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Nipah virus disease: A rare and intractable disease

Sayantan Banerjee, Nitin Gupta, Parul Kodan, Ankit Mittal, Yogiraj Ray, Neeraj Nischal, 
Manish Soneja*, Ashutosh Biswas, Naveet Wig

Department of Medicine, All India Institute of Medical Sciences, New Delhi, India.

1. Introduction

The name 'Nipah' comes from a Malaysian village, 
where the first outbreak was reported in 1998-1999 
(1,2). The outbreak of Nipah virus (NiV) disease in 
Malaysia involved more than 250 cases of febrile 
encephalitis in farm and abattoir workers. This outbreak 
caused widespread panic and considerable socio-
economic disruption. Although, no further outbreaks 
were reported from Malaysia the virus has been 
responsible for outbreaks in other parts of the world, 
mainly in Bangladesh and India (2). Recent outbreak 
of Nipah virus in Kerala in May 2018 brought this 
emerging-re-emerging virus into the spotlight again. 
 The high mortality rate, broad species tropism, 
multiple plausible modes of transmission, risk of 

person-person transmission and documented cases of 
health care workers being affected during outbreaks 
has left the medical community perplexed. While 
a lot remains to be deciphered about the virus and 
many efforts to unravel its mysteries are ongoing, this 
article has tried to review and synthesize the available 
information about this virus and its clinical aspects. The 
clinical information presented in this article can be used 
as a guiding tool for physicians in an outbreak setting.

2. The virus

Nipah virus is an enveloped paramyxovirus with 
negative-stranded polarity and a non-segmented RNA 
genome consisting of helical nucleocapsids. NiV has 
subtle differences in its makeup when compared to 
a typical paramyxovirus. It has reticular cytoplasmic 
inclusions close to the endoplasmic reticulum unlike 
other paramyxoviruses. Also, NiV is on average 
larger than typical paramyxoviruses. There are only 
minor ultrastructural differences between Hendra 
virus (HeV) and NiV and they have significant cross 
reactivity on serological tests, and are therefore 

Summary Nipah virus, an enveloped ribonucleic acid virus, has been a major cause of encephalitis out-
breaks with high mortality, primarily in the Indo-Bangladesh regions. Except for the first 
outbreak in Malaysia-Singapore, which was related to contact with pigs and the outbreak 
in Philippines associated with horse slaughter, most other outbreaks have affected the Indo-
Bangladesh regions. The Indo-Bangladesh outbreaks were associated with consumption of 
raw date palm sap contaminated by fruit bats and had a very high secondary attack rate. 
The patient usually presents with fever, encephalitis and/or respiratory involvement with 
or without thrombocytopenia, leukopenia and transaminitis.  Diagnosis can be confirmed 
by isolation and nucleic acid amplification in the acute phase or antibody detection during 
the convalescent phase. Treatment is mostly limited to supportive care and syndromic 
management of acute encephalitis syndrome. Ribavirin, m102.4 monoclonal antibody 
and favipiravir are the only anti-virals with some activity against Nipah virus. Standard 
precautions, hand hygiene and personal protective equipments are the cornerstone of 
comprehensive infection prevention and control strategy. With the recent outbreaks 
affecting newer geographical areas, there is a need for physicians to be aware of this disease 
and keep abreast of its current detection and management strategies.

Keywords: Henipavirus, encephalitis, India, Bangladesh
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grouped as Henipavirus (3). Within NiV, two different 
strains have been identified, the Malaysian (MY) 
and the Bangladesh (BD) strains. The two strains are 
approximately 92% identical on sequencing but appear 
to be significantly different in their pathogenicity and 
transmissibility (4-7).

3. Epidemiology

The first outbreak of Nipah virus in Malaysia-
Singapore (1998-1999) was initially thought to 
be Japanese encephalitis (JE), however on further 
investigation, it was later identified as Nipah virus 
(Figure 1) (3,8,9). The second outbreak of this disease 
was in a geographically non-contiguous location, 
in the Meherpur district of Bangladesh and Siliguri 
city of West Bengal, India in 2001 (Figures 1 and 2). 
The Indo-Bangladesh outbreaks were significantly 
different from the previous outbreak in Malaysia in 
terms of modes of transmission, clinical features and 
case fatality rates. Human to human transmission and 
nosocomial infections (via droplets and/or fomites) 
were a prominent feature in this outbreak. Also, the 
secondary attack rates were higher and the disease 
was more severe and rapidly progressive compared to 
the Malaysian outbreak. Apart from the neurological 
manifestations, acute respiratory distress syndrome 
(ARDS) and respiratory failure with multi organ 
dysfunction syndrome (MODS) were probably the 
major reason for higher mortality. Since then, there 
has been an outbreak in Bangladesh almost every year 
and a total of 17 outbreaks have been reported until 
2015. There was another small outbreak in 2007 in the 
Nadia district of West Bengal, India (Figures 1 and 2). 
In the outbreak in the Philippines in March-May, 2014, 
both horses and humans were affected with fruit bats 
being the possible source of infection. Interestingly, 
this outbreak was significantly associated with horse 
slaughter and horse meat consumption (Figures 1 and 2) 
(10). The Indian outbreak of 2018 affected primarily the 
Kozhikode district and nearby area of Kerala (Figures 1 
and 2) (11). 
 The Malaysian outbreak was primarily due to 
close contact with affected pigs. No human to human 

transmission was reported (8,12,13). The Indo-
Bangladesh outbreaks, including the recent Kerala 
outbreak, was remarkable in various aspects, mode 
of transmission being one of them. A significant 
association of NiV disease and consumption of raw 
date palm sap contaminated by fruit bats was found by 
Luby et al. (14) Another study by Rahman et al. also 
concluded with similar results (15). In date palm sap the 
virus remains stable for at least 7 days at 22°C and is 
extremely tolerant to a wide range of pH (from 3 to 11) 
(16). Human to human and nosocomial transmission 
was also documented in the Indo-Bangladesh outbreaks. 
In the Siliguri outbreak of 2001, a single patient 
admitted to a private hospital infected 23 hospital 
staff and 8 visitors (17). Poor adherence to standard 
precautions was probably the major reason for this. 
Also, the difference in strains (BD vs. MY) contributed 
to the difference in the transmission rates. A study by 
Clayton et al. showed that ferrets infected with the 
BD strain had higher RNA levels in the blood as well 
as increased shedding of the virus in oral secretions, 
possibly explaining the higher secondary attack rates as 
well as more severe infection in the Indo-Bangladesh 
outbreak. It is noteworthy that viral shedding was seen 
even in the incubation period (18). The major research 
findings in different studies are tabulated in Table 1.

