17 LBW, prematurity, abnormal neuroimaging 5 0 Severe SNHL Normal 4

18 Abnormal hearing test 7 1 Normal Normal 3

19 Microcephaly, prematurity, 4 0 Normal Normal 3
  thrombocytopenia, abnormal neuroimaging

20 Microcephaly, SGA, LBW, 8 1 Normal Normal 3
 abnormal neuroimaging

21 Neonatal hepatitis NA NA Normal Normal 2

22 Microcephaly, prematurity, abnormal fetal 8 6.5 Bilateral – L moderate,  GDD 2
  USG, abnormal neuroimaging, neonatal hepatitis   R severe SNHL

23 Microcephaly, SGA, LBW,  3 0 Normal Normal 1
 abnormal neuroimaging

24 Microcephaly, SGA, LBW 3 0.5 Normal Normal 1
ASD: autistic spectrum disorder; CI: cochlear implant; ELBW: extreme low birth weight; GDD: global developmental delay; HL: hearing loss; LBW: low 
birth weight; L: left; R: right; SGA: small for gestational age; SNHL: sensorineural hearing loss; USG: ultrasound
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Table 4 Table showing relationship between MRI score, maturity and birth weight and development of neurological outcome by Mann-
Whitney test  
Mean (Standard  With neurological  Without neurological  P-value
deviation, range) outcome (n=10) outcome (n=11) (by Mann-Whitney test)
MRI score 2.8 (2.29, 0-6.5) 0.23 (0.41, 0-1) 0.003
Maturity (weeks) 36.01 (4.11, 25.14-39) 37.32 (1.78, 32.86-39.71) 0.751
Birth weight (kg) 2.35 (0.62, 0.71-2.97) 2.43 (0.54, 1.695-3.32) 0.805

Table 5 Relationship between the development of symptoms at birth and development of neurological outcome by Chi-square test 
 With neurological outcome Without neurological outcome P-value (by Chi-square test)
Symptomatic  10 10 1.000
Asymptomatic  0 1

Table 6 Relationship between MRI score and development of neurological outcome by Fisher's exact test 
 With neurological outcome Without neurological outcome P-value (by Fisher's exact test)
MRI score 0-1 3 11 0.001
MRI score >=2  7 0

between being symptomatic at birth and the development 
of adverse neurological outcome (p=0.675) by Chi-square 
test (Table 5).

Correlation Between MRI Scoring and Clinical 
Outcome

The mean MRI severity score of 2.8 is associated with 
adverse neurologic outcomes by Mann-Whitney Test 
(p=0.003). MRI severity score equals to or more than 2 is 
associated with adverse neurologic outcomes by Fisher's 
exact test (p=0.001) (Table 6).

Discussion

Based on the literature, we have found the MRI 
severity score by Lucignani et al predicts the adverse 
neurological outcome in both the symptomatic and 
asymptomatic patients. The score gives a comprehensive 
assessment in different parts of the brain with degree of 
severity, that leads to difference in clinical severity.

The white matter lesions may be secondary to both 
hypoxia and inflammatory infiltration and are related to 
placental involvement by the viral infection.11 Their 
appearance at MRI examination varies depending on the 
time of gestation in which the mother contracted the 
infection. In the first trimester of gestation, 
Cytomegalovirus has a specific tropism for the immature 

cells of germinal matrix, while after the 26th week of 
gestation, astrocytes are more affected.12 Therefore, the 
infection in the first trimester may cause delayed 
myelination together with malformations of neuronal 
migration and cortical organisation. Late in pregnancy, the 
virus mostly affects oligodendrocytes, leading to reduced 
myelination, cerebral atrophy, and ventricular dilation.12

In this study, we have demonstrated that the MRI 
severity score equals to or more than 2 is associated with 
an increased risk of adverse neurologic outcomes in cCMV 
infection patients. Therefore, in conclusion, the presence 
of MRI abnormalities predicts an increased risk of adverse 
neurological outcome in cCMV infected infants, regardless 
of whether they are symptomatic at birth. This finding may 
suggest early, preferably within 2 months of first 
diagnosed cCMV infection, MRI brains should be 
performed in cCMV infection patients. The MRI severity 
score can be used as an important sole predictive factor for 
adverse neurologic outcomes for cCMV infection patients, 
so as to guide the clinicians to start the antiviral treatment 
and provide prognosis to patients' families.

This study is a single-center retrospective study. It may 
be prone to bias as the sample size is relatively small. Also, 
there was time interval between the diagnosis of cCMV 
infection and the performance of MRI limited by its 
availability, which the brain of the patient may be insulted 
during waiting for the MRI which may mislead the MRI 
score assessment.
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In the future, further prospective multicentre studies 
can be considered to explore the result to further validate 
the results.
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Introduction

Etomidate was first developed by an American 
pharmaceutical company in 1964. It is a controlled 
substance and a sedative that acts on the central nervous 
system. It has a rapid onset of action and a short recovery 
time, making it a short-acting non-barbiturate anaesthetic 
primarily administered intravenously by clinicians during 
intubation procedures. Due to its central nervous system 
depressant effects, physicians carefully monitor patients' 
medication usage to avoid concurrent use with sedatives.

There is increasing concern about the abuse of 
etomidate. Criminal groups have exploited its anaesthetic 
properties to create smokeable powders or e-liquids for use 
in e-cigarettes, turning it into a new type of drug. After 
inhalation, users may experience an inability to think or 
speak, loss of bodily control, twisting movements, and 
abnormal trembling. Commonly referred to as "space oil," 
the drug earned its nickname due to the hallucinations 
users experience, often described as a sensation of space 
travel. Milder cases may result in confusion and 
respiratory failure, while severe cases can pose life-
threatening risks. Adolescents frequently encounter 
etomidate for the first time through peer influence, leading 
to a gradual increase in usage and frequency, ultimately 
resulting in profound physical and mental health problems. 
In Hong Kong, etomidate abusers reached an alarming 
30.5% of all new reported drug abuses in young people 
aged 21 or below in 2024, with similar results observed in 
Mainland China.1 These figures clearly illuminate the 
grave seriousness of etomidate e-cigarette abuse and 
underscore its perilous implications for society.

Abstract There is a growing concern about the misuse of etomidate, a drug used to be a general anaesthetic agent, 
which is now being abused in the community through vaping via "space oil" electronic cigarettes. Beyond 
its immediate effects on the central nervous system, etomidate presents substantial risks due to its adrenal 
toxicity and the potential for long term impairments in cognitive and endocrine functions. The effects of 
inhaled etomidate is hypothesised to cause similar adrenal suppression. Here we investigate the endocrine 
risks of adrenal suppression in 13 adolescent aged patients who were found to have positive urine 
toxicology results for etomidate and its metabolites in a local centre in Hong Kong. Baseline blood tests 
and low dose short synacthen test (LDSST) were performed in patients with confirmed positive urine 
toxicology results. Three out of six patients were confirmed with adrenal insufficiency via LDSST. Out 
of 13 patients, four demonstrated elevated baseline ACTH levels as well as elevated 11-deoxycortisol, 
highlighting the potential toxicity of vaping etomidate, with findings suggest vaping "space oil" 
etomidate e-cigarettes can cause primary adrenal insufficiency. Protecting our younger generations, 
especially those from more complex social backgrounds, remain a clinician's collective responsibility 
that requires concerted efforts in education, intervention, and policy-making.

Key words Adolescents;  Adrenal insufficiency;  Etomidate;  Mental health  
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None of the patients had underlying physical illness 
requiring regular follow up. However, seven out of 13 had 
regular psychiatric follow up. Amongst them, five of them 
were on regular psychiatric medications, with the majority 
being antidepressants. Six patients had mood disorders 
(depression, dysthymia and anxiety); four with 
behavioural disorders (conduct disorder, attention deficit 
hyperactivity disorder and oppositional defiant disorder). 
Nine patients admitted to having a habit of smoking 
cigarettes, six of them have regularly consumed alcohol 
(Table 1).

Clinical Features
Eleven cases were admitted to paediatric ward, while 

one was admitted to orthopaedics for hand laceration due 
to alcohol intoxication, and another to gynaecology ward 
for teenage pregnancy (as a victim of sexual assault). Of 
the 13 cases, seven exhibited physical complaints 
consistent with acute intoxication, with the most prevalent 
being acute confusion, dizziness and unsteady gait. For 
two of the cases, the confusion was reported to be acute 
and transient, with abnormal behaviour noted by their 
carers. Both cases had no focal neurology and confusion 
was resolved upon admission without treatment. Four 
cases were initially admitted for mood problems, including 
low mood, deliberate self-harm and one case with suicidal 
attempt via drug overdose (Table 2). The youngest patient 
was an asymptomatic 11-year-old boy admitted for 
suspected child neglect with an incidental positive urine 
toxicology result. 

On presentation, four of them had hypertension 
(patients 4, 7, 11 and 12) with a systolic blood pressure 
range 132-160 mmHg, diastolic blood pressure range 

Moreover, adrenal toxicity has long been known as a 
side effect of etomidate, as it inhibits 11-beta-hydroxylase, 
causing decreased cortisol and aldosterone production, 
along with elevated precursors 11-deoxycorticosterone, 
11-deoxycortisol, and 17-hydroxyprogesterone, therefore 
affecting the mineralocorticoid pathway.2 Insufficient 
adrenal hormones can lead to symptoms such as 
dehydration, nausea, vomiting, loss of appetite, fever, 
chest, abdominal, or back pain, joint pain, fatigue, and 
hypoglycaemia. In severe cases, it may result in adrenal 
crises characterised by hypotension, shock, and life-
threatening hypoglycaemia. Long-term misuse of 
etomidate can potentially cause damage to the brain and 
endocrine system.

