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SUMMARY

Keywords

Updated information on neuro-prognosticative tools to predict 
outcomes for patients with hypoxic-ischemic encephalopathy 
induced by cardiac arrest

Hui Zeng1, Tetsuya Asakawa2,*

1 Department of Health Services Section, National Clinical Research Center for Infectious Diseases, Shenzhen Third People's Hospital, Shenzhen, 
Guangdong, China; 

2 Institute of Neurology, National Clinical Research Center for Infectious Diseases, Shenzhen Third People's Hospital, Shenzhen, Guangdong, China.

hypoxic-ischemic encephalopathy (HIE), cardiac arrest (CA), neuro-prognosticative tools, awaken, 
neurological recovery

Hypoxic-ischemic encephalopathy (HIE), caused by cardiac arrest (CA) is a refractory condition in 
clinical settings. The clinician and family members have to make a hard decision: continue expensive 
life-sustaining therapy or withdraw the expensive intervention. The core problem lies in "whether 
this patient can still be awakened and achieve neurological recovery". This study briefly summarizes 
the use of mainstream neuro-prognosticative tools thus far with the latest available evidence. To gain 
a better understanding of the pathophysiological state of patients with HIE, comprehensive use of 
these tools and repeated assessments are recommended. The final decision should be made cautiously 
and comprehensively in light of the patient's medical history, pathophysiological state, results of 
neuro-prognosticative evaluations, and the clinician's clinical experience per se. Novel computerized 
technologies such as artificial intelligence, big data, and machine learning should be used to develop 
neuro-prognosticative tools for refractory CA-induced HIE.

1. Introduction

Hypoxic-ischemic encephalopathy (HIE) in adults 
is a refractory condition that is commonly caused by 
cardiac arrest (CA). Survivors usually fall into a coma or 
unresponsive wakefulness syndrome. Approximately 40–
66% of HIE survivors cannot be awakened (1) and have 
to undergo expensive intensive care and life-sustaining 
therapy. This situation might compel the clinician and 
family members to make a hard decision: continue such 
expensive treatment or withdraw it. The core issue lies 
in whether the patient can be awakened and recover 
even after prolonged treatment. Neuro-prognosticative 
evaluations play a vital role in making this decision, 
which can differentiate a state of prolonged coma from a 
state of irreversible cerebral damage. 

2. Available neuro-prognosticative tools

By far, the available neuro-prognosticative tools can 
be classified into four types: i) clinical assessments, 
ii) electrophysiological tools, iii) biomarkers, and iv) 
neuroimaging tools (Figure 1). 

	 Clinical assessments should include Glasgow 
Coma Scale motor response (GCS-M) and brainstem 
reflexes, and corneal and pupillary reflexes (2). Scores 
of GCS-M < 2 (3,4) and absence of bilateral brainstem 
reflexes (4) may indicate a poor prognosis. Conversely, 
Kamps et al. pointed out that the response to pain 
stimulation and corneal reflex are not a reliable tool 
for the early prediction of poor outcomes in patients 
undergoing hypothermia therapy (3). However, a later 
study verified that quantitative pupillometry is an 
excellent tool to predict HIE with a poor prognosis on 
day one after CA (5).
	 Electrophysiological tools include somatosensory 
evoked potentials (SSEP) and electroencephalography 
(EEG). In terms of SSEP, the most commonly used 
index is the N20 response in SSEP assessments. 
The N20 response is measured as the response from 
the primary somatosensory cortex after 20 ms of 
stimulation of the median nerve at the wrist (2). Early 
in 2003, Robinson et al. reported less than 1% changes 
in awakening in coma of HIE patients with absent 
somatosensory evoked potential response (6). Oddo and 
Friberg also pointed out that the absence of a bilateral 
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N20 response can predict 100% HIE with a poor 
prognosis (2). In addition, a later study found that the 
combined use of N60 and mismatch negativity achieved 
satisfactory sensitivity (82.7%) and specificity (82.0%) 
at predicting whether patients could be awakened (7). 
The limitations of the use of such SSEP indices lie in: 
i) they are easily affected by injuries to the cervical 
spinal cord and isolated lesions in the brain stem (1); ii) 
they have low sensitivity at predicting a good prognosis 
(2); and iii) interpretation of the evoked potentials may 
sometimes be subjective. Accordingly, EEG is, owing 
to its noninvasive and inexpensive nature, another 
commonly used electrophysiological tool to predict the 
clinical outcomes of HIE. In addition, EEG can be used 
in patients undergoing hypothermia therapy. However, 
there is still a lack of a "standard predictive model/
pattern" of EEG in such patients with HIE. Generally, 
earlier recovery of continuous EEG background activity 
and later onset of myoclonus/seizures are indicators of a 
better outcome, whereas severe and frequent myoclonus/

seizures indicate a worse outcome (8). Suppressed EEG, 
burst suppression, and generalized periodic discharges 
superimposed on a suppressed background have been 
observed in patients with severe HIE (9). A later study 
evaluated the changes in EEG patterns affected by pain 
stimulation. It found that awakening patients after pain 
stimuli had a higher γ, β, and α spectral power in the 
frontal and parietal lobes, a lower δ and θ spectral power 
in the bilateral temporal and occipital lobes, higher 
entropy in the frontal and parietal lobes, lower entropy 
in the temporal occipital lobes, and stronger γ and β 
connectivity in nearly the whole brain, but weaker θ and 
δ connectivity in some brain regions in comparison to 
unawakening patients (1). These patterns may be useful 
in predicting the prognosis for HIE.
	 The most important biomarker for predicting HIE is 
concentration of serum neuron-specific enolase (NSE). A 
serum level > 33 μg/L was identified as the cutoff value 
to indicate a poor outcome for HIE 24–72 h after CA 
(10,11). However, the thresholds of NSE levels to predict 
a poor outcome vary among different studies. Stammet et 
al. reported 50 μg/L 72 h after CA (12), and Streitberger 
et al. reported that 90 μg/L is better, considering 
specificity and sensitivity (13). Endisch et al. found that 
patients with serum NSE levels > 67 μg/L 48 h after CA 
had severe HIE (9). However, elevated serum NSE levels 
undoubtedly indicate a poorer outcome.
	  Computed tomography (CT) and magnetic 
resonance imaging (MRI) are commonly used 
neuroimaging tools to examine HIE. Considering 
potential confounding factors such as edema in the early 
stages, however, CT and MRI are more commonly used 
in patients with HIE > 7 days after CA (2). For better 
observation/quantification of brain injury following 
CA-induced HIE in the early stage, diffusion-weighted 
imaging (DWI) MRI is recommended to identify 
abnormalities in the brain structure and predict HIE 
prognosis. Hirsch et al. found that an apparent diffusion 
coefficient of 650 × 10-6 mm2/s ≥ 10% of brain volume is 
a threshold indicating a poor prognosis in patients with 
HIE (14). However, the most widely accepted index is 
the gray-white matter ratio (GWR). A GWR < 1.10 in 
patients with HIE indicated a poor outcome because 
over 70% of patients with a GWR < 1.10 were found to 
have "near-complete cortical and hippocampal neuronal 
death" (9). Conversely, GWR > 1.3 might predict a good 
outcome even in patients with severe HIE (9).
	 In addition to the aforementioned tools, several 
non-mainstream tools have been mentioned in 
sporadic studies. For example, Preuß et al. evaluated 
the association between mean arterial blood pressure 
(MAP) and HIE severity after CA. They found that 
MAP was associated with CA survival but not with HIE 
severity. Patients with HIE who have fewer vasopressor 
requirements might have a higher chance of being 
awakened from a coma (15). Potential HIE-related 
biomarkers include S100B (16),  neurofilament light 
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Figure 1. The recommended neuro-prognosticative tools for 
predicting the outcome HIE induced by CA



www.irdrjournal.com

Intractable & Rare Diseases Research. 2023; 13(4):199-202. 201

References

1.	 Huang H, Su Y, Niu Z, Liu G, Li X, Jiang M. Comatose 
patients after cardiopulmonary resuscitation: An analysis 
based on quantitative methods of EEG reactivity. Front 
Neurol. 2022; 13:877406.

2.	 Oddo M, Friberg H. Neuroprognostication after cardiac 
arrest in the light of targeted temperature management. 
Curr Opin Crit Care. 2017; 23:244-250.

3.	 Kamps MJ, Horn J, Oddo M, Fugate JE, Storm C, 
Cronberg T, Wijman CA, Wu O, Binnekade JM, 
Hoedemaekers CW. Prognostication of neurologic 
outcome in cardiac arrest patients after mild therapeutic 
hypothermia: A meta-analysis of the current literature. 
Intensive Care Med. 2013; 39:1671-1682.

4.	 Dragancea I, Horn J, Kuiper M, Friberg H, Ullen 
S, Wetterslev J, Cranshaw J, Hassager C, Nielsen 
N, Cronberg T, Investigators TTMT. Neurological 
prognostication after cardiac arrest and targeted 
temperature management 33 degrees C versus 36 degrees 
C: Results from a randomised controlled clinical trial. 
Resuscitation. 2015; 93:164-170.

5.	 Oddo M, Sandroni C, Citerio G, Miroz JP, Horn J, 
Rundgren M, Cariou A, Payen JF, Storm C, Stammet P, 
Taccone FS. Quantitative versus standard pupillary light 
reflex for early prognostication in comatose cardiac arrest 
patients: an international prospective multicenter double-
blinded study. Intensive Care Med. 2018; 44:2102-2111.

6.	 Robinson LR, Micklesen PJ, Tirschwell DL, Lew HL. 
Predictive value of somatosensory evoked potentials for 
awakening from coma. Crit Care Med. 2003; 31:960-
967.

7.	 Liu Y, Huang H, Su Y, Wang M, Zhang Y, Chen W, Liu 
G, Jiang M. The combination of N60 with mismatch 
negativity improves the prediction of awakening from 
coma. Neurocrit Care. 2022; 36:727-737.

8.	 Petzinka VN, Endisch C, Streitberger KJ, Salih F, 
Ploner CJ, Storm C, Nee J, Leithner C. Unresponsive 
wakefulness or coma after cardiac arrest-A long-term 
follow-up study. Resuscitation. 2018; 131:121-127.

9.	 Endisch C, Westhall E, Kenda M, Streitberger KJ, 
Kirkegaard H, Stenzel W, Storm C, Ploner CJ, Cronberg 
T, Friberg H, Englund E, Leithner C. Hypoxic-ischemic 
encephalopathy evaluated by brain autopsy and 
neuroprognostication after cardiac arrest. JAMA Neurol. 
2020; 77:1430-1439.

10.	 Zandbergen EG, Hijdra A, Koelman JH, Hart AA, Vos 
PE, Verbeek MM, de Haan RJ, Group PS. Prediction of 
poor outcome within the first 3 days of postanoxic coma. 
Neurology. 2006; 66:62-68.

11.	 Oddo M, Rossetti AO. Predicting neurological outcome 
after cardiac arrest. Curr Opin Crit Care. 2011; 17:254-
259.

12.	 Stammet P, Collignon O, Hassager C, et al. Neuron-
specific enolase as a predictor of death or poor 
neurological outcome after out-of-hospital Cardiac Arrest 
and Targeted Temperature Management at 33 degrees 
C and 36 degrees C. J Am Coll Cardiol. 2015; 65:2104-
2114.

13.	 Streitberger KJ, Leithner C, Wattenberg M, Tonner PH, 
Hasslacher J, Joannidis M, Pellis T, Di Luca E, Fodisch M, 
Krannich A, Ploner CJ, Storm C. Neuron-specific enolase 
predicts poor outcome after cardiac rrest and Targeted 
Temperature Management: A Multicenter Study on 1,053 

chains (17,18), and glial fibrillary acidic protein (18). 
However, the value of these promising predictive tools 
requires further investigation.

3. Insights and conclusion

The clinical outcomes of HIE caused by CA remain 
poor. Indeed, neurological recovery is rare in these 
patients (11) even they received prolonged intensive 
care and a spectrum of therapies, such as electrical 
stimulation, hyperbaric oxygen therapy, acupuncture, 
and electroacupuncture, have been attempted. Thus, 
selection of patients potentially having a good outcome 
as a result of further active treatment or selection 
of patients potentially having a hopeless outcome 
necessitating withdrawal of expensive interventions 
might be a knotty problem faced by all clinicians. 
Indeed, "withdrawal of expensive interventions" 
might lead to ethical/humanistic problems. Hence, 
the evaluation/prediction of HIE outcomes must 
be performed cautiously and rigorously. Several 
suggestions have been proposed for the future prediction 
of HIE outcomes.
	 i) Comprehensive evaluation using multimodal 
approaches. As described earlier, each evaluation tool 
has its particular advantages and disadvantages. To reach 
a robust conclusion, a battery of tools should be used 
to evaluate a given patient (Figure 1) to avoid possible 
bias and misjudgment. Reduplicative evaluations should 
be performed at different times. We should keep in 
mind that all the "assessment results" are for reference 
only, and the final decision should be made cautiously 
and comprehensively in light of the patient's medical 
history, pathophysiological state, results of the neuro-
prognosticative evaluations, and the clinician's clinical 
experience per se.
	 ii) Owing to novel computerized technologies, 
such as artificial intelligence, big data, and machine 
learning, more precise and reliable evaluation is 
possible. Recently, Gramespacher et al. described a 
novel automated cerebral CT (CCT) analysis based 
on supervised machine learning to predict the clinical 
outcomes of patients with HIE caused by out-of-hospital 
CA (19). They found that machine learning-assisted gray 
matter analysis of CCT images might be a reliable and 
time-independent approach to predict outcomes along 
with conventional prognostic assessments (19). The 
development of such a novel assessment tool should be 
a future direction for predicting the clinical outcomes of 
HIE.
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Protecting the socioeconomic rights and interests of patients with 
rare diseases based on an innovative payment mechanism

Amei He1, Minxing Chen1, Peipei Song2, Qingyi Wu1, Chunlin Jin1, Jiangjiang He1,*

1 Shanghai Health Development Research Center, Shanghai Medical Information Center, Shanghai, China; 
2 National Center for Global Health and Medicine, Tokyo, Japan.

rare diseases, payment methods, national negotiations, special funds

The pathogenesis of diseases in the field of rare diseases is complex. Many rare diseases have 
yet to be conquered worldwide, and there are still no effective treatments for most rare diseases, 
resulting in limited accessibility to medications. Over the past few years, China has been committed 
to ensuring the availability of drugs for rare diseases, both at the national level and in all sectors of 
society. Through  National Healthcare Insurance Negotiations (hereinafter referred to as "national 
negotiations"), the National Healthcare Security Administration has included several drugs for rare 
diseases in medical insurance coverage, addressing some of the issues with medications for rare 
diseases. National Negotiations have reduced the prices of drugs for rare diseases to a certain extent, 
but they remain expensive for many patients. By the end of 2023, out of the 165 drugs for rare 
diseases that had been launched, 53  were still not covered by medical insurance, leaving patients 
with a significant financial burden. Addressing payment issues remains a current challenge, and 
various regions in China are actively exploring innovative methods of paying for rare disease care to 
protect the socioeconomic rights and interests of patients with rare diseases.

1. Introduction

There is no universally accepted definition of rare diseases 
globally. In China, according to the 2021 Research Report 
on the Definition of Rare Diseases in China, diseases 
with an incidence of less than 1/10,000 in newborns, a 
prevalence of less than 1/10,000, and affecting fewer 
than 140,000 individuals are classified as rare diseases 
(1). Although rare diseases have a low incidence, China 
has a large population, and the number of people with 
rare diseases exceeds 20 million, so rare diseases are not 
rare in China. The majority of patients with rare diseases 
have no access to medications or cannot afford the cost of 
treatment, placing a significant financial and emotional 
burden on their families. Many households fall into 
poverty due to illness or return to poverty as a result of 
it. There are currently over 7,000 known rare diseases 
worldwide. According to statistics, there are no effective 
treatments for 95% of these rare diseases (2). By the end 
of 2023, based on the First List of Rare Diseases and the 
Second List of Rare Diseases, China had 165 drugs for 
rare diseases on the market, covering 92 types of rare 
diseases. However, the number of known rare diseases in 
China is approximately 1,400 (3). 

	 China's efforts to protect patients with rare diseases 
began relatively late, with only some economically 
developed regions initially exploring protections for those 
patients. Since 2018, China has increasingly prioritized 
the protection of patients with rare diseases, introducing 
a series of policies to ensure patients have access to 
medications (4-14), as shown in Figure 1. In 2018 
and 2023, China issued the First List of Rare Diseases 
(covering 121 diseases) and the Second List of Rare 
Diseases (covering 86 diseases), respectively (15-17), 
and these lists cover a total of 207 rare diseases. In 2020, 
the Opinions of the Central Committee of the Communist 
Party of China and the State Council on Further Reform 
of the Medical Insurance System proposed a multi-
level medical insurance system. This system is centered 
around basic medical insurance, supported by medical 
assistance, and supplemented by additional medical 
insurance, commercial health insurance, charitable 
donations, and medical mutual aid (18). In 2024, the 
National Healthcare Security Administration proposed 
the establishment of a comprehensive "1+3+N" multi-
level medical insurance system (19). The "1" refers to 
a basic information platform, which includes features 
such as "one person, one file" and "one drug, one code"; 
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the "3" refers to the three levels within the basic medical 
insurance system, and the "N" represents commercial 
supplementary medical insurance, other forms of 
commercial health insurance, charities, funds, etc.
	 China has initially established a multi-level 
insurance system for rare diseases. However, the actual 
socioeconomic rights of patients with rare diseases 
are still in their infancy. From a health economics 
perspective, there are still many obstacles to overcome. 
Only by addressing issues related to funding and 
payment can the difficulties in diagnosis and treatment of 
patients with rare diseases be resolved, thereby protecting 
their socioeconomic rights.

2. Current status of the development of innovative 
payments for diagnosis and treatment of rare diseases 
in China

The small number of patients with rare diseases, the 
small market size, and the high research and development 
costs make drugs for rare diseases expensive. From an 
economic perspective, there is relatively insufficient 
motivation to research and develop drugs for rare 
diseases. Hospitals face pressure from assessments, and 
the extensive use of high-priced drugs may lead to rapid 
growth in indicators such as per capita costs, affecting 
their rating and thereby affecting the settlement of 
medical insurance funds. In order to address the issue 
of medications, various provinces and cities in China 
have explored multiple forms of payment methods. At 
the level of basic medical insurance, there are mainly 
one-way payment and outpatient management of special 
and chronic diseases. For outside medical insurance and 

supplementary medical insurance, there are forms such 
as special funds, commercial supplementary medical 
insurance, medical assistance, and serious illness medical 
insurance, as shown in Table 1.

2.1. Accelerating the inclusion of and payments for drugs 
for rare diseases in medical insurance through national 
negotiations

As economic growth has enhanced social security, 
China has begun the work of including drugs in national 
negotiations (20). While better meeting the basic needs 
of insured individuals for medications for common 
diseases, drugs for rare diseases have been included 
in the scope of national negotiations since 2019, and 
several exorbitantly priced drugs for rare diseases have 
been successfully negotiated down in price. From 2019 
to 2023, prices for a total of 42 drugs for rare diseases 
were successfully negotiated, as shown in Table 2. 
The 2023 version of the National essential drug list 
includes 112 drugs for rare diseases, covering 64 types 
of rare diseases. The treatment of rare diseases is mainly 
medication-based, and insurance for rare diseases has 
significantly improved.
	 In order to better negotiate drug prices nationally, 
China has introduced a "dual-channel" policy. The 
"dual-channel" refers to meeting the reasonable needs 
of ensuring the supply and facilitating the clinical use 
of negotiated drugs through two channels – designated 
medical facilities and designated retail pharmacies – and 
simultaneously incorporating them into the mechanism 
of medical insurance payment. Although the prices of 
medications for rare diseases have been reduced through 
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Figure 1. National policy documents on efforts to ensure the availability of drugs for rare diseases.

Policy 
Support

2017.10. Proposes support 
for the research and 
development of drugs and 
medical devices for the 
treatment of rare diseases

Research
and 

Development

Production

Market
Launch

Usage

2023.07. Promotes and 
standardizes the study of the 
natural history of rare diseases 
in China

2020.12. Establishing a 
communication mechanism has 
accelerated the research, 
development, and market entry 
of drugs for rare diseases

2018.03.Encourages the imitation 
of drugs needed for the 
prevention and treatment of 
major infectious diseases and 
rare diseases

2019.08. Encourages the research and production of drugs in short 
supply; gives priority to the review and approval of treatments for 
rare diseases

2020.03.Innovative drugs and 
improved new drugs for rare 
diseases with significant value 
are included in the priority review 
and approval process

2018-2020.There are already 
27 drugs for rare diseases on 
the list that have been 
approved for marketing

2024.06. Encourages the 
adoption of a pre-inspection for 
registration and inspection, 
optimizing the temporary import 
channel for rare diseases

2019.04.Gives priority to the 
treatment of major diseases 
such as national essential 
medicines, cancer, and rare 
diseases

2020.02.Proposes to explore 
the mechanism of drug 
insurance for rare diseases

2018-2023. Respectively 
included 121 and 86 types of 
rare diseases in the catalog
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2.2. Payment for rare diseases from a special fund

Drugs for rare diseases are expensive, hampering their 
full coverage by China's basic medical insurance . Many 
experts have suggested establishing a dedicated fund 
for raising and paying for the costs of diagnosing and 
treating rare diseases (24). Currently, there is no special 
fund for drugs for rare diseases at the national level. 
Only some economically developed provinces and cities, 
such as Zhejiang, Jiangsu, and Qingdao in Shandong, 
have established special funds for rare diseases. By 
capping personal out-of-pocket expenses, these funds 
effectively address the accessibility of medication for 
patients. In Zhejiang, a sub-account is set up under 
the provincial medical insurance fund's special fiscal 
account. In accordance with the standard of 2 RMB per 
person per year, funds are transferred in one lump sum 
from the major illness insurance fund of the overall 
planning area to the Zhejiang Provincial Insurance Fund 
for Drugs for Rare Diseases. The maximum out-of-
pocket expense for patients is capped at 100,000 RMB 
(25). Jiangsu Province has implemented provincial-
level coordination and separate financing for insurance 
funds for drugs for rare diseases. It has established 
a multi-channel fundraising mechanism led by the 
government, with participation from market entities and 
charitable organizations. The insurance funds for drugs 

national negotiations, fundamentally, these drugs remain 
expensive. In response to national negotiations over 
high-priced drugs, many provinces and cities have also 
implemented policies such as one-way payment and 
outpatient management of special and chronic diseases. 
For example, Jiangsu Province prioritizes the inclusion 
of drugs with long usage cycles, high treatment costs, 
and innovative drugs in "dual-channel" management and 
implements separate payment policies for some high-
priced drugs without a deductible, while ensuring that the 
original benefits are not reduced (21). Shanxi Province 
has included some negotiated drugs in the provincial 
special drug catalog. For drugs for rare diseases within 
the catalog, including pulmonary arterial hypertension, 
multiple sclerosis, spinal muscular atrophy, Fabry 
disease, and acromegaly, the reimbursement rate has 
been increased by 10% compared to the original special 
drug policy, further ensuring the affordability for patients 
(22). The Guangxi Zhuang Autonomous Region has 
included 36 drugs for rare diseases suitable for outpatient 
treatment in the separate outpatient overall payment, 
benefiting patients with 27 types of rare diseases such 
as multiple sclerosis, narcolepsy, myasthenia gravis, 
neuromyelitis optica, and Gaucher's disease. An annual 
maximum payment limit is set, with a cap of 40,000 
RMB for resident medical insurance and 80,000 RMB 
for employee medical insurance (23).

Table 1. Payment methods related to rare diseases

Name

Health insurance one-way 
payment

special and chronic disease 
outpatient management

Rare disease special fund

Commercial supplementary 
medical insurance

Other supplementary 
payment methods

Policy Content

A policy established by the government, it is used to separately reimburse 
specific medical expenses. These expenses usually do not fall under regular 
reimbursement by hospital medical insurance funds.

This is established for certain diseases that have costly medical expenses, 
a clear diagnosis, can be treated on an outpatient basis, and that fall within 
the affordable scope of the medical insurance pooling fund.