4. Clinical features

Clinical Features of Nipah typically includes fever with 
encephalitis and or respiratory involvement (Figure 
3) (17,19-23). Asymptomatic infection was reported 
in 8% of patients with laboratory-confirmed cases in 
Malaysia. No such data of asymptomatic NiV infection 

2

Figure 1. Timeline of Nipah Virus outbreaks across the 
world with total number of cases reported in each outbreak.

Figure 2. Nipah virus outbreaks in India.
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sensorium was the most common presentation. A case 
series of four outbreaks from Bangladesh shows altered 
mental status (90%), headache (73%), severe weakness 
(67%) and seizures (23%) as common neurological 
manifestation (17). Nipah encephalitis may present 
with relapse or residual deficits in survivors. Relapse of 
encephalitis has been demonstrated with a time range 
of months to years after recovery from acute infection. 
Psychiatric and neurological complications (depression, 
personality changes, deficits in attention, verbal, and/
or visual memory) after recovery are also well known. 
Goh et al. reports from their Malaysian outbreak 
experience that 15 percent of their patients (14 patients) 
had residual deficits out of which five remained in a 
vegetative state (19). Respiratory involvement is well 
documented in severe cases. ARDS (50% to 66% 
cases) was documented in Malaysian outbreak. Siliguri 
outbreak witnessed 54 percent cases had associated 
respiratory symptoms particularly in the later stage of 
illness.

is available from Bangladesh and Indian outbreaks. 
However, cases with mild and nonspecific features 
were identified. Fever, headache, dizziness, myalgia, 
vomiting and loose stools have been documented as 
non-specific prodromal symptoms in various outbreaks 
of Nipah. The Malaysian outbreak documented that 55 
percent of patients had a reduced level of consciousness 
and prominent brain-stem dysfunction (10). Distinctive 
clinical signs included segmental myoclonus (32%), 
areflexia, hypotonia, hypertension, and tachycardia and 
thus suggests the involvement of the brain stem and 
upper cervical spinal cord. Brain stem dysfunction and 
neurological clinical signs include abnormal doll's eye 
reflex, reflexes, vasomotor changes, and myoclonic 
jerks. Cerebellar dysfunction was seen in eight patients 
in the Malaysian outbreak. In Siliguri outbreak (2001) 
in India, fever followed by altered sensorium (97%) 
developing over the next 3 to 4 days was the presenting 
complaint. 34 percent of the cases had convulsions (20). 
Similarly, in Bangladesh outbreaks, fever with altered 

Table 1. Summary of major research findings

Author and year of 
publication (ref.)

CDC, 1999 (8,9)

Reynes et al, 2005 (4); 
Wacharapluesadee et al. 2005 (5)

Mounts et al, 2001 (13)

Goh et al, 2000 (19)

Chadha et al, 2006 (17);
Arunkumar et al, 2018 (53)

Luby et al, 2006 (14);
Rahaman et al, 2012 (15)

Chong et al, 2001 (33)

Wright et al, 2005 (29);
Aljofan et al, 2009 (30)

Bossart et al, 2009 (38);
Bossart et al, 2011 (39)

Dawes et al, 2018 (40)

Major finding related to
epidemiology and transmission

First outbreak report of Nipah. 
Transmission to pig abattoir workers.

Presence of NiV in bats.

No human to human and nosocomial 
transmission for the Malaysian strain 
of NiV causing Malaysia-Singapore 
outbreaks.

--

Strong evidence of human to human 
transmission for the Bangladesh 
strain of NiV causing Bangladeshi 
and Indian outbreaks.

D a t e  p a l m  s a p  c o n s u m p t i o n 
contaminated by bat excreta and 
saliva is a significant risk factor for 
transmission.

--

--

--

--

Major finding related to clinical
features and Diagnosis

Serology is cross reactive to 
Hendra.

--

--

Predominantly neurological 
symptoms and no significant 
r e s p i r a t o r y  s y m p t o m s  i n 
Malaysian strain of NiV.

S i g n i f i c a n t  r e s p i r a t o r y 
involvement leading to ARDS in 
Bangladesh strain of NiV.

--

Serology is cross reactive to 
Hendra.

--

--

Respiratory involvement and 
higher mortality in Bangladesh 
strain, compared to Malaysia 
strain.

Major finding related to 
therapeutic options

--

--

--

--

--

--

Ribavirin can substantially reduce 
m o r t a l i t y  ( 3 6 % )  w i t h o u t  a n y 
significant adverse reactions.

In vitro activity of ribavirin on halting 
the replication of NiV in cell cultures.

Role of monoclonal antibody m102.4 
in preventing transmission and halting 
disease progression among animal 
model of ferrets and African green 
monkey.