Methods

This is a retrospective observational study reviewing 
the electronic medical records of patients admitted to 
Princess Margaret Hospital in Hong Kong from January 1 
2024 to 31 December 2024. Patients aged 18 years or 
below at presentation with positive urine toxicology result 
for etomidate or its metabolites (propoxate, isopropoxate) 
were eligible for inclusion. Patients who were 
administered etomidate as part of their medical treatment, 
older than 18 years old, with underlying endocrinopathies 
or on steroid medications were excluded. Hypertension 
was defined as systolic blood pressure higher than 
130 mmHg and diastolic blood pressure higher than 
90 mmHg for children aged 13 and over. For children aged 
13 and below, hypertension was defined as blood pressure 
at or over 95th centile for their age, height and sex. Low 
dose short synacthen test (LDSST) was utilised for testing 
adrenal insufficiency, with peak cortisol of 376 nmol/L and 
or below was defined as an inadequate response. 
Hypokalaemia was defined as serum potassium of less than 
3.3 mmol/L. 

Results

Demographics
Thirteen cases were included, aged between 11.2-17.9 

years. Twelve cases were of the adolescent age range of 
14.1-17.9 years old, except one case of an 11-year-old boy 
(Table 1). They all lived within the Kowloon West cluster 
of Hong Kong, where the majority were residing in Kwai 
Chung. 

Table 1 Patient Demographics
Baseline characteristics
Total number of patients  13
Gender (M:F) 6:7
Age (years) 16.2 (SD ± 1.8)
Height (cm) 159.9 (SD ± 14.1)
Weight (kg) 50.7 (SD ± 10.4)
BMI (kg/m2) 18.3 (SD ± 3.5)

Lifestyle Factors
Smoker (M:F) 3:6
Alcohol (M:F) 3:3
Admit to Etomidate Use (M:F) 4:5
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85-130 mmHg. Two patients (patients 4 and 12) with 
hypertension were later found to have markedly elevated 
11-deoxycortisol, potentially indicating that their 
hypertension could be due to etomidate misuse. None 
exhibited signs of hyperandrogenism. One patient was 
managed in paediatric intensive care unit (ICU) owing 
to inhalation injury upon the fire accident related to 
e-cigarette vaping.

Toxicology Results 
Nine of them admitted to regular vaping of etomidate . 

The use of 'space oil' via e-cigarettes ranged from one 
month to eight months, with the average time of vaping 
around two months before presentation to hospital. Half of 
them admitted to vaping 'space oil' via e-cigarettes daily. 
Urine toxicology screening was performed for all by liquid 
chromatography-tandem mass spectrometry. Propoxate, an 
analogue of etomidate was detected in five patients. Five 
of them were found to have co-administration of other 
drugs of abuse. The most common drug of co-abuse was 
cocaine (4 out of 7) and methamphetamine (2 out of 7) 
(Figure 1). 

Biochemical Findings
All cases with positive toxicology results for etomidate 

or its metabolites (propoxate, isopropoxate), were offered 
blood tests to screen for adrenal activity. Morning cortisol 
was performed as a screening for adrenal insufficiency 
(AI) in eight patients, of which three were found to 
be below the normal range (range: 44-83; reference 
>133 nmol/L). Baseline ACTH levels were checked in 
seven patients, and were elevated in four cases (range: 

28-55; reference 1.6-13.9 pmol/L). Two out of four 
patients screened had low morning cortisol with high 
ACTH, suggesting adrenal insufficiency. Random cortisol 
checked on patient 12 (who was intubated and admitted to 
the intensive care unit for burn injury) was 333 nmol/L, 
below the normal peak cortisol cut-off in Short Synacthen 
test (SST). Blood tests to test for adrenal function and 
LDSST were offered to all 13 patients with positive urine 
test, however only six were performed due to patient 
refusal and logistical constraints. For the six patients where 
LDSST was performed, AI was demonstrated in three 
patients (peak cortisol range: 74-238; reference >376 
nmol/L. Renin and aldosterone were both undetectable in 
six of the patients. 11-deoxycortisol, the precursor 
hormone accumulated right above the inhibition of 11β-
hydroxylase (range: 72.4-564; reference ≤4.3 nmol/L) and 
17-OHP (range 8.7-11; reference <4 nmol/L) along the 
glucocorticoid pathway were found elevated in four out of 
six patients (Table 3), demonstrating evidence of enzyme 
activity being inhibited by etomidate. Mild hypokalaemia 
was observed in two patients (range: 2.9-3.2; reference 
3.3-4.5 mmol/L). 

Treatment and Outcomes
Three patients failed LDSST and were diagnosed with 

adrenal insufficiency. Hydrocortisone replacement therapy 
was initiated for all, however only one of the AI patients 
received treatment, as the other two refused to return 
despite repeated explanation of the severity of undetected 
and untreated adrenal insufficiency. Two patients who 
demonstrated low morning cortisol (patients 3 and 12) 
were continuously advised for further diagnostic workup 

Table 2 Presenting Complaints 
Patient Age (years) Gender Presentation Psychiatric Background
1 16.8 F Low mood, Self harm Depression
2 17.5 F Low mood, Drug overdose, Suicidal attempt Alcohol intoxication
3 14.1 F Victim of sexual assault Nil
4 16.3 F Dizziness, Self harm, Low mood Borderline personality trait, ODD
5 17.1 F Confusion, Dizziness Dysthymia
6 16 F Confusion Anxiety, depression
7 14.7 F Victim of sexual assault, Teenage pregnancy Nil
8 16.2 M Dizziness, Unsteady gait, Bodily injury ASD, ADHD
9 17.5 M Aggressive behaviour ADHD, ODD
10 11.2 M Suspected child neglect ADHD
11 17.2 M Hand laceration, Bodily injury Adjustment reaction
12 17.9 M Inhalation injury requiring intubation Conduct disorder, polysubstance abuse
13 17.9 M Confusion, Unsteady gait, Dizziness Nil
 ADHD: attention deficit hyperactivity disorder; ASD: autism spectrum disorder; ODD: oppositional defiant disorder 
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with LDSST, however they declined to return. 
Furthermore, two patients (patients 1 and 10), who were 
admitted for teenage pregnancy and finger laceration 
respectively, were lost to follow up after being admitted to 
other specialty wards. Social welfare referral and 
substance misuse interventions were introduced for all our 
patients. Notably, one of them begun attending the 
substance abuse clinic, ran by the local psychiatric hospital 
for support. Seven of them were seen by the psychiatric 
team during the inpatient stay for their mental condition 
and substance misuse, with follow up on discharge.

Discussion

It is well documented that etomidate specifically and 
reversibly inhibits adrenal mitochondrial cytochrome P450 
enzyme 11-β hydroxylase (CYP11B1) in a dose-dependent 
fashion.2 The 11β-hydroxylase is an enzyme catalysing 
the conversion of 11-deoxycortisol to cortisol, 11-
deoxycorticosterone (DOC) to corticosterone, and 
androstenedione to 11β-hydroxyandrostenedione in the 
adrenal cortex. Chronic misuse or abuse of etomidate 
results in inhibition of 11β-hydroxylase activity, leading to 
decreases in the synthesis of cortisol, corticosterone, and 

aldosterone. The reduction in cortisol level provides 
negative feedback to stimulate the release of 
adrenocorticotropic hormone. These therefore result in 
transient primary adrenal insufficiency. On the other hand, 
inhibition of CYP11B1 increases the concentration of 
DOC that activates the mineralocorticoid receptor, 
suppresses the renin-angiotensin system, and causes 
hypertension.3

The use of etomidate as a continuous infusion for 
sedation in the ICU has been linked to a heightened risk of 
mortality.4 A documented case involving prolonged 
intravenous etomidate infusion revealed the drug's direct 
and reversible suppressive effect on adrenal function. The 
patient exhibited a low basal serum cortisol level and an 
impaired response to ACTH stimulation during the 
infusion. Remarkably, within 24 hours of discontinuation, 
cortisol levels increased, ACTH levels decreased, and the 
patient's response to ACTH stimulation normalised.2

Recently there was a death report of an adult man who died 
from acute intoxication after oral ingestion of liquid 
containing etomidate, when the autopsy revealed a 
significant decrease in both adrenocorticotropic and 
cortisol levels in the deceased's blood.5 The first 
documented case of adrenocortical suppression caused by 
inhaled etomidate was reported by Lau et al, describing a 

Figure 1. Urine toxicology results.
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35-year-old woman with history of chronic e-cigarette use 
for three months.6 She presented with secondary 
amenorrhea, hypertension and pronounced clinical 
hyperandrogenism, with initial biochemical findings 
mimicking 11 β-hydroxylase deficiency (11 βOHD) that 
shares the same metabolic profile.6 Amongst our cohort, one 
patient (patient 4) with confirmed adrenal insufficiency had 
elevated 11-deoxycortisol and 17-OHP levels and their blood 
pressure was elevated during hospitalisation. This phenotype 
is compatible with 11 βOHD.7 Two patients (patients 12 
and 13) demonstrated elevated 11-deoxycortisol level, 
suggesting 11 β-hydroxylase deficiency, but not severe 
enough to cause cortical insufficiency. Daily vaping was 
reported by all three patients with confirmed adrenal 
insufficiency, raising the possibility that cumulative toxic 
exposure may induce adrenal suppression. A recent local 
case report by Chung et al. demonstrates similar results 
of adrenal insufficiency with marked elevation in 
11-deoxycortisol in adolescents who have misused 
etomidate via e-cigarettes.8 Confirmed cases of adrenal 
suppression should be treated with hydrocortisone 
replacement as the effects of adrenal suppression remains 
unknown. Follow up testing is advised to monitor adrenal 
recovery. 