A fund dedicated to the financing and payment of the costs of rare disease 
treatment, designed to provide some sort of transitional protection

This is commercial supplementary medical insurance, guided by local 
governments and jointly established by insurance companies and third-
party operating platforms.

Some regions have serious illness medical insurance or medical assistance 
systems for rare diseases. Medical assistance is a system in which the 
government gives special help and support to citizens who cannot obtain 
basic medical insurance or afford medical expenses due to poverty. 

Executing Area

Jiangsu Province

Shanxi Province; 
Guangxi Province

Zhejiang Province

Shanghai's commercial 
supplementary commercial 
medical insurance

Shandong Province; 
Foshan, Guangdong Province

Table 2. National negotiations regarding medical insurance over the years

Year of negotiations 

Number of qualifying entries
Average reduction
Number of drugs for rare diseases

2015

3
58.7%

0

Note: National Healthcare Insurance Negotiations of the People's Republic of China were organized by the National Health and Family Planning 
Commission in 2015, by the Ministry of Human Resources and Social Security in 2017, and by the National Healthcare Security Administration 
from 2018 to 2023.

2018

17
56.7%

0

2017

36
44%

0

2019

97
60.7%

7

2020

119
50.64%

6

2021

94
61.71%

7

2022

111
60.1%

7

2023

121
61.7%

15
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for rare diseases are managed within the provincial 
fiscal social security special account, ensuring that they 
are used exclusively for their intended purpose and are 
independently accounted for (26).

2.3. Payment of commercial supplementary medical 
insurance

Through the 2024 Observational Report on Trends in the 
Rare Disease Sector in China, as of the end of 2023, more 
than 620 "commercial supplementary medical insurance" 
products have been launched in various cities across 
China, becoming an important part of the government-
led creation of a "multi-level medical insurance system." 
Many insurance plans include coverage for drugs for 
rare diseases. For example, Shenzhen's commercial 
supplementary medical insurance further reimburses 
80% of the drugs for rare diseases listed in the medical 
insurance catalog after deducting the deductible from 
the payments made by basic medical insurance. The 
annual coverage limit is up to 1.2 million RMB (27). 
Shanghai's commercial supplementary medical insurance 
further reimburses 70% after the basic medical insurance 
payment and deduction of the deductible, with an annual 
coverage limit of up to 1 million RMB (28).

2.4. Current status of additional supplementary payments

In some regions, medical assistance models for drugs 
for rare diseases have been explored. For instance, 
Foshan in Guangdong has implemented policies where, 
after reimbursement by basic medical insurance, major 
illness insurance, and various supplementary medical 
insurance plans, further assistance with the remaining 
personal payment for medical expenses is provided at 
a level of 80%, with an annual limit of 300,000 RMB 
(29). Shandong has implemented a major illness medical 
insurance coverage model for certain rare diseases, 
such as Gaucher's disease, Pompe disease, and Fabry 
disease, with segmented reimbursement, and the annual 
maximum reimbursement is up to 900,000 RMB (30).

3. Challenges and Perspectives

The affordability of medical insurance funds varies 
across China, and the high cost of medications for 
rare diseases inevitably impacts these funds. The 
epidemiological data for the diseases treated with these 
drugs, especially in terms of baseline information, is 
not sufficient. The estimated number of patients based 
on existing data or foreign indicators is not accurate, 
hampering the ability to precisely predict their impact 
on the medical insurance budget. Therefore, covering all 
medications for rare diseases under medical insurance is 
less feasible.
	 The primary factor in establishing a dedicated 

fund for rare diseases is fundraising. However, with 
the numerous types of rare diseases and insufficient 
epidemiological data, calculating how much funding is 
required and finding sources for such funds has always 
been challenging. Setting up a dedicated fund requires 
the formulation of separate policies for rare diseases, 
which stokes controversy regarding fairness to patients 
with other diseases.
	 In conclusion, constructing a multi-party shared 
responsibility and diverse payment system has always 
been a key focus of China's. Regions are encouraged 
to calculate payments based on their own economic 
conditions and rare disease-related data and to innovate 
payment methods to protect patient rights, though this is 
a long and arduous task. As an important supplement to 
medical insurance, perfecting a diverse payment system 
is indispensable for commercial insurance. In the name 
of aiding patient in the information age, big data could 
be used to facilitate the exchange of disease data and 
reimbursement data by medical insurance departments 
of commercial insurance companies, enabling precise 
calculations. This, in turn, would allow for the 
development of appropriate payment mechanisms.
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cervicofacial emphysema, crepitus, face, neck swelling

Cervicofacial Emphysema (CFE) is a self-limiting condition, defined by the presence of air in face 
and neck. The purpose of the manuscript is to systematically review the existing literature on CFE 
evaluation and management for updated clinical understanding of this condition. A literature search 
was conducted of publications about CFE on PubMed and Google Scholar by identifying all the 
articles with key search terms "Cervicofacial Emphysema" and "Sub Cutaneous Emphysema". 
Inclusion criteria were case series published in English between 1980 and 2024. In total, 241 case 
series were selected and reviewed to determine presenting symptoms, clinical signs and predisposing 
factors associated with CFE. Average age at diagnosis was 38.1 years, male and female are almost 
equally affected. The most common presenting symptoms were face and neck swelling. The most 
common finding was crepitus. The condition was most commonly reported in patients undergoing 
dental procedures, otorhinolaryngology procedures, or in patients who experienced transient change 
in intra nasal/thoracic pressure. The management includes clinical monitoring, reassurance of the 
patient, antibiotic prophylaxis and monitoring to rule out pneumomediastinum. The odds of concurrent 
pneumomediastinum is highest in patients with abdominal procedures as an etiology of CFE.

1. Introduction

Cervicofacial Emphysema (CFE) is defined as the 
presence of air within the facial planes (1). It often 
occurs in the setting of trauma such as injury to face, 
dental procedures, recent surgery, or conditions causing 
changes in intranasal/intrathoracic pressure (2). The most 
common reported presenting symptom is face and neck 
swelling (3). The most common clinical exam finding 
is crepitus (4). Clasically, for patients with cervicofacial 
emphysema, workup includes evaluation of mediastinal 
involvement (pneumomediastinum/pneumothorax) (5) 
The condition is non-fatal and self-limited. Therefore 
management is conservative and includes reassurance, 
clinical observation, and antibiotics. The majority 
of patients with cervicofacial emphysema make an 
uneventful recovery (3).
	 While previous studies enumerate the presenting 
clinical characteristics of CFE, there is a paucity of work 
describing the various triggering events / predisposing 
risk factors of this interesting clinical entity as well as 
risk factors for progression to pneumomediastinum. 

Thus, the purpose of the present manuscript is to 
systematically review the existing literature on various 
causes of CFE, evaluation, and management to create an 
up-to-date understanding of this condition with a relevant 
review of the literature.

2. Methodology and Literature Search Strategy

We systematically searched clinical literature databases 
including pub Med and Google Scholar for case series 
on CFE published between 1980 and 2024 following 
PRISMA guidelines. Key search terms included 
"cervicofacial emphysema" and "subcutaneous 
emphysema". Inclusion criteria were articles that 
described clinicodemographic information for patients 
with CFE, articles that detailed patients older than 
18 years of age, and articles published in the English 
language. Abstracts of all articles were independently 
screened by authors to assess eligibility. Articles with 
insufficient clinical details (on symptomatology, 
workup, and treatment) were excluded from review 
with discrepancies resolved by senior author. Clinical 
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information of interest included patient age, sex, 
presenting symptoms, clinical exam findings, triggering 
events, comorbidities, and management. The full text of 
selected articles was then reviewed, and reference lists 
were examined for additional relevant studies. All data 
was accessed between May to June 2024.

3. Results

Our initial search strategy led to abstracts of 363 
publications which were screened for inclusion criteria 
eligibility (Figure 1). 122 records were excluded as they 
were not relevant to our current study. It was determined 
that 241 articles (detailing a total of 267 cases) had 
sufficient detail for full text review.

3.1. Demographics

Among 241 articles from 1980-2024, we found 267 
reported cases of CFE. This population contained a 
similar number of male (136, 50. 9%) and female (131, 
49%) patients. The mean age of this cohort was 38.1 
years, with an age range spanning from 19 to 85 years. 
The age distribution was as follows: 3.7% (n = 10) age < 
20, 24.7% (n = 66) age 20-30, 15.7% (n = 42) age 31-40, 
18% (n = 49) age 41-50, 13% (n = 36) age 51-60, 9.3% 
(n = 25) age 61-70, 13%( n = 35) age > 70. Age was not 
mentioned for 4 patients.

3.2. Features of presentation

The most common presenting symptom in the analyzed 

cohort of patients was face swelling, which occurred in 
47% of patients (n = 125).  Other common symptoms 
included neck swelling (18%, n = 48), and eyelid 
swelling (14%, n = 37). There were also sporadic 
complaints of facial pain (9%, n = 24), dyspnea (5%, 
n = 15), chest pain (4.8%, n = 13), dysphagia (2.6%, n 
= 7), and dysphonia (2%, n = 6). Clinical examination 
revealed the presence of facial crepitus in 55% (n 
= 146) of the patients. Pneumomediastinum was 
observed on radiological investigation in 28% (n = 
74) of the patients. Pneumothorax was present in 8% 
(n = 22) of patients. Other less commonly reported 
findings were pneumoperitoneum (1.4%, n = 4) and 
pneumopericardium (1%, n = 3).

3.3. Predisposing factors

The most common triggering event / predisposing risk 
factor for development of cervicofacial emphysema 
was sudden nasal/intrathoracic pressure changes, 
which was identified in 31% (n = 83) of patients. This 
was followed by dental procedures (i.e. extraction (6), 
endodontic/restorative procedures (7)), which triggered 
CFE in 27.7% (n = 74) of the patients. Otherwise, the 
etiology of CFE was facial injuries in 15% (n = 41) 
of patients, otorhinolaryngology procedures in 8.2% 
(n = 22) of patients,  thoracic in 5.6% (n = 15) and 
abdominal procedures in 2.9% (n = 8). Interestingly, 
spontaneous occurrence was found in 5% (n = 14) of 
patients. These triggering factors are detailed in Figure 
2. Only 8.6% (n = 23) of patients reported having a 
smoking history.

209

Figure 1. Identification of studies via databases and registers.
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in 6 (2.2%) patients, and canthotomy was required for 2 
(0.7%) patients. Oxygen was given in 10 (3.7%) patients 
due to desaturation. 2.2% (n = 6) of patients passed away 
due to other pre-existing conditions. 10 out of 22 (45%) 
cases of pneumothorax required placement of chest tube.

4. Discussion

Cervicofacial emphysema is an uncommon clinical entity 
which is often unrecognized and may be misdiagnosed 
as anaphylaxis, angioedema, or internal hemorrhage(8). 
The pathophysiology of CFE is inclusion of air, typically 
under pressure, into subcutaneous tissues. This air has 
the potential to spread along fascial planes in the neck 
and mediastinum(9). Air typically gains access into 
these subcutaneous planes when the integrity of the 
oral mucosa is interrupted or and intraoral pressure is 
increased (1). The clinical presentation is characterized 
by the sudden onset of facial swelling. Crepitus, pain, 
and tenderness may be noted as well (10). Retrosternal 
pain, dyspnea and Hamman sign may indicate concurrent 
pneumomediastinum. Diagnosis is suspected on clinical 
examination and may be confirmed/monitored with 

3.4. Clinical outcomes

In our review, 74 cases developed pneumomediastinum 
either after or concurrently with CFE. The most common 
triggering events for CFE in this population were dental 
procedures (32%), abdominal procedures (20%), and 
facial injuries (20%). The odds of pneumomediastinum 
developing with CFE were 1.37 (95% CI: 0.77 – 2.46) 
for patients with dental procedures, 5.88 (95% CI: 2.37 – 
14.56) for patients with abdominal procedures, and 1.63 
(95% CI: 0.81 – 3.29) for patients with facial injuries.
	 In our review, the average time from presentation 
to resolution of CFE was noticed to be around 1 week. 
208 (77.9%) cases resolved completely in 7 days and 
44 (16.4%) cases resolved completely in 8-14 days. 
There was no follow-up reported in 15 (5.6%) cases. 
The average number of days from presentation to CFE 
resolution was 2.4 days for dental procedures, 2.3 days 
for otorhinolaryngology procedures ,3.1 days for thoracic 
procedures, and 4.4 days for abdominal procedures.
	 In our review of CFE, the most common treatment 
was antibiotics, which was given in 165 (61.7%) cases. 
Surgical aspiration was required due to eyelid closure 

Figure 2. Causes of cervicofacial emphysema (CFE).
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radiologic imaging (X-Ray/CT) which will demonstrate 
the presence of subcutaneous air (11).
	 Dental procedures are considered to be the most 
common source of CFE (9). High speed dental 
air turbine drills(12,13) are used in endodontic 
treatment(14) and surgical tooth extraction(7). During 
these interventions, compressed air may be forced 
into subcutaneous layers at a high pressure. Hydrogen 
peroxide usage has also been implicated in the 
development of CFE during endodontic treatment(7,15). 
Our study, confirms these findings and reports on 
relative incidences of other triggering events within 
the literature – the most common etiologies of CFE 
in our study were dental procedures (27.7%) as well 
as activities leading to sudden change in intrathoracic 
pressure (i.e. from repeated nose blowing, sneezing, 
vigorous coughing, retching, or valsalva) (31%).
	 Treatment of cervicofacial emphysema is usually 
conservative which includes bed rest, observation 
and reassurance, as the condition is benign and self-
limiting (11). In fact, most patients with cervicofacial 
emphysema recover within 7 days (16). This was true 
for patients in our cohort, as most recovered within 1 
week on average. It has been reported that supplemental 
oxygen can hasten the resolution of subcutaneous 
emphysema because oxygen, which replaces the air, is 
more readily absorbed (14). Surprisingly, oxygen was 
given to only 10 (3.7%) patients included in our study.  
The use of supplemental oxygen to improve time to 
recovery in patients with CFE needs to be the subject of 
future studies.
	 Complications of CFE, such as sepsis, can develop 
when microorganisms from oral cavity migrate to the 
mediastinum. Generally,  broad-spectrum antibiotics 
are administered to avoid development of such severe 
infections (17). In our review, antibiotics were given in 
165(61.7%) patients. The data collected in this study 
were insufficiently granular to understand whether or 
not the administration of antibiotics helped decrease 
incidence of sepsis. However, we support this treatment 
approach, as there is a potential for spread of bacterial 
organisms from subcutaneous tissue to mediastinum 
which may lead to significant adverse events. The 
authors also feel that most patients with CFE can be 
managed conservatively at home with supportive 
measures. In our review, supportive measures provided 
to patients included techniques to decrease airway 
pressure (i.e. telling patients to avoid blowing their nose 
or bearing down for a few days) (18).
	 Life threatening complications of CFE include 
pneumothorax(5), pneumomediastinum(5,8,19), and 
pneumopericardium(20). Urgent surgical decompression 
may be required if cardiovascular collapse or large 
airway obstruction occurs (8). Patients may be observed 
in hospital if there is any suspicion of impending 
respiratory compromise. In our review, a majority of 
the cases of pneumothorax cases were mild and self-

limited, however 10 out of 22 cases of pneumothorax 
required chest tube drainage. Pneumomediastinum was 
seen in 74 patients included in our study (28%). The 
odds of pneumomediastinum in patients with CFE were 
significantly higher in those who had an abdominal 
procedure as a trigger for CFE (OR 5.88, 95% CI: 
2.37 – 14.56). These finding is easily conceivable 
as subcutaneous air in the head and neck originating 
from the abdomen must pass through the mediastinum. 
Still, this is the first publication to indicate that CFE 
secondary to recent abdominal procedure is significantly 
associated with comorbid pneumomediastinum, and 
should therefore prompt chest imaging for further 
interrogation. The importance of chest imaging in these 
patients is underscored by the fact that resolution of 
CFE for patients with recent abdominal procedures takes 
a longer period of time (4.4 days) as compared to CFE 
from other etiologies (~2 days).
	 CFE from dental procedures is known to sometimes 
cause pneumomediastinum/pneumothorax secondary 
to alveolar rupture and escape of air into perivascular 
planes (5,6). Additionally, the roots of the lower 
posterior molar teeth communicate directly with 
sublingual and submandibular space. The sublingual 
space communicates with the pterygomandibular, 
parapharyngeal and retropharyngeal spaces,  a 
main route of communication from oral cavity to 
mediastinum(16,21). However, interestingly, while 
a majority of patients with pneumomediastinum in 
our review had dental procedures as an etiology of 
CFE (32%), CFE from dental procedure was not 
significantly associated with the development of 
pneumomediastinum.
	 In the present analysis, 6 out of 267 patients 
passed away, all due to complications of underlying 
comorbidities such as tension pnuemomediastinum(22), 
massive cerebrovascular accident(23), or acute 
respiratory distress syndrome (24). Most of these 
patients were also within the elderly age group (mean 56 
years + 28.2 years).

5. Conclusion

In conclusion CFE is generally a self-limiting condition 
that occurs due to dental, thoracic, abdominal, or  
otorhinolaryngology procedures. It may also occur 
sporadically where there are transient changes in 
intranasal/ thoracic pressure. Diagnosis is clinical 
and may be confirmed with radiological examination 
to determine the extent of gas dissection into the 
subcutaneous space. CFE from abdominal procedures 
have a s ignif icant  associat ion with comorbid 
pneumomediastinum. Management is conservative and 
includes reassurance, supplemental oxygen, clinical 
observation and antibiotics. The condition is non-fatal 
and self-limiting. The majority make an uneventful 
recovery.
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China's Second List of Rare Diseases, classification, nomenclature, epidemiology, incidence, 
prevalence

Following the release of China's First List of Rare Diseases in May 2018, the Chinese government 
officially published China's Second List of Rare Diseases in September 2023. To date, there is no 
unified standard and international consensus for rare diseases, and epidemiologic data for most rare 
diseases in China are lacking. We investigated 86 rare diseases on the second list using Orphanet and 
other databases to clarify the classification, nomenclature, and epidemiologic data for these diseases, 
and we summarized the genotype and phenotype of hereditary diseases. The results showed that 
most of 86 rare diseases were coded in the database of Unified Medical Language System (UMLS), 
Orphanet, Medical Subject Headings (MeSH) and International Classification of Diseases, Eleventh 
Revision (ICD-11). Some rare diseases are composed by group of different disorders, in which 
multiple identifiers existed. Meanwhile, some rare diseases have different subtypes, which correspond 
to different identifiers. This increases the actual number of rare diseases in the second list. Over 
50% of rare diseases are genetic rare diseases and they are mainly classified into neoplastic diseases, 
transplant-related disorders and neurological diseases. Epidemiologic data indicated that these rare 
diseases had a broad prevalence spectrum and over 20 rare diseases had a prevalence of over 1/10,000, 
these rare diseases in the China's Second List of Rare Diseases expanded the number and scope of rare 
diseases according to the China's official definition of rare diseases.

1. Introduction

A rare disease is a health condition with low prevalence 
and incidence compared with other more prevalent 
diseases in the general population. Although these 
diseases are individually rare, over 7,000 conditions have 
been identified, which affect 3.5%-5.9% of individuals 
worldwide or an estimated 263-446 million individuals 
collectively (1). Rare diseases are a global public 
health issue. Patients with rare diseases face challenges 
regarding diagnosis, treatment, and care. Great advances 
have been made in the diagnosis, treatment, care, and 
epidemiology of rare diseases in China, and several 
polices have been enacted to ensure progress in the area 
of rare diseases (2,3).

	 Before China's official definition of rare diseases 
in 2021, five bodies including the National Health 
Commission of the People's Republic of China and 
the National Medical Products Administration issued 
China's First List of Rare Diseases in May 2018 (4,5). 
Five years later, China's Second List of Rare Diseases 
was officially released on 21 September 2023 by six 
bodies. Until now, 207 rare diseases have been included 
on this list. In September 2021, China defined rare 
diseases as a condition with at least one of the following 
three criteria: an incidence among newborns of less 
than 1/10,000, a prevalence of less than 1/10,000, and 
an affected population of less than 140,000 (6). Thus, 
the rare diseases list and this definition have now been 
simultaneously adopted in China.
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	 There is no unified international standard and 
consensus to date on how rare diseases should generally 
be named and classified. The nomenclature of rare 
diseases is recorded using international terminologies 
in different reference databases. In this study, we 
investigated the classification, genetic information, 
incidence, and prevalence of 86 conditions in China's 
Second List of Rare Diseases using Orphanet, OMIM, 
and other databases.

2. Methods

The nomenclature of 86 conditions in China's Second 
List of Rare Diseases was retrieved using international 
terminologies in different reference databases, including 
ICD-10 (7) and ICD-11 (8) (https://icd.who.int/en), 
Online Mendelian Inheritance in Man (OMIM) (www.
omim.org), Orphanet (https://www.orpha.net/consor/
cgi-bin/index.php), UMLS (9) (https://www.nlm.nih.
gov/research/umls/index.html), MeSH (https://www.
nlm.nih.gov/mesh/meshhome.html), Medical Dictionary 
for Regulatory Activities Terminology (MedDRA) 
(10) (https://www.meddra.org/), and Genetic and Rare 
Diseases (GARD) (https://rarediseases.info.nih.gov/). 
The classification and epidemiology of 86 rare diseases 
were analyzed through Orphanet database. The genetic 
information was summarized using OMIM database.

3. Results

3.1. Nomenclature of 86 diseases in China's Second List 
of Rare Diseases

Rare diseases in China's Second List of Rare Diseases 
were mapped to seven different reference databases 
(Table 1). UMLS coded the most rare diseases (n = 
78, 90.70%) with a unique identifier, followed by 77 
diseases (89.53%) in ORPHAcode, 74 diseases (86.05%) 
in MeSH, 66 diseases (76.74%) in ICD-11, and 64 
diseases (74.42%) in ICD-10, 59 diseases (68.60%) 
in GARD and 57 diseases (66.28%) in MedDRA 
(Supplemental Table S1, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=220). In ICD-
10, identifier C49.9 encodes both dermatofibrosarcoma 
protuberans and epithelioid sarcoma, Lennox-Gastaut 
syndrome and West syndrome were classified into other 
generalized epilepsy and epileptic syndromes (G40.4). 
Bardet-Biedl syndrome and IGF1 deficiency were 
classified into hypopituitarism in ICD-11 (5A61.0). 
Except MeSH, melanoma and pemphigus were coded by 
at least two different codes in all other 6 nomenclature 
systems. PIK3CA related overgrowth syndrome and was 
multiple coded in 5 different nomenclature systems.
	 In Orphanet database, acquired hemophilia, 
congenital biliary atresia, malignant hyperthermia, 
melanoma, pemphigus and thalassemia major were coded 
using more than two different codes. ORPHA163596 

and 231214 coded alpha-thalassemia major and beta-
thalassemia major, respectively. Syndrome with alpha-
thalassemia as a major feature (ORPHA 232288) was 
a group of disorders consisting of alpha-thalassemia-
intellectual disability syndrome linked to chromosome 
16 (ORPHA 98791), alpha-thalassemia-myelodysplastic 
syndrome (ORPHA 231401) and X-linked alpha-
thalassemia-intellectual disability syndrome (ORPHA 
847). Code 182095 represents a group of disorders of 
interstitial lung disease (ILD), including interstitial lung 
disease in childhood and adulthood ORPHA (264757), 
interstitial lung disease specific to adulthood (ORPHA 
264735) and interstitial lung disease specific to childhood 
(ORPHA 264656).
	 In ICD-10, nine different diseases were non-coded. 
Cutaneous neuroendocrine carcinoma, melanoma, 
pemphigus, pheochromocytoma, PIK3CA related 
overgrowth syndrome and thalassemia major were coded 
using more than three different codes. In ICD-11, five 
diseases were non-coded. Thirteen types of rare tumor 
were coded using at least two different identifiers. A total 
of 26 diseases were coded using more than two different 
identifiers and 13 of them were tumor diseases. In 
UMLS, gastroenteropancreatic neuroendocrine neoplasm 
was non-coded. In the databases of MeSH, GARD 
and MeDRA, a total of 11, 24 and 26 rare diseases 
were non-coded, respectively (Table 1, Supplemental 
Table S1, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=220).