Promising role of favipiravir in 
protecting NiV infected animals 
(hamster model).
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5. Diagnosis

Common hematologic abnormalities in NiV infection 
include thrombocytopenia (30%) and leukopenia (11%) 
(Table 2). Elevated liver enzymes have been seen in 
40% of patients, and hyponatraemia is sometimes found. 
Hemoglobin, renal indices and electrolytes other than 
sodium are usually normal. Lymphocytic pleocytosis 
with raised proteins similar to any other viral meningitis 
may be seen in cerebrospinal fluid. 
 NiV is a biosafety level (BSL) 4 agent, however, 
BSL 2 laboratory facilities are sufficient for routine 
diagnosis if the virus is inactivated during specimen 
collection and isolation is not attempted. Laboratory 
diagnosis of a patient with a clinical history of NiV can 
be made during the acute and convalescent phases of the 
disease by using a combination of tests. Samples should 
be transported at 4°C and processed as early as possible. 
During the early stage of illness – virus isolation and 
reverse transcriptase polymerase chain reaction assay (RT 
PCR) from throat and nasal swabs, cerebrospinal fluid 
(CSF), urine, and blood is recommended (24). During the 

convalescent phase, antibody detection by enzyme linked 
immunosorbent assay (ELISA-IgG and IgM) from serum 
or CSF may be used. 
 Advanced diffusion weighted (DW) magnetic 
resonance imaging (MRI) of the brain can give useful 
radiological evidence of Nipah encephalitis. Lim 
et al. suggested that MRI pattern may be useful in 
differentiating Nipah from its closely differential related 
Japanese encephalitis/other encephalitis in most cases 
(25). It can also help to diagnose exposed individuals, 
particularly at the height of an epidemic even before 
serologic confirmation is available (19). This finding 
derived from Malaysian experience during Nipah 
outbreak needs validation from other occurrences. More 
experience is required for its validation but this can be a 
potentially crucial finding to diagnose Nipah encephalitis 
and decide treatment and post exposure prophylaxis. 
MRI in acute Nipah encephalitis shows multifocal 
discrete lesions probably due to areas of micro-infarction. 
These discrete high-signal-intensity lesions usually 
measure about 2-7 mm and are disseminated throughout 
the brain, mainly in the subcortical and deep white matter 
of the cerebral hemispheres. Mass effect or edema is not 
usually seen. In relapse or late onset Nipah encephalitis, 
MRI characteristically shows multiple areas of patchy 
and confluent cortical involvement (26,27).

6. Differential diagnosis

Nipah is an important differential diagnosis in patients 
with fever and encephalitis and/or ARDS in context 
of relevant epidemiology with an ongoing outbreak 
in the area or relevant travel history to affected areas. 
But any fever or encephalitis may mimic disease and 
differentials need to be seen in correct perspective. The 
following differentials should be considered in patients 
with suspected Nipah infection: a) Japanese encephalitis 
(JE), b) Measles, c) Rabies, d) Dengue encephalitis, e) 
Cerebral malaria, f) Scrub typhus, g) Leptospirosis, h) 
Herpes encephalitis and i) Bacterial meningitis (Table 3). 

7. Treatment and post exposure prophylaxis

Treatment of NiV disease is mostly limited to supportive Figure 3. Clinical features of Nipah Virus disease.

Table 2. Laboratory and Radiological diagnosis of Nipah Virus disease

Routine haematological tests 

Cerebrospinal fluid analysis

Imaging

NiV specific tests

•  Thrombocytopenia
•  Leucopenia
•  Raised liver enzymes
•  Hyponatremia

•  Lymphocytic pleocytosis
•  Raised proteins
•  Normal glucose levels

•  2-7mm multifocal discrete lesions in the subcortical and deep white matter

•  ELISA for detection of antibodies
•  Polymerase Chain Reaction
•  Virus isolation
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care and syndromic management of acute encephalitis 
syndrome (28). Under the current circumstances, 
specific pharmacological options should not be treated 
as alternatives to infection control measures. More 
evidence needs to be generated for considering post-
exposure prophylaxis in individuals who were in close 
contact with confirmed Nipah cases. However, three 
pharmacological options have been explored for the 
possible treatment and post-exposure prophylaxis of NiV 
infection: Ribavirin, m102.4 monoclonal antibody and 
Favipiravir.

7.1. Ribavirin

In vitro studies and animal studies have shown 
conflicting results in the efficacy of ribavirin against 
NiV and Hendra, with some studies showing effective 
inhibition of viral replication in cell lines (29,30), 
whereas some studies in animal models showed that 
ribavirin treatment only delayed but did not prevent 
death after Nipah or Hendra virus infection (31,32). 
Only one in-vivo human study by Chong et al. has 
evaluated the role of ribavirin during the Malaysia 
outbreak of NiV, between 1998 and 1999 (33). In 
this study, patients who were managed prior to the 
availability of ribavirin during the outbreak or who 

refused ribavirin were taken as controls, and all 
patients who were still in the acute phase of the illness 
were offered ribavirin, either oral or intravenous, 
based on availability. A total of 140 patients treated 
with ribavirin were retrospectively compared with 52 
control NiV patients who did not receive ribavirin due 
to unavailability and 2 patients who didn't consent 
There was no significant difference in the incidence of 
adverse reactions in the treatment group as compared 
to controls. The study showed 45 deaths in the treated 
group (32%) and 29 in the controls (54%), with a total 
of 36% reduction in mortality. However, as treatment 
allocation was not randomized, it is possible that treated 
patients had better clinical outcomes because they 
received better general medical care than the untreated 
patients.
 The dosage of ribavirin in Nipah virus has not been 
defined but treatment can be initiated in the lines of that 
suggested by WHO for Lassa fever with a loading dose 
of 30 mg/kg for children and 2,000 mg/kg for adults, 
followed by 10 days of therapy (4 g in divided doses 
for first four days and 2 g in divided doses for next six 
days). Oral bioavailability of ribavirin is reported to be 
between 32.6% and 52%, with evidence of first-pass 
metabolism. Ribavirin is not bound to plasma proteins 
(34). Ribavirin was found to cross the blood-brain barrier 

Table 3. Differential diagnosis of Nipah Virus disease

Differential diagnoses

1) Cerebral Malaria

2) Scrub typhus

3) Leptospirosis

4) Dengue encephalitis 

5) Herpes meningoencephalitis

6) Bacterial meningitis

7) Japanese encephalitis

8) Measles

9) Rabies

                                                          Differentiating features

•  High grade fever associated with chills and rigors
•  hrombocytopenia, hepato-renal dysfunction, hypoglycemia
•  Diagnosis by rapid antigen detection kits/peripheral smear/quantitative buffy coat examination/nucleic acid amplification

•  Presence of eschar
•  Leucocytosis, thrombocytopenia, hepato-renal dysfunction
•  Post-monsoon (seasonal predilection)
•  Immunofluorescence assay for diagnosis