The issue of abuse or misuse of etomidate has been 
emerging in recent years.9 The long-term health 
consequences of commonly abused substances, including 
the neuropsychiatric effects of cannabis, cocaine, 
ketamine, and methamphetamine, ketamine-induced 
cystitis, and cocaine-related cardiovascular damage, are 

well documented.10 In contrast, the chronic effects of 
etomidate misuse remain uncertain. While its well-
documented role in causing adrenal insufficiency is 
concerning, the insidious onset and subtle symptoms of 
this drug render it perilous. Coupled with etomidate's 
affordability, the influence of peers, and the fleeting 
euphoria it provides, these factors highlight the 
considerable societal risks associated with this emerging 
substance of abuse. 

It is well-established that adolescents with depression 
are more likely to engage in substance use as a means of 
coping with peer pressure and navigating interpersonal 
relationships.11 In Hong Kong, the predominant 
motivations for drug abuse among adolescents reflect 
similar trends, with peer influence cited as the leading 
factor at 57.5%, followed closely by the desire to alleviate 
depression or stress at 41%.1 Vaping, in particular, has been 
significantly associated with adolescents facing mental 
health challenges, including depression and suicidality. 
These findings resonate with the patterns observed in our 
cohort, underscoring the urgent need to address the 
intersection of mental health and substance use in this 
vulnerable population. Our cases highlight the critical 
importance of obtaining a thorough clinical history when 
evaluating adolescent patients. as these young individuals 
may conceal their substance use out of fear of 
repercussions. 

Since February 2025, etomidate and its 2 analogues 
(propoxate, isopropoxate) have been added to the First 
Schedule of the DDO in Hong Kong.12 By providing 

Table 3 Biochemical findings of 13 patients who had blood tests performed
Patient Potassium Morning cortisol ACTH LDSST Peak Renin Aldosterone 17-OHP 11-Deoxycortisol
 (3.3-4.6 mmol/L) (133-537 nmol/L) (1.6-13.9 pmol/L) (� 376 nmol/L) (0.08-3.84 ng/ml-h) (<972 pmol/L) (<4 nmol/L) (�4.3 nmol/L)
1 3.7 ND ND ND ND ND ND ND
2 3.6 ND ND ND ND ND ND ND
3 3.4 250 ND ND ND ND ND ND
4 4.1 82 55 74 0.48 <50 8.7 564
5 3.3 296 8.9 430 0.2 <50 1.1 1.8
6 3.5 83 28 115 5.12 <50 11 343
7 3.7 ND ND ND ND ND ND ND
8 3.9 160 5.3 238 <0.07 <50 1.0 2.5
9 3.2 514 30 642 ND ND ND ND
10 3.7 305 7.1 ND ND ND ND ND
11 ND ND ND ND ND ND ND ND
12 2.9 331 60 ND <0.07 <50 13 491
13 3.8 44 7.6 437 0.14 <50 3.0 72.4
ND: Not Done
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comprehensive anti-drug education, we can effectively 
mitigate the misuse of etomidate in e-cigarettes, thereby 
safeguarding the health and well-being of our youth. 

One of the challenges we encountered in our study was 
the wide spectrum of presenting complaints, which 
delayed the timely recognition of etomidate misuse. This, 
in turn, contributed to a lag between initial presentation 
and endocrinological evaluation, potentially accounting 
for some inconsistencies observed in our hormonal results. 
Additionally, managing adolescents with etomidate misuse 
posed its own difficulties, particularly due to a high rate of 
loss to follow-up and incomplete investigations. This 
represents a limitation of the study, as it restricts our 
capacity for long-term data collection on etomidate misuse 
within this demographic. Therefore, it is essential for 
clinicians to remain vigilant and to act promptly in 
pursuing further evaluation should etomidate abuse be 
suspected.

As far as we are aware, this is the first documented 
retrospective observational study revealing adrenocortical 
suppression linked to chronic inhaled Etomidate abuse in 
the paediatric population. It is crucial for healthcare 
professionals to be vigilant in recognising cases of chronic 
etomidate misuse, identifying associated complications, 
and providing timely intervention and treatment.

Conclusion

The use of etomidate via electronic cigarettes is an 
emerging public health concern in our region. Clinicians 
must remain vigilant regarding the potential risks of 
adrenal insufficiency and hypokalaemia linked to 
etomidate misuse, particularly among adolescents who 
have a history of electronic cigarette use. Further research 
is essential to illuminate the pharmacokinetics of inhaled 
etomidate and to assess its long-term health implications. 
The fight against substance abuse presents a formidable 
challenge for healthcare professionals, lawmakers, and 
society at large. As paediatricians, it is our responsibility to 
ensure that efforts to address this critical issue among our 
most vulnerable populations are both effective and 
impactful. 
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Abstract Objectives: Nephrotic syndrome (NS) may lead to the loss of protective antibodies against infectious 
agents as a consequence of its underlying pathophysiology. This study aimed to evaluate immunoglobulin 
G levels specific to measles, mumps, rubella, and varicella in children with NS in remission. Methods:
Children aged 2-18 years with NS who had completed the national immunisation schedule and were in 
remission were included. Exclusion criteria were age under two years, proteinuria, current infection, 
documented immunodeficiency, or incomplete vaccination. Seropositivity was defined using the 
following thresholds: >100 mIU/mL for varicella, >10 IU/mL for rubella, >250 mIU/mL for measles, and 
>25 mIU/mL for mumps. Results: Thirty-nine patients were included (51.4% male), with a median age 
of 13 years (range 3.7-18). Median follow-up duration was 50 months (range 12-120), and the mean 
number of relapses was 5.38 (range 1-17). Seropositivity rates were 56.4% for measles, 69.2% for 
rubella, 43.6% for mumps, and 71.8% for varicella. Patients receiving combined corticosteroid and 
immunosuppressive therapy showed lower seropositivity rates than those receiving corticosteroids alone; 
however, these differences were not statistically significant. Conclusion: Vaccine-induced immunity in 
children with NS may be compromised by both disease-related factors and immunosuppressive 
treatment. Periodic monitoring of vaccine-specific antibodies may be warranted during follow-up.

Key words Immunity;  Live vaccines;  Nephrotic syndrome;  Paediatrics;  Seropositivity 
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responses, which are not routinely assessed in clinical 
practice.8 Consequently, most studies rely on serological 
antibody measurements to evaluate vaccine-induced 
immunity.9 This study aimed to assess seropositivity for 
measles, rubella, mumps, and varicella in children with 
idiopathic NS who were in clinical remission.

Methods

This retrospective observational study included 
children with idiopathic nephrotic syndrome (INS) 
followed at our centre between November 2018 and June 
2021. Eligible patients were in remission, had completed 
routine childhood immunisation (two doses of measles–
mumps–rubella vaccine and one dose of varicella vaccine), 
and had no active infection at the time of assessment. 
Exclusion criteria were age under two years, 
ongoing proteinuria, incomplete vaccination records, 
active infection, or known primary or secondary 
immunodeficiency. Patient selection is presented in a 
STROBE-compliant flow diagram (Figure 1).

Introduction

Nephrotic syndrome (NS) is the most common 
glomerular disease in childhood and is associated with 
impairment of both cellular and humoral immunity, 
including hypogammaglobulinaemia.1 As a consequence, 
children with NS have an increased susceptibility to 
bacterial and viral infections. Reduced serum 
immunoglobulin G (IgG) levels and decreased 
concentrations of complement factor B and D have also 
been reported.2-4 Viral infections, particularly varicella-
zoster virus (VZV), are also more frequently encountered 
in this population and may trigger disease relapses through 
immune activation.5

Vaccination is a cornerstone of infection prevention; 
however, impaired T- and B-cell function and 
hypogammaglobulinaemia may result in reduced vaccine 
responsiveness in children with NS.6 Seropositivity, 
defined as antibody titres exceeding a predefined 
protective threshold, is commonly used as a surrogate 
marker of immunity.7 Nevertheless, protective immunity 
also depends on immunological memory and cell-mediated 

Figure 1. STROBE-compliant flow diagram illustrating the patient selection process, inclusion criteria, and final 
study population of children with nephrotic syndrome.
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Demographic and clinical data included age, sex, age at 
diagnosis, duration of follow-up, number of relapses, and 
current or previous immunosuppressive treatments 
(corticosteroids, cyclophosphamide, cyclosporine, rituximab, 
and mycophenolate mofetil). Histopathological diagnoses 
were recorded for patients who had undergone renal biopsy.

Laboratory parameters comprised complete blood count, 
serum biochemistry (urea, creatinine, albumin, cholesterol), 
inflammatory markers, and total immunoglobulin levels 
(IgA, IgG, IgM). Vaccine-specific IgG titres for measles, 
mumps, rubella, and VZV were measured using 
standardised enzyme-linked immunosorbent assay and 
chemiluminescence-based methods. The following 
analysers were used: the Roche Cobas 6000, Roche Hitachi 
917, Cobas e411 (Roche Diagnostics), and the Siemens 
IMMULITE 2000 XPi Immunoassay System (Siemens 
Healthcare Diagnostics). Seropositivity was defined based 
on serum IgG levels as follows: >100 mIU/mL for VZV, 
>250 mIU/mL for measles, >10 IU/mL for rubella, and >25 
mIU/mL for mumps. Cases with IgG levels falling within 
the grey zone were classified as seronegative.

Patients were classified as having steroid-sensitive or 
steroid-resistant NS according to Kidney Disease: 
Improving Global Outcomes (KDIGO) and International 
Pediatric Nephrology Association (IPNA) guidelines.10

Subgroup analyses were also performed based on 
treatment exposure.

Statistical Analysis
Descriptive statistics were expressed as mean ± 

standard deviation (SD) for normally distributed variables, 
and as median (interquartile range) for non-normally 
distributed variables. The distribution of variables was 
assessed using the Shapiro–Wilk test. For the comparison 
of independent quantitative variables, the independent 
samples t-test was applied to normally distributed data, 
while the Mann–Whitney U test was used for non-
normally distributed data. Categorical variables were 
analysed using the Chi-square test. All statistical analyses 
were performed using SPSS Statistics version 24.0 (IBM 
Corp., Armonk, NY, USA). A p-value of less than 0.05 was 
considered statistically significant.