3.2. Classification of 86 diseases in China's Second List 
of Rare Diseases

In the Orphanet classification system of rare diseases, 
83 diseases with ORPHAcodes in China's Second 
List of Rare Diseases were mapped (Supplemental 
Table S2, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=221). Of these, 45 are 
genetic rare diseases, accounting for 53.49%. These 
were followed by 28 (32.56%) neoplastic diseases and 
transplant-related disorders, respectively; 24 neurological 
diseases (27.91%), 15 skin diseases (17.44%), 13 renal 
diseases (15.12%), 12 developmental anomalies during 
embryogenesis, hepatic diseases, hematological diseases, 
endocrine diseases, ophthalmic disorders and systemic 
and rheumatological diseases, each accounting for 
13.95% (Table 2).

3.3. Group of rare disorders and genotypic heterozygosity 
of rare diseases

Some rare diseases are groups of disorders and others 
have different subtypes according to classification, 
leading to a higher number of rare diseases in China's 
Second List of Rare Diseases than the actual number 
(Supplemental Table S3, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=222). As an 
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example, primary immunodeficiency (ORPHA 101997) 
includes primary immunodeficiency owing to a defect 
in adaptive immunity (ORPHA 179006) and primary 
immunodeficiency owing to a defect in innate immunity 
(ORPHA 101988). The former group includes combined 
T- and B-cell immunodeficiency (ORPHA 101972), 
immune dysregulation disease with immunodeficiency 
(ORPHA 169361), immunodeficiency predominantly 
affecting antibody production (ORPHA 101977), and 
combined immunodeficiency (ORPHA 331217). The 
latter group includes autoinflammatory syndrome 
with immune deficiency (ORPHA 290839), genetic 
susceptibility to infections owing to particular pathogens 
(ORPHA 183710) , immunodeficiency owing to 
a complement cascade protein anomaly (ORPHA 
101992), other immunodeficiency syndromes owing to 
defects in innate immunity (ORPHA 331193), primary 
immunodeficiency with predisposition to severe viral 
infection (ORPHA 431156), and quantitative and/
or qualitative congenital phagocyte defect (ORPHA 
101985).
	 Genetic rare diseases in the second list are 
summarized in Supplemental Table S4 (https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=223). Inheritance, phenotype, and pathogenic 
genes are included in the table as data collected from 
the OMIM database. Some rare diseases are caused 
by mutation of single genes and others are caused 
by mutation in multiple genes. A total of 53 different 
phenotypes with 49 pathogenic genes exist in primary 
ciliary dyskinesia, in both the autosomal recessive 

221

T
ab

le
 1

. I
de

nt
ifi

er
s o

f 8
6 

ra
re

 d
is

ea
se

s i
n 

C
hi

na
's

 S
ec

on
d 

Li
st

 o
f R

ar
e 

D
is

ea
se

s e
nc

od
ed

 b
y 

se
ve

n 
di

ffe
re

nt
 r

ef
er

en
ce

 d
at

ab
as

es
 (c

on
tin

ue
d)

# 85 86

R
ar

e 
di

se
as

e

W
al

de
ns

tr
öm

 m
ac

ro
gl

ob
ul

in
em

ia
/ 

Ly
m

ph
op

la
sm

ac
yt

ic
 

ly
m

ph
om

a

W
es

t s
yn

dr
om

e/
In

fa
nt

ile
 sp

as
m

s s
yn

dr
om

e

O
R

PH
A

33
22

6

  3
45

1

IC
D

-1
0

C
88

.0

G
40

.4

IC
D

-1
1

X
H

8G
W

4
2A

85
.4

X
H

0Q
Z9

8A
62

.0

U
M

LS

C
00

24
41

9

C
00

37
76

9

M
eS

H

D
00

82
58

D
01

30
36

G
A

R
D

78
72

78
87

M
ed

D
R

A

10
04

78
01

10
02

17
50

N
ot

e:
 "-

 "i
nd

ic
at

es
 n

o 
re

co
rd

s a
re

 a
va

ila
bl

e.

Table 2. The number and percentage of 86 rare diseases 
in China's Second List of Rare according to classification 
system in Orphanet database

Orphanet classification

genetic diseases
neoplastic diseases
transplant-related disorders
neurological diseases
skin diseases
renal diseases
developmental anomalies during 
embryogenesis
hematological diseases
endocrine diseases
ophthalmic disorders
systemic and rheumatological diseases
bone diseases
respiratory diseases
systemic or rheumatologic diseases of 
childhood
hepatic diseases
circulatory system diseases
inborn errors of metabolism
gastroenterological diseases
immunological diseases
infertility disorders
abdominal surgical diseases
cardiac malformations
gynecological and obstetric diseases

Percentage (%)

52.35
32.56
32.56
27.91
17.44
15.12
13.95

13.95
13.95
13.95
13.95
8.14
8.14
8.14

5.81
5.81
5.81
5.81
4.65
3.45
2.33
1.16
1.16

number

45
28
28
24
15
13
12

12
12
12
12
7
7
7

5
5
5
5
4
3
2
1
1

https://www.irdrjournal.com/action/getSupplementalData.php?ID=223
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(AR), autosomal dominant (AD) or X-linked recessive 
inheritance format. Bardet–Biedl syndrome (BBS) is 
inherited mainly in the form of AR with 22 different 
phenotypes and 24 genes. Phenotype BBS1 corresponds 
to three different pathogenic genes CCDC28B, ARL6, 
and BBS1, with AD or AR inheritance patterns. The 
phenotype BBS14 corresponds to the TMEM67 and 
CEP290 genes inherited in AR form. The ARL6 gene 
corresponds to phenotypes of both BBS1 and BBS3. 
There are 20 different genes and a corresponding 18 
phenotypes in Leber congenital amaurosis. For neuronal 
ceroid lipofuscinosis, a total of 12 genes corresponds 
to 14 different subtypes and phenotypes. For Alagille 
syndrome, three subtypes are classified according 
to different pathogenic genes with microdeletion in 
20p12, JAG1, and NOTCH2. In summary, genotypic 
and phenotypic heterozygosity exist among these rare 
diseases.

3.4. Epidemiology of diseases in China's Second List of 
Rare Diseases

According to data from Orphanet, the epidemiology 
of the 86 rare diseases is described in Table 3. Data 
on the newborn incidence, incidence, and prevalence 
of 71 rare diseases (82.56%) in China's Second List 
of Rare Diseases are available, including data on the 
newborn incidence of 7 (8.14%), incidence of 20 rare 
diseases (23.26%) and the prevalence of 64 (74.42%) 
rare diseases. As we mentioned above (also see 
Supplementarry Table S3 (https://www.irdrjournal.com/
action/getSupplementalData.php?ID=222), some rare 
disorders are groups composed of different disoders with 
some correlations, hence, only disorders in the group 
with epidemiological data were collected. Newborn 
incidence of 0.6/100,000 in the pediatric population and 
incidence of 1.6-23/100,000 per year in children were 
reported in systemic juvenile idiopathic arthritis. The birth 
incidence of familial adenomatous polyposis was as high 
as 12.05/100,000. In all, an annual incidence of 20 rare 
diseases available in Orphanet, a relatively broad newborn 
incidence was observed in malignant hyperthermia of 
anesthesia, systemic juvenile idiopathic arthritis, primary 
biliary cholangitis, polycythaemia vera, Lennox-Gastaut 
syndrome and cutaneous neuroendocrine carcinoma 
(Merkel cell carcinoma). The annual incidence of beta-
thalassemia major is estimated at 1/100,000 worldwide 
and 1/10,000 in the European population.
	 A total of 23 rare diseases or its subtypes showed 
a prevalence of higher than 1/10,000 including alpha-
1-antitrypsin deficiency, ANCA-associated vasculitis, 
dermatofibrosarcoma protuberans, Fragile X syndrome, 
neuroendocrine tumor of pancreas, gastrointestinal 
stromal tumor, giant cell arteritis, Lennox-Gastaut 
syndrome, Limbal stem cell deficiency, narcolepsy type 
1, neuroblastoma, neurotrophic keratitis, pemphigus 
vulgaris,  polycythaemia vera,  primary bil iary 

cholangitis, retinopathy of prematurity, gastroschisis, 
systemic mastocytosis, tenosynovial giant cell tumor 
(pigmented villonodular synovitis), Hb Bart's hydrops 
fetalis and thrombotic thrombocytopenic purpura. 
For thrombotic thrombocytopenic purpura (TTP), 
the prevalence of iTTP was 14.29/100,000, which is 
higher than that of the cTTP type. Thirty-five different 
rare diseases had a prevalence of less than 10/100,000 
and greater than or equal to 1/100,000, these included 
acromegaly, adult-onset Still disease, Bardet-Biedl 
syndrome, Behçet's disease, CDKL5-deficiency 
disorder, choroideremia, chronic inflammatory 
demyelinating polyneuropathy, biliary atresia, cutaneous 
neuroendocrine carcinoma, cystinosis, eosinophilic 
gastroenteritis, facioscapulohumeral muscular dystrophy, 
familial adenomatous polyposis, glioblastoma, Gorlin 
syndrome, Leber congenital amaurosis, malignant 
pleural mesothelioma, multiple endocrine neoplasia, and 
so on. Epithelioid sarcoma, Hutchinson-Gilford progeria 
syndrome, primary IGF1 deficiency, fibrodysplasia 
ossificans progressiva, hypoplastic pancreas-intestinal 
atresia-hypoplastic gallbladder syndrome, cold 
agglutinin disease, congenital factor VII deficiency and 
another 13 rare diseases had relatively low prevalence at 
less than 1/100,000.

4. Discussion

The study nominated the 86 diseases in China's Second 
List of Rare Diseases using different reference systems. 
The results showed that most rare diseases have 
unique identifiers, especially in the Orphanet database. 
Orphanet nomenclature is a powerful classification 
tool based on the multidimensional nature of rare 
diseases, which provides a specific terminology for rare 
diseases. Each clinical entity is assigned a unique and 
time-stable ORPHAcode. This includes all disorders, 
subtypes of disorders, and groups of disorders. Over 
6000 rare diseases are coded using ORPHAcodes (11). 
ORPHAcodes have high sensitivity and accuracy in 
describing rare diseases. More than half of ORPHAcodes 
identify diseases with very low prevalence (less than 1 
case per million) (12). The International Classification of 
Diseases is a medical classification list produced by the 
World Health Organization that is predominantly used 
in health care systems worldwide. However, less rare 
diseases are listed in versions older than ICD-10. One 
ICD code can correspond to different rare entities or to 
both rare and non-rare entities. This is often not clearly 
distinguished in health information systems (13,14). 
ICD-11 was adopted by the World Health Assembly in 
May 2019 and came into effect in January 2022. This 
version includes nearly 5,500 rare diseases and each 
has a unique identifier. Rare diseases in ICD-11 are 
easily available in health information systems and are 
continually updated (5,14). It has a unique identifier for 
different subtypes of one disease and different conditions 
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Table 3. Incidence and prevalence of 86 rare diseases in China's Second List of Rare Diseases recorded in Orphanet 
database

#

1
2

3
4
5
6
7

8

9
10
11

12
13
14
15
16

17
18

19

20

21
22
23
24
25
26
27
28
29
30

31

32
33

Rare diseases

Achondroplasia
Acquired hemophilia A
Acquired hemophilia B
hemophilia C
Acromegaly
Adult-onset Still disease
Alagille syndrome
Alpha-1-antitrypsin deficiency
ANCA-associated vasculitis
Eosinophilic granulomatosis with polyangiitis
Granulomatosis with polyangiitis
Microscopic polyangiitis
Bardet-Biedl syndrome

Behçet's disease
Blue rubber bleb nevus
CDKL5-deficiency disorder

Choroideremia
Chronic inflammatory demyelinating polyneuropathy
Clear cell sarcoma of kidney
Cold agglutinin disease
 biliary atresia
 Isolated biliary atresia
Biliary atresia with splenic malformation syndrome
Hypoplastic pancreas-intestinal atresia-hypoplastic gallbladder 
syndrome
Congenital factor VII deficiency
Cryopyrin associated periodic syndrome- NLRP3-associated 
systemic autoinflammatory disease
CINCA syndrome

Familial cold urticaria
Muckle-Wells syndrome
Cutaneous neuroendocrine carcinoma (Merkel cell carcinoma)

Cutaneous T-cell lymphomas
Mycosis fungoides and variants
Primary cutaneous CD30+ T-cell lymphoproliferative disease
Adult T-cell leukemia-lymphoma
Cystinosis
Dermatofibrosarcoma protuberans
Eosinophilic gastroenteritis
Epithelioid sarcoma
Facioscapulohumeral muscular dystrophy
Familial hemophagocytic lymphohistiocytosis
Familial adenomatous polyposis
Fibrodysplasia ossificans progressiva
Fragile X syndrome
Gangliosidosis
GM1 gangliosidosis
GM1 gangliosidosis type 1
GM1 gangliosidosis type 2
GM1 gangliosidosis type 3
GM2 gangliosidosis
GM2 gangliosidosis, AB variant
Sandhoff disease
Tay-Sachs disease
Gastroenteropancreatic neuroendocrine neoplasm
Neuroendocrine tumor of stomach
Neuroendocrine carcinoma of pancreas
Neuroendocrine tumor of pancreas
Gastrointestinal stromal tumor
Generalized pustular psoriasis

Newborn Incidence / 
100,000 persons

4
-
-
-
-
-
-

-
-
-
-
-

-
-

-
-
-
-

-
-

-
-

-

-
-
-

-

-
-

-
-
-
-
-

12.05
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-

Incidence / 100,000 
persons

-
-
-
-

0.19-1.1 (annual)
-
-
-
-
-

0.21-1.19
-
-

-
-
-

-
-
-
-
-
-
-
-

-
-

-

-
-

0.2-0.4 (annual, 
white population)

-
0.29-0.91

-
-
-

0.5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Prevalence / 100,000 
persons

-
-
-

0.1-0.9
1-9
1-9
1.43

10-50
10-50
1-9
1-9
1-9

1 (USA)
1.69 (Denmark)

1.52-2.22 ( France)
1-9
-

 2.36 (UK (Scotland) 
birth prevalence

1-9
1-9
-

0.1-0.9
-

1-9
-

< 0.1

0.1-0.9
0.28 (France)

0.28 (the whole 
spectrum of CAPS)

-
0.28 (France)

1-9

-
-
-

1-9
1-9

10-50
-

< 0.1
1-9
-

1-9
< 0.1
10-50

-
 0.5-1 (live births)
0.5-1( live births)

< 0.1
< 0.1
1-9

< 0.1
0.1-0.9

-
-

1-9
-

10-50
10-50
0.1-0.9
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Table 3. Incidence and prevalence of 86 rare diseases in China's Second List of Rare Diseases recorded in Orphanet 
database (continued)

#

34

35

36
37
38
39
40
41
42
43
44
45
46

47
48

49
50

51

52

53

54

55

56
57
58

59
60
61

62
63
64

Rare diseases

Genetic hypoparathyroidism
Autoimmune polyendocrinopathy type 1
 Familial isolated hypoparathyroidism
Pseudohypoparathyroidism
Giant cell arteritis

Giant cell tumor of bone
Glanzmann thrombasthenia
Glioblastoma
Gorlin syndrome
Hidradenitis suppurativa
Hutchinson-Gilford progeria syndrome
Inflammatory myofibroblastic tumor
Leber congenital amaurosis
Lennox-Gastaut syndrome
Limbal stem cell deficiency
Malignant hyperthermia
Malignant hyperthermia of anesthesia
Malignant pleural mesothelioma
Melanoma
Conjunctival malignant melanoma
Malignant melanoma of the mucosa
Uveal melanoma
Metachromatic leukodystrophy
Monogenic non-syndromic obesity-Genetic non-syndromic 
obesity
Multiple endocrine neoplasia

Narcolepsy
     Narcolepsy type 1
     Narcolepsy type 2
Neuroblastoma

Neurofibromatosis
Full NF2-related schwannomatosis
Full schwannomatosis
Neurofibromatosis type 1
Neuronal ceroid lipofuscinosis
ATP13A2-related juvenile neuronal ceroid lipofuscinosis
Congenital neuronal ceroid lipofuscinosis
Infantile neuronal ceroid lipofuscinosis
Juvenile neuronal ceroid lipofuscinosis

Late infantile neuronal ceroid lipofuscinosis
Neurotrophic keratitis
Osteosarcoma
Pemphigus
Endemic pemphigus foliaceus
Pemphigus foliaceus
Pemphigus vulgaris
Persistent pulmonary hypertension of the newborn
Pheochromocytoma
PIK3CA related overgrowth syndrome
     CLAPO syndrome
     CLOVES syndrome
     Congenital infiltrating lipomatosis of the face
     Hemihyperplasia-multiple lipomatosis syndrome
     Megalencephaly-capillary malformation-polymicrogyria
     syndrome
     Segmental progressive overgrowth syndrome with
     fibroadipose hyperplasia
Polycythaemia vera
Primary biliary cholangitis
Primary ciliary dyskinesia

Newborn Incidence / 
100,000 persons

-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-

-
-
-
-

-
-
-

-
-
-

5 (Finland)
2.22 (Sweden)

6.99 (Germany)
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-

-
-

3.33-6.67

Incidence / 100,000 
persons

-
-
-
-

5.88-20 (annual, 
adults over 50 years 

old)
-
-
3
-
-
-
-
-

0.1-0.28
-
-

45342
-
-
-
-
-
-
-

-

-
-
-

1.43 (annual, 15 
years old)

-
-
-
-
-
-
-
-

-
0.3 (annual)

-
-
-

0.07-0.7 (annual)
-
-
-
-
-
-
-
-

-

1-2.78
0.33-5.8(annual)

-

Prevalence / 100,000 
persons

-
0.1-0.9
< 0.1

0.1-0.9
10-50

-
-

1-9
1-9
-

< 0.1
-

1-9
10-50
10-50

-
-
-
-

< 0.1
-

1-9
0.1-0.9

-

3.33-10 (MEN1)
2.86 (MEN2)

-
10-50

-
10-50

-
1-9
-

10-50
1-9

< 0.1
-
-

0.46 (Sweden)

0.3 (Sweden)
42.02 (Europe)

1-9
/
-
-

10-50
-
-
-

< 0.1
< 0.1
< 0.1
< 0.1
< 0.1

< 0.1

10-50
10-50

-
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in a group. ICD-11, Orphanet, OMIM, MalaCards and 
other databases all cross-reference each other.
	 According to global epidemiologic data and the 2021 
definition of rare diseases, conditions with a relatively 
high newborn incidence and/or prevalence (1/10,000) are 
recorded in China's Second List of Rare Diseases. Data 
on these registered rare diseases are readily available to 
advance research and development of orphan drugs and 
treatments for rare diseases.
	 In conclusion, in this study, we reviewed the 
classification, nomenclature, and epidemiology of 86 
rare diseases in China's Second List of Rare Diseases. 
Including the 121 rare diseases in the first list, a total of 
207 rare diseases have been described by the Chinese 
government. Administrative policies regarding rare 
diseases have been enacted, which refer to research, 
medical insurance, orphan drugs, and standards for 
diagnosis and treatment. These policies make important 

contributions to progress in the area of rare diseases in 
China. The diseases on China's second list are important 
research topics and focusing on these will help China 
become a healthcare model with respect to rare diseases. 
The inclusion of conditions with relatively higher 
prevalence than those included in the current definitions 
will benefit more patients with rare diseases. With further 
development of national registries, rare diseases with 
very low prevalence will likely emerge.
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University (LJ001).
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Table 3. Incidence and prevalence of 86 rare diseases in China's Second List of Rare Diseases recorded in Orphanet 
database (continued)

#

65
66
67
68
69
70
71
72
73

74

75

76
77
78

79

80

81

82
83
84
85

86

Rare diseases

Primary IGF1 deficiency
Primary immunodeficiency
Primary myelofibrosis
Primary sclerosing cholangitis
 Interstitial lung disease
Recurrent pericarditis
Retinopathy of prematurity
Rett syndrome
Short bowel syndrome
Gastroschisis
Small bowel atresia

Systemic juvenile idiopathic arthritis

Systemic mastocytosis
Aggressive systemic mastocytosis
Indolent systemic mastocytosis
Systemic mastocytosis with associated hematologic neoplasm
Mast cell leukemia
Acute mast cell leukemia
Takayasu arteritis
Tenosynovial giant cell tumor-Pigmented villonodular synovitis
Thalassemia major
Beta-thalassemia major

Hb Bart's hydrops fetalis

Thrombotic thrombocytopenic purpura

Transthyretin amyloidosis
ATTRV30M amyloidosis

Tumor necrosis factor receptor associated periodic syndrome

Tumor-induced osteomalacia
Von Hippel-Lindau syndrome
Von Willebrand disease type3
Waldenström macroglobulinemia- Lymphoplasmacytic 
lymphoma
West syndrome-Infantile spasms syndrome

Newborn Incidence / 
100,000 persons

-
-
-
-
-
-
-
-
-

0.6 (prediatric 
population)

-
-
-
-
-
-
-
-
-
-

0.1-0.61(iTTP)

-
-

-

-
2.78

-
-

Incidence / 100,000 
persons

-
-

1 (annual)
-
-
-
-
-
-
-
-

1.6-23 (annual)

-
-
-
-
-
-
-
-
-

1 (worldwide )
10 (EU)

-

-

-
0.87 (annual, 

Portugal)
0.57 (annual, children 
under 16, Germany)

-
-
-

0.38 (annual, USA)

-

Prevalence / 100,000 
persons

< 0.1
1-9
1-9
1-9
-
-

10-50
1-9
1-9

10-50
4-14.29 (live births, 

Europe)
1-9

10-50
0.1-0.9
10-50
1-9

< 0.1
-

1-9
10-50

-
-

50-500 (live births, 
Southeast Asia)

1.29 (iTTP, France)
0.04-1.67 (cTTP)

0.1-0.9
22.94 (adults)

-
1-9

0.1-0.9
0.99 (Europe)

1-9
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horizontal saccadic eye movement, lysosomal lipid storage disorder, China

Niemann-Pick disease type C (NPC) is a rare, autosomal recessive, neurodegenerative disease 
associated with a wide variety of progressive neurological manifestations. Miglustat has 
demonstrated efficacy to delay progressive neurological deterioration in patients with NPC. We 
conducted a multicenter, open-label, single-arm, phase IV, post-approval commitment study to 
evaluate the efficacy and safety of miglustat among Chinese patients with NPC. Eligible patients 
were aged ≥ 4 years with an established diagnosis of NPC with two type C1 or C2 pathogenic 
markers or one marker with a positive biomarker (oxysterol, lysosphingolipids, or bile acids) and 
high clinical suspicion of NPC. Patients received oral miglustat ranging from 100 mg twice daily 
to 200 mg three times daily. The primary outcome was change in horizontal saccadic eye movement 
parameters from baseline to week 52. Seventeen patients were enrolled (median age: 14.0 years). 
From baseline to week 52, mean saccadic peak acceleration and velocity increased by 19.2% and 
12.5%, respectively, while mean peak duration and linear regression decreased by 6.5% and 15.6%, 
respectively. By week 52, ambulation, manipulation, language, swallowing, and ocular movements 
had improved or stabilized versus baseline. All patients experienced treatment-emergent adverse 
events (TEAEs). Treatment-related TEAEs were reported in 12 patients with the most common being 
diarrhea (n = 12). Two patients died due to accidental death and asphyxia unrelated to miglustat 
treatment. This study demonstrated disease stabilization in Chinese patients with NPC receiving 
miglustat. Safety findings were consistent with miglustat's known safety profile. The study was 
registered at ClinicalTrials.gov (NCT03910621).