•  Hepatitis more common
•  Post-monsoon (seasonal predilection)
•  Diagnosis by blood culture/nucleic acid amplification/serology

•  Serositis and thrombocytopenia
•  Generalised eryhtematous blanching rash
•  Seasonal predilection
•  Diagnosis by NS1 antigen/nucleic acid amplification in first 5 days and IgM ELISA after 5 days

•  Fronto-temporal lobe involvement
•  Diagnosis by nucleic acid amplification

•  CSF pleocytosis with neutrophilic predominance and raised proteins with low sugar
•  Diagnosis by blood and CSF culture and latex agglutination or nucleic acid amplification in CSF 

•  Pigs (amplifying hosts) are healthy
•  Low secondary attack rates
•  Children are affected more than adults
•  Basal ganglia involvement on imaging

•  More in children
•  Cough, coryza, conjunctivitis
•  Maculopapular rash on face and head

•  Diagnosis is clinical and by serology
•  History of dog bite/bat exposure
•  Hydrophobia/aerophobia
•  Diagnosis by immunofluorescence staining for viral antigen on the biopsy from the nape of the neck
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following oral administration with a mean CSF/plasma 
ratio of 0.7 (35). The serious adverse drug reactions with 
ribavirin are: Neutropenia (8% to 40%), anemia (11% to 
35%; children & adolescents: 11%), lymphocytopenia 
(12% to 14%) and suicidal ideations (36). Most of the 
side-effects with ribavirin have been noticed with long 
term administration. Ribavirin has been found to be 
teratogenic in animal studies on rodents and rabbits, but 
no human teratogenic studies are available. Due to the 
long terminal half-life of elimination of the drug, the 
minimum interval following treatment with ribavirin 
before pregnancy can be safely initiated is estimated to 
be 7 months (36).
 The Infectious Diseases Society of America has 
recommended in 2008 the use of ribavirin in cases of 
NiV infections (37). Owing to the positive in-vivo and 
in-vitro results and a considerable safety profile for 
short term courses, a strong case can be made favoring 
short course high dose ribavirin for therapy. However, a 
controlled trial is lacking to resolve the status, for which 
a pre-approval should be taken from the appropriate 
authority, so that the trial may be immediately started 
with the onset of a future outbreak.

7.2. Monoclonal Antibody m102.4

The experimental monoclonal antibody, m102.4, which 
targets the ephrin-B2 and ephrin-B3 receptor binding 
domain of the Henipavirus G envelope glycoprotein is 
a potent cross-reactive neutralizing antibody in vitro. 
It was effective in protecting ferrets from lethal NiV 
challenge (38). In May 2010, in Queensland, Australia, 
m102.4 was offered as a trial on compassionate grounds 
to a mother and daughter who were exposed to Hendra 
virus from their infected horse. Both of them did not 
develop Hendra virus infection, although it is still not 
known whether treatment was effective or whether 
the patients did not get infected. In an animal study 
comprised of 14 African green monkey (AGM) subjects, 
m102.4 prevented infection and death after injection of a 
lethal dose of NiV in 12 AGM subjects. Both the control 
AGM subjects contracted severe infection and developed 
encephalitis as well as ARDS (39).

7.3. Favipiravir

The viral RNA-dependent RNA polymerase inhibitor 
favipiravir was developed by Toyama Chemical 
Company as an antiviral for use against influenza. 
In a Syrian hamster model for Nipah virus infection, 
favipiravir was successfully used in lethally challenged 
hamsters (40).

8. Prognosis

Case fatality rates ranges from 40% to 100%. Poor 
prognostic factors from the Malaysian outbreak included 

old age, more severe brain-stem involvement presenting 
as a reduced level of consciousness, vomiting, abnormal 
doll's-eye reflex, abnormal pupils, hypertension, and 
tachycardia during the course of the illness (19). 

9. Disease prevention

The morbidity and mortality of healthcare workers 
involved in care of patients with NiV is a major concern 
(13,17,41-44). Although, there is still a lot of confusion 
about transmission and spread of this paramyxovirus, 
there is a need to lay guidelines for protection of the 
healthcare workforce based on present evidence and 
resources available. A leaf can be drawn from the 
successful containment of Ebola and severe acute 
respiratory syndrome (SARS) outbreaks, which affected 
health care workers (HCWs) (45). Standard precautions, 
hand hygiene and personal protective equipment (PPE) 
remain as pillars of comprehensive infection prevention 
and control strategy (46,47).
 All hospitals should adhere to standard infection 
control precautions for all patient-care activities and 
aerosol-generating procedures. In case of NiV infection 
in health-care settings, additional measures, such as 
droplet, contact and airborne precautions should be 
applied. Droplet precautions rely on isolation (one-patient 
isolation rooms or cohorting [i.e., grouping patients 
infected with the same infectious agents together to 
confine their care to one area and prevent contact with 
susceptible patients]) and keeping the patient with an 
existing roommate. A patient that meets the criteria for 
a suspect Nipah case should immediately be isolated 
and infection control precautions instituted. In general, 
hospitals in at-risk areas need to be prepared for the 
management of Nipah cases via hospital screening, 
admission procedures and triage, and the management 
of visitor access and movement should be in place to 
minimize potential exposure. Standard precautions 
should be applied while handling patients, handling the 
deceased, handling the specimens, cleaning and waste 
disposal.
 Hand hygiene: Handwashing with soap and water or 
alcohol-based hand rub before and after patient contact. 
Evidence from Bangladesh suggested that Nipah virus 
can survive on surfaces and be a potential source of 
spread of infection to caregivers (44). Lack of hand 
hygiene practices and scarcity of water in the setting 
was possibly responsible for HCWs being affected in the 
outbreak (44). The importance of hand hygiene cannot be 
over emphasized and it remains the crucial cornerstone 
for preventing spread of infection (44,46,48).
 Wearing of PPE when performing an aerosol 
generating procedure or a patient examination. Highest 
level of protection (Level B/A OSHA) is recommended 
for Nipah. Infections in HCWs with SARS or Ebola 
during the respective outbreaks were very commonly 
attributed to improper PPE removal or doffing (49-52). 
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10. Conclusion