Results

A total of 39 patients aged 3-18 years were enrolled in 
the study. Demographic characteristics are summarised in 
Table 1. Renal biopsy findings were available for 

29 patients and included minimal change disease (43.3%), focal 
segmental glomerulosclerosis (20%), membranoproliferative 
glomerulonephritis (10%), membranous glomerulonephritis 
(3.3%), C3 glomerulonephritis (3.3%), IgM nephropathy 
(13.3%), and IgA nephropathy (6.7%). Based on serum 
IgG levels, seropositivity for MMR, and VZV was 
detected in 22 (56.4%), 27 (69.2%), 17 (43.6%), and 28 
(71.8%) patients, respectively.

At the time of the first relapse of NS, all treatments 
received by the patients prior to the relapse were 
retrospectively reviewed. Thirteen patients (33.0%) were 
treated with corticosteroids alone, while 15 patients 
(38.5%) received a combination of corticosteroids and 
cyclosporine. In addition, four patients (10.3%) were 
treated with corticosteroids, cyclosporine, and rituximab; 
two patients (5.1%) received corticosteroids, cyclosporine, 
and mycophenolate mofetil; two patients (5.1%) received 
corticosteroids, cyclosporine, and cyclophosphamide; and 
three patients (7.7%) were treated with corticosteroids and 
cyclophosphamide. During the study period, treatment 
status was retrospectively assessed. Seventeen patients 
(43.6%) were not receiving any active treatment, three 
patients (7.7%) were receiving corticosteroids alone, three 
patients (7.7%) were receiving corticosteroids in 
combination with cyclophosphamide, seven patients 
(17.9%) were receiving corticosteroids and cyclosporine, 
three patients (7.7%) were treated with corticosteroids in 
combination with other immunosuppressive agents, and 
six patients (15.4%) were receiving immunosuppressive 

Table 1 Demographic and laboratory characteristics of the 
study population
Gender, n (%)
 Female 19 (48.6)
 Male 20 (51.4)

Age (years), median (range) 13 (3.7-18)

Age at diagnosis (years), median (range) 4 (1-12)

Follow-up duration (months), median (range) 50 (12-120)

Total number of relapses (n), median (range) 5.38 (1-17)

Serum Creatinine (µmol/L), mean ± SD 53.04±18.56

Estimated GFR (mL/min/1.73m2), mean ± SD 104.28±21.09 

Serum Albumin (g/L), mean ± SD 43.0±5.4 

White blood cell count (109/L), mean ± SD 8.52±2.32

Absolute lymphocyte count (109/L), mean ± SD 3.10±1.23 

C-reactive protein (mg/L), mean ± SD 1.28±1.42 

Total cholesterol (mmol/L), mean ± SD 4.71±1.37
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therapy without corticosteroids.
Based on steroid responsiveness, 31 patients (79.5%) 

were classified as having steroid-sensitive nephrotic 
syndrome (SSNS), while 8 patients (20.5%) were 
classified as having steroid-resistant nephrotic syndrome 
(SRNS). Among SSNS cases, 17 patients (54.8%) 
exhibited a steroid-dependent or frequently relapsing 
course. There was no significant difference in mean age 
between patients with SRNS (12.61 ± 4.6 years) and those 
with SSNS (12.38 ± 3.9 years) (p=0.895). 

Seropositivity rates for measles-mumps-rubella and 
varicella did not differ significantly between the SSNS and 
SRNS patients (Table 2). Although lower seropositivity 
rates were observed among patients receiving combined 
immunosuppressive therapy compared with corticosteroid 
monotherapy, these differences did not reach statistical 
significance (Table 3). No significant associations were 
found between seropositivity and pulse corticosteroid use 
or number of relapses.

Discussion

NS represents a leading cause of glomerular disease in 
childhood and is associated with impairment of both 
cellular and humoral immunity. This includes 
hypogammaglobulinaemia, which may compromise the 
persistence of vaccine-induced antibodies.10-13 In our 
cohort, total IgG levels tended to correlate with 

seronegativity; however, this did not reach statistical 
significance, likely owing to the limited sample size. 
Alongside disease-related immunoglobulin loss, prolonged or 
intensive immunosuppressive therapy may further contribute 
to declining antibody levels over time, thereby increasing 
susceptibility to vaccine-preventable infections.9,14-17 In this 
study, we evaluated seropositivity rates for MMR, and VZV in 
children with NS who had completed the national 
immunisation schedule and were in clinical remission. 
Overall, seropositivity rates for all four live attenuated 
vaccines were lower than expected, consistent with previous 
studies reporting waning seroprotection in this population.13,14

These findings support the concept that vaccination during 
early childhood may not guarantee long-term seroprotection in 
the context of chronic immune dysfunction.1 Notably, mumps 
IgG seropositivity was lower than that observed for measles 
and rubella. This observation is consistent with existing 
evidence indicating that the mumps component of the MMR 
vaccine is less immunogenic and associated with more rapid 
waning of antibody titres, even in healthy populations. In 
children with NS, disease-related hypogammaglobulinaemia 
and immunosuppressive treatments may further impair the 
generation and maintenance of long-term mumps-specific 
antibody responses. This may contribute to increasing 
seronegativity over time. 

Vaccine effectiveness is defined as the ability of a 
vaccine to confer protection against a specific infectious 
agent. Seropositivity–defined as an antibody titre 
exceeding a predefined protective threshold–is commonly 

Table 2 Comparison of seropositivity rates for measles, mumps, rubella, and varicella between patients with steroid-resistant and 
steroid-sensitive nephrotic syndrome 
Antibody (cut-off) SRNS (n=8) SSNS (n=31) p-value
 n (%) n (%)
Varicella IgG (>100 mIU/mL) 7 (87.5) 21 (67.7) 0.400
Measles IgG (>250 mIU/mL) 7 (87.5) 16 (51.6) 0.066
Rubella IgG (>10 IU/mL) 5 (62.5) 22 (70.9) 0.682
Mumps IgG (>25 mIU/mL) 5 (62.5) 12 (38.7) 0.261

Table 3 Comparison of seropositivity rates for measles, mumps, tubella and varicella between patients receiving corticosteroid therapy 
and corticosteroid plus other immunosuppressive therapy 
Antibody (cut-off) Corticosteroid (n=13) Corticosteroids+other immunosuppressive therapy p-value
 n (%)  (n=26) n (%)
Varicella IgG (>100 mIU/mL) 10 (76.9%) 18 (69.2%) 0.719
Measles IgG (>250 mIU/mL) 9 (69.2%) 14 (53%) 0.495
Rubella IgG (>10 IU/mL) 9 (69.2%) 18 (69.2%) 1.00
Mumps IgG (>25 mIU/mL) 8 (61.5%) 9 (34.6%) 0.172
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used as a surrogate marker of immunity.7 However, the 
interpretation of vaccine-specific IgG levels in paediatric 
patients is complicated by the lack of well-validated 
protective antibody thresholds for this population. 
Moreover, measured IgG concentrations do not assess 
functional neutralising antibody activity or cell-mediated 
immunity. Both may remain preserved despite low or 
undetectable serum IgG levels, especially following live 
attenuated vaccination.8-10 Despite their importance, the 
routine assessment of cell-mediated immunity remains 
challenging in daily clinical practice. Therefore, as in 
many previous studies, we assessed serological antibody 
responses as a measure of vaccine-induced immunity.

Immunosuppressive therapies are frequently required 
in the management of NS; however, these treatments may 
adversely affect vaccine-induced protection against 
infections.9 In NS, antibody production is thought to be 
reduced, and seropositive individuals may lose protective 
antibody levels more rapidly than the healthy population. 
Reduction in antibody titres against live attenuated 
vaccines, including MMR and VZV, have been reported 
following immunosuppressive therapy.13,18-21 Although 
seropositivity rates in our cohort tended to be lower among 
patients receiving combined corticosteroid and other 
immunosuppressive therapies compared with 
corticosteroid monotherapy, these differences were not 
statistically significant. Similarly, no significant 
differences were observed between steroid-sensitive and 
steroid-resistant NS groups. This likely reflects the small 
number of patients with steroid-resistant disease and the 
inclusion of frequently relapsing and steroid-dependent 
patients within the steroid-sensitive group.16 Limited data 
on rituximab-treated patients precluded meaningful 
subgroup analysis, although seropositivity rates tended to 
be lower in this subset.22,23

Our study represents one of the few studies evaluating 
measles, rubella, mumps, and varicella IgG levels in 
paediatric patients with NS. The reduced seropositivity 
observed across all four live attenuated vaccines may 
reflect urinary IgG loss – a well-recognised feature of NS 
pathophysiology – as well as the immunosuppressive 
effects of corticosteroids and other immunosuppressive 
therapies used in disease management.

This study has several limitations. The cross-sectional, 
single-centre design and relatively small sample size 
limited statistical power and precluded longitudinal 
assessment of antibody dynamics. Additionally, baseline 

(pre-diagnosis) antibody levels were unavailable, 
preventing within-patient comparison over time. 
Heterogeneity in underlying renal pathology remains a 
potential confounder, as different disease entities may 
involve distinct mechanisms of T- and B-cell dysfunction. 
An additional methodological limitations is the potential 
for false-negative serology results, particularly for mumps 
IgG assays, which are known for lower analytical 
sensitivity and greater variability. Furthermore, measured 
IgG concentrations do not assess functional neutralising 
activity or cellular immune memory; therefore, it is 
possible that some patients may retain partial immune 
protection despite seronegativity.