1. Introduction

Niemann-Pick disease is an autosomal recessive, genetic, 
lysosomal lipid storage disorder caused by the deposition 
of a group of sphingomyelins (1). Niemann-Pick 
disease type C (NPC) is characterized by intracellular 
lipid transport defects and secondary pathological 
accumulation of free cholesterol, sphingomyelin, and 
glycosphingolipids within lysosomes/endosomes in 
various tissues and organs, but most widely in the brain 
(1,2). The clinical presentation of NPC is heterogenous; 
the liver, spleen, lungs, and nervous system are often 
involved in NPC, and the disease symptoms commonly 

include mental and motor regression, ataxia, and 
cataplexy (1). Clinical neurological manifestations of 
NPC include vertical supranuclear gaze palsy, ataxia, 
dysarthria, dysphagia, dystonia, epileptic seizures, 
progressive dementia, psychotic symptoms, and 
cataplexy (1). The clinical manifestations of the disease 
in the nervous system are continuously progressive 
without interruption (1).
	 Individuals with NPC can be categorized according 
to the type and age of onset of first neurological 
symptoms, i.e., neonatal (≤ 2 months), early infantile 
(> 2 months to 2 years old), late infantile (> 2-6 years 
old), juvenile (> 6-15 years old), and adolescent/adult 
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(> 15 years old) (1). In newborns, the disease will 
often result in death within a short period of time (1). 
Compared with the late-infantile neurologic onset form, 
pediatric individuals with the severe neurologic early-
infantile form experience rapid disease progression (1). 
Individuals with juvenile neurologic onset typically 
survive until adolescence or later (1), but individuals 
with advanced-stage disease are often disabled, suffer 
from dementia, and require tube feeding. This form 
of the disease is associated with a significant mental 
and economic burden to the individuals themselves, 
and their caregivers, families, and society (1,3,4). In 
Europe, NPC has an estimated incidence of between 
1:100,000-120,000 live births (1,5-7), while in the 
United States, the prevalence is approximately one case 
per million people (8). However, currently there are 
no reports on the incidence rate of NPC in the Chinese 
population (9).
	 Miglustat is currently the only approved therapy in 
the European Union (EU)/European Economic Area 
(EEA) and China for the management of progressive 
neurological deterioration in adults and children with 
NPC (10-12). There are no alternative treatments 
available for NPC in China beyond those which 
provide symptomatic relief. Miglustat is a competitive 
and reversible inhibitor of the glucosylceramide 
synthase enzyme (involved in the synthesis of most 
glycosphingolipids) (11,13), α-glucosidases I and II 
(key enzymes involved in intracellular processing of 
glycoproteins), non-lysosomal β-glucocerebrosidase, 
and intestinal disaccharidases (11,14). Moreover, 
miglustat can pass through the blood-brain barrier, 
reversibly inhibiting glucosylceramide synthetase, thus 
preventing the accumulation of glycosphingolipids 
in lysosomes (11,13). Miglustat received approval 
based on the data of an international, non-blinded, 
randomized controlled phase III clinical trial involving 
29 patients with NPC. This study showed that miglustat 
could improve the horizontal saccadic eye movement 
(HSEM) velocity, and improve or delay deterioration 
of neurological symptoms in cognitive function, 
swallowing function, and walking ability (13). A 
retrospective observational cohort study conducted 
in 12 countries (excluding China) also showed an 
improvement or stabilization of neurological symptoms 
in 66 individuals with NPC who were treated with 
miglustat (15). In addition, clinical studies and 
case reports have shown that some individuals with 
early neurological signs of NPC who were treated 
with miglustat achieved either stabilized or delayed 
progressive neurological symptoms (16-19).
	 This post-approval commitment study was conducted 
to further evaluate the efficacy and safety of miglustat 
among Chinese individuals with NPC over a 12-month 
treatment period.

2. Patients and Methods

2.1. Study design and patients

This was a prospective, multicenter, open-label, single-
arm, 52-week, phase IV confirmatory study (Figure 
1A). The primary objective was to evaluate the safety 
and effectiveness of miglustat on the rate of disease 
progression and disease stabilization, by measuring 
changes in HSEM parameters that are highly correlated 
with disease progression in patients with NPC.
	 The inclusion criteria for patients included: aged 
≥ 4 years; an established diagnosis of NPC (with two 
type C1 or C2 pathogenic markers or one marker with 
a positive biomarker [oxysterol, lysosphingolipids, or 
bile acids]) and high clinical suspicion of NPC; ability 
to perform the tests for the HSEM and vertical saccadic 
eye movements; and ability to swallow the study drug. 
Patients were permitted to receive any prior concomitant 
therapies, with the exception of concomitant eliglustat, 
benzodiazepines, any other drugs potentially influencing 
eye movements or any of the secondary outcome 
measures, or any other potentially disease-modifying 
investigational drug. A full list of inclusion and exclusion 
criteria are in the Supplemental Material (https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=224). Patients received oral miglustat ranging 
from 100 mg twice daily to 200 mg three times daily. 
The recommended dose was 200 mg three times daily 
based on previous studies of individuals with NPC and 
other neuronopathic glycosphingolipid storage disorders 
(13). The starting dose for patients with mild or moderate 
renal impairment was 200 mg twice daily or 200 mg 
once daily, respectively. For patients aged < 12 years, the 
starting dose was calculated according to body surface 
area.
	 This study was conducted in accordance with the 
ethical principles that originate from the Declaration 
of Helsinki, consistent with the International Council 
for Harmonization Good Clinical Practice guidelines 
(20), and all applicable local laws and regulations. The 
study protocol and amendments were reviewed by an 
Independent Ethics Committee at each study center 
(Supplemental Table S1, https://www.irdrjournal.
com/action/getSupplementalData.php?ID=224). All 
adult patients and the parents or legally designated 
representatives of pediatric patients (and assent from 
developmentally capable children) provided written 
informed consent to participate in the study.

2.2. Study endpoints

The primary outcome measure was the change in 
HSEM parameters from baseline to the end of treatment 
visit (week 52). Secondary outcome measures included 
the change in Pineda Disability Scale scores from 
baseline to week 52, the safety and tolerability of 
miglustat, and changes in height and body weight for 
pediatric patients.
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abnormalities. Body weight was measured at Screening 
and at each visit, and height was measured at Screening, 
week 26, and week 52.
	 Adverse events (AEs) were monitored and treatment-
emergent AEs (TEAEs) were defined as AEs with onset 
date/time ≥ start date/time of study medication and ≤ 30 
days after end of treatment, whether or not considered 
by the investigator as related to study medication. In 
cases where it could not be determined whether an AE 
was treatment-emergent, the AE was categorized as 
treatment-emergent. Other safety assessments included 
physical examinations, vital signs, and laboratory 
parameters.

2.4. Statistical methods

Approximately 19 patients with NPC were planned 
for enrollment in this study to ensure that 15 patients 
were treated with miglustat for a duration of 12 
months (considering a possible 20% drop-out rate), as 
requested by the Chinese National Medical Products 
Administration. This single-arm study was descriptive in 
nature, and no formal statistical hypothesis or inference 
was made. The 95% confidence intervals (CIs) were 
estimated for the absolute mean change from baseline 

2.3. Assessments

All efficacy parameters were measured from baseline 
to each visit (to weeks 13, 26, 39, and 52). A visit 
window of ± 7 days was allowed for all visits and a 
follow-up safety visit was performed 30 ± 2 days after 
the date of the last treatment dose. In case of premature 
discontinuation of treatment, the end of treatment visit 
was scheduled at the earliest opportunity, but no later 
than 7 days after the last dose of treatment. The absolute 
change and percentage change in HSEM parameters were 
assessed from baseline to each visit, including saccadic 
peak acceleration, mean velocity, peak duration, linear 
regression slopes, and line slopes of the ocular motor 
parameters. The HSEM parameter values were calculated 
by EyeSeeCam software (EyeSeeTec GmbH, Germany) 
and were then entered into the electronic data capture 
system. The change in Pineda Disability Scale score was 
a total additive score of six items of ambulation (scored 
from 0 to 5), manipulation (scored from 0 to 4), language 
(scored from 0 to 5), swallowing (scored from 0 to 4), 
seizures (scored from 0 to 3), and ocular movements 
(scored from 0 to 3). The total score ranged from 0 to 24, 
with a higher score indicating poorer condition. An item 
score of zero indicated no symptom or an absence of 

Figure 1. (A), Study design; (B), CONSORT flow diagram. Patients who prematurely discontinued the study treatment entered a PTOP, which 
lasted for at least 30 days after the last study drug intake. Expected duration of participation of each participant was up to 56 weeks (52 weeks 
treatment period + 30 days of PTOP). aAll patients who received study treatment and had not presented with a protocol deviation that could affect 
the assessment of the primary endpoint. bAll patients who received at least one dose of study medication. D: day; EOS: end of study; EOT: end of 
treatment; FAS: full analysis set; PPS: per protocol analysis set; PTOP: post-treatment observation period; SS: safety analysis set; V: visit; W: week.
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and the percentage change mean from baseline on all 
efficacy variables. No imputation was made for the 
missing efficacy data.
	 The efficacy analysis was based on the full analysis 
set (FAS) that was defined as all enrolled patients who 
completed the Screening period. The per protocol 
analysis set (PPS), that comprised all patients who 
received study treatment who did not present a protocol 
deviation that could affect the assessment of the primary 
endpoint, supported the efficacy analysis. The safety 
analysis set (SS) included all patients who received at 
least one dose of study treatment.

3. Results

3.1. Patients

A total of 17 patients were enrolled between April 3, 
2020, and March 29, 2022, at two centers in China. The 
FAS, PPS, and SS in this analysis comprised 17 patients 
with NPC who received at least one dose of miglustat, as 
none of these patients had any protocol deviations that 
affected the primary endpoint assessment. The majority 
of patients (n = 12, 70.6%) had one pathogenic mutation 
in NPC1 with a positive biomarker test and high clinical 
suspicion of NPC, while the remaining five patients 
(29.4%) had two pathogenic mutations in NPC1. Median 
age was 14.0 (range, 6.0-33.0) years, 47.1% of patients 
were female, and all patients were from China (Table 1). 
At Screening, four patients (23.5%) reported a history 
of medical conditions and three (17.6%) patients had 
received prior therapy.

3.2. Treatment exposure

In total, 14 (82.4%) patients completed the 52-
week treatment period and three patients (17.7%) 
discontinued miglustat early. The primary reasons for 
early discontinuation were death (n = 2, 11.8%) and 
participant withdrawal (n = 1, 5.9%; Figure 1B). During 
the study, 70.6% (n = 12) of the patients received 
miglustat 200 mg three times daily, and the remainder 
received 100 mg three times daily (n = 4, 23.5%), 200 
mg twice daily (n = 2, 11.8%), or 100 mg twice daily (n 
= 1, 5.9%). Overall, 82.4% (n = 14) of patients received 
80-120% of the planned dose. The overall median 
duration of miglustat exposure was 370 (range, 110-373) 
days, with most patients (n = 14, 82.4%) having > 360 
days of exposure.

3.3. Efficacy

3.3.1. HSEM parameter analysis

The following HSEM parameter measures include those 
from the FAS population while the PPS population 
showed a similar trend to the FAS population 

(Supplemental Table S2, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=224).

3.3.1.1. Saccadic peak acceleration

An increase in mean saccadic peak acceleration was 
observed from baseline in the patients completing 52 
weeks of miglustat therapy (Figure 2A and 2B). The 
mean saccadic peak acceleration increased by 20.7% 
across the treatment period (95% CI: 7.2 to 34.3%; 
absolute mean change: 2,594.1 [standard deviation (SD): 
2,943.7] deg/sec2) at week 13 (n = 16); 6.9% (95% CI: 
-15.2 to 29.0%; absolute mean change: 1,029.2 [SD: 
4,528.5] deg/sec2) at week 26 (n = 14); 10.6% (95% 
CI: -7.1 to 28.4%; absolute mean change: 1,748.1 [SD: 
4,415.3] deg/sec2) at week 39 (n = 14); and 19.2% (95% 
CI: 11.7 to 26.74%; absolute mean change: 2,900.4 
[SD: 1,923.4] deg/sec2) at week 52 (n = 13) from the 
mean baseline value of 14,555.7 (95% CI: 11,786.2 to 
17,325.3) deg/sec2 (n = 17).

3.3.1.2. Mean velocity

The mean velocity values increased from baseline during 
the 52-week treatment period (Figure 2C and 2D). The 
mean velocity increased by 17.88% across the treatment 
period (95% CI: -5.3 to 41.0%; absolute mean change: 9.0 
[SD: 30.0] deg/sec) at week 13 (n = 16); 11.3% (95% CI: 
-17.0 to 39.7%; absolute mean change: 3.7 [SD: 33.3] 
deg/sec) at week 26 (n = 14); 14.3% (95% CI: -6.0 to 
34.6%; absolute mean change: 7.9 [SD: 25.0] deg/sec) 

Table 1.  Participant demographics and baseline 
characteristics (FAS)

Characteristics

Age, years
     Mean (SD)
     ≤ 6 years
     > 6 and ≤ 15 years
     > 15 years
Sex
     Male
     Female
Race
     Asian
Pathogenic mutation
     Two pathogenic mutations in NPC1
     One pathogenic mutation in NPC1 + a positive
     biomarker + high clinical suspicion of NPC
Prior medication
Concomitant medication
Any medical history
     Hyperuricemia
     Epilepsy
     Hypothyroidism
Medical history of special interest
     Epilepsy

Total (n = 17)

15.1 (6.6)
     1 (5.9)
     9 (52.9)
     7 (41.2)

     9 (52.9)
     8 (47.1)

   17 (100.0)

     5 (29.4)
   12 (70.6)

     3 (17.7)
   17 (100.0)
     4 (23.5)
     2 (11.8)
     2 (11.8)
     1 (5.9)

     2 (11.8)

Data are reported as n (%) unless otherwise specified. FAS: full 
analysis set; NPC: Niemann-Pick disease type C; NPC1: Niemann-Pick 
disease type C1 gene; SD: standard deviation.
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at week 39 (n = 14); and 12.5% (95% CI: -7.0 to 32.0%; 
absolute mean change: 8.8 [SD: 21.4] deg/sec) at week 
52 (n = 13) in comparison with the mean baseline value 
of 81.5 (95% CI: 66.0 to 97.0) deg/sec (n = 17).

3.3.1.3. Peak duration

A decrease in mean peak duration parameter was 
observed from baseline to all visits (except at week 26) 
across the 52-week treatment period (Figure 2E and 
2F). The mean change in peak duration was -9.3% (95% 
CI: -16.8% to -1.7%; absolute mean change: -6.1 [SD: 
9.0] sec) at week 13 (n = 16); 4.1% (95% CI: -17.7 to 
25.9%; absolute mean change: 2.0 [SD: 21.6] sec) at 
week 26 (n = 14); -9.9% (95% CI: -17.6% to -2.2%; 
absolute mean change: -5.8 [SD: 8.2] sec) at week 39 
(n = 14); and -6.5% (95% CI: -19.0 to 6.0%; absolute 

mean change: -4.1 [SD: 11.3] sec) at week 52 (n = 13) 
from a mean baseline value of 59.6 (95% CI: 54.6 to 
64.6) sec (n = 17).

3.3.1.4. Linear regression slopes

A reduction in mean linear regression slopes was 
observed from post-baseline during the 52-week 
treatment period; however, this was not consistent across 
all assessment visits (Figure 2G and 2H). The mean 
percentage change in linear regression slope was -8.2% 
(95% CI: -19.9 to 3.5%; absolute mean change: -0.01 
[SD: 1.2] ms/deg) at week 13 (n = 16); 24.3% (95% CI: 
-52.2 to 100.82%; absolute mean change: 0.1 [SD: 3.2] 
ms/deg) at week 26 (n = 14); 22.7% (95% CI: -23.2 to 
68.6%; absolute mean change: 0.4 [SD: 1.5] ms/deg) at 
week 39 (n = 14); and -15.6% (95% CI: -30.9% to -0.2%; 

Figure 2. Mean HSEM parameters (left panels) and percentage change (right panels) from baseline to week 52 (including all time points). 
(A,B), Saccadic peak acceleration; (C,D), velocity; (E,F), Peak duration; (G,H), Linear regression slope. %CFB: percentage change from 
baseline (FAS); CI: confidence interval; FAS: full analysis set; HSEM: horizontal saccadic eye movement; SD: standard deviation.
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absolute mean change: 0.2 [SD: 2.0] ms/deg) at week 52 
(n = 13), when compared with the mean baseline value 
of 2.4 (95% CI: 1.1 to 3.7) ms/deg (n = 17).

3.3.2. Pineda Disability Scale analysis

The Pineda Disability Scale score had a numerical 
improvement in ocular movements with a mean 
decrease of 0.4 (on a scale of 0-3) at week 52 from 
baseline (Figure 3). Other components of the Pineda 
Disability Scale also showed sustained response or 
minor numerical improvements in manipulation, 
language, swallowing, and seizures, although the 
changes in scores (range of changes from 0.1 to 0.4 on 
scales from 0-3 to 0-4) were less than those observed in 
ocular movements.

3.3.3. Height and body weight among pediatric patients

Among the 12 (70.6%) patients aged < 18 years, the 
mean values for height showed an increase during post-
baseline periods when compared with the baseline period 
(Supplemental Table S3, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=224). The mean 
height was 149.2 cm (SD: 22.7; absolute mean change: 
1.2 [SD: 1.0] cm) at week 26 (n = 10) and 153.3 cm 
(SD: 21.3; absolute mean change: 2.6 [SD: 1.8] cm) 
at week 52 (n = 9), compared with the mean baseline 
value of 147.3 (SD: 21.8) cm (n = 12). For weight, the 
changes were minimal during post-baseline periods 
when compared with the baseline period (Supplemental 
Table S3, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=224).

Figure 3. Mean of Pineda Disability Scale scores. (A), Ambulation; (B), Manipulation; (C), Language; (D), Swallowing; (E), Seizure; (F), Ocular 
movements; (G), Total score from baseline to week 52 (including all time points) (FAS). Mean (± SD) values are shown. Fourteen patients completed 
week 52 of treatment; however, Pineda Disability Scale data for one patient are missing. FAS: full analysis set; SD: standard deviation.

https://www.irdrjournal.com/action/getSupplementalData.php?ID=224
https://www.irdrjournal.com/action/getSupplementalData.php?ID=224
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3.4. Safety

All 17 patients (100.0%) experienced at least one 
TEAE during the study. The most commonly reported 
TEAE was diarrhea (n = 12, 70.6%). Other commonly 
(≥ 2 patients) reported TEAEs were upper respiratory 
tract infection (n = 7, 41.2%), hyperuricemia (n = 4, 
23.5%), and epistaxis (n = 3, 17.6%); abdominal pain, 
anal incontinence, large intestine infection, tremor, 
pyrexia, weight reduction, insomnia, leukocytosis, 
aggravation of NPC, and abnormal hepatic function 
were each reported in two patients [11.8%] (Table 2). 
Severe TEAEs occurred in four (23.5%) patients and 
these included pneumonia, asphyxia, accidental death, 
and Henoch-Schönlein purpura (each reported in one 
participant [5.9%]). Serious TEAEs were reported 
in five patients (29.4%); asphyxia, accidental death, 
malnutrition, pneumonia, and Henoch-Schönlein 
purpura were reported in one participant each and none 
were considered related to miglustat treatment. Two 
patients died due to accidental death and asphyxia, 
which were not considered to be related to miglustat 
treatment.
	 In total, 12 (70.6%) patients experienced TEAEs that 
were considered related to miglustat treatment, the most 
common of which were diarrhea (n = 12; 70.6%) and 
insomnia (n = 2, 11.8%; Table 2). Overall, five patients 
(29.4%) had TEAEs leading to interruption of miglustat 
treatment, of which four events were deemed treatment-
related. The percentage of patients with TEAEs leading 
to discontinuation of miglustat treatment was 11.8% 
(n = 2); these two patients experienced fatal TEAEs 
(accidental death and asphyxia) that were not considered 
related to miglustat treatment per investigator's 
assessment.
	 There was a small mean change in hematological 
parameters between baseline and post-baseline periods 
(Supplemental Table S4, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=224). During the 

study, no marked differences in the mean changes of 
chemistry parameters were observed.

4. Discussion

This post-approval commitment study assessed the safety 
and efficacy of miglustat in 17 individuals with NPC. 
Without treatment, the manifestations of the disease 
continuously worsen without interruption (1). Results 
from the current study showed consistent findings 
with previous studies, suggesting that miglustat delays 
the progression of NPC and has manageable toxicity 
(13,16,18).
	 In neurometabolic disorders such as NPC, where 
multiple organ involvement is frequently seen, ocular 
motor problems can help demonstrate the severity or 
clinical progression (13). The choice of HSEM as the 
primary outcome measure in this study was dictated by 
knowledge of the disease evolution in NPC, in which, 
typically, vertical saccadic eye movements are affected 
earlier than HSEM (21). As demonstrated in previous 
studies, vertical saccadic eye movements are usually 
already severely affected at the time of diagnosis, and 
vertical gaze palsy is frequently present (13). In the 
present study, the mean saccadic peak acceleration and 
velocity increased by 19.2% and 12.5%, respectively, 
between baseline and week 52, while the mean peak 
duration and mean linear regression slope decreased 
by 6.5% and 15.6%, respectively, during the same 
period. Overall, this suggests that patients who received 
miglustat treatment experienced an improvement in 
HSEM, although this was not statistically evaluated. The 
mean ambulation, manipulation, language, swallowing, 
seizure, and ocular movement scores improved or 
stabilized between baseline and week 52. These data are 
consistent with the findings of the international, non-
blinded, randomized controlled clinical study, which 
recruited 29 individuals with NPC and showed that 
miglustat could improve the individuals' HSEM velocity 
and improve or delay the deterioration of neurological 
symptoms in cognitive function, swallowing function, 
and walking ability (13). Data from an observational 
retrospective cohort study of 66 patients, across 25 expert 
centers, similarly demonstrated the stabilization and 
improvement of neurological symptoms as measured by 
four key parameters of neurological disease progression 
in NPC (ambulation, manipulation, language, and 
swallowing) following miglustat treatment (12,13,15). 
Similar findings were also observed in a prospective 
study of five children who received miglustat treatment 
for up to 6 years, although there was a trend towards 
deterioration after 5 years of treatment (18).
	 The TEAEs reported in this study were generally 
consistent with the known safety profile of miglustat (13), 
with the most prevalent TEAE of diarrhea being reported 
in 70.6% of patients. Sporadic occurrences of diarrhea 
were also observed in previous studies of miglustat and 

Table 2. Summary of TEAEs by relationship to miglustat 
(preferred term) reported by at least two patients (SS)

TEAEs

Any cause
Diarrhea
Anal incontinence
Upper respiratory tract infection
Hyperuricemia
Tremor
Pyrexia
Epistaxis
Insomnia
Leukocytosis
Niemann-Pick disease
Hepatic function abnormal

Not related to 
miglustat

17 (100.0)
3 (17.6)
2 (11.8)
7 (41.2)
4 (23.5)
2 (11.8)
2 (11.8)
3 (17.6)

0
2 (11.8)
2 (11.8)
2 (11.8)

Data are reported as n (%). SS: safety analysis set; TEAE: treatment-
emergent adverse events.