Nipah virus outbreak should be suspected in relevant 
epidemiological settings (e.g. history of travel or 
residence in known geographical areas with Nipah 
transmission or contact with pigs or bats) in clusters 
of patients presenting with acute encephalitis with or 
without ARDS, high secondary attack rate and very 
high mortality. These patients should be managed 
with appropriate infection control measures. Until the 
time when newer drugs are developed for its effective 
treatment, the role of drugs like ribavirin has to be clearly 
established with the help of properly designed trials. 
Effective control measures in the community to prevent 
its transmission from animals (bats/pigs) to humans in 
disease prone areas have to be instituted. In the battle 
of virus vs. man, hopefully the latter will turn out to be 
victorious in the long run.
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1. Introduction

Facioscapulohumeral muscular dystrophy (FSHD) also 
known as Landouzy-Dejerine disease, is the third most 
common genetic abnormality of the skeletal muscles 
characterized by progressive muscular dystrophy 
commonly appearing in individuals before the age 
of 20 (1,2). Individuals with mild symptoms may 
manifest FSHD in their later stages of life, but in rare 
cases, FSHD may also manifest early during infancy 
or childhood. It is an autosomal dominant genetic 
disorder which obtains its name from the muscle groups 
it affects: skeletal muscles of the face (facio), muscle 
groups surrounding the shoulder blades (scapulo), 
and the upper arms (humeral). There has not been an 
agreement on the prevalence on FSHD, but several 
authors reported a prevalence of 4 to 10 in 100,000 
people (3-5).
 FSHD commonly presents early in childhood with 
95 percent of the affected individuals manifesting 
the disease by the age of 20 (6). Muscle weakness is 
commonly non-specific but asymmetrical in occurrence. 

Individuals with FSHD manifesting with diaphragmatic 
weakness are at risk of respiratory insufficiency and 20 
percent of individuals with FSHD become physically 
dependent requiring the use of wheelchairs or mobility 
scooters (7). Most of the cases of FSHD are associated 
with disorders of D4Z4 repeat in the 4q35 subtelomeric 
region of chromosome 4. A 2010 report on a unifying 
theory for the pathogenesis of FSHD explains a second 
mechanism resulting in toxic gain of function of the 
DUX4 gene. This recent finding proposed the first 
pathophysiologic definition of the disease and the 
possible therapeutic approaches for management of 
FSHD (8).
 Numerous management strategies are available to 
improve the quality of life of FSHD patients. A prompt 
diagnosis and lifestyle adjustments are detrimental 
in preventing unwanted mortality. This review aims 
to provide an insight into the numerous management 
strategies in FSHD patients according to each 
symptomatic presentation.

2. Clinical manifestations of FSHD

Different variations of FSHD exist resulting in the 
absence of an exact set of symptoms (1,9). FSHD 
commonly presents as progressive muscle weakness 
which involves various muscle groups of the face 
(difficulty whistling, drooping eyelid, decreased facial 
expressions, speech impairment), shoulder girdle 
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(difficulty raising arms laterally, sloping shoulder), and 
upper arms (asymmetrical weakness of the biceps and 
triceps brachii) (1,10,11) . Muscle weakness prominent 
on one side of the body and scapular winging are the 
two main characteristics for FSHD. Scapular winging 
results from weakness of the lower trapezius muscle 
causing an upward movement of the scapula during 
flexion of the arm (posterior protrusion), which 
becomes obvious when the affected individual tries 
to raise their arms laterally (10). The shoulders tend 
to have a forward slant with straight clavicles and 
prominent atrophy of the pectoral muscles. 
 Typical symptoms of FSHD also involve muscle 
groups of the face, abdomen and diaphragm. Early 
presentation of FSHD is often characterized by a 
pronounced weakness of the facial muscles, which are 
then followed by symptoms of the shoulders (scapular 
winging) (12). Early signs also include difficulty 
whistling due to being unable to purse their lips or 
sleeping with their eyes partially open due to being 
unable to completely close their eyelids (13,14). In 
most cases, extraocular muscles, the eyelid and bulbar 
muscles are spared.
 Individuals with FSHD often have unaffected 
deltoid muscles in the early stages. The biceps and 
triceps muscles are asymmetrically involved resulting in 
a prominent atrophy of the upper arms without affecting 
the forearm muscles. This leads to the appearance of a 
large forearm in comparison to the upper arm (Popeye 
arms) (11). Abdominal muscle weakness may lead to 
abdominal protuberance and in some cases, lumbar 
lordosis (15). Weakness of the lower abdominal muscles 
results in an upward displacement of the umbilicus 
upon flexion of the neck during supination (Beevor's 
sign) (5,16).
 Muscular weakness of the hip and pelvis results 
in difficulty climbing stairs or prolonged walking. 
This condition is further worsened by an aggravated 
curvature in individuals presenting with lumbar lordosis 
(12). FSHD individuals affected with progressive 
movement impairment then become physically 
dependent on mobility aids. 
 In rare cases, weakness of the diaphragm leads 
to respiratory insufficiency, increasing the overall 
mortality of this disease (2). Retinal telangiectasia 
and macular edema mimicking Coat's disease may 
also arise due to failure of vascularization of the 
vascular peripheries (17). Telangiectatic changes 
and microaneurysms can be detected by fluorescein 
angiography in up to 60 percent of the affected 
individuals (18,19). Bilateral high-tone sensorineural 
hearing loss can be detected in up to 60 percent of 
affected individuals. Subclinical sensorineural hearing 
loss occurs in a higher proportion of individuals (20).
 In a study by Zatz et al. (19), FSHD penetrance 
was found to differ according to age and gender. 
Penetrance by the age of 30 was estimated to be at 83 

percent for both genders, but significantly higher in 
males (95%) compared to females (69%). They also 
reported that de novo mutations were more common 
in females compared to the male participants. No 
particular evidence of X-chromosome related recessive 
inheritance is seen, which may be related to excess of 
symptomatic female individuals in their familial studies 
including asymptomatic mothers.