In conclusion, our findings suggest that vaccine-
induced antibody responses may decline in children with 
NS, even during remission. These findings highlight the 
clinical relevance of periodic assessment of vaccine-
specific immunity and support individualised approaches 
to antibody monitoring, including consideration of booster 
vaccination in this vulnerable population.
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Introduction

Griscelli syndrome (GS) is a rare autosomal recessive 
disorder characterised by hypopigmentation of skin and 

hair. Three subtypes namely GS1, GS2, and GS3 are caused 
by mutations of three genes MYO5A, RAB27A and MLPH 
respectively.1 Griscelli syndrome type 2 (GS2) results in 
immune system abnormalities and neurological deficits 
associated with hemophagocytic lymphohistiocytosis 
(HLH).2 Neurological impairments include hemiparesis, 
ataxia, intracranial hypertension, seizures, and psychomotor 
retardation,3,4 which impact the function and quality of life 
in these children.

Case Presentation

A six-year-old girl with typical silvery grey hair, 
eyelashes, and eyebrows.5 She had difficulty in performing 
independent activities of daily living (ADLs), majorly 
effecting sit to stand from a chair or floor sitting. She 
achieved typical milestones until age 2 years but later 
suffered from a week-long high-grade fever and weakness 
in bilateral lower limbs. An MRI scan of the brain revealed 
cerebellar involvement, moderate bilateral atrophy, 
hyperkeratosis, lymphocyte infiltration, and cerebral 
oedema. Genetic testing confirmed the diagnosis of GS2. 

Abstract Griscelli syndrome type 2 (GS2) is a rare autosomal recessive disorder marked by hypopigmented skin, 
silver hair, and impairments in both immunological and neurological functions, which hinder functional 
independence and daily activities. Present case report investigates the impact of a four-week, 
personalised physiotherapy program focused on core activation, balance training, and functional 
strengthening. The evaluation utilised outcome measures such as the strength assessment, Gross Motor 
Function Measure, Trunk Control Measurement Scale, Paediatric Berg Balance Scale, and Functional 
Independence Measure for Children. Results following the intervention revealed notable enhancements 
in muscle strength, trunk control, balance, and functional independence. These findings emphasize the 
potential role of targeted physiotherapy in the holistic management of GS2, advocating for its importance 
in improving neuromotor performance and achieving optimal functional outcomes for affected 
individuals.

Key words Griscelli syndrome type 2;  Functional independence;  Paediatric rehabilitation;  Physiotherapy;  Motor control 
balance

Case Report
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Discussion

The improvements observed in our patient represent a 
combination of physiotherapeutic intervention and the 
overall medical management of GS2 and HLH. It is 
important to acknowledge that the medical treatment, 
including immunosuppressive therapy and the 
achievement of HLH remission, contributed to the overall 
clinical stability and improvement in the patient's general 
state. The HLH-2004 etoposide-dexamethasone backbone 
has demonstrated efficacy in achieving complete or partial 
remission in the majority of patients, with 5-year survival 
rates of approximately 61%.6 These medical interventions 
may represent potential confounders when attributing 
functional gains specifically to physiotherapy. However, 
the targeted nature of the improvements in specific muscle 
groups (gluteal, hamstring, and quadriceps), trunk control, 
and balance parameters that were directly addressed in the 
physiotherapy programme suggests a meaningful 
contribution of the structured rehabilitation approach. 
Furthermore, the assessments were conducted during a 
medically stable phase with no active HLH episode, 
allowing us to more specifically evaluate the effects of 
physiotherapy on motor function and functional 
independence. Early HSCT before the development of the 
accelerated phase is associated with better outcomes.6

However, our patient did not receive it and was stable to be 
subject to optimal window for rehabilitation. Nevertheless, 
we acknowledge the multifactorial nature of recovery in 
such complex cases and recognise that optimal outcomes 
likely result from comprehensive, multidisciplinary 
management including both medical and rehabilitation 
interventions.

The neurological and motor impairments observed in 
our patient are not unique to GS2-associated HLH but are 
common sequelae of HLH across various aetiologies. 
Children with HLH, regardless of underlying cause, 
frequently experience neurological complications 
including motor deficits, ataxia, muscle weakness, and 
functional limitations due to cerebellar involvement, 
cerebral oedema, or prolonged critical illness.3,10

Therefore, the role of physiotherapy may extend beyond 
GS2 patients to benefit the broader population of children 
with HLH-related neurological sequelae. Structured 
physiotherapy assessment and goal-orientated 
rehabilitation programmes addressing muscle strength, 

The child was diagnosed with HLH and received 
immunosuppressive therapy consisting of dexamethasone 
and etoposide according to the HLH-2004 protocol , which 
remains the standard therapeutic approach for HLH 
management.6,7 Following initial treatment, she achieved 
clinical remission of the haemophagocytic episode with 
normalisation of inflammatory markers and resolution of 
fever.7 Allogeneic haematopoietic stem cell transplantation 
(HSCT), which remains the sole curative treatment for 
GS28 had not yet been performed for the child. The child 
had been medically stable for 3 months with no active 
HLH manifestations and was referred for physiotherapy 
assessment and treatment. The authors here are the first to 
highlight the benefits gained by this GS2 child through 
physiotherapeutic approaches, which have not reported to 
date.

Firstly, muscle strength, trunk control, motor function 
and balance were evaluated and recorded using manual 
muscle testing, Trunk Control Measurement Scale 
(TCMS), Gross Motor Function Measure (GMFM-88), 
and Paediatric Berg Balance Scale (PBBS) respectively. 
These tests revealed weakness in muscle strength, poor 
motor control in kneeling and standing, balance 
impairment, and high risk of falls. Functional 
Independence Measure for Children (WeeFIM) scores 
indicated use of moderate assistance for self-care and 
mobility. The child's current performance was below her 
capacity in domains of general tasks, mobility, and self-
care (Table 1).

Integrating the evaluation findings and expectations of 
the parents, specific, achievable, and realistic goals were 
set for physiotherapy. A 4-week (12 sessions; 3 sessions 
per week) individually tailored exercise programme was 
systematically designed to target muscle strengthening, 
motor function, trunk control, and balance. A task-oriented 
approach was employed to facilitate activation of the 
gluteal, hamstring, and quadriceps muscle groups through 
functional activities and play-based therapy, thereby 
enhancing participation and functional independence.9

Additionally, Progressive Resistance Training (PRT) was 
integrated with functional task practice to further augment 
motor function (Table 2).

The study demonstrated improvements in overall 
functional performance, as evidenced by enhanced post-
test scores on the TCMS, GMFM-88 dimensions, PBBS, 
and WeeFIM (Table 1).
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Table 1 Pre and post scores of outcome measures 
Upper limb muscle strength Pre-scores Post-scores
 Right Left Right Left
Shoulder flexors 3 3- 4 4

Shoulder abductors 3+ 3 4 4

Elbow flexors 3 3+ 4 4

Elbow extensors 3- 3- 4 4

Wrist flexors 3+ 3 4 4

Wrist extensors 3+ 3+ 4 4

Lower limb muscle strength  Right Left Right Left

Hip flexors  2+ 2 3- 3-

Hip extensors 2+ 2 3+ 3+

Hip abductors 2+ 2- 3+ 3+

Knee flexors 3 2 4 4

Knee extensors 2+ 2 3+ 3+

Ankle dorsi flexors 3+ 3 4 4

Ankle planter flexors 2+ 2 3+ 3+

Ankle invertors 3+ 3 3 3

Ankle evertors 2 2 3 3

Trunk Pre scores Post scores

Trunk flexors 2 3

Trunk extensors 2+ 3

Trunk lateral rotators (Right) 2 3

Trunk lateral rotators (Left) 2 3

Trunk lateral flexors (Right) 2+ 3-

Trunk lateral flexors (Left) 2+ 3-

PBBS 16/56 23/56

TCMS 19/58 25/58

GMFM-88-Dimension

 • Lying and rolling 51/51 51/51

 • Sitting 60/60 60/60

 • Crawling and kneeling 31/42 35/42

 • Standing 15/39 21/39

 • Walking, running and jumping 3/72 9/72

WeeFIM Score

 • Self-care 40/56 43/56

 • Mobility 15/35 20/35

 • Cognition 35/35 35/35
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motor control, balance, and functional independence 
should be considered as part of the comprehensive 
management of all children recovering from HLH with 
motor impairments. Future research examining 
physiotherapy outcomes in the wider HLH population 
would be valuable to establish evidence-based 
rehabilitation protocols for these patients.

Conclusion

Referral of GS2 children with problems of motor 
control and function is important to achieve their holistic 
healthcare needs. The authors recommend targeted therapy 
sessions to improve muscle strength, motor functions, 
trunk control, motor function, balance, and functional 
independence in GS2. Playful activities play an important 
role in motivating and engaging the child during therapy 
sessions. 
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Introduction

Cleft lip and palate (CLP) refers to a range of 
congenital malformations caused by the failure of fusion of 
the facial processes during embryogenesis, generally 
between the 6th and 12th weeks of gestation. The global 
incidence of CLP is approximately 1 in 700 live births, 
with higher rates observed in Asian populations.1. Due to 
the communication between the oral and nasal cavities, 

nasal regurgitation, difficulty latching, prolonged feeding 
times, and poor weight gain are seen.2,3

Although several non-prosthetic feeding interventions, 
like modified feeding nipples, specialised feeding bottles, 
and assisted feeding methods, are available, research 
shows that there is no one feeding technique that is always 
better; instead, the choice is frequently influenced by the 
degree of cleft, caregiver compliance, and clinical 
knowledge.4 Prosthetic devices, such as feeding obturators, 
designed to temporarily close the cleft, enabling infants to 
generate the necessary intraoral pressure for suckling, also 
guide proper tongue positioning, support maxillofacial 
growth, and reduce aspiration risk.5

Traditionally, obturators were fabricated using cold-
cure acrylic resin over multiple appointments, which is 
time-consuming and carries a higher risk of mucosal 
injury, particularly in neonates.6 Thermoplastic materials 
such as ethylene vinyl acetate (EVA) offer promising 
alternatives.7,8

This report describes the single-visit fabrication of an 
EVA-based feeding plate in a neonate with a complete 
bilateral cleft lip and palate.