Related to 
miglustat

12 (70.6)
12 (70.6)
  0
  0
  1 (5.9)
  0
  0
  0
  2 (11.8)
  0
  0
  0

https://www.irdrjournal.com/action/getSupplementalData.php?ID=224
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it has been theorized that this occurs when sweets and/
or milk-based foods are consumed (12,18,19). However, 
information on the diet of patients was not recorded in 
this study. Most patients could tolerate treatment (the 
majority of TEAEs were mild [100.0%] or moderate 
[76.5%] in intensity), with only 11.8% discontinuing 
miglustat due to TEAEs unrelated to miglustat treatment.
	 The safety profile of miglustat observed in the 
present study is consistent with that reported from 11 
clinical trials of 247 patients, including 40 individuals 
with NPC, who received miglustat doses of 50-200 mg 
three times daily for an average duration of 2.1 years (12). 
Taken together, evidence from the current and previous 
studies shows that AEs following miglustat treatment are 
generally of mild-to-moderate severity (12). Weight loss, 
which is a frequent well-known side effect of miglustat 
treatment, was only reported in 11.8% of patients in 
the present study, whereas in the previous studies 55% 
of patients experienced TEAEs of weight loss 6–12 
months after treatment initiation (12). The reason for this 
discrepancy is uncertain but it is likely that after more 
than a decade's worth of clinical experience, weight 
management practices for individuals receiving miglustat 
treatment have improved.
	 The selected study design was based on the best 
available knowledge and guidance from previously 
conducted studies, and the study evaluations used a broad 
approach with careful assessment of a large number of 
variables. Due to the progressive nature of NPC and its 
severity, together with the unblinding effect anticipated 
from the characteristic gastrointestinal side effects of 
miglustat and the use of objective endpoint measures, 
an open-label design was considered appropriate. These 
data should be considered in the context of the limited 
sample size and short duration of observation.
	 Currently, miglustat is the only approved disease-
modifying treatment for NPC (22,23). No other approved 
therapies reverse the progressive deterioration of the 
nervous system that characterizes NPC (22), and health 
authority guidelines have not provided advice on suitable 
efficacy criteria or outcome measures to be tested in 
clinical studies. To the best of our knowledge, our study 
is the first clinical study to evaluate miglustat in patients 
with NPC in China. A search on both major English and 
Chinese medical literature databases for miglustat in 
Chinese patients with NPC only returned case studies. 
This further highlights that the results from our study 
provide more evidence for clinical practice in China by 
demonstrating that miglustat is efficacious and has a 
well-established and manageable safety profile.
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rare disease, bone fractures, collagen type I-II, antiresorptive therapy

Osteogenesis imperfecta (OI) is a genetic disorder of the connective tissue that is characterized by 
high bone fragility. It has a worldwide incidence of 1 in 10,000. The diagnosis is mainly clinical-
radiological. Treatment is based on the use of bisphosphonates and orthopedic surgeries. The objective 
of this study was to establish the clinical, radiological, and therapeutic characteristics of OI in pediatric 
patients of a national reference pediatrics institute. This was conducted through a descriptive and 
retrospective analysis. All patients under 18 years of age with a diagnosis of OI treated at the Instituto 
Nacional de Salud del Niño de Breña (INSN-Breña) between 2010 and 2021 were included. In total, 
91 patients with OI were studied, more than half of whom were male. A total of 93.4% had a history 
of fractures, 72.5% had blue sclera, 39.6% had bowed legs and 20.9% had dentinogenesis imperfecta. 
The minimum-maximum value of fractures was 0-18. A total of 75.8% of patients started treatment 
with bisphosphonates and 41.8% used adjuvant medications. Less than 50% of patients required 
surgical treatment. Osteogenesis imperfecta is a genetic and chronic pathology. The use of the Van Dijk 
severity grade and the Aglan severity scale is simple to apply and therefore should be used to improve 
the classification of groups with the highest risk of fractures and response to treatment. Due to the low 
incidence of this disease, it is important to raise awareness and increase the research volume on this 
subject.

1. Introduction

Osteogenesis imperfecta (OI), also known as brittle 
bone disease, is a genetic disorder of connective tissue 
characterized by increased bone fragility and reduced 
bone mass (1).  It is a rare and underdiagnosed disease 
with a global incidence estimated to be 1 in 10,000 in the 
general population (1). In 90% of cases there is a variant 
in one of the genes that encode the alpha chains of 
type I collagen (COL1A1 or COL1A2) (1,2). Currently, 
thanks to technological advances, more is known about 
the biological and genetic factors of OI, which has 
made it possible to establish a classification with up 
to 21 different genes (3).  This condition predisposes 
patients to multiple fractures due to minimal trauma, 
bone deformities, as well as growth deficiencies. The 
classic extra-skeletal clinical manifestations are joint 
hypermobility, dentinogenesis imperfecta, hearing loss 
and blue sclerae, which can vary depending on the type 
of OI (4,5).

	 In Peru, OI is considered a rare disease due to its low 
prevalence (6). There are few epidemiological studies, 
and knowledge is based mainly on case reports, such as 
the one published on 11 cases at the Hospital Nacional 
Daniel Alcides Carrion (6). Another study whose 
objective was to identify genetic diseases in Peru, showed 
that between 2014 and 2018 at the Instituto Nacional de 
Salud del Niño-Breña (INSN-Breña), 82 patients with 
OI were observed (7). The diagnosis and treatment of 
this disease in Peru is made difficult by its complexity 
and the limited availability of specialized centers, which 
can lead to underdiagnosed and inadequate management 
of cases (7). Diagnosis is mainly based on clinical 
evaluation, physical examination and radiology, while 
molecular diagnosis is useful to determine the specific 
genetic cause and determine the risk of recurrence (8).
	 Treatment is based on three pillars: antiresorptive 
drugs (bisphosphonates) that increase bone mass 
and reduce the risk of fractures; orthopedic - surgical 
procedures to correct deformities and physical therapy. 
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Other drugs such as denosumab, which inhibits 
osteoclastic activity, are being studied to determine their 
benefit (4,9). The purpose of this study is to determine 
the clinical, radiological and therapeutic characteristics, 
such as the response to treatment with bisphosphonates, 
of patients with OI at the INSN-Breña between the years 
2010-2021.

2. Patients and Methods

2.1. Study design

A descriptive and retrospective study was carried out. 
The study was conducted at INSN-Breña, a national 
reference center for pediatric diseases. It has a Genetics 
and Inborn Errors of Metabolism Service that has a 
database of patients with OI for more than 12 years. The 
present study collected information from patients with 
OI from 2010 to 2021.
	 Ethics approval and research approval were obtained 
from the Ethics Committees of the Universidad 
Científica del Sur (1048-2021-PRE15) and the INSN-
Breña (PI-24/22) before observing the clinical history of 
the patients, and the study was conducted in accordance 
with the Declaration of Helsinki.

2.2. Inclusion and exclusion criteria

All patients under 18 years of age with a diagnosis 
of OI who met the following inclusion criteria were 
included: diagnosis of OI confirmed by clinical, imaging 
or molecular examination, bone densitometry with 
osteoporosis, family history of OI, history of pathological 
fractures and clinical symptoms compatible with OI. 
Medical records that were illegible, in poor condition, 
or lacked information on the variables of interest were 
excluded.

2.3. Data collection

Variables collected included demographic data, familial 
history, clinical characteristics, bone densitometry, 
anthropometric values, serological markers, and 
details of medical and surgical treatment. Patients were 
categorized according to Van Dijk's severity classification 
and according to Aglan's severity scale (10,11). We 
assessed severity of each patient with the help of a 
medical geneticist since the severity wasn't described in 
the medical record. Data were obtained from the patients' 
medical records, compiled in a collection form.
	 Two possible biases were identified: measurement 
bias due to errors in obtaining data from medical records, 
and selection bias by including only patients from 
the INSN-Breña, although this is a national pediatric 
reference center. The sample size was all patients with 
OI in the INSN-Breña during 2010-2021, given the low 
frequency of OI.

2.4. Statistical analysis

Categorical variables were presented with frequencies, 
and numerical variables with measures of central 
tendency and dispersion according to normality. It 
is necessary to mention that all clinical variables are 
described in their entirety due to the descriptive nature of 
the study.
	 An exploratory analysis was carried out, using chi-
square tests with goodness of fit for the variables "sex" 
and "origin", taking into account that presentation of 
OI is the same in men and women (2), the proportion 
of inhabitants of Lima and other departments is 32.2% 
and 67.8%, respectively according to the last national 
census carried out by the National Institute of Statistics 
in 2017. In addition, to determine if there are differences 
between the "severity" categories and the values of bone 
densitometry, serological markers, and fractures, the 
Kruskal-Wallis's test was used. To identify variables 
that could be used as predictors of a higher number 
of fractures, the relationship with bone densitometry 
and body mass index was analyzed using multiple 
linear regression. For the multivariate analysis, Poisson 
regression with robust variance was used to investigate 
the existence of new human phenotypes associated 
with severity and response to treatment; likewise, the 
OpenEpi program was used to calculate the power of 
said regression.
	 For statistical analysis, the STATA v.15 program was 
used with a 95% confidence interval and a p value of less 
than 0.05.

3. Results

3.1. Sociodemographic characteristics

There were potentially 194 medical records of patients 
with OI, however, when reviewing them, only 91 medical 
records met the inclusion criteria. The main reason for 
exclusion was not having defined diagnoses. Of all 
patients, 60.4% were male. 52.8% came from Lima and 
14.3% of all patients had asthma/bronchial obstruction 
syndrome as comorbidity. 24.2% had a family history 
of OI (Table 1). The median age of diagnosis was 20.5 
months (male = 21 and female = 19.5); with a mean age 
of the father and mother at the birth of the patient of 31.9 
and 27.8, respectively. The mean birth weight was 2,822 
± 288.3 g and the mean birth height was 45 ± 3.3 cm.
	 Regarding the variability of birth weight and the 
Aglan severity scale, a difference was observed (p = 
0.0068), with a post hoc analysis of difference between 
the mild and severe group (p = 0.010) (Supplemental 
Table S1, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=219). On the contrary, 
we did not observe differences in birth weight on the 
Van Dijk severity groups (p = 0.0988); and in the same 
sense when evaluating both scales, height (p = 0.5523 
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CI = -3.47 to -2.08) and 0.66 (95% CI = 0.33-0.99), 
respectively.

3.2. Clinical characteristics & severity degree

The mean number of fractures was 4.68, and one 
patient reported up to 18 fractures. The most frequently 
fractured location was the lower limbs (61.9%), followed 
by the upper limbs (25.8%). A total of 147 emergency 
admissions due to fractures were observed, with a 

and 0.7170) and head circumference at birth (p = 0.3290 
and 0.3614). These results are not presented in any 
table or supplementary material. It is important to note 
that the small sample size in the mild group of the Van 
Dijk severity scale and the moderate group of the Aglan 
scale may limit the power of these comparisons. This 
limitation should be considered when interpreting the 
results.
	 The mean of the standard deviations for height and 
body mass index at the time of diagnosis was -2.78 (95% 

Table 1. General characteristics of pediatric patients with OI

Variables

Gender
     Male
     Female
Origin
     Lima (capital)
     Other city's
Use of complementary exams
     N-telopeptide
     C-telopeptide
     Calcium
     Phosphorus
     Magnesium
     Vitamin D (25-OH)
     Alkaline phosphatase
     Bone densitometry
Comorbidities
     Asma/BOS
     Hypotonia
     Malnutrition
     Anemia
     Heart disease
     Neurodevelopmental disorder
     Nephrolithiasis
     Prostration
Family history
     No
     Yes
Van Dijk severity grade (n = 82)
     Mild
     Moderate
     Severe
     Extremely severe
Aglan severity scale (n = 41)
     Mild
     Moderate
     Severe
Fractures
     Total number
     Lower limbs
     Upper limbs
     Clavicle
     Head
     Thorax
Anthopometry at birth
     Weight (g)
     Height (cm)
     Cephalic circumference (cm)
Diagnostic age (months)
Father's age
Mother's age

n

   55
   36

   48
   43

   47
   24
   40
   51
   14
   14
   24
   48

   13
     7
     7
     5
     5
     5
     2
     5

   69
   22

     6
   47
   25
     4

   17
     4
   20

 426
 264
 110
   32
   13
     8

Mean/Median
2,903§

        46.6§
      35.0
      20.5

        31.9§
        27.8§

BOS, bronchial obstruction syndrome; CI, confidence interval; IQR, interquartile range; OI, osteogenesis imperfecta; SD, standard deviation. 
*Chi2 with adjusted residuals. §Mean and SD.

%

  60.4
  39.6

  52.8
  47.3

  51.6
  26.4
  44.0
  56.0
  15.4
  15.4
  26.4
  52.7

  14.3
    7.7
    7.7
    5.5
    5.5
    5.5
    2.2
    5.5

  75.8
  24.2

    7.3
  57.3
  30.5
    4.8

  41.5
    9.8
  48.7

  61.9
  25.8
    7.5
    3.0
    1.9

SD/IQR
582.6
    4.3
    2.5
  58.0
    8.1
    7.7

95% CI

  49.9-70.1
  29.9-50.1

  42.3-62.9
  37.0-57.6

  41.4-61.9
  17.3-35.4
  33.8-54.2
  45.8-66.2
    8.0-22.8
    8.0-22.8
  17.3-35.4
  42.5-63.0

   4.5-142
  0.3-7.7
  0.3-7.7
 -0.8-5.5
 -0.8-5.5
 -0.8-5.5
 -1.9-2.2
 -0.8-5.5

  65.8-83.6
  16.4-34.2

    3.2-15.6
  46.2-67.7
  21.3-41.5
    1.8-12.5

  27.0-57.5
    3.6-24.1
  33.4-64.3

  55.3-66.6
  21.7-30.0
    5.0-10.0
  1.4-4.7
  0.6-3.2

  1,500-4,300
  35-52
  30-37

      0-180
29.9-34

   25.9-28.7

p

   0.046*

< 0.001*
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mean of 1.6 admissions per patient. The main cause 
was fractures (57.9%), and one patient reported 19 
admissions. About the severity, 57.3% of patients had a 
moderate Van Dijk severity grade and 48.7% had a severe 
Aglan severity scale. On the other hand, N-telopeptide 
and bone densitometry were performed in around 50% of 
patients and alkaline phosphatase and C-telopeptide were 
only reported in 25% of patients (Table 1).
	 In respect of the physical characteristics, the most 
frequent associated phenotypes were blue sclera's 
(72.5%), bowed legs (39.6%), joint hypermobility 
(24.2%), and triangular faces (23.1%) (Table 2). In the 
same matter, a frequency analysis was carried out based 
on the Aglan severity scale from moderate to severe, 
where a greater occurrence of umbilical hernia, scoliosis 
and clinodactyly was observed. On the contrary, in this 
same group of patients, hearing loss, microcephaly and 
hypermobility was less dominant.
	 The analysis of the frequency according to the Aglan 
severity scale from moderate to severe in the adjusted 
model, observed a higher frequency of umbilical 
hernia, single palmar crease, scoliosis, clinodactyly, and 
asymmetric lower limbs. In the opposite direction, in this 
group of patients, keratoconus, hypermobility, hearing 
loss, triangular faces, jaw asymmetry, microcephaly 

and genu varum were less frequent in the adjusted 
model (Table 3). Based on the Van Dijk severity 
scale, the frequencies of phenotypes did not show any 
significant differences (Supplemental Table S2, https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=219).
	 The prevalence of phenotypes associated with the 
Van Dijk severity degree and the Aglan severity scale 
was analyzed; however, no significance was observed in 
the frequency when determining the means of the total 
phenotypes according to the scale and degree of severity 
(p = 0.608 and 0.940, respectively).

3.3. Treatment

Of all patients 75.8% started a treatment with 
bisphosphonates, with alendronate (1 mg/kg weekly, 
oral) being the most frequently used (27.5%) followed by 
zoledronate (0.5 mg/kg every six months, intravenous). 
Only 42.9% completed at least one year of treatment 
and 12.1% completed three or more years. Surgical 
treatment was required in 34.1% of patients due to 
fractures. Regarding the use of adjuvant medications, 
such as calcium (30-75 mg/kg/day) and vitamin D (doses 
diverse, e.g. 600,000 UI stat), 41.8% of patients used 
them (Table 4).
	 When analyzing the treatment response in relation 
to the increase in the standard deviation scores of bone 
densitometry, no differences were found when comparing 
it with the Aglan severity scale and the Van Dijk severity 
grade (p = 0.7639 and 0.2470, respectively). In that same 
sense, no changes were observed in densitometry in 
relation to any associated phenotype (p > 0.05).

3.4. Bone densitometry analysis

Regarding bone density, a trend towards improvement 
over time was observed, however, some patients only 
had a single measurement (Figure 1A). We observed that 
those who presented a favorable evolution according to 
bone densitometry had a mean number of fractures of 3.6 
(SD = 1.73) versus those who presented an unfavorable 
response, the average was 11.1 (SD = 4.87) (p < 0.001). 
In the same sense, the number of fractures increases 
if bone densitometry remains the same or decreases 
over time (R2 = 0.138; coefficient = 0.213; 95% IC = 
-0.422 to -0.003; constant = 2.5; p = 0.047) (Figure 1B). 
Additionally, it was observed that as the body mass index 
increases, the response to treatment calculated, according 
to bone density, is lower (R2 = -0.043; coefficient = 0.0; 
95% CI = -0.029 to -0.059; constant = 0.24; p = 0.078) 
(Figure 1C).

3.5. Comparative analysis

A comparison was made of the median of the difference 
between the last and first value of the serological 

Table 2. Associated phenotypes in pediatric patients with 
OI
Associated phenotypes

Blue sclera
Bowed legs
Joint hipermobility
Triangular face
Dentinogenesis imperfecta
Short height
Scoliosis
Bowed arms
Asymmetric upper limbs
Shortening of lower limbs
Pectus carinatum
Microcephaly
Inguinal hernia
Umbilical hernia
Asymmetric thorax
Coxa vara
Clinodactyly
Macrocephaly
Single palmar crease
Hearing loss
Wide anterior fontanelle
Bot foot
Short thorax
Keratoconus
Sunken nose bridge
Jaw disproportion
Hip Dysplasia
Flat foot
Varying leg
Valgus foot
Cleft lip & palate

%

72.5
39.6
24.2
23.1
20.9
13.2
  9.9
  9.9
  9.9
  5.5
  5.5
  4.4
  4.4
  3.3
  3.3
  3.3
  3.3
  3.3
  2.2
  2.2
  2.2
  2.2
  2.2
  1.1
  1.1
  1.1
  1.1
  1.1
  1.1
  1.1
  1.1

n

66
36
22
21
19
12
  9
  9
  9
  5
  5
  4
  4
  3
  3
  3
  3
  3
  2
  2
  2
  2
  2
  1
  1
  1
  1
  1
  1
  1
  1

CI, confidence interval; OI, osteogenesis imperfecta.

95% CI

    60.15-72.53
    26.01-39.56
    12.31-24.18
     11.4-23.08
     9.61-20.88
     3.81-13.19
   1.62-9.89
   1.62-9.89
   1.62-9.89
  -0.82-5.49
  -0.82-5.49
-1.29-4.4
-1.29-4.4
-1.65-3.3
-1.65-3.3
-1.65-3.3
-1.65-3.3
-1.65-3.3
-1.87-2.2
-1.87-2.2
-1.87-2.2
-1.87-2.2
-1.87-2.2
-1.79-1.1
-1.79-1.1
-1.79-1.1
-1.79-1.1
-1.79-1.1
-1.79-1.1
-1.79-1.1
-1.79-1.1
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markers according to the Van Dijk severity grade and the 
Aglan severity scale. However, no significant difference 
was found between these values (Table 5). Another 
comparison of the median number of fractures was made 
according to the Van Dijk severity grade and the Aglan 
severity scale. It was observed that the median number 
of fractures was more frequent in the group that was of 
moderate severity, according to the Van Dijk severity 
grade (p = 0.0003) and the Aglan severity scale (p = 
0.0957) (Supplemental Table S3, https://www.irdrjournal.
com/action/getSupplementalData.php?ID=219).

4. Discussion

This is the second and largest study in the country about 
the pediatric population with OI and although it is not 
a national study, it allows us to have a great overview 
of this disease in Peru (6). In our country there is no 
information about the incidence of OI. However, Guio 
et al. determined that in one of the main Peruvian 
reference hospitals, 101 cases of skeletal dysplasia were 
diagnosed during the years 2014-2018, and it is worth 
mentioning that within this group of diseases is OI (7). 
Another study in a different national reference hospital 
observed 11 patients with OI over a period of 3 years 

(2007-2009) (13).
	 A greater frequency was observed in the male sex 
(60.4%), which is contrary to what is indicated in the 
international literature, which mentions that there is 
no sex predominance in OI, this could be because this 
disease is still underdiagnosed in our country (14,15), or 
it might be related to social or familial factors. However, 
in a Portuguese study (n = 21) results like ours were 
shown with a significant male population (61.9%) (16).
	 The average age of diagnosis of our study was 20.5 
months of age, which is early compared to a national 
study of the Vietnamese population with OI (n = 146), 
where the most frequent age of diagnosis ranged from 
6-10 years (27.4%) (17). In Spain (Valencia) it was 
observed (n = 40) that the average age of diagnosis 
was 8.4 ± 14.6 years, and 0.04 ± 0.3 years in severe 
cases where presentation at birth have only been seen in 
extremely severe cases (18). In a Turkish study (n = 29), 
average age of diagnosis was 3.6 years, which reflects 
a later age compared to our results (19). However, in a 
Portuguese hospital the mean age of diagnosis was 20.6 
months, like this study (16). This may be explained since 
more than 60% of patients in this hospital debuted with a 
fracture before the first three years of life (16); or by the 
differences in population size and the types of OI across 

Table 3. Prevalence of associated phenotypes in patients with osteogenesis imperfecta according to the Aglan severity scale

Phenotype

Umbilical hernia
Inguinal hernia
Blue sclera
Dentinogenesis imperfecta
Poor sphincter control
Keratoconus
Joint hipermobility
Single palmar crease
Hearing loss
Triangular face
Short height
Scoliosis
Sunken nose bridge
Jaw disproportion
Wide anterior fontanelle
Macrocephaly
Microcephaly
Shortening of lower limbs
Flat foot
Coxa vara
Genu varum
Valgus foot
Pectus carinatum
Bot foot
Clinodactyly
Bowed arms
Asymmetric lower limbs
Asymmetric thorax
Short thorax
Cleft lip/palate
Bowed legs
Severe short height

PRc

0.667
2,105
1,857
1,375

-
-

0.682
2,105
       0
1,524
1,271
1,458

-
2,105

-
-

       0
       0

-
1,026
       0
       0
2,105

-
1,407
1,407
1,944
2,167
       0
       0
0.923
1,436

PRa, adjusted prevalence reason; PRc, crude prevalence reason; CI, confidence intervals.

95% CI

0.130-3.407
1.519-2.916
0.773-4.460
0.715-2.645

-
-

0.291-1.596
1.519-2.916

-
0.831-2.794
0.574-2.813
0.745-2.853

-
1.519-2.916

-
-
-
-
-

0.247-4.258
-
-

1.519-2.196
-

0.591-3.351
0.591-3.351
1.151-3.283
1.544-3.040

-
-

0.461-1.848
0.783-2.633

p

0.5782
0.2995
0.1159
0.3869

-
0.3231
0.3355
0.2995
0.3231
0.2243
0.5922
0.3428

-
0.2995

-
.