3. Subtypes of FSHD

3.1. FSHD Type 1

At least 95 percent of the affected individuals are 
associated with the pathogenic contraction of D4Z4 
repeat (3.2kb unit, normally at 11-100 repeats) at the 
subtelomeric region 4q35 on chromosome 4. D4Z4 
comprises both heterochromatin and euchromatin 
structures as well as the putative DUX4 gene. A 
decreased D4Z4 repeat below a certain threshold results 
in a corresponding relaxation of the chromatin, causing 
an inappropriate expression of DUX4 in muscle cells 
which leads to disease progression. In a study in 2014, 
FSHD was proposed as an "inefficient repeat-mediated 
epigenetic repression of the D4Z4 macrosatellite repeat 
array on chromosome 4, resulting in the variegated 
expression of the DUX4 retrogene, encoding a double-
homeobox transcription factor in skeletal muscle" (15). 
In a regular individual, the D4Z4 repeats are above 
a certain threshold value and keep the expression of 
DUX4 repressed. Individuals affected with FSHD 
possess drastically lower amounts of D4Z4 in addition 
to a haplotype polymorphism on chromosome 4, 
causing expression of DUX4. 

3.2. FSHD Type 2

The majority of FSHD occurrences are Type 1 
cases, accounting for approximately 95 percent. 
The remaining 5 percent of the cases are Type 2, 
possessing a phenotype indistinguishable from FSHD 
but without any evidence of pathological changes 
of D4Z4 (8,21). Individuals with FSHD type 2 
have an open chromatin structure at the D4Z4 loci 
characterized by CpG methylation loss at D4Z4 repeats 
in chromosome 4 and 10. Around 80 percent of the 
cases of FSHD type 2 chromatin relaxation are caused 
by mutation of SMCHD1 (Structural maintenance of 
chromosome flexible hinge domain containing gene 
1) on chromosome 18. SMCHD1 mutation results in 
the shortening of DNA of the D4Z4 region, which is 
permissive for the misexpression of the DUX4 gene by 
repressing transcription through CpG DNA methylation 
(22). FSHD type 2 phenotype occurs in individuals 
who inherit both the SMCHD1 mutation as well as 
a permissive DUX4 allele, presenting with a digenic 
inheritance pattern (23). A structural representation of 

10
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knee and further worsen the walking gait. A floor-
reaction ankle-foot orthoses or knee-ankle-foot orthoses 
are advised for patients presenting with foot drop and 
inadequate extensor mechanisms simultaneously.
 Pain and fatigue are common findings in individuals 
with FSHD and are often neglected. In a study by van 
der Kooi et al. (28) they reported that pain occurs in 
77 percent of their study population and is reported 
to occur daily. The most common source of pain is 
recorded to be localized around the joints where muscle 
weakness is observed: shoulders, upper back, knees 
and lumbosacral regions due to hyperlordosis. Pain 
may also reflect changes in psychological conditions. 
Chronic pain should be managed with appropriate 
analgesics and antidepressants if necessary, to improve 
the quality of life of FSHD individuals. 
 Respiratory insufficiency may occur in less than 1 
percent of individuals with FSHD if muscular dystrophy 
affects the respiratory muscles (7). Patients presenting 
with severe symptoms of FSHD should be screened for 
the possibility of breathing disorders to reduce the overall 
mortality. Individuals requiring surgical correction are 
advised to undergo a comprehensive pulmonary function 
test (PFT) in case of anesthetic reactions. A routine 
pulmonary workup is also recommended for individuals 
with severe mobility deficiency, presenting with pelvic 
weakness accompanied with underlying pulmonary 
comorbidities, and individuals presenting with obvious 
spinal deformities causing an obvious abnormality in 
the thoracic cavity. 
 Cardiac abnormalities are present in approximately 
5 percent of individuals with FSHD without other 
risk factors for cardiac diseases (29,30). Individuals 
commonly present with complaints of chest discomfort 
accompanied with  a  cardiac  arrythmia on an 

both FSHD type I and type II are represented in Figure 1.

4. Treatment modalities

Currently there are no specific therapeutic cures 
for FSHD. But in 2010, the standard of care and 
management of FSHD were discussed and a census was 
agreed on at the 171st ENMC International Workshop 
(24). The main treatment strategies are divided upon the 
different aspects of the muscle systems it affects (25). 
 Individuals affected with FSHD are recommended 
to seek consultation with a physical therapist. The 
initial consultation may include the overall assessment 
of the balance, gait, posture, and the probable need 
of walking aids. According to each individual, a 
suitable exercise regimen including both aerobic and 
anaerobic exercises may be suggested to prevent 
movement impairment. Affected individuals will 
require a progressive follow-up to monitor the progress 
of muscular dystrophy and movement impairments 
during everyday activities. Stretching exercises and 
low intensity anaerobic exercises are beneficial in the 
management of symptoms and improve the overall 
cardiovascular function and muscle strength without 
having detrimental effects (26). 
 Affected individuals  with severe mobil i ty 
impairments will require continuous input from a 
physical therapist and may require mobility aids from 
an orthotist. Patients presenting with a prominent 
foot drop will benefit from the use of ankle-foot 
orthoses. Simple prostheses however may further 
provide a hindrance to patients who present with an 
accompanying quadriceps atrophy leading to weakness 
of the extensor mechanisms (27). A simple ankle-foot 
orthoses will prevent the full extension of the affected 