Abstract Cleft lip and palate are among the most frequently occurring congenital craniofacial anomalies, resulting 
in a communication between the oral and nasal cavities. Affected neonates are unable to generate 
negative intraoral pressure, resulting in inefficient suckling, nasal regurgitation, aspiration, and poor 
weight gain. Early feeding intervention is essential for ensuring proper nutrition, reducing aspiration risk, 
and supporting infant growth. Feeding obturators serve as non-invasive prosthetic aids to restore oral-
nasal separation and facilitate efficient feeding. This case report presents a simplified, single-visit 
chairside technique for fabricating a feeding plate using ethylene vinyl acetate, a biocompatible 
thermoplastic material. The report emphasizes the ease, safety, and effectiveness of this technique for 
neonatal feeding rehabilitation, especially in resource-constrained settings.

Key words Cleft lip;  Cleft palate;  Feeding obturator;  Neonatal prosthodontics;  Single-visit technique;  Thermoplastic sheet

Case Report
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Veau's Class IV (Figure 1A). Given the critical need to 
address feeding and growth, the treatment plan included 
fabricating a feeding obturator using a single-visit, 
chairside method.

A maxillary impression was taken using medical-grade 
addition silicone putty (Flexceed, GC, Japan) following 
the parents' informed consent. To enable controlled 
material placement while preserving airway safety, the 
operator's gloved index finger served as a personalised 
impression tray (Figure 1B). After it had set, the 
impression was carefully retrieved, checked for accuracy, 
and plaster beading was done to maintain the edges (Figure 
1C). The maxilla master model was created by pouring a 
dental stone cast from the impression (Figure 1D). 

To make it easier to remove the appliance, undercuts on 
the cast were then blocked with clay material (Figure 2A). 
A BioStar pressure moulding machine was then used to 

Case Report

A one-month-old female neonate was referred to the 
paediatric dentistry department for evaluation and 
management of feeding issues. She was born full-term via 
normal vaginal delivery with no systemic abnormalities or 
family history of congenital defects.

Breastfeeding was attempted immediately after birth, 
but didn't succeed due to poor latch and nasal regurgitation. 
Bottle-feeding was then tried with a regular infant bottle, 
but the feeding was prolonged, with frequent episodes of 
choking and regurgitation of milk through the nose. At the 
time of presentation, the family did not have access to any 
specialised cleft feeding bottles, such as the Haberman or 
Pigeon cleft palate baby bottle.

Clinical examination revealed a complete bilateral cleft 
involving the soft palate, hard palate, alveolus, and lip- 

Figure 1. (A) Pre-operative frontal view of the patient with cleft lip and palate. (B) Impression of the cleft 
using index finger as a tray. (C) Plaster beading of the impression made from addition silicone putty 
impression material. (D) Master cast obtained.



Darshana et al 173

heat and vacuum-adapt a 1-mm ethylene vinyl acetate 
(EVA) thermoplastic sheet over the prepared cast (Figure 
2B & 2C). The adapted thermoplastic sheet was then 
carefully trimmed along the vestibular margins and around 
the palatal defect, finished, and polished after cooling to 
obtain a smooth, well-fitting feeding plate (Figure 2D). To 
prevent accidental aspiration of the appliance during use, a 
retrieval cord made from dental floss was attached to the 
appliance and secured to the cheeks with adhesive tape 
(Figure 2E). 

The infant showed immediate improvement during 
feeding with no nasal regurgitation and reduced feeding 
time. Parents were instructed to use the feeding plate only 
during feeding sessions and thorough cleaning after each 
use with mild soap and water, and once daily, using a 
diluted antiseptic solution was advised. 

Follow-up was scheduled after one week. Weight gain 
of 180 g compared to baseline was reported, and the 

feeding time was reduced to approximately 20 minutes per 
session, which was 45 minutes per session earlier with 
frequent interruptions. Though periodic reassessment and 
appliance modification are essential to maintain fit and 
function, longer-term follow-up was not possible in this 
case, and the child was referred to a multidisciplinary cleft 
care team for ongoing management.

Discussion

Neonates with cleft lip and palate are at high risk of 
feeding difficulties due to an inability to form negative 
intraoral pressure, leading to ineffective suckling, fatigue, 
and aspiration.2,5 For infants with CLP, modified nipples 
and special feeding bottles are frequently employed as 
first-line interventions. Although these techniques can 
work well for mild to moderate clefts, their effectiveness 

Figure 2. (A) Blocking the master cast using clay material. (B) Heating the thermoplastic sheet for adaptation on the master cast in the 
vacuum former. (C) Thermoplastic sheet adapted on the master cast. (D) Thermoplastic sheet cut according to the vestibular extensions of 
the maxilla and the defect of the palate. (E) Adaptation of the feeding plate to the defect attached to the cheeks using dental floss and 
adhesive tape.
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largely depends on the infant's cooperation and the skill of 
the caregiver. Obturators may offer a more consistent 
division between the nasal and oral cavities in cases of 
severe clefts, especially those involving both the primary 
and secondary palates.4

Traditionally, obturators are made from cold-cure 
acrylic resin. However, the process is cumbersome and 
may result in hard-edged appliances that can traumatize 
neonatal tissues. In this report, a simplified method was 
employed by using the operator's gloved index finger as a 
functional tray � aligning with existing literature.6

Thermoplastic materials such as EVA are biocompatible, 
flexible, soft, and mouldable under heat and pressure, 
making them ideal for quick, chairside fabrication of 
prostheses. Their cushioning effect prevents mucosal 
trauma, flexibility improves patient comfort, and shows less 
chance of distortion compared to acrylic based obturator. 
Cold-cure acrylic resin experiences polymerization 
shrinkage of approximately 0.5% to 1.0% during 
processing, and internal stresses may form during setting. 
EVA, on the other hand, exhibits very little polymerization 
shrinkage (about 0%) because it is a thermoplastic and does 
not undergo chemical polymerization.7,8

Conclusion

Cleft lip and palate deformities present early challenges 
in feeding, and a prompt intervention to restore oral 
functionality, reduce aspiration risk, and parental anxiety is 
needed. This case demonstrated the successful single-visit 
fabrication of a feeding plate using EVA thermoplastic 
material and a finger-tray impression technique. In 
comparison with conventional cold-cure acrylic 
obturators, the EVA-based feeding plate described required 
significantly less chairside time, eliminated laboratory 
processing steps, and provided a softer, more flexible 
interface with neonatal tissues. While acrylic appliances 
may offer greater durability, EVA plates are particularly 
advantageous due to ease of fabrication and improved 
comfort, and are therefore recommended for short-term 
neonatal use.
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Introduction 

Osteosarcoma is a bone tumour commonly affecting 
the long bone. It typically metastasizes to the lung and 
brain. With the advances in adjuvant therapy and longer 

survival, unusual site of metastasis such as intestinal 
metastasis had been reported.1 Herewith we reported a 
case of a 17-year-old boy with intestinal metastatic 
osteosarcoma presenting as ileo-ileal intussusception.

Case History

A 17-year-old boy with known history of left femur 
osteosarcoma five years ago presented to the surgical 
department with acute abdominal pain and undigested food 
vomiting for one day. He had known history of left lower 
lobe lung metastasis with lobectomy, recurrent left 
occipital lobe, right parietal and right frontal lobe brain 

Abstract Aim: Osteosarcoma typically metastasizes to the lung and the brain via haematogenous spread. Intestinal 
spread is uncommon. Data on the management protocol for metastatic lesion in the small bowel causing 
ileo-ileal intussusception in children is lacking. Methods: We reported a case of a 17-year-old boy with 
known past history of pulmonary, brain and soft tissue metastatic osteosarcoma, presenting with 
intestinal obstruction. His clinical presentation and management pathway was discussed. Results: A 17-
year-old boy with left femur osteosarcoma five years ago presented with vomiting and abdominal pain 
for one day. He had known past history of pulmonary, brain and right left soft tissue osteosarcoma 
metastasis. On admission, he remained haemodynamically stable with a full GCS score. Abdominal 
X-ray showed prominent small bowel loops. Computed tomography abdomen showed ileo-ileal 
intussusception with suspicious intestinal metastasis. Emergency laparotomy showed ileo-ileal 
intussusception, small bowel resection and anastomosis were performed. Histology findings of the 
resected specimen confirmed metastatic osteosarcoma into small bowel. Post op recovery was uneventful 
and patient was able to tolerate full oral feeding on day 9 post operatively. Conclusion: In patient with 
metastatic osteosarcoma, one of the potential causes of intestinal obstruction could be ileo-ileal 
intussusception with pathological lead point. In comparsion with the more common peritoneal metastasis 
presenting with carcinomatosis in the adult population, isolated intra-luminal intestinal metastasis is a 
more readily surgically treatable condition. High index of suspicion and early surgical intervention were 
essential in children with metastatic osteosarcoma.

Key words Ileo-ileal intussusception;  Metastatic osteosarcoma

Case Report
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suspicious calcified intra-luminial mass acting as the lead 
point (Figure 2). Emergency laparotomy showed ileo-ileal 
intussusception, with a 2.5 cm intra-luminal calcified 
ulcerated polyp like mass acting as the pathological lead 
point (Figures 3-5). No other lesion was palpable in the 
small and large bowel, no other lesion was seen on the 
stomach, liver and the gallbladder. 30 cm small bowel 
including the intussusception was resected, primary small 
bowel to small bowel anastomosis was made. The patient 
had uneventful post op recovery and was able to tolerate 
full oral feeding on day 9 post operatively. 