0.3231
     0.157

-
0.9718
0.3231
0.3231
0.2995

-
0.5197
0.5197
0.0669
0.1373
0.3231
0.3231
0.8187
0.2655

PRa

  10,059
    1,984
    2,074
    1,178

-
9.35 x 10-7

    0.053
201,156

1.20 x 10-8
    0.232
    1,007
    5,434

-
    0.027

-
-

2.35 x 10-8
3.13 x 10-9

-
    0.392

9.35 x 10-7
    0.169
    3,389

-
    6,624
    1,868
  41,757
    0.307

4.66 x 10-6
1.07 x 10-8

    1,788
    0.794

95% CI

    1.961-51.608
  0.492-8.007
  0.821-5.241
  0.439-3.162

  -
    5.7 x10-8-1.51 x10-5

  0.008-0.343
      12.82-3155.69

  1.38 x10-9-1.03 x10-7
  0.083-0.648
  0.293-3.470

    1.702-17.348
  -

  0.002-0.448
  -
  -

  2.17 x10-9-2.56 x10-7
2.51 x10-10-3.90 x10-8

  -
  0.063-2.417

    5.7 x10-8-1.51 x10-5
    0.002-10.199
    0.279-41.049

  -
    1.649-26.618
  0.555-6.290

      4.918-354.508
0.0197-4.789

  2.12 x10-7-1.02 x10-5
9.58 x10-10-1.19 x10-7

  0.769-4.158
  0.278-2.268

p

    0.006
    0.335
    0.123
    0.745

-
 < 0.001
    0.002
 < 0.001
 < 0.001
    0.005
  0.99

    0.004
-

    0.012
-
-

 < 0.001
 < 0.001

-
    0.313
 < 0.001
    0.395
    0.337

-
    0.008
    0.313
    0.001

0.4
 < 0.001
 < 0.001
    0.177
    0.667
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the cohorts being compared.
	 It was also determined that most patients came from 
the capital of Peru (52.8%). We propose that this could 
be due to the shortage of specialists (mainly geneticists), 
in regional hospitals to diagnose and refer patients to 
specialized hospitals, and most of them are in our capital 
(7).
	 Most of our patients (75.8%) did not have any family 
history. Which would imply that many of the genetic 
variants in these patients are likely de novo and the 
frequency of mild type OI is low. A study carried out 
in Portugal also showed that 66.6% of its patients had 
no family history (16). On the contrary, a study carried 
out in Spain (Valencia) observed that more than 50% 
of its patients had a family history (20). This difference 
could be attributed to the fact that, depending on the 
population groups, there may be greater awareness of the 
importance of timely diagnosis, making family history 
more relevant. Alternatively, patients with rare diseases 
in high-income countries might generally have greater 
survival rates.
	 Regarding the extra-skeletal characteristics, we 
observed that the most prevalent were the presence of 

blue sclerae, bowed legs, joint hypermobility, triangular 
faces and dentinogenesis imperfecta (DI) with 72.5%, 
39.6%, 24.2%, 23.1%, and 20.9%, respectively. Multiple 
studies agree with our findings since they observe that 
the most prevalent extra-skeletal characteristic of OI is 
blue sclerae (79%-86%), and DI (20.9% vs. 22.5%-61%), 
but this may vary depending on the population and type 
of OI (16,18,20) or the experience of clinical experience 
for found and registered phenotypes.
	 To evaluate the severity of OI in our study we used 
two grading scales. The first, developed by Van Dijk 
et al., which allows us to establish a pre or post-natal 
severity based on clinical or ultrasound characteristics 

Table 4. Therapy in pediatric patients with OI

Bisphosphonates
     No treatment
     Only alendronate
     Only zoledronate
     Alendronate→Zoledronate
     Only pamidronate
     Alendronate→Pamidronate
     →Zoledronate
     Pamidronate→Zoledronate
     Alendronate→Pamidronate
Years of Bisphosphonates
(n = 65)
     0
     1
     2
     3
     4
     7
Treatment continuity for 3 or 
more years
     Yes
     No
Surgeries for fractures
     No
     Yes
Number of surgeries
     0
     1
     2
     3
     4
Adjuvants (vitamin D/ calcium)
     Yes
     No

CI, confidence intervals. →, "followed by".

n

22
25
19
15
  4
  3

  2
  1

22
39
19
  8
  2
  1

11
80

60
31

49
24
14
  3
  1

38
53

95% CI

  16.3-34.2
  19.1-37.7
  13.6-30.6
  10.0-25.7
    1.6-11.3
  1.04-9.92

  0.53-8.57
0.14-7.6

16.35-34.2
  32.9-53.3
  13.6-30.6
  4.39-16.8
  0.53-8.57
  0.14-7.64

  0.6-2.0
  79.2-93.2

  55.4-75.1
  24.9-44.6

  43.4-63.9
  18.2-36.6
    9.2-24.5
  1.0-9.9
  0.1-7.7

  31.9-52.3
    47.7-68.07

%

24.2
27.5
20.9
16.5
  4.4
  3.3

  2.2
  1.1

24.2
42.9
20.9
  8.8
  2.2
  1.1

12.1
87.9

65.9
34.1

53.9
26.4
15.4
  3.3
  1.1

41.8
58.2

Figure 1. (A) Evolution of lumbar bone densitometry, each color 
represents a patient. (B) Relationship between the number of total 
fractures and the response of bone densitometry according to its 
standard deviation in patients with osteogenesis imperfecta. (R2 = 
0.138; coefficient = 0.213; 95% CI = -0.422 to -0.003; constant = 2.5; 
p = 0.047). (C) Relationship between body mass index and response 
to treatment according to bone densitometry (R2 = -0,043; coefficient 
= 0.0; 95% CI = -0,029 to -0,059; constant = 0.24; p = 0.078).
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(10). In this study, we observed that most cases were 
moderate (57.3%). In contrast, Caudevilla et al. observed 
that mild cases were the most frequent (68.3%) (18). 
This discordance may be due to the fact that the study 
mentioned before wasn't done in a completely pediatric 
population.
	 The second scale uses a scoring system based on five 
parameters and was developed by Aglan et al. with the 
severe form being the most frequent (48.7%) (11). The 

same author observed (n = 43) that, as in our study, the 
severe form was the most frequent (37.2%) (11). Otaify 
et al. observed in his study (n = 33) that all his patients 
presented a moderate or severe degree of severity (21).
	 In our study, 93.4% of patients had at least one fracture 
in their lives and one case even had 18. Furthermore, 
we observed that, like other studies, the most affected 
location were the lower limbs, followed by the upper 
limbs. In Spain (Valencia) the results were similar, with 
lower limbs slightly more frequent than upper limbs 
with 36.5% and 33.6%, respectively (20). In Vietnam, it 
was observed that 142/146 patients presented fractures 
with a total of 1,932 fractures. Likewise, fractures in 
this population were most common in the lower limb, 
especially the femur (17). Similarly, in Turkey, it was 
observed that the most frequent fractures were the lower 
limbs, especially the tibia, followed by the femur (19). In 
Portugal, results were similar with the lower limb (55.6%) 
being the most common, followed by the upper limb 
(37.8%) (16).
	 The treatment is based in the use of bisphosphonates, 
commonly being alendronate, pamidronate and 
zoledronate (4). In addition, many specialists opt 
for adjuvant therapy using calcium and vitamin D 
supplements (9). We observed that 75.8% of patients 
started a treatment with bisphosphonates. However, 
only 41.8% used adjuvant medications. Regarding 
bisphosphonates, in this study alendronate (27.5%) was 
the main one indicated, followed by zoledronate (20.9%). 
The therapeutic regimen of alendronate followed 
by zoledronate was used in 15 patients (16.5%). We 
emphasize that nearly 50% of patients did not complete 
the year of treatment with bisphosphonates. We propose 
that this could be due to multiple factors such as the 
shortage of medications, lack of follow-up, difficulty in 
scheduling appointments, distance to the hospital, limited 
knowledge about rare diseases or administrative barriers.
	 In Turkey, it was observed that 75% of patients 
started a treatment with bisphosphonates, where 
pamidronate (77%) and alendronate (23%) were the most 
indicated (21). In Vietnam, a low-resource country, only 
25% of patients started treatment with bisphosphonates 
where zoledronate predominated, since it is the most 
accessible in the country (17). In said country access to 
bisphosphonates and specialists is difficult, which is why 
most patients do not complete treatment. It should be 
noted that these difficulties are like our national reality 
(17). It is important to emphasized that in Vietnam 
surgical treatments are the most frequently indicated with 
163 surgeries performed in all 58 patients (17).
	 In Portugal, 85% of patients started a treatment with 
bisphosphonates, specifically with pamidronate, and 
the mean age at which treatment began was 50 months 
(16). In Valencia evidence showed that 52.1% of patients 
received treatment, where bisphosphonates were the 
most common (44.8%). In addition, 24.7% of patients 
received exclusively adjuvant treatment with vitamin D, 

Table 5. Comparison of median difference between the 
first and last values of serological markers according to 
grade and severity scale

Markers

N-telopeptide
     Mild
     Moderate
     Severe
     Extremely  severe
     Total
C-telopeptide
     Mild
     Moderate
     Severe
     Extremely severe
     Total
Alkaline phosphatase
     Mild
     Moderate
     Severe
     Extremely severe
     Total
Bone densitometry
     Mild
     Moderate
     Severe
     Extremely severe
     Total

N-telopeptide
     Mild
     Moderate
     Severe
     Total
C-telopeptide
     Mild
     Moderate
     Severe
     Total
Alkaline phosphatase
     Mild
     Moderate
     Severe
     Total
Bone densitometry
     Mild
     Moderate
     Severe
     Total

PRa, adjusted prevalence reason; PRc, crude prevalence reason; CI, 
confidence intervals. *Median differences by Kruskall wallis.

n

3
8
5
3

19

0
7
3
0

10

1
5
3
1

10

2
13
6
3

24

17
20
4

41

3
3
0
6

5
2
1
8

5
4
2

11

p*

0.0274

0.7324

0.133

0.8066

0.8104

0.2752

0.7408

0.0971

median

 128
 104.45
-136
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calcium or parathyroid hormone (20). Finally, in Spain it 
was observed that 19 patients (47.5%) started treatment 
with bisphosphonates, six of which added recombinant 
growth hormone (pamidronate + rhGH). All patients 
treated with bisphosphonates showed a decreased 
fracture rate and increased activity (3).
	 As shown in the studies mentioned before, the rate 
of patients starting treatment with bisphosphonates in 
our hospital is in line with the international literature. 
However, we can observe that the main problem is 
related to its continuity, since around 50% of our patients 
do not complete the year of treatment for the reasons 
mentioned above. Furthermore, the follow-up of patients 
must be improved, given that about 50% of our patients 
do not have control tests such as bone densitometry or 
bone resorption markers. In our hospital, compared to 
others abroad, we used alendronate more frequently due 
to its availability, although in recent years, zoledronate 
has been used in most patients.
	 In the bivariate analyzes it was observed that there is 
no significant difference with respect to the difference of 
the first and last value of the serological markers, with 
respect to the degree and severity scale mentioned above. 
On the other hand, we have managed to establish in our 
population that if bone densitometry remains the same or 
decreases over time, it means a greater risk of presenting 
new fractures. Likewise, we determine which patients 
have a favorable and unfavorable evolution based on 
bone densitometry and the average number of fractures. 
We also observed a higher median number of fractures in 
patients with moderate severity according to the Van Dijk 
severity grade (p = 0.0003). It should be emphasized 
that such analyzes have not been previously reported in 
similar OI studies, although these differences are likely 
due to sample size.
	 Although the Aglan scale showed differences in birth 
anthropometry based on the severity of OI, these findings 
could be influenced by variations in the frequency of 
occurrence by sex.
	 About the clinical manifestations (human phenotype), 
a frequency analysis was carried out based on the 
Aglan severity scale from moderate to severe, where 
a greater predominance of umbilical hernia, scoliosis 
and clinodactyly was observed. Conversely, in this 
same group of patients, hearing loss, microcephaly and 
hypermobility are less common. It should be emphasized 
that these types of analyzes have not been done before in 
similar OI studies.
	 Among the limitations we had a small sample, 
although it is the study with the largest number of 
participants with OI in Peru. Furthermore, data collection 
was based exclusively on clinical records (loss of 
information), and since this is a national reference center, 
the concentration of cases in a single center could induce 
a selection bias, therefore the patients treated in this 
institute may not be representative of all patients with 
osteogenesis imperfecta in Peru. Although, being one of 

the few reference centers, the results let us estimate the 
characteristics of patients with OI in Peru.
	 Among the limitations, it is important to mention that 
not all patients had adequate follow-up, some even had 
only one consult, and this may cause a lack of data on 
the variables and the analysis of the treatment response 
may not be precise. On the other hand, this is a small 
sample, despite being the study with the largest number 
of participants with OI in Peru. Furthermore, data 
collection was based exclusively on clinical records (loss 
of information), and since the institution is a national 
reference center, the concentration of cases in a single 
center could introduce a selection bias, since the patients 
treated in this institute may not be representative of all 
patients with osteogenesis imperfecta in Peru. Although, 
being one of the few reference centers, it could show 
what happens in patients with OI, especially those with 
severe OI.
	 In conclusion, the present study represents a 
significant advance in the understanding of OI in the 
pediatric population of Peru. When compared with 
international studies, some similarities were observed 
in the degrees of severity, clinical and therapeutic 
characteristics, but also differences in prevalence, 
proportion in men, and family history. The use of tools 
such as the Van Dijk severity grade and the Aglan 
severity scale is recommended since they are easy to 
apply and will help improve the classification of patients 
with a higher risk of fractures and response to treatment. 
It is necessary to ensure the care of these patients, the 
monitoring and evaluation of the use of bisphosphonates 
as the first line of treatment in all patients, given that 
encouraging results in the reduction of fractures and 
improvement of quality of life have been reported in 
other countries.
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Post-transplant lymphoproliferative disease (PTLD) is a rare but life-threatening disease that occurs 
after organ transplantation. Histopathology is the gold standard for the diagnosis of PTLD. Because 
of its rarity and atypical symptoms, many patients are misdiagnosed with liver abscess, liver cancer, 
or missed diagnosis long before pathological diagnosis is obtained, thus delaying treatment. Early 
and accurate diagnosis, in addition to histopathological examination, is difficult. Contrast-enhanced 
ultrasound (CEUS) imaging techniques have overwhelming advantages of being safe (noninvasive, 
radiation-free) and sensitive for evaluating the microcirculation of lesions, thus making them 
widely used in the diagnosis of hepatic lesions. Unfortunately, there are few reports of CEUS data 
on hepatic PTLD (HPTLD). This study reported and analyzed four cases of HPTLD in detail, all 
of which underwent pre-biopsy CEUS examinations and had a complete diagnosis and treatment 
process. By offering readers comprehensive knowledge of CEUS in the diagnosis of HPTLD, our 
study aims to help reduce misdiagnoses and missed diagnoses, thereby improving patient treatment 
and prognosis.

1. Introduction

Post-transplant lymphoproliferative disease (PTLD) 
develops in only 1–3 % of liver transplant recipients 
(1). However, as PTLD shows characteristics of high 
malignancy and mortality rates, early diagnosis is expected 
to be life-saving (2). Contrast-enhanced ultrasound (CEUS) 
has the advantages of non-radiation, non-invasiveness, 
cost-effectiveness, portability, good repeatability at 
frequent intervals, and few side effects (3). As CEUS has 
high accuracy in the detection and diagnosis of hepatic 
lesions, it is recommended as a first-line examination for 
high-risk populations of HCC according to the Chinese 
guidelines (4) and World Federation for Ultrasound 
in Medicine & Biology (WFUMB) guidelines (5). In 
particular, microbubbles of CEUS do not metabolize 
through the liver; therefore, CEUS (even if used 
continuously and cumulatively) has no hepatotoxicity. 
From the perspective of liver preservation, CEUS is safer 
than contrast-enhanced computed tomography (CT) 

and magnetic resonance (MR) imaging for follow-up of 
patients undergoing liver transplantation. CEUS should be 
used as the first-line imaging modality to screen patients 
for post-orthotopic liver transplantation complications (6).
	 Currently, there are no English articles describing the 
imaging features of CEUS for hepatic PTLD (HPTLD) 
after transplant liver. Research, even with a small-sized 
case report, is important as it provides a reference for 
the CEUS diagnosis of HPTLD. To date, 1,300 cases of 
adult liver transplantations have been performed at the 
First Affiliated Hospital of Xi'an Jiaotong University, 
ranking among the leading positions in China (7). With 
abundant sources of liver transplantation cases at hand, 
we searched for HPTLD cases that had undergone 
CEUS examinations over the past seven years (when 
CEUS technology was introduced as a routine clinical 
examination for patients). We hope that this research can 
provide valuable information and inspiration for doctors/
scholars studying PTLD from a pre-operative imaging 
perspective.

Brief Report
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2. Patients and Methods

2.1. Clinical data

Patient data were retrospectively collected from the 
First Affiliated Hospital of Xi'an Jiaotong University, 
China. The research period was from January 2017 
(Since CEUS began to be performed in our hospital) 
to June 2024, based on the pathologic diagnoses of 
HPTLD by searching the hospital's electronic pathology 
reporting system. From this period, only four patients 
had a definite histopathological diagnosis of PTLD 
and underwent pre-biopsy CEUS examinations. We 
retrospectively collected their general clinical data (sex, 
age, etiology, medical history, and treatment process, 
especially the regimen of using immunosuppressants 
after transplantation), as well as data on laboratory 
examinations (tumor markers, liver function, etc.) from 
the electronic medical record system.
	 Written consent was obtained from the selected 
patients or their immediate families for the publication 
of this case report and any accompanying images. 
All data collection and diagnostic and therapeutic 
procedures were performed in accordance with the 
principles of the Declaration of Helsinki. This study 
was approved by the Research Ethics Committee of the 
First Affiliated Hospital of Xi'an Jiaotong University 
(XJTU1AF2023LSK-363) on June 6, 2023.

2.2. Grayscale ultrasound (US) and CEUS examination

A LOGIQ E9 US system (GE Healthcare, Milwaukee, 
WI, USA), equipped with native tissue harmonic 
grayscale imaging and CEUS functions, was used. 
Convex and microconvex transducers with frequencies 
of 1–6 and 2–5 MHz, respectively, were used. A 2.0–2.5 
mL dose of sulfur hexafluoride microbubbles (SonoVue, 
Bracco, Milan, Italy) was injected into the antecubital 
vein at 0.2 mL/s via a 20-gauge cannula, followed by 
5 mL of 0.9% sterile sodium chloride solution. CEUS 
images were acquired during three contrast phases: 
arterial phase (AP) (10–20 s to 30–50 s after contrast 
injection), portal venous phase (PP) (30–50 s to 120 
s), and delayed phase (DP) (>120 s, until bubble 
disappearance).

2.3. Histological diagnosis

Shortly after the CEUS examination, all four patients 
underwent US-guided percutaneous transhepatic 
needle biopsy. Hematoxylin-eosin (HE) staining and 
immunohistochemical examination with cluster of 
differentiation (CD)19, CD20, and Epstein–Barr virus-
encoding region in situ hybridization (EBER-ISH) 
were performed. Pathologists with more than 10 years 
of experience in liver pathology reviewed all specimen 
slices.

3. Results and Discussion

3.1. Clinical data

Baseline patient characteristics, treatment, and 
prognosis are summarized in Figure 1. All four patients 
with HPTLD were middle-aged and had no gender 
differences. All the patients underwent classic orthotopic 
liver transplantation for cirrhosis. They all have 
preexisting conditions, such as viral hepatitis or alcohol 
use, which precipitate end-stage liver disease and are 
reported to be non-negligible incentives for PTLD (8). 
After liver transplantation, all four patients were treated 
with continuous immunosuppressive therapy.
	 The medicat ion regimens are displayed in 
Supplemental Table S1 (https://www.irdrjournal.com/
action/getSupplementalData.php?ID=213). The lymph 
system is widely known as a part of the immune system, 
which explains why immunosuppressive therapy is 
widely recognized as a critical cause of PTLD. Whole 
blood tacrolimus (FK506) concentrations were measured 
regularly to maintain the level between 50 and 80 ng/
mL. All patients had persistent fever of unknown origin 
(body temperature > 39°C) after liver transplantation. 
The quantitative DNA tests of Epstein-Barr virus (EBV) 
and cytomegalovirus (CMV) in these patients before 
liver transplantation were within normal limits. However, 
EBV infection was confirmed by increased levels of 
IgG antibodies of NA and VCA against EBV, which 
are serologic tests most often used for EBV serostatus 
assignment (9). However, except that patients No. 1 
and 4 had a high level of EBV DNA quantification 
(1.01 × 104 copies and 3.17 × 104 copies, respectively), 
DNA quantification of EBV and Cytomegalovirus 
(CMV) for two other patients was within the normal 
range. CMV-IgG was positive in all four patients. A 
thorough laboratory workup on admission showed that 
the routine blood, urine, feces, serum glucose levels, 
electrolytes, liver function, and kidney function were all 
within normal ranges. Tumor markers, including alpha-
fetoprotein, carcinoembryonic antigen, protein induced 
by vitamin K absence or antagonist-II, and carbohydrate 
antigens 19-9 were also unremarkable.
	 Patient 1 had better prognosis. This finding suggests 
that if HPTLD occurs late, therapy begins when the 
lesion is small, and chemotherapy is repeated regularly, 
the patient would enjoy favorable survival. In this setting, 
an accurate diagnosis at the early onset of HPTLD is of 
crucial importance. 	

3.2. Grayscale US and CEUS examination

Three patients had solitary lesions in the hilar part of the 
liver, whereas one patient had multiple lesions in both 
lobes of the liver. As US is the first-line routine follow-
up examination for patients after liver transplantation, 
all HPTLD lesions were first detected using US. Early 
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Figure 1. Time-line of diagnosis and treatment of the four patients. Abbreviations PTLD, hepatic post-transplant lymphoproliferative 
disease; EB(V), Epstein-Barr virus; CMV, Cytomegalovirus; US, ultrasound; CEUS, contrast-enhanced US; CECT, contrast-enhanced 
computed tomography; MR, magnetic resonance; MRCP, magnetic resonance cholangiopancreatography; ERCP, endoscopic retrograde 
cholangiopancreatography; PET, positron emission tomography; DIC, disseminated intravascular coagulation; NA, nucleoantigen; VCA, capsid 
antigen.
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lesions usually occur within one year of transplantation, 
and the first year post-transplant is a risk factor for 
PTLD (10). Consistently, all HPTLD lesions in our study 
were first detected within one year. From the difference 
between the size when first discovered and the size when 
CEUS was performed, it can be seen that the lesions 
grew rapidly in a short period of time.
	 The diagnosis of PTLD based on radiological studies, 
especially at the early stage of the disease course, is 
thought to be challenging. Positron emission tomography 
(PET)/CT is recommended for PTLD staging according 
to guidelines and expert consensus (9,11). However, 
perhaps because PTLD is rare and poorly understood, 
the best imaging modality for diagnosing it has not yet 
been determined. Four patients in our study underwent 
imaging examinations including endoscopic retrograde 
cholangiopancreatography (ERCP), magnetic resonance 
cholangiopancreatography (MRCP), CECT, PET/CT, and 
CEUS. However, PET/CT is radioactive, while CECT 
and MRI have the allergic and nephrotoxic potential of 
the employed contrast materials (12). Even worse, none 
of the patients in this study made a diagnosis, or even a 
suspected diagnosis, of PTLD.
	 Encouragingly, there were some common US and 
CEUS features in these four cases. As seen in Table 1 and 
Supplemental Figure S1–S4 (https://www.irdrjournal.
com/action/getSupplementalData.php?ID=213), all these 
lesions displayed similar appearances as inhomogeneous 
hypoechic/extremely hypoechoic with clear boundaries 
and irregular shapes in the US images. The appearance 
of hypoechic/extremely hypoechoic lesions can be 
explained by the histopathological features of PTLD. The 
lesion is characterized by high cellularity and single-cell 
composition (mature medium-large B cells). Therefore, 
the difference in US acoustic impedance was small (13). 
All lesions grew in hilar areas. Owing to the rapid growth 
and volume of the lesions, they gradually develop to 
closely surround and even compress the hilar biliary tract 
and blood vessels. This is the reason why patients 1 and 
2 presented with jaundice, and patient 4 had severe life-
threatening post-puncture bleeding complications.
	 As shown in Table 2 and Supplemental Figure 
S1–S4 (ht tps : / /www. i rdr journa l . com/ac t ion /
getSupplementalData.php?ID=213), on CEUS, the 
mass was enhanced earlier than that in the surrounding 
tissues. In contrast to hepatocellular carcinoma or hepatic 
hemangioma, there are intratumoral perfusion defects in 
AP that are independent of lesion size; in other words, 
even small lesions (No.1 patient and the first CEUS of 
No. 2 patient) have perfusion defects. The clearance of 
contrast microbubbles was rapid and occurred during the 
late AP phase. These characteristics may play a role in 
the diagnosis of common hepatocellular carcinoma and 
other benign lesions. There was no significant change in 
the lesion range after CEUS compared with grayscale 
US, which was different from that of inflammatory/
abscess lesions. In DP, the contrast with the surrounding 
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tissue is very strong and seems to show the sign of "black 
hole" as metastatic carcinoma.
	 Deep explored the CEUS images of four patients 
and reviewed the related literature, and we concluded 
two typical characteristics of HPTLD. The first is 
the wash-in perfusion pattern of the microbubbles 
in the AP. All lesions in the four patients showed 
peritumoral ring-like perfusion, as described above. 
Three of these exhibited internal sparse-scattered dot-
like enhancement. Peritumoral ring-like enhancement 
is not well demarcated and has been detected in some 
cases of liver lymphoma. This marginal enhancement 
in AP was attributed to vasculitis due to involvement 
of the liver parenchyma adjacent to the lesion (14). 
This may explain why the lesions were misdiagnosed 
as inflammatory/abscess. The few areas of intratumoral 
enhancement in the AP are consistent with the fact 
that, based on cellular morphology and tissue of origin, 
lymphoid neoplasms are classified as "round cell 
neoplasia" rather than "mesenchymal neoplasia" and 
"epithelial neoplasia" (15); thus, they rarely invade the 
blood vessels. In agreement with our study, under the 
microscope, HPTLD lesions showed dense and tightly 
arranged large B cells and lacked vascular endothelial 
cells. It is worth noting that the second feature is 
"vascular floating sign" or "vessel penetration sign", 
which was reported as a specific characteristic for the 
diagnosis of hepatic lymphoma by CECT (16) or color 
doppler US imaging (17). The "vascular floating sign" 
is a blood vessel passing through the tumor without 
signs of stenosis or invasion in the blood vessel itself 
(18). The cause of the "vascular floating sign" in the 
images may be that extranodal lymphoma originates 
from the interstitium of the organs, which infiltrates and 
grows along the stroma (rather than the blood vessels). 
Therefore, the original vascular anatomical structure 
of the organ remains intact (19). In patients No. 2 (2nd 
CEUS), No.3, and No.4, the vessels walked through the 
lesion completely, naturally, and without invasion. The 
reason why the lesions of No.1 patient and the 1st CEUS 
for No.2 patient did not manifest this phenomenon 
might be that the lesions were at an early stage and 
had a relatively small size (patient 1:37 mm, patient 
2:27 mm). At that time, the lesion had not grown to the 
extent surrounding the blood vessels.
	 We regrettably found that there is still some 
appearance of CEUS for our HPTLD that cannot be 
well explained. The first is the anechoic "halo" sign 
surrounding the lesion in No. 1 case, which has not 
been reported in any published studies. Secondly, 
compared with the surrounding liver tissue, all these 
four cases exhibited the rapid "wash in" and "wash-out" 
phenomenon, even though perfusion was sparse. This 
"rapid wash-in and wash-out" phenomenon is usually 
explained by the low resistance of blood flow and 
tumor neovascularization (20). However, the specific 
reason for this phenomenon from the perspective of 

HPTLD formation and progression cannot be clearly 
explained.