Figure 1. Schematic representation of a pathologic Chromosome 4 in FSHD Type 1 compared to a normal allele. The normal 
allele normally has 11-100 repeats of D4Z4 (represented by ovals) which is contracted to less than 10 units in FSHD Type 1. In 
FSHD Type II there is no evidence of pathological change of D4Z4 but there is hypomethylation loss in chromosome 4 and 10.
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electrocardiogram (ECG) caused by right bundle branch 
block, which may also be asymptomatic. At present, an 
ECG is not a routine exam in individuals with FSHD 
but may be recommended for those at risk. 
 In a multicenter study by Trevisan et al. (31), 
individuals affected with FSHD underwent auditory 
examination. Four patients with FSHD were tested 
to have auditory problems but none had awareness of 
any hearing loss. Innate FSHD occurring in infants 
may lead to auditory and verbal delays in development 
without being detected and be mistaken for cognitive 
abnormalities. Cognitive and hearing testing should be 
routinely examined in children diagnosed with FSHD to 
prevent auditory and speech impairment due to hearing 
loss. 
 Retinal  changes in individuals with FSHD 
commonly are not life-threatening conditions. Retinal 
vasculopathy is commonly found in individuals affected 
with FSHD, but the localized pathological changes 
of the ocular vessels may be effectively treated with 
laser therapy (24,32). Common findings also include 
keratitis in individuals who are unable to completely 
shut their eyelids during sleep. A consultation with an 
Ophthalmologist is advised for all individuals with 
FSHD. 
 Orthopedic intervention is advised for individuals 
presenting with an obvious scapular winging in a 
rapidly progressive FSHD. Surgical fixation of the 
scapula to the thoracic wall (33-35) improves the 
overall range of motion of the arm in the affected 
side of the body, but may be temporary. In a series by 
Giannini et al. (10), 13 FSHD patients presenting with 
winged scapula underwent bilateral surgical fixation. 
All 13 patients experienced an obvious increase in 
active range of motion and a fix for their winged 
scapula. The scapulothoracic fixation provides a support 
for deltoid contraction which allows the affected arm to 
abduct and flex. This however does not provide a full 
range of motion because the treated joint will not be 
able to contribute to the arc of motion (10). 
 Hyperlordosis is a common presentation of FSHD, 
which subsequently causes pelvic extensor and 
paraspinal muscle insufficiency (36,37). The spinal 
deformity is a direct cause of incorrect posture and 
movement disorders, and patients do not benefit from 
simple bracing. There is no consensus on surgical 
intervention for hyperlordosis in FSHD patients due to 
the controversial results. But in a case resport by Tan et 
al. (38), they reported a successful partial correction of 
hyperlordosis with an improvement in sitting posture 
after surgical correction. Surgical intervention in FSHD 
patients presenting with hyperlordosis requires further 
investigation to achieve a definite indication.
 Two conflicting studies by Ciafaloni et al. (39) 
and Rudnik-Schoneborn (40) report on the risk factors 
for caesarian surgeries and preterm births, and FSHD. 
In cases of pregnant women affected with FSHD, 25 

percent of the individuals report a progressive decrease 
in motor function which corresponds to the occurrence 
in other neuromuscular disorders. A comprehensive 
consult by an obstetrician is advised for pregnant 
women with FSHD to prevent pregnancy and delivery 
complications. Pregnant women with FSHD are also 
advised to closely monitor cardiopulmonary functions 
to prevent unwanted morbidities.

5. Conclusion

FSHD is one of the most common skeletal diseases, 
which is easily misdiagnosed during its early stages 
causing undesired effects in the overall quality of life. 
Numerous management strategies are available and 
crucial to prevent undesired progression of the disease. 
Early diagnosis and a prompt intervention are necessary 
in improving the life expectancy of FSHD patients.
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1. Introduction

Nail-patella syndrome (NPS; OMIM #161200), also 
known as hereditary osteoonychodysplasia, is a rare 
autosomal dominant disease characterized by nail 
malformations, absent or hypoplastic patellae, dysplasia 
of the elbows and dorsal ilium, nephropathy, and, in 
some cases primary open-angle glaucoma (1). Other 
common findings in NPS are hyperpigmentation of the 
central part of the iris (Lester's sign), ocular hypertension, 

and sensorineural hearing loss. Furthermore, some 
patients present with renal involvement, ranging from 
asymptomatic proteinuria to nephrotic syndrome and 
sporadically end-stage renal failure (2-4). 
 The disease is caused by heterozygous loss-
of-function mutations in the gene LMX1B, located 
on chromosome 9q34, which encodes the LIM-
homeodomain transcription factor LMX1B (5-7). 
Molecular studies in Lmx1b knock out (KO) mice have 
shown that Lmx1b plays an important role in dorso-
ventral patterning of limb development, morphogenesis 
and function of the podocytes and the glomerular 
basement membrane, and development of the anterior 
segment of the eye (8-11). Some of these findings 
indicate that the skeletal phenotype of NPS is the 
consequence of a defect in developmental patterning. 
More recent studies in an inducible podocyte-specific 
Lmx1b KO mouse have shown that deletion of this gene 
in fully differentiated podocytes causes proteinuria 
and deregulation of the actin cytoskeleton (12). This 
indicates an essential role of Lmx1b in maintenance of 

Summary Nail-patella syndrome (NPS) is a rare autosomal dominant disease characterized by 
developmental defects of dorsal limb structures, the kidney, and the eye, that manifest as 
dysplastic nails, hypoplastic or absent patella, elbow dysplasia, iliac horns, glomerulopathy, 
and adult-onset glaucoma, respectively. This disorder is inherited in an autosomal dominant 
mode and is caused by heterozygous loss-of-function mutations in the LMX1B gene, which 
encodes the LIM homeodomain transcription factor LMX1B. In this study, we report the 
clinical findings of a Spanish family, from the Canary Islands, with three affected members 
who displayed varying phenotypes. DNA sequence analysis identified a novel heterozygous 
missense mutation in LMX1B, c.305A>G, p.(Y102C), that segregated with the disease. 
The tyrosine residue affected by the mutation is highly conserved in evolution, and is 
located in the LIM-A domain, next to one of the cysteine residues involved in zinc binding, 
suggesting that p.(Y102C) affects LMX1B function by disturbing its interactions with other 
proteins. Our results expand the mutation spectrum of LMX1B and provide insight into the 
molecular mechanisms of NPS pathology.
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differentiated podocytes in adult kidneys. The LMX1B 
protein contains two N-terminal zinc-binding LIM 
domains, LIM-A and LIM-B, which mediate protein-
protein interactions, a homeodomain important for 
DNA binding, and a C-terminal glutamine-rich region 
that could be involved in transcriptional regulation 
(1). Activation of transcription by LMX1B requires its 
interaction with other transcription factors. Different 
LMX1B mutations that cause NPS have been identified, 
including mainly missense and nonsense mutations, 
small deletions and insertions, splice site mutations, and 
a few large gene deletions (3,13-15). These mutations 
are generally located in the homeodomain or in the 
LIM domains and affect conserved amino acid residues 
(16). It has not been possible to establish a correlation 
between phenotype and genotype in NPS patients. In 
fact, significant phenotypic variability at the individual, 
intrafamilial, and interfamilial level has been reported 
for different NPS symptoms (2). However, specific 
mutations in the central homeodomain of LIMX1B 
seem to be associated with proteinuria and nephropathy 
without the NPS skeletal defects (2,4). 
 In the present study, we report the clinical findings 
of a Spanish family with three NPS affected members, 
and the identification of a novel heterozygous LMX1B 
missense mutation that segregates with the disease and 
disturbs the LIM-A domain of LMX1B. 