The histological report of the resected specimen came 
back to be metastatic osteosarcoma. 

Classical intussusception in children typically occurs 
between the age of 6-month-old to 4-year-old, with the 
clinical triad of colicky abdominal pain, vomiting and red 
currant jelly stool. When intussusception occurs out of the 
expected spectrum of age, or when it was not located at the 
typical ileo-caecal location, surgical exploration is usually 
warranted. 

While laparoscopic reduction of the intussusception 
was a potentially viable option, in the context of suspected 
intestinal metastasis, it had been reported that the lack of 
tactile bowel palpation in laparoscopic intervention may 

metastasis with repeated excision, spinal cord metastasis 
with spinal cord decompression and right thigh soft tissue 
metastasis with local excision. 

On clinical examination, he was haemodynamically 
stable with a GCS of 15/15. He was oriented and alert, and 
was able to walk with stick. He had low grade fever of 
37.8oC. Physical examination showed soft, non-distended 
abdomen with mild diffuse tenderness at left upper 
quadrant. Abdominal X-ray showed dilated small bowel 
loops (Figure 1). Given his clinical history of known multi-
sites tumor metastases, clinical diagnosis of suspected 
peritoneal or intestinal metastasis was made. Urgent CT 
abdomen showed 8cm ileo-ileal intussusception with 

Figure 1 AXR showing prominent small bowel loops.

Figure 2 CT showing the ileo-ileal intussusception. Figure 3 Intra-operative finding of ileo-ileal intusussception.
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results in missed metachronous intestinal metastasis, 
furthermore, intussusception with a lead point usually 
would require bowel resection and anastomosis.2

Conclusion

Reviewing the literature, four paediatric small bowel 
metastatic osteosarcoma causing small bowel 
intussusception had been reported.3 It was reported that the 
small bowel intussusception usually occurred 1.5 to 5 
years after the initial osteosarcoma diagnosis.4 The 
presence of gastro-intestinal metastasis would often 
indicate aggressive disease with poor prognosis.5 Keeping 
with the goal of palliative management in our patient, 
conservative non-operative management had been briefly 
discussed upon admission. However, with the CT 
confirmation of a pathological lead point causing a 
surgically reversible cause of intestinal obstruction, it 
became clear that surgical exploration was indicated.  
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What is the diagnosis?

EYH NG, JCK CHAN, CFY SHIH, SKL HO, HM LUK

Clinical Quiz

Case History

The proband is a 22-year-old gentleman. He was born 
full term to non-consanguineous Chinese parents with 
birth weight 2.55 kg. His body length at birth, as indicated 
on sex- and age-adjusted growth charts, fell between 3rd 
and 10th percentiles while his birth weight and head 
circumference were at 10th percentile. He was first 
assessed by Clinical Genetics at 4 years old for short 
stature, measuring 4 cm below 3rd percentile on sex- and 
age-adjusted growth charts. Throughout childhood, he 
experienced recurrent chest infections and easy bruising, 
and also had delayed teeth eruption. His cognitive 
development was all along normal.

Upon most recent assessment, his final adult height 
was 142.3 cm. He had multiple skeletal abnormalities 
affecting both the trunk and limbs including pectus 
excavatum, thoracic kyphosis, genu valgum, pes cavus and 
hallux valgus (Figure 1A-F). Skeletal survey at age 11 
showed bilateral hip and knee metaphyseal dysplastic 
changes (Figure 1G). Magnetic resonance imaging (MRI) 
of the hips showed bilateral coxa vara and dysplastic 

capital physis with features of pre-slip capital femoral 
epiphysis. His bone age was all along not delayed.

He reported symptomatic steatorrhea following fatty 
meal and was prescribed regular Pancreatin supplement, 
which resulted in improvement. He had hypoamylasemia 
with amylase levels ranged from 11 to 14 U/L (reference 
interval: 25-101 U/L). Abdominal ultrasound showed 
hyperechoic pancreas and possible lipomatosis. 

He experienced chronic thrombocytopenia since 
childhood with platelet counts ranging from 17 to 140 x 
10/L (reference interval: 152-358 x 109/L). His red and 
white blood cell counts have been intermittently low, with 
red blood cell counts ranging from 2.38 to 4.94 x 1012/L 
(reference interval: 4.3-5.7 x 1012/L) and white blood cell 
counts between 1.6 and 8.31 x 109/L (reference interval: 
3.9-10.7 x 109/L).

Family history reveals that among three siblings, his 
eldest sister is similarly affected, presenting with 
metaphyseal chondrodysplasia, frontal bossing and 
pancytopenia; both parents and another elder sister remain 
asymptomatic.

The clinical quiz was prepared by:
EYH NG

JCK CHAN

CFY SHIH

SKL HO

HM LUK

Department of Clinical Genetics, Hong Kong Children’s 
Hospital, Hong Kong SAR, China
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Figure 1 Clinical photos of the proband. (A-B) Anterior and lateral facial profile (C-F) Multiple musculoskeletal 
abnormalities including pectus excavatum, thoracic kyphosis, genu valgum, pes cavus and hallux valgus (G) X-ray of 
bilateral hip with metaphyseal irregular striated sclerotic changes and mild flaring, partial vertebra with diffuse spinal 
end-plate irregularities but no scalloping or abnormal interpedicular distance.

Answer to "Clinical Quiz" on Pages xx-xx
N.B. The Editors invite contributions of illustrative clinical cases or materials to this section of the journal.
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MCQ

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) Progress in the Diagnosis and Treatment of 
Tracheobronchomalacia in Children

1. According to the ERS statement, which of the 
following criteria defines mild tracheobronchomalacia 
(TBM)?

 a. Cross-sectional area reduction of 25-50%
 b. Cross-sectional area reduction of 50-75%
 c.  Cross-sectional area reduction of 75-90%
 d.  Cross-sectional area reduction less than 25%
 e. Cross-sectional area reduction of 90-95%

2. Which of the following is considered the gold standard 
for diagnosing TBM?

 a. Chest X-ray
 b. Dynamic chest CT scan
 c.  Pulmonary function tests
 d.  Bronchoscopy
 e. Dynamic magnetic resonance imaging

3. Regarding medical treatment for TBM, which of the 
following statements is incorrect?

 a. Ipratropium bromide has shown symptomatic 
improvement in some children with TBM

 b. Β2 receptor agonists may exacerbate airway 
obstruction by reducing airway smooth muscle 
tone

 c.  Recombinant human DNase (a mucolytic agent) 
significantly promoted recovery and reduced 
antibiotic use during 2 weeks of treatment

 d.  Antibiotics are not used to treat TBM directly but 
can treat bacterial infections that exacerbate 
symptoms

 e. Muscarinic agonists may theoretically reduce 
tracheal compliance by inducing tracheal 
contraction but are not part of routine clinical 
practice

4. Which of the following surgical interventions is now 
generally considered a last resort for TBM 
management due to high complication rates?

 a. Aortopexy
 b. Tracheostomy
 c.  Tracheectomy
 d.  Airway stent implantation
 e. Posterior tracheopexy

5. Regarding the epidemiology and natural history of 
TBM, which of the following statements is correct?

 a. The incidence of TBM in the general population is 
approximately 26.5%

 b. Congenital TBM is more prevalent in preterm 
infants, relatively more common in males, and 
symptoms may spontaneously alleviate with age in 
primary non-syndromic cases

 c.  Bronchomalacia is less common than 
tracheomalacia

 d. Among patients undergoing bronchoscopy for 
chronic cough, the prevalence of TBM is less than 
4.5

 e. All children with TBM require surgical 
intervention, with no possibility of spontaneous 
resolution

(B) An MRI Severity Score as the Sole Predictive 
Factor for Adverse Neurological Outcomes in 
Congenital Cytomegalovirus Infection Patients

1. What is the approximate incidence of congenital 
cytomegalovirus (cCMV) infection worldwide?

 a. 1 in 5 infants
 b. 1 in 20 infants
 c.  1 in 200 infants
 d. 1 in 2000 infants
 e. 1 in 20000 infants
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2. Which image modality is used by Lucignani et al to 
predict the long-term outcomes of cCMV patients?

 a. Magnetic Resonance Imaging (MRI)
 b. Computed tomography (CT)
 c.  Ultrasound 
 d. X-ray 
 e. Positron Emission Tomography (PET)

3. Which test has been used in this study to diagnose 
cCMV infection?

 a. Clinical examination
 b. Detection of Early Antigen Fluorescent Foci 

(DEAFF) test in urine
 c.  History taking
 d. Ultrasound 
 e. Computed tomography (CT)

4. Which of the following domain of features are NOT 
included in the MRI severity score by Lucignani et al?

 a. White matter abnormalities
 b. Cortical malformation
 c.  Any calcifications
 d. Cerebellar abnormalities
 e. Absence of corpus callosum

5. Why MRI is preferred to perform earlier for the cCMV 
patients for the assessment?

 a. Facilitate discharge of the patient
 b. Reduce anxiety of parents 
 c.  Reduce the use of sedation drug
 d. Reduce possible insult to the brain while waiting 

for the MRI which may mislead the MRI score 
assessment

 e. Reduce the use of MRI contrast as the body size is 
smaller

(C) Space Oil Vapours: Endocrine Risks and the 
Adolescent Challenges

1.  Etomidate primarily inhibits which adrenal enzyme, 
leading to decreased cortisol synthesis and 
accumulation of precursors like 11-deoxycortisol? 

 a. 21-Hydroxylase 
 b. 17α-Hydroxylase 
 c.  11β-Hydroxylase 
 d. 3β-Hydroxysteroid dehydrogenase 
 e. Cholesterol side-chain cleavage enzyme 

2.  Which accumulated precursor is most responsible by 
activating mineralocorticoid receptors, thereby 
contributing to hypertension in chronic abusers of 
etomidate? 