3.3. Histological diagnosis

As shown in Supplemental Figure S1–S4 (https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=213), hematoxylin-eosin (HE) staining 
showed diffuse infiltration of dysplastic lymphocytes 
(most medium-large B cells), with a large nucleus, 
scant cytoplasm, and abundant mitoses. The routine 
immunohistochemical markers for diagnosing a 
lymphocyte tumor are cytoplasmic CD19 and CD20, 
which appear to be focal or diffusely positive for staining 
of the cytoplasm of larger lymphoid cells. EBER-ISH 
further classifies lymphocyte tumors as a source of 
EBV-positive large B-cell lymphoma. Both HE staining 
and CD series immunohistochemistry staining only 
detected large and medium-sized B cells with dysplasia 
and relatively simple shapes, and no plasma cells, 
monocytes, or T cells were found. Therefore, these 
findings consistently support the diagnosis of PTLD with 
clear categories of monomorphic B cells. According to 
the literature, the most common biopsy proved that the 
histopathological type and subtype are monomorphic 
and diffuse large B-cell lymphomas, respectively (21). 
After solid organ transplantation, EBV-specific cytotoxic 
T cells may be completely lost within 6 months of 
transplantation, which induces the proliferation of 
latently infected B cells and results in PTLD.
	 In conclusion, we found that the four cases in this 
study had some common characteristics in the diagnosis 
of HPTLD. This is the first English study to summarize 
the CEUS features of HPTLD after liver transplant. The 
typical features of CEUS that suggest the possibility 
of HPTLD are "vascular floating signs" and wash-in 
perfusion patterns in the AP. In particular, most CEUS 
findings of HPTLD found in our study can be reasonably 
explained from the perspective of the histopathology 
of lymphoma development. Nevertheless, further case 
studies are needed to confirm whether these imaging 
findings are unique to the diagnosis of HPTLD. In 
summary, we recommend CEUS as the preferred 
modality for the preoperative diagnosis of HPTLD.
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Extrachromosomal DNA (ecDNA) refers to a class of circular, non-chromosomal DNA that has 
recently gained widespread attention due to its potential role in aging and neurodegenerative 
diseases. The generation of ecDNA is closely associated with processes such as double-strand breaks, 
micronuclei formation, and the breakage-fusion-bridge (BFB) cycle, all of which are integral to 
regulation of gene expression, genetic stability, and clonal evolution. In neurodegenerative diseases 
such as Alzheimer's disease, Parkinson's disease, and Huntington's disease, the aberrant formation 
of ecDNA is closely linked to defects in DNA repair, alterations in synaptic plasticity, and neuronal 
dysfunction. The distinct distribution and functional roles of ecDNA in these conditions make it 
a potential diagnostic biomarker and therapeutic target. This review provides an overview of the 
mechanisms underlying ecDNA formation and its functions in the nervous system. Additionally, 
it explores the clinical potential of ecDNA in disease diagnosis, targeted therapy, and personalized 
medicine, offering new insights for future research and treatment strategies.

1. Introduction

With the advancement of life sciences research, 
extrachromosomal DNA (ecDNA) has emerged as an 
important biological phenomenon that is attracting 
increasing attention. From normal physiological activities 
to pathological conditions, ecDNA plays a critical role 
in regulating gene expression, maintaining cellular 
genetic stability, and influencing disease progression. 
Recent studies on the role of ecDNA in aging and 
neurodegenerative diseases have provided new insights 
into the understanding of these complex diseases.

2. Biological characteristics and mechanisms of 
ecDNA formation

ecDNA refers to circular DNA molecules that originate 
from chromosomes and lack centromeres and telomeres. 
These DNA fragments are generated through various 
mechanisms, including double-strand DNA breaks, 
asymmetric chromosome segregation, micronuclei 
formation, and the breakage-fusion-bridge (BFB) cycle 
(1-3). Studies have shown that ecDNA generation 
significantly increases under stress or during repair of 

DNA damage (4). For example, drug-induced stress, such 
as methotrexate treatment, can trigger the amplification 
of the DHFR gene in the form of ecDNA, thereby 
enhancing cellular resistance to the drug (5).
	 ecDNA is typically distributed unevenly within 
subcellular compartments, a feature that exacerbates 
genetic diversity between cell clones and provides a 
selective advantage for cellular evolution (6). In tumors, 
ecDNA containing oncogenes such as MYC, EGFR, 
and HER2 has been closely linked to tumor progression 
(7,8). However, ecDNA is not limited to cancer cells. 
Small polydispersed circular DNAs (spcDNA) have also 
been found in normal tissues, such as muscle and blood, 
although their functions remain largely unexplored (9,10).
	 The formation of ecDNA within cells is closely 
associated with DNA repair mechanisms. Studies have 
shown that double-strand breaks (DSBs) are one of 
the primary triggers for ecDNA formation (11). Under 
stresses such as chemotherapy or radiation exposure, 
non-homologous end joining and microhomology-
mediated end joining (MMEJ) DNA repair mechanisms 
may incorrectly stitch together DNA fragments, resulting 
in circular structures (12-14). Additionally, micronuclei 
formation and the BFB cycle are also key mechanisms in 
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ecDNA generation. In micronuclei, residual chromosome 
fragments may transform into ecDNA due to replication 
delays or chromatin breaks.
	 In normal cells, ecDNA, such as spcDNA and 
t-circles, primarily originates from repetitive sequences 
and may play a role in regulating genomic stability 
and maintaining telomere integrity (9,15). In cancer 
cells, however, ecDNA is typically larger and contains 
oncogenes or enhancer elements. Studies have shown 
that the amplification of genes such as MYC and HER2 is 
closely associated with the malignancy of tumors (16,17). 
Due to their circular structure, ecDNAs exhibit higher 
gene expression activity and genetic instability, which 
provide cells with an adaptive advantage in response to 
the microenvironment (18).

3. EcDNA and genetic stability in aging

Aging is a biological process closely associated with 
the accumulation of DNA damage (19). Studies have 
shown that, as individuals age, the capacity for DNA 
repair gradually declines, while DNA damage, and DSBs 
in particular, increases significantly (20). This damage 
may lead to the formation of ecDNA through inaccurate 
repair pathways and can also impact chromosomal 
stability. Extrachromosomal ribosomal DNA circles 
(ERCs), which were first discovered in model organisms 
like yeast, have been directly linked to the aging process 
(21,22). In aging yeast cells, ERCs accumulate in large 
quantities and accelerate the aging process by disrupting 
cellular metabolism and gene expression (23).
	 In human neurons, the generation of DSBs is 
considered a normal physiological process that is 
involved in the expression of early response genes 
(ERGs) (24). With advancing age, however, the 
DNA repair capacity of neurons declines, and the 
generation of ecDNA may have profound effects on 
neuronal function. Research has shown that small 
ecDNAs containing regulatory gene fragments play 
a role in modulating gene expression and epigenetic 
modifications. This may help explain the significance of 
ecDNA in neural plasticity.

4. Role of ecDNA in neurodegenerative diseases

In neurodegenerative diseases, the accumulation of 
DNA damage and the impairment of DNA repair are 
considered to be key factors in disease pathogenesis. 
Aberrant generation of ecDNA has been linked to the 
onset and progression of diseases such as Alzheimer's 
disease (AD), Parkinson's disease (PD), and Huntington's 
disease (HD).

4.1. AD

In patients with AD, elevated levels of markers of DNA 
damage such as γH2AX have been observed in neurons 

and glial cells, suggesting that dysfunctional DNA 
repair plays a critical role in disease progression (25). 
Studies have shown that β-amyloid can inhibit DNA-
PK-dependent non-homologous end joining (NHEJ) 
repair, leading to the accumulation of DNA damage 
(26). The generation of ecDNA in this context may 
exacerbate neuronal dysfunction by affecting gene 
expression or epigenetic modifications. Additionally, 
AD mouse models have revealed increased ecDNA 
formation after exposure to a new environment, but 
these DNA fragments are poorly repaired, suggesting 
that ecDNA could serve as a novel marker of defects in 
DNA repair (27).

4.2. PD 

In PD, key proteins, including α-synuclein, are closely 
linked to DNA damage and ecDNA formation (28). 
Overexpression of α-synuclein has been found to induce 
both single-strand and double-strand DNA breaks 
and to interfere with the repair of DSBs (29). EcDNA 
detected in patients with PD may contain gene sequences 
that regulate synaptic plasticity, thereby impacting the 
functional stability of dopaminergic neurons.

4.3. HD

In HD, the mutant huntingtin protein (mHTT) impairs 
NHEJ repair, resulting in the accumulation of DSBs in 
primary neurons and increased formation of ecDNA 
(30-32). Studies have shown that mHTT interacts 
with the Ku70 protein, hindering the repair of DSBs 
and subsequently increasing the amount of ecDNA 
(32). These ecDNA fragments may further disrupt 
gene expression networks, contributing to neuronal 
degeneration.

5. Clinical and research implications

The role of ecDNA in aging and neurodegenerative 
diseases opens new avenues for disease diagnosis and 
treatment. First, the specific sequences and structures 
of ecDNA can serve as molecular biomarkers for early 
disease diagnosis (33,34). Monitoring the abnormal 
presence of ecDNA in the brain tissue of patients with 
AD may provide insights into disease progression, 
helping to inform personalized treatment strategies. 
Moreover, interventions aimed at modulating ecDNA 
formation or clearance or influencing the regulation 
of gene expression associated with ecDNA, could 
represent novel therapeutic approaches. Studies have 
shown that targeted deletion of ecDNA carrying 
oncogenes can reduce cancer invasiveness, and 
this strategy may potentially be adopted to regulate 
abnormal gene expression in neurodegenerative 
diseases.
	 Furthermore, drugs that enhance DNA repair capacity 
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Advances in genetic testing over the past decades are driving a continuing increase in the diagnosis 
and reporting of rare genetic diseases, but no tool has yet been developed to aggregate published 
molecular and phenotypic data, a task that is nevertheless essential to optimize patient care. In this 
article, we present PytheasDB, an online database of published clinical data from patients with rare 
digestive diseases. At the time of writing (August 2024), the database contains data from 833 patients 
with progressive familial intrahepatic cholestasis or trichohepatoenteric syndrome, collected from 172 
articles. Users can compare the phenotypic profiles, sex ratios, survival curves, ages at first symptoms, 
and consanguinity rates of the included diseases. PytheasDB is the first ever online resource providing 
access to aggregated clinical data from case reports of rare digestive diseases in the literature. The 
database is currently being expanded to cover ultra-rare pediatric digestive diseases with regular 
updates to optimize the study and treatment of these diseases.

1. Introduction

The diagnosis of many rare digestive diseases in 
pediatrics has been revolutionized in recent years by 
advances in genetic analysis techniques, with next-
generation sequencing (NGS) allowing the parallel 
testing of a panel of genes in a matter of hours. In 
progressive familial hepatocellular cholestasis (PFIC) for 
instance, the diagnostic yield of NGS is about 30% (1), 
compared with just a few percent for traditional Sanger 
sequencing. PFIC is a group of rare disorders, caused by 
defects of bile secretion or of primary bile acid synthesis. 
A wide range of genes have been implicated in PFIC 
since the first genetic cause was identified in ATP8B1, 
in 1998 (2), and the NGS panel currently used in clinical 
practice contains about 50 genes.
	 As well as being required to establish genotype-
phenotype correlations, molecular diagnosis can also 
inform prognosis and allow personalized treatment. In 
some cases however, the pathogenicity of identified 
variants is ambiguous, notably for missense variants, 
complicating clinical decision making (3). The challenge 
then for clinicians is to analyze molecular results 
alongside available phenotypic data (clinical, laboratory, 
radiographic and histological) to make a precise 
diagnosis and adapt treatments.

	 This often involves a painstaking literature review 
because no aggregate resource has yet been developed 
for these diseases. While the Online Mendelian 
Inheritance in Man (OMIM) website catalogs published 
articles by disease, it does not provide classified 
patient-level clinical data and is not regularly updated. 
For trichohepatoenteric syndrome (THES) type 1 for 
instance, the latest of the 13 listed references (as of 
September 2024) dates from 2018, whereas more than 20 
articles have since been published on this topic.
	 Our recent study of microvillus inclusion disease (4) 
(MVID; MYO5B and STX3 mutations) highlights the 
value of regrouping published data on rare diseases. Our 
literature review of published cases (323 patients in 86 
articles), clarified the natural history of the disease and 
revealed a previously overlooked association between 
MYO5B variants and preterm birth, leading to the 
recommendation that preterm birth and the associated 
risks should be considered in patient management and 
may help to better estimate prognosis.
	 Our aim in developing PytheasDB was therefore 
to gather, classify and provide access to relevant and 
regularly updated clinical data from published cases of 
rare digestive diseases. This resource should save time in 
clinical practice, facilitate comparisons between diseases 
and the study of phenotypic patterns and associations, 
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improving research and patient care.

2. Studied diseases

2.1. Included diseases

This initial version of PytheasDB was built by 
gathering published data on patients with PFIC or 
THES, associated with variants in ATB8B1 (PFIC1), 
ABCB11 (PFIC2), ABCB4 (PFIC3), TJP2 (PFIC4), 
NR1H4 (PFIC5), SLC51A (PFIC6), USP53 (PFIC7), 
KIF12 (PFIC8), ZFYVE19 (PFIC9), MYO5B (PFIC10), 
SEMA7A (PFIC11), SKIC3 (THES1) and/or SKIC2 
(THES2). Searches were conducted in the PubMed 
database for articles published in English before 1 
January 2023, using the gene and associated disease as 
separate search terms, i.e. for PFIC1, either "PFIC 1" 
or "ATP8B1". Articles that did not report clinical data, 
literature reviews, and animal studies were excluded. 
Care was taken to identify patients described in several 
articles and gather all relevant data while avoiding 
duplication.

2.2. Studied variables

The studied variables are listed in Supplemental 
Table S1 (https://www.irdrjournal.com/action/
getSupplementalData.php?ID=215). These were chosen 
based on our previous work on rare digestive diseases 
(4), and describe patients' genetic (associated variants) 
and clinical (symptoms, weight and height growth) 
characteristics.

3. Website

PytheasDB is accessible at www.pytheasdb.com. The 
website is a client-side application, written in Vue JS, 
with tables and graphics created on the fly from patient 
data stored in JSON files. Users can analyze patient data 
for the included diseases/genes, in the form of tables 
and figures, or compare data between any number of 
diseases. The graphical representations include bar and 
pie charts of reported symptoms at different HPO (Human 
Phenotype Ontology) (5) branch levels and Kaplan–
Meier survival curves.
	 Among the 491 articles identified using search 
terms in PubMed, 172 matched the inclusion criteria, 
from which the data for 833 patients were extracted, 
classified and added to PytheasDB (Supplemental 
Figure S1, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=215).
	 The first version of the website only provides 
information on a subset of accessible variables, namely 
the phenotypic profile (reported symptoms), sex ratio, 
age at first symptoms, survival, and consanguinity. 
Supplemental Table S2 (https://www.irdrjournal.com/
action/getSupplementalData.php?ID=215) lists the 

number of patients and data points included for each 
disease, along with a completeness score (the proportion 
of considered characteristics reported in the articles for 
each group of patients), devised as a semi-quantitative 
measure of the completeness of patient descriptions in 
the literature for each gene/disease.
	 The number of included patients varies from just 
1 for PFIC11 (SEMA7A) to 159 for PFIC2 (ABCB11). 
Roughly twice as many patients were included for 
THES1 (SKIC3) as for THES2 (SKIC2). The number 
of included data ranges from 5 for PFIC11 to 622 for 
PFIC11. The completeness of the datasets range from 
47.2% for PFIC4 to 100% for PFIC5–9 and PFIC11, 
indicating that some reports do not include all the basic 
characteristics (sex, consanguinity, symptoms, age at first 
symptoms, survival status) considered here.
	 Examples of PytheasDB outputs are presented in 
Figures 1-2 and Supplemental Figures S2-S3 (https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=215). Figure 1 presents the list of symptoms 
reported for PFIC10 patients (MYO5B) analyzed at HPO 
(5) branch level 3 (user adjustable) as bar and pie charts, 
color-coded by HPO branch level 2 category. Figure S2 
compares the sex ratio of patients with PFIC1–5 and 
Figure S3, the corresponding consanguinity rates. Note 
that the bars are color-coded by disease (and gene), 
and the outputs are ordered by the chosen category to 
facilitate comparisons.
	 Figure 2 compares the Kaplan–Meier survival curves 
of patients with THES1 and THES2. The survival rates 
of the 106 THES1 patients are 71% and 68%, at 5 and 10 
years respectively, and for the 54 THES2 patients 84%, 
both at 5 and 10 years, with a most deaths occurring in 
the first three years of life.

4. Discussion

PytheasDB is the first ever open-access resource 
providing aggregate information from the literature 
on patients with rare pediatric digestive diseases. The 
database continues to grow and will be updated with 
data from relevant publications. For these rare but 
increasingly diagnosed diseases indeed, the number 
of articles in the literature has been growing regularly 
(Supplemental Figure S4, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=215). Fabre et al.'s 
2018 review of THES (6), based on roughly 50 patients, 
is now obsolete, since PytheasDB already contains data 
on 179 patients. The aim is to provide easy access to 
exhaustive up-to-date patient information to clinicians, 
researchers and the general public, simplifying the 
utilization of medical literature data. Our results for the 
survival outcomes for THES1 and THES2 patients are 
similar to those reported by Caralli et al. in their 2021 
review of THES (4).
	 The main limitation of this approach is that it relies 
completely on the quality and completeness of patient 
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this does not generally hold true. In this regard, it is 
encouraging that according to our estimates of the 
completeness of data reporting for the different diseases 
(Supplemental Table S2, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=215), those that 
have been described more recently tend to be described 
in greater detail in the literature. It remains to be seen 
however whether this reflects an improvement in 
reporting standards or simply greater diligence in initial 
case reports.

descriptions in the literature. For the "oldest" diseases 
for instance, PFIC1–3, first described in the late 
1990s, far fewer patients were included than initially 
expected, as only 79 of the 350 eligible articles were 
found to report individualized patient characteristics. 
The absence of individual patient data, as in the 
results of the ongoing NAPPED study (7), reduces the 
phenotypic resolution of the data. Furthermore, while 
it is sometimes possible to interpret the non-reporting 
of a characteristic as absence of this characteristic, 

Figure 1. Screenshot of PytheasDB output for PFIC10 symptoms (phenotypic abnormalities reported for PFIC10 patients), classified at HPO 
(5) branch level 3 (user adjustable from 2 to 6). The bars and pie segments are color coded according to the HPO branch level 2 category of the 
symptom: abnormalities of the digestive system in mauve, abnormalities of the integument in blue, growth abnormalities in olive green; abnormalities 
of the cardiovascular system in light green, and abnormalities of the immune system in forest green.

Figure 2. Screenshot of PytheasDB output for the comparison of survival rates between patients with THES1 (red line) and THES2 (yellow).
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	 Another limitation lies in the uniform weighting of 
patient entries regardless of the level of detail of the 
descriptions in the original article (e.g. subject of an 
entire paragraph compared with a line in a supplemental 
table). A more nuanced approach would perhaps be to 
weight data points according to the number of words 
devoted to the corresponding patient, thereby assigning 
greater importance to data from more detailed articles.
	 Our approach is also limited by the difficulty of 
distinguishing phenotypes associated with variants 
in the same gene. For example, mutations in ATP8B1 
and ABCB11 (PFIC1 and PFIC2) can also cause 
benign recurrent intrahepatic cholestasis types 1 and 2 
(BRIC1 and BRIC2), autosomal recessive disorders at 
the opposite end of a clinical spectrum ranging from 
intermittent cholestatic episodes to chronic, progressive 
cholestasis. It may therefore be interesting to include 
information on clinical progression to offer a more 
subtle classification of patients' phenotypes.
	 In conclusion, this first version of PytheasDB shows 
that it is possible to aggregate and present clinical data 
on rare digestive diseases in a way that enriches our 
understanding of the phenotypic profile and natural 
history of these disorders and will hopefully contribute 
to improving patient care. The public availability and 
regular updating of the data should also stimulate 
further research. Work is ongoing to expand the 
database to include additional clinical characteristics, 
including laboratory findings and treatment types and 
efficacy, and the long-term aim is to include a range 
of genes associated with ultra-rare pediatric digestive 
diseases.
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inferior vena cava leiomyosarcoma, magnetic resonance imaging

Inferior vena cava (IVC) leiomyosarcomas are rare smooth muscle neoplasms that account for 0.5% 
of adult soft tissue sarcomas. They present with nonspecific symptoms and have poor prognosis. 
We present a case of leiomyosarcoma arising from the retrohepatic IVC that was difficult to 
diagnose on imaging, showing similar characteristics to intrahepatic cholangiocarcinoma including 
heterogenous arterial phase enhancement and delayed enhancement on contrast-enhanced magnetic 
resonance imaging. Important differentiating features of IVC leiomyosarcomas on imaging include 
dilated IVC, imperceptible IVC lumen, and development of prominent venous collaterals. Despite 
this, imaging features may be similar to other retrohepatic mass etiologies so IVC leiomyosarcoma 
should be included in the differential diagnosis of any retrohepatic mass and biopsy should be 
pursued.

Vascular leiomyosarcomas are rare smooth muscle 
neoplasms of the vessel wall, accounting for 5% 
of all leiomyosarcomas (1). Specifically, primary 
leiomyosarcoma of the inferior vena cava (IVC) make up 
0.5% of adult soft tissue sarcomas (2,3). Characteristics 
of IVC leiomyosarcomas include a female-to-male 
ratio of 3 to 1, a peak incidence in the sixth decade of 
life, predilection for arising from the middle segment 
of the IVC (between the hepatic and renal veins) and 
extraluminal growth (3-5).
	 Common presenting symptoms including abdominal 
pain, weight loss, an abdominal mass, nausea, and 
vomiting are non-specific and can lead to delayed 
diagnosis (2,6). Symptomatology may depend on tumor 
location. Tumors arising from the upper segment of 
the IVC (from the right atrium to the hepatic veins) 
may cause valvular obstruction, lower limb edema, 
and constrictive pericarditis. Tumors arising from the 
middle segment may cause Budd-Chiari syndrome. 
Tumors arising from the lower segment of the IVC 
(below the renal veins to the iliac confluence) may cause 
renovascular hypertension due to renal vein obstruction 
(2,3,6). 
	 Ultrasonography (US), computed tomography (CT), 
and magnetic resonance imaging (MRI) are typically used 
to diagnose, stage, and surveil IVC leiomyosarcomas. 
US generally shows a hypoechoic mass with tumoral 

vascularity. The IVC may demonstrate abnormal flow 
due to the intraluminal tumor. Lower extremity doppler 
may show abnormal waveform due to upstream tumoral 
obstruction. CT typically demonstrates an irregularly 
distended IVC with an enhancing lobulated soft tissue 
mass. While it is often difficult to differentiate IVC 
leiomyosarcomas from other retroperitoneal etiologies, 
important imaging findings include a dilated IVC and an 
imperceptible IVC lumen (7,8). In contrast, a negative 
embedded organ sign, where the IVC is narrowed due to 
extrinsic compression, suggests that the mass does not 
arise from the IVC (7). On MRI, the tumor is typically 
T1 hypointense, with heterogenous enhancement on 
post-contrast T1 images. The tumor also demonstrates 
T2 hyperintensity and diffusion restriction. Additional 
features include a prominent collateral circulation (2). 
There is typically no internal fat or calcification (8). 
	 Prognosis is generally poor, with five-year disease-
free survival and overall survival ranging from 6-28% 
and 34-55%, respectively (3,5). Surgical resection 
remains the mainstay of treatment. Larger tumor size, 
resection with positive margins, and older patient age 
are associated with decreased disease-free survival. 
Isolated involvement of the middle segment of the IVC 
is associated with increased disease-free survival (5). The 
use of adjuvant and neoadjuvant chemoradiotherapy is 
not well studied, likely related to tumor rarity.
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A 68-year-old woman presented with chronic right upper 
quadrant pain. She reported a 10-pound weight loss in 
the past year. She had no jaundice, nausea, vomiting 
or change in abdominal girth. Her laboratory results 
showed a normal blood count, electrolytes and liver 
function tests. On US, a heterogeneously echogenic 
mass with mild internal vascularity was seen and was 
initially thought to be arising from the left hepatic lobe. 
She was referred to gastroenterology and repeat blood 
work demonstrated normal alpha-fetoprotein, cancer 
antigen 19-9 and hepatitis serology. MRI demonstrated 
a large mass along the posterior aspect of segment 4A 
of the liver. There was low-grade heterogeneous arterial 
enhancement with more progressive hyperenhancement 
on the portal and delayed phases (Figure 1A). The mass 
abutted the anterior wall of the intrahepatic IVC with 
no definite evidence of invasion. The MR findings 
were non-specific with the main differentials being an 

exophytic intrahepatic cholangiocarcinoma (ICC) or IVC 
leiomyosarcoma.
	 At the time of the proposed US-guided biopsy 1.5 
months after initial presentation, the mass was found to 
move independently from the liver and was intimately 
associated with the intrahepatic IVC. The biopsy showed 
an atypical smooth muscle tumor consistent with 
either a primary hepatic leiomyosarcoma or an atypical 
smooth muscle tumor from elsewhere. A staging CT 
could not definitively determine whether the mass was 
an exophytic hepatic lesion or a mass of extrahepatic 
origin (Supplemental Figure S1, https://www.irdrjournal.
com/supplementaldata/214). There was suspicion of 
intraluminal invasion along the anterior IVC (Figure 1B).
	 The patient underwent in vivo primary resection of 
the tumor 2.5 months after initial presentation including 
excision of a portion of IVC with concurrent primary 
repair and cholecystectomy. No hepatectomy was 
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Figure 1. Imaging features of an IVC leiomyosarcoma. (A) Axial T1-weighted pre- and post-gadolinium contrast MRI images demonstrate 
delayed hyperenhancement of the large retrohepatic mass abutting the IVC; (B) Portal-venous phase sagittal CT image shows suspected intraluminal 
invasion (arrow) along the anterior IVC.
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Figure 1. Imaging features of an IVC leiomyosarcoma. (A) Axial T1-weighted pre- and post-gadolinium contrast MRI images 
demonstrate delayed hyperenhancement of the large retrohepatic mass abutting the IVC; (B) Portal-venous phase sagittal CT image shows 
suspected intraluminal invasion (arrow) along the anterior IVC. 

Figure 2. Pathologic characteristics of the IVC leiomyosarcoma. (A) 200x; (B) 400x. The sections show infiltration 
by a malignant neoplasm showing interlacing bundles of atypical smooth muscles with associated markedly atypical 
spindle cells with moderate amount of eosinophilic cytoplasm and occasional large, bizarre nuclei. 
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Figure 2. Pathologic characteristics of the IVC leiomyosarcoma. (A) 200×; (B) 400×. The sections show infiltration by a malignant neoplasm 
showing interlacing bundles of atypical smooth muscles with associated markedly atypical spindle cells with moderate amount of eosinophilic 
cytoplasm and occasional large, bizarre nuclei.
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demonstrate delayed hyperenhancement of the large retrohepatic mass abutting the IVC; (B) Portal-venous phase sagittal CT image shows 
suspected intraluminal invasion (arrow) along the anterior IVC. 
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required. Final pathology revealed a FNCLCC grade 
2 leiomyosarcoma (Figure 2) with negative margins; 
however, the distance from the tumor to the closest 
margin was less than 0.1 cm. The patient received a dose 
of adjuvant external beam radiation to the surgical bed 
post-operatively. The patient remained disease-free at the 
8-month follow-up CT (Supplemental Figure S2, https://
www.irdrjournal.com/supplementaldata/214).
	 In our case, the delayed centipedal enhancement on 
MRI confounded diagnosis as both sarcomatous tumors 
and ICC can show delayed hyperenhancement due to 
abundant fibrous stroma. Although definite intraluminal 
tumor was not identified on initial imaging, IVC 
leiomyosarcomas are often predominantly extraluminal. 
As a result, the diagnosis of IVC leiomyosarcoma 
must be considered in the differential when evaluating 
a retrohepatic mass, despite its rarity. Potential 
differentiating features on imaging between IVC 
leiomyosarcoma and other retrohepatic masses include 
dilated IVC, imperceptible IVC lumen, and development 
of a prominent collateral venous system from IVC 
obstruction. Any liver lesion with suspicious imaging 
features should be recommended for biopsy.
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1. Scope of Articles

Intractable & Rare Diseases Research (Print ISSN 2186-3644, Online 
ISSN 2186-361X) is an international peer-reviewed journal. Intractable 
& Rare Diseases Research devotes to publishing the latest and most 
significant research in intractable and rare diseases. Articles cover all 
aspects of intractable and rare diseases research such as molecular 
biology, genetics, clinical diagnosis, prevention and treatment, 
epidemiology, health economics, health management, medical care 
system, and social science in order to encourage cooperation and 
exchange among scientists and clinical researchers.

2. Submission Types

Original Articles sshould be well-documented, novel, and significant 
to the field as a whole. An Original Article should be arranged into the 
following sections: Title page, Abstract, Introduction, Materials and 
Methods, Results, Discussion, Acknowledgments, and References. 
Original articles should not exceed 5,000 words in length (excluding 
references) and should be limited to a maximum of 50 references. 
Articles may contain a maximum of 10 figures and/or tables. 
Supplementary Data are permitted but should be limited to information 
that is not essential to the general understanding of the research 
presented in the main text, such as unaltered blots and source data as 
well as other file types.

Brief Reports definitively documenting either experimental results 
or informative clinical observations will be considered for publication 
in this category. Brief Reports are not intended for publication of 
incomplete or preliminary findings. Brief Reports should not exceed 
3,000 words in length (excluding references) and should be limited to a 
maximum of 4 figures and/or tables and 30 references. A Brief Report 
contains the same sections as an Original Article, but the Results and 
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews should 
not exceed 8,000 words in length (excluding references) and should 
be limited to a maximum of a maximum of 10 figures and/or tables 
and 100 references. Mini reviews are also accepted, which should not 
exceed 4,000 words in length (excluding references) and should be 
limited to a maximum of 5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in areas 
related to life science such as public health, the medical care system, 
and social science and may address governmental issues at district, 
national, and international levels of discourse. Policy Forum articles 
should not exceed 3,000 words in length (excluding references) and 
should be limited to a maximum of 5 figures and/or tables and 30 
references.

Communications are short, timely pieces that spotlight new research 
findings or policy issues of interest to the field of global health and 
medical practice that are of immediate importance. Depending on 
their content, Communications will be published as "Comments" or 
"Correspondence". Communications should not exceed 1,500 words in 
length (excluding references) and should be limited to a maximum of 2 

figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an issue of 
immediate importance to the fields of global health, medical practice, 
and basic science oriented for clinical application. Editorials should 
not exceed 1,000 words in length (excluding references) and should 
be limited to a maximum of 10 references. Editorials may contain one 
figure or table.

News articles should report the latest events in health sciences and 
medical research from around the world. News should not exceed 500 
words in length.

Letters should present considered opinions in response to articles 
published in Intractable & Rare Diseases Research in the last 6 months 
or issues of general interest. Summaries of research results and sharing 
of experiences in clinical practice and basic research (findings based 
on case reports, clinical pictures, etc.) can also be published as Letters. 
Letters should not exceed 800 words in length and may contain a 
maximum of 10 references. Letters may contain one figure or table.

3. Editorial Policies

For publishing and ethical standards, Intractable & Rare Diseases 
Research follows the Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals issued 
by the International Committee of Medical Journal Editors (ICMJE, 
https://icmje.org/recommendations), and the Principles of Transparency 
and Best Practice in Scholarly Publishing jointly issued by the 
Committee on Publication Ethics (COPE, https://publicationethics.org/
resources/guidelines-new/principles-transparency-and-best-practice-
scholarly-publishing), the Directory of Open Access Journals (DOAJ, 
https://doaj.org/apply/transparency), the Open Access Scholarly 
Publishers Association (OASPA, https://oaspa.org/principles-of-
transparency-and-best-practice-in-scholarly-publishing-4), and the 
World Association of Medical Editors (WAME, https://wame.org/
principles-of-transparency-and-best-practice-in-scholarly-publishing).

Intractable & Rare Diseases Research will perform an especially 
prompt review to encourage innovative work. All original research will 
be subjected to a rigorous standard of peer review and will be edited by 
experienced copy editors to the highest standards.

Ethical Approval of Studies and Informed Consent: For all 
manuscripts reporting data from studies involving human participants 
or animals, formal review and approval, or formal review and waiver, 
by an appropriate institutional review board or ethics committee 
is required and should be described in the Methods section. When 
your manuscript contains any case details, personal information 
and/or images of patients or other individuals, authors must obtain 
appropriate written consent, permission and release in order to 
comply with all applicable laws and regulations concerning privacy 
and/or security of personal information. The consent form needs 
to comply with the relevant legal requirements of your particular 
jurisdiction, and please do not send signed consent form to 
Intractable & Rare Diseases Research to respect your patient's and 
any other individual's privacy. Please instead describe the information 
clearly in the Methods (patient consent) section of your manuscript 
while retaining copies of the signed forms in the event they should 
be needed. Authors should also state that the study conformed to the 
provisions of the Declaration of Helsinki (as revised in 2013, https://
wma.net/what-we-do/medical-ethics/declaration-of-helsinki). When 
reporting experiments on animals, authors should indicate whether 
the institutional and national guide for the care and use of laboratory 
animals was followed.
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Reporting Clinical Trials: The ICMJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-
trial-registration.html) defines a clinical trial as any research 
project that prospectively assigns people or a group of people to an 
intervention, with or without concurrent comparison or control groups, 
to study the relationship between a health-related intervention and a 
health outcome. Registration of clinical trials in a public trial registry 
at or before the time of first patient enrollment is a condition of 
consideration for publication in Intractable & Rare Diseases Research, 
and the trial registration number will be published at the end of the 
Abstract. The registry must be independent of for-profit interest and 
publicly accessible. Reports of trials must conform to CONSORT 
2010 guidelines (https://consort-statement.org/consort-2010). Articles 
reporting the results of randomized trials must include the CONSORT 
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual or 
potential conflict of interest including financial interests or relationships 
with other people or organizations that might raise questions of bias 
in the work reported. If no conflict of interest exists for each author, 
please state "There is no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered for 
submission to Intractable & Rare Diseases Research, the authors 
should confirm that 1) no part of this manuscript is currently under 
consideration for publication elsewhere; 2) this manuscript does 
not contain the same information in whole or in part as manuscripts 
that have been published, accepted, or are under review elsewhere, 
except in the form of an abstract, a letter to the editor, or part of a 
published lecture or academic thesis; 3) authorization for publication 
has been obtained from the authors' employer or institution; and 4) all 
contributing authors have agreed to submit this manuscript.

Initial Editorial Check: Immediately after submission, the journal's 
managing editor will perform an initial check of the manuscript. A 
suitable academic editor will be notified of the submission and invited 
to check the manuscript and recommend reviewers. Academic editors 
will check for plagiarism and duplicate publication at this stage. The 
journal has a formal recusal process in place to help manage potential 
conflicts of interest of editors. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript, review, and editorial decisions are managed by another 
designated editor without a conflict of interest related to the manuscript. 

Peer Review: Intractable & Rare Diseases Research operates a single-
anonymized review process, which means that reviewers know the 
names of the authors, but the authors do not know who reviewed their 
manuscript. All articles are evaluated objectively based on academic 
content. External peer review of research articles is performed by at 
least two reviewers, and sometimes the opinions of more reviewers 
are sought. Peer reviewers are selected based on their expertise 
and ability to provide quality, constructive, and fair reviews. For 
research manuscripts, the editors may, in addition, seek the opinion 
of a statistical reviewer. Every reviewer is expected to evaluate the 
manuscript in a timely, transparent, and ethical manner, following the 
COPE guidelines (https://publicationethics.org/files/cope-ethical-
guidelines-peer-reviewers-v2_0.pdf). We ask authors for sufficient 
revisions (with a second round of peer review, when necessary) before 
a final decision is made. Consideration for publication is based on 
the article's originality, novelty, and scientific soundness, and the 
appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are qualified 
to assess the scientific merit of the study is welcomed. Reviewer 
information including names, affiliations, addresses, and e-mail should 

be provided at the same time the manuscript is submitted online. Please 
do not suggest reviewers with known conflicts of interest, including 
participants or anyone with a stake in the proposed research; anyone 
from the same institution; former students, advisors, or research 
collaborators (within the last three years); or close personal contacts. 
Please note that the Editor-in-Chief may accept one or more of the 
proposed reviewers or may request a review by other qualified persons.

Language Editing: Manuscripts prepared by authors whose native 
language is not English should have their work proofread by a 
native English speaker before submission. If not, this might delay 
the publication of your manuscript in Intractable & Rare Diseases 
Research.

The Editing Support Organization can provide English proofreading, 
Japanese-English translation, and Chinese-English translation services 
to authors who want to publish in Intractable & Rare Diseases 
Research and need assistance before submitting a manuscript. Authors 
can visit this organization directly at https://www.iacmhr.com/iac-
eso/support.php?lang=en. IAC-ESO was established to facilitate 
manuscript preparation by researchers whose native language is not 
English and to help edit works intended for international academic 
journals.

Copyright and Reuse: Before a manuscript is accepted for publication 
in Intractable & Rare Diseases Research, authors will be asked to 
sign a transfer of copyright agreement, which recognizes the common 
interest that both the journal and author(s) have in the protection of 
copyright. We accept that some authors (e.g., government employees 
in some countries) are unable to transfer copyright. A JOURNAL 
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the 
authors by the Editorial Office and must be returned by the authors 
by mail, fax, or as a scan. Only forms with a hand-written signature 
from the corresponding author are accepted. This copyright will ensure 
the widest possible dissemination of information. Please note that the 
manuscript will not proceed to the next step in publication until the JPA 
Form is received. In addition, if excerpts from other copyrighted works 
are included, the author(s) must obtain written permission from the 
copyright owners and credit the source(s) in the article. 

4. Cover Letter

The manuscript must be accompanied by a cover letter prepared by 
the corresponding author on behalf of all authors. The letter should 
indicate the basic findings of the work and their significance. The letter 
should also include a statement affirming that all authors concur with 
the submission and that the material submitted for publication has not 
been published previously or is not under consideration for publication 
elsewhere. The cover letter should be submitted in PDF format. For an 
example of Cover Letter, please visit: (Download Centre: https://www.
irdrjournal.com/downcentre)

5. Submission Checklist

The Submission Checklist should be submitted when submitting 
a manuscript through the Online Submission System. Please visit 
Download Centre (https://www.irdrjournal.com/downcentre) and 
download the Submission Checklist file. We recommend that authors 
use this checklist when preparing your manuscript to check that all 
the necessary information is included in your article (if applicable), 
especially with regard to Ethics Statements.

6. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with 
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Discussion: The data should be interpreted concisely without repeating 
material already presented in the Results section. Speculation is 
permissible, but it must be well-founded, and discussion of the wider 
implications of the findings is encouraged. Conclusions derived from 
the study should be included in this section.

Acknowledgments: All funding sources (including grant identification) 
should be credited in the Acknowledgments section. Authors should 
also describe the role of the study sponsor(s), if any, in study design; 
in the collection, analysis, and interpretation of data; in the writing of 
the report; and in the decision to submit the paper for publication. If the 
funding source had no such involvement, the authors should so state.

In addition, people who contributed to the work but who do not meet 
the criteria for authors should be listed along with their contributions.

References: References should be numbered in the order in which 
they appear in the text. Citing of unpublished results, personal 
communications, conference abstracts, and theses in the reference 
list is not recommended but these sources may be mentioned in the 
text. In the reference list, cite the names of all authors when there are 
fifteen or fewer authors; if there are sixteen or more authors, list the 
first three followed by et al. Names of journals should be abbreviated 
in the style used in PubMed. Authors are responsible for the accuracy 
of the references. The EndNote Style of Intractable & Rare Diseases 
Research could be downloaded at EndNote (https://www.irdrjournal.
com/examples/Intractable_Rare_Diseases_Research.ens).

Examples are given below:

Example 1 (Sample journal reference):

Inagaki Y, Tang W, Zhang L, Du GH, Xu WF, Kokudo N. Novel 
aminopeptidase N (APN/CD13) inhibitor 24F can suppress invasion of 
hepatocellular carcinoma cells as well as angiogenesis. Biosci Trends. 
2010; 4:56-60.

Example 2 (Sample journal reference with more than 15 authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung 
cancer: Collaborative analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):
Shalev AY. Post-traumatic stress disorder: Diagnosis, history and life 
course. In: Post-traumatic Stress Disorder, Diagnosis, Management 
and Treatment (Nutt DJ, Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – primary 
health care: Now more than ever. http://www.who.int/whr/2008/whr08_
en.pdf (accessed September 23, 2022).

Tables: All tables should be prepared in Microsoft Word or Excel and 
should be arranged at the end of the manuscript after the References 
section. Please note that tables should not in image format. All tables 
should have a concise title and should be numbered consecutively with 
Arabic numerals. If necessary, additional information should be given 
below the table.

Figure Legend: The figure legend should be typed on a separate page 
of the main manuscript and should include a short title and explanation. 
The legend should be concise but comprehensive and should be 

the "Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals", as presented at 
https://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct English 
and submitted as a Microsoft Word file in a single-column format. 
Manuscripts must be paginated and typed in 12-point Times New 
Roman font with 24-point line spacing. Please do not embed figures 
in the text. Abbreviations should be used as little as possible and 
should be explained at first mention unless the term is a well-known 
abbreviation (e.g. DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper (Please 
note the title should be short, informative, and contain the major key 
words); 2) full name(s) and affiliation(s) of the author(s), 3) abbreviated 
names of the author(s), 4) full name, mailing address, telephone/fax 
numbers, and e-mail address of the corresponding author; 5) author 
contribution statements to specify the individual contributions of all 
authors to this manuscript, and 6) conflicts of interest (if you have an 
actual or potential conflict of interest to disclose, it must be included as 
a footnote on the title page of the manuscript; if no conflict of interest 
exists for each author, please state "There is no conflict of interest to 
disclose"). 

Abstract: The abstract should briefly state the purpose of the study, 
methods, main findings, and conclusions. For articles that are Original 
Articles, Brief Reports, Reviews, or Policy Forum articles, a one-
paragraph abstract consisting of no more than 250 words must be 
included in the manuscript. For Communications, Editorials, News, 
or Letters, a brief summary of main content in 150 words or fewer 
should be included in the manuscript. For articles reporting clinical 
trials, the trial registration number should be stated at the end of the 
Abstract. Abbreviations must be kept to a minimum and non-standard 
abbreviations explained in brackets at first mention. References should 
be avoided in the abstract. Three to six key words or phrases that do not 
occur in the title should be included in the Abstract page.

Introduction: The introduction should provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings.

Materials/Patients and Methods: The description should be brief but 
with sufficient detail to enable others to reproduce the experiments. 
Procedures that have been published previously should not be 
described in detail but appropriate references should simply be cited. 
Only new and significant modifications of previously published 
procedures require complete description. Names of products and 
manufacturers with their locations (city and state/country) should be 
given and sources of animals and cell lines should always be indicated. 
All clinical investigations must have been conducted in accordance 
with Declaration of Helsinki principles. All clinical investigations 
must have been conducted in accordance with the Declaration of 
Helsinki (as revised in 2013, https://wma.net/what-we-do/medical-
ethics/declaration-of-helsinki). All human and animal studies must 
have been approved by the appropriate institutional review board(s) 
and a specific declaration of approval must be made within this 
section.

Results: The description of the experimental results should be succinct 
but in sufficient detail to allow the experiments to be analyzed and 
interpreted by an independent reader. If necessary, subheadings may 
be used for an orderly presentation. All Figures and Tables should be 
referred to in the text in order, including those in the Supplementary 
Data.
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understood without referring to the text. Symbols used in figures must 
be explained. Any individually labeled figure parts or panels (A, B, 
etc.) should be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited in numerical 
order in the text. Figures must fit a one- or two-column format on the 
journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 cm (6.8 
in.) wide for a double column; maximum height: 24.0 cm (9.5 in.). 
Please make sure that the symbols and numbers appeared in the figures 
should be clear. Please make sure that artwork files are in an acceptable 
format (TIFF or JPEG) at minimum resolution (600 dpi for illustrations, 
graphs, and annotated artwork, and 300 dpi for micrographs and 
photographs). Please provide all figures as separate files. Please note 
that low-resolution images are one of the leading causes of article 
resubmission and schedule delays.

Units and Symbols: Units and symbols conforming to the International 
System of Units (SI) should be used for physicochemical quantities. 
Solidus notation (e.g. mg/kg, mg/mL, mol/mm2/min) should be used. 
Please refer to the SI Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful for supporting 
and enhancing your scientific research and Intractable & Rare 
Diseases Research accepts the submission of these materials which 
will be only published online alongside the electronic version of your 
article. Supplemental files (figures, tables, and other text materials) 
should be prepared according to the above guidelines, numbered in 
Arabic numerals (e.g., Figure S1, Figure S2, and Table S1, Table S2) 
and referred to in the text. All figures and tables should have titles and 
legends. All figure legends, tables and supplemental text materials 
should be placed at the end of the paper. Please note all of these 
supplemental data should be provided at the time of initial submission 
and note that the editors reserve the right to limit the size and length of 
Supplemental Data.

7. Online Submission

Manuscripts should be submitted to Intractable & Rare Diseases 
Research online at https://www.irdrjournal.com. Receipt of your 
manuscripts submitted online will be acknowledged by an e-mail from 
Editorial Office containing a reference number, which should be used 
in all future communications. If for any reason you are unable to submit 

a file online, please contact the Editorial Office by e-mail at office@
irdrjournal.com

8. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the corresponding 
author via e-mail. Corrections must be returned to the editor (office@
irdrjournal.com) within 3 working days.

Offprints: Authors will be provided with electronic offprints of their 
article. Paper offprints can be ordered at prices quoted on the order 
form that accompanies the proofs.

Page Charge: Page charges will be levied on all manuscripts accepted 
for publication in Intractable & Rare Diseases Research (Original 
Articles / Brief Reports / Reviews / Policy Forum / Communications: 
$140 per page for black white pages, $340 per page for color pages; 
News / Letters: a total cost of $600). Under exceptional circumstances, 
the author(s) may apply to the editorial office for a waiver of the 
publication charges by stating the reason in the Cover Letter when 
submitting the manuscript online.

Misconduct: Intractable & Rare Diseases Research takes seriously all 
allegations of potential misconduct and adhere to the ICMJE Guideline 
(https://www.icmje.org/recommendations) and COPE Guideline 
(https://publicationethics.org/files/Code_of_conduct_for_journal_
editors.pdf). In cases of suspected research or publication misconduct, 
it may be necessary for the Editor or Publisher to contact and share 
submission details with third parties including authors' institutions and 
ethics committees. The corrections, retractions, or editorial expressions 
of concern will be performed in line with above guidelines.

(As of September 2023)

Intractable & Rare Diseases Research
Editorial and Head Office

Pearl City Koishikawa 603,
2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
E-mail: office@irdrjournal.com
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