 a. 17-Hydroxyprogesterone
 b. Cortisol
 c.  Aldosterone
 d.  Androstenedione
 e. 11-Deoxycorticosterone (DOC) 

3.  In 2024, what percentage of drug abusers under the age 
of 21 were found to be abusing etomidate? 

 a. Under 10%
 b. 10-19%
 c. 20-29% 
 d. 30-39%
 e. Over 40%

4.  Amongst adolescents presenting after etomidate‑containing 
"space oil" inhalation, which electrolyte abnormality 
was observed? 

 a.  Hypernatraemia
 b. Hyperkalaemia
 c.  Hypokalaemia
 d.  Hypocalcaemia
 e. Hypomagnesaemia 

5. In an adolescent with documented adrenal 
insufficiency due to chronic etomidate inhalation, 
which intervention is most appropriate? 

 a.  Long‑term high‑dose fludrocortisone monotherapy
 b. Oral hydrocortisone replacement with stress‑dose 

coverage when ill 
 c.  Lifelong oral glucocorticoid and mineralocorticoid 

replacement without stress‑dose cover
 d. Empirical high‑dose dexamethasone to suppress 

ACTH
 e. No treatment required

(D) Reduced Seropositivity to Live Vaccines in 
Children with Nephrotic Syndrome in Remission: 
A Single-Centre Retrospective Study

1.  Which of the following best explains the reduced 
vaccine-induced antibody responses observed in 
children with nephrotic syndrome? 

 a. Increased complement factor synthesis
 b. Enhanced T-cell activation
 c.  Increased production of neutralising antibodies
 d. Urinary loss of immunoglobulins and the effects of 

immunosuppressive therapy
 e. Prolonged survival of memory B cells
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2.  According to the study, which vaccine demonstrated 
the lowest seropositivity rate among children with 
nephrotic syndrome in remission? 

 a. Measles
 b. Rubella
 c.  Mumps
 d. Varicella
 e. Hepatitis B

3.  What was observed when comparing seropositivity 
rates between children receiving corticosteroid 
monotherapy and those receiving additional 
immunosuppressive agents? 

 a. Significantly higher rates in the combination 
therapy group

 b. Significantly lower rates in the monotherapy group
 c.  No difference between groups
 d. Complete loss of seropositivity in the combination 

group
 e. Lower rates in the combination group without 

statistical significance

4. Why is seropositivity considered an imperfect marker 
of immunity in this context?
a. It does not reflect cell-mediated immunity

 b. It overestimates antibody concentrations
 c.  It lacks laboratory reliability
 d. It applies only to bacterial infections
 e. It is unrelated to vaccination status

5.  What is the most appropriate clinical recommendation 
based on the study findings? 

 a. Administer live vaccines during disease relapse
 b. Periodically assess vaccine-specific immunity and 

consider tailored booster doses
 c.  Discontinue immunosuppressive therapy prior to 

vaccination
 d. Rely solely on early childhood vaccination history
 e. Replace serological testing with cellular immunity 

assays in routine practice 

Answers of April issue 2026

(A) 1. c; 2. b; 3. b; 4. c; 5. d

(B) 1. a; 2. b; 3. d; 4. c; 5. b

(C) 1. c; 2. b; 3. e; 4. c; 5. d

(D) 1. e; 2. a; 3. d; 4. e; 5. c
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What is the diagnosis?

The clinical features are compatible with Shwachman-Diamond syndrome (SDS) (OMIM #260400), a rare genetic 
disorder characterised by a classical triad of exocrine pancreatic dysfunction, bone marrow dysfunction and skeletal 
abnormalities, first described in the 1960s.1

Exome sequencing found a heterozygous variant NM_016038.2(SBDS):c.183_184delinsCT p.(Lys62*) and a 
homozygous variant NM_016038.2(SBDS):c.258+2T>C p.(Cys84Tyrfs*4). 

The variant c.183_184delinsCT is a reported pathogenic variant in literature2,3 that causes dinucleotide 
replacement of TA by CT at positions 183-184, leading to a change at the 62nd amino acid from Lysine to a stop codon 
(Lys62*), and subsequent loss-of-function. The variant c.258+2T>C is also a reported variant in literature.2-4 This 
variant is predicted to disrupt the donor splice site of intron 2 and causes an 8-bp deletion consistent with the activation 
of an upstream cryptic splice donor site at positions 251-252, leading to a frameshift change at the 84th codon from 
Cysteine to Tyrosine, and subsequent premature stop at the 87th position, also resulting in loss of function. c.[183_
184delinsCT;258+2T>C] is a common haplotype resulting from gene conversion with a neighbouring pseudogene.2

According to American College of Medical Genetics (ACMG) guidelines, both variants were classified as Pathogenic. 
Parental testing showed that c.258+2T>C was paternally inherited, while c.[183_184delinsCT;258+2T>C] was 
maternally inherited. The genetic diagnosis of Shwachman-Diamond syndrome was substantiated.

SBDS Sanger sequencing of the affected eldest sister showed that she carried both c.[183_
184delinsCT;258+2T>C] and c.258+2T>C in a compound heterozygous state. Another unaffected elder sister was a 
carrier for c.[183_184delinsCT;258+2T>C] (Figure 2).

CLINICAL QUIZ (p178-179) ANSWER

Figure 2 Pedigree of the proband.
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What are the clinical features?

SDS is a rare genetic condition characterised by a combination of haematological, pancreatic, and skeletal 
abnormalities. It is estimated to occur in approximately 1 in 77,000 to 200,000 live births.5,6 Symptoms of SDS 
typically manifest in infancy, while some features may only become apparent during early childhood. The features 
observed in SDS patients are as follows:6

Key clinical features include cytopenia in more than 95% of patients, primarily presenting as neutropenia and 
susceptibility to recurrent infections. Over 90% exhibit exocrine pancreatic dysfunction, leading to malabsorption, 
steatorrhea and failure to thrive. Approximately 80% have short stature, often attributed to feeding difficulties and 
recurrent infections. Skeletal abnormalities affect about 60% of patients, including delayed epiphyseal ossification 
and metaphyseal dysplasia.

Other associated features may include delayed development or intellectual disability in about 20%, as well as 
congenital structural abnormalities including cardiac, gastrointestinal, urogenital, ocular, and auditory structures. 
Eczema and ichthyosis are also frequently reported, along with hepatomegaly and deranged liver function.

Patients with SDS are at increased risk of developing myelodysplastic syndromes or acute myeloid leukaemia, 
with estimated occurrence of approximately 10%.

What is the genetic basis of SDS? 

SDS is primarily caused by alterations in the SBDS gene located on chromosome 7q11, and demonstrates an 
autosomal recessive inheritance pattern.7 If both parents are heterozygous carriers of a pathogenic SBDS variant, each 
offspring has 25% chance of being affected, 50% chance of being a clinically asymptomatic carrier, and 25% chance 
of being unaffected.

Around 90% of individuals with SDS exhibit biallelic pathogenic variants in the SBDS gene. These alterations 
often lead to reduced amount or functionality of the SBDS protein, which plays a crucial role in ribosome biogenesis 
and RNA metabolism.7 Common variants include those resulting from gene conversion with a neighbouring 
pseudogene, which can lead to significant protein truncation and loss of function.2,8

The SBDS protein is integral to the assembly and function of ribosomes, which are essential for protein synthesis. 
Deficiency in functional SBDS protein disrupts ribosome formation, thereby affecting protein production and various 
developmental processes across multiple organ systems, including the pancreas and bone marrow.9

Table 1 Features observed in SDS patients 
Main features (% in SDS patients) Other features
Cytopenia (>95%) Delayed development / Intellectual disability (20%)
Exocrine pancreatic dysfunction (>90%) Congenital structural abnormalities (e.g. heart,  
 gastrointestinal, urogenital, ocular, auditory)
Short stature (80%) Eczema / ichthyosis
Skeletal abnormalities (60%) Hepatomegaly / deranged liver function
Myelodysplastic syndrome / Acute myelogenous leukaemia (10%) Endocrine abnormalities
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Biallelic pathogenic variants in other genes such as DNAJC21, EFL1, and heterozygous pathogenic variants in 
SRP54 have also been associated with similar phenotypes, albeit accounting for a smaller percentage of cases.7 These 
genes are also involved in ribosome biogenesis and early protein synthesis, highlighting a shared biochemical pathway 
relevant to the disorder.

What is the management of SDS?

Management of SDS requires a multidisciplinary team of specialists, including paediatricians, haematologists, 
endocrinologists, gastroenterologists, pulmonary specialists, orthopaedic surgeons and clinical geneticists. 

Exocrine pancreatic insufficiency is managed with oral pancreatic enzymes and supplementation of fat-soluble 
vitamins. Blood and platelet transfusions may be necessary for patients experiencing anaemia and thrombocytopenia. 
In cases of severe recurrent infections with persistently low absolute neutrophil counts, granulocyte-colony 
stimulating factor (G-CSF) can be considered to boost white blood cell production. Hematopoietic stem cell 
transplantation (HSCT) should be evaluated for patients with severe bone marrow failure, myelodysplastic syndrome, 
or acute myeloid leukaemia. Early referrals to pulmonary and orthopaedic specialists are crucial for managing thoracic 
dystrophy and other skeletal abnormalities. Regular assessments of nutritional status, serum fat-soluble vitamin levels, 
complete blood counts, and monitoring for orthopaedic complications are essential components of ongoing care. 
Additionally, neuropsychological evaluations and developmental support should be integrated into the management 
plan.

At-risk individuals shall be referred to clinical geneticists for counselling to discuss genetic testing options that 
may identify those who could benefit from early intervention or preventive measures. After appropriate reproductive 
counselling, prenatal diagnosis and preimplantation genetic testing can be considered for at-risk individuals. Early 
identification can facilitate monitoring of the condition and support informed family planning decisions.
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