2. Subjects and Methods

2.1. Patients

The index case, a 7-year-old boy, was the second child 
of a non-consanguineous marriage, who presented at 
birth with a vertical astragalus foot, joint hypermobility 
and muscular hypotonia. In successive consultations, 
nail dystrophy and Lester's sign in his right eye were 
observed (Figures 1A and 1B). His father also showed 
clinical signs compatible with NPS including dystrophic 
nails and bilateral elbow dysplasia, not achieving 
extension of elbows. Consequently, clinical and genetic 
studies were also requested for his father and his 9-year-
old brother. This clinical study included radiology, 
renal ultrasound, and urine analysis. Informed written 
consent for the genetic analysis was obtained from the 
patients' parents. The Ethics Committee of Nuestra 
Señora de Candelaria University Hospital (Santa Cruz 
de Tenerife, Spain) approved this study.

2.2. Mutation analysis

After obtaining written informed consent, genomic 
DNA of patients and relatives was extracted from 
peripheral blood samples using the Gen Elute Blood 
Genomic DNA kit (Sigma-Aldrich, St. Louis, MO, 

15

Figure 1. Clinical features of patients. (A and C) Dystrophic nails in index case and his father, respectively; (B) Lester's sign in 
index case; (D and E) Absent patella in index case; (F) Absent patella the patient's brother; (G) Presence of kneecaps in the father.
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in around 50% of the NPS patients (1). Approximately 
10% of NPS patients will develop glaucoma and a 
smaller percentage has ocular hypertension (1), but 
these features were lacking for now in this family. 
The prognosis of NPS patients is established by their 
renal manifestations, which occur in approximately 
40% of NPS patients and ranges from asymptomatic 
proteinuria to occasional renal failure (2,4). These 
manifestations may take many years to appear. Renal 
involvement was not present in any of our patients. It 
is worth noting that the mutation identified in our study 
is located in de LIM-A domain, since NPS patients 
with LMX1B mutations affecting the homeodomain 
showed significantly higher frequency of nephropathy 
and higher values of proteinuria than those carrying 
mutations in the LIM domains (2). The factors 
responsible for the phenotypic heterogeneity in NPS 
are basically unknown but it is possible that there are 
genetic variants that modify the interaction of LMX1B 
with other proteins giving rise to different clinical 
manifestations. Only a few cases of NPS have been 
reported in Spain (18-20) and, in general, pediatricians 
are not familiar with this disease.
 Sequencing analysis of the proband revealed a 
novel heterozygous mutation, c.305A>G, in exon 
2 of LMX1B (Figure 2A). The mutation segregated 
with the disease in the family; it was also present in 
heterozygous state in the patient's brother and father 
(Figures 2A and 2B). This new LMX1B variant implies 
the substitution of tyrosine 102 for cysteine, p.(Y102C), 
and it was not found in databases such as ExAC, TGP, 
HGMD and ClinVar. To obtain an estimation of the 
mutation pathogenicity, we evaluated the change of 
tyrosine for cysteine at position 102 of the LMX1B 
protein with five different bioinformatics tools. All 
of them predicted that the mutation affects protein 
function (Table 1). This amino acid residue is highly 
conserved among eight different species (human, 
mouse, cat, chicken, fugu, pufferfish, zebra fish, fruit 
fly and worm) and among other LIM proteins (Figure 
2C). The novel variant described here was submitted to 
ClinVar and was included with the accession number 
NM_001174146.1 (https://www.ncbi.nlm.nih.gov/
clinvar/variation/587694/).
 LIM-homeodomain proteins contain two cysteine-
rich zinc-binding LIM domains near the amino terminus 
that are involved in interactions with other cofactors 
for cooperative transcriptional regulation of genes in a 
tissue-specific manner (21). Most LIMX1B mutations 
affect the LIM domains or the homeodomain by altering 
amino acids that are essential for the binding of zinc or 
amino acids essential for DNA binding, respectively. 
Functional studies of a few LMX1B mutations have 
shown reduced transcriptional activity and decreased 
DNA-binding ability, resulting in the partial or 
complete loss of LMX1B function (6,15,22). These 
and other results suggest that the main pathogenic 

USA) following the manufacturer's instructions. The 
eight coding exons and the flanking intronic sequences 
of LMX1B were amplified by polymerase chain reaction 
(PCR) using intronic primers previously described 
(17). PCR products were purified with the QIAquick 
PCR purification kit (Qiagen, Hilden, Germany) and 
sequenced with the BigDye Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems, Foster City, 
CA, USA). Sequence reactions were purified with 
Performa® DTR Gel Filtration Cartridges (EdgeBio 
BioSystems, Gaithersburg, Maryland, USA), and 
analyzed on a 3500 Series Genetic Analyzer (Applied 
Biosystems, Foster City, CA, USA). Mutations were 
identified by comparison to the LMX1B reference 
sequence NG_017039.1 (https://www.ncbi.nlm.nih.gov), 
and confirmed by sequencing additional independent 
amplification products. We examined several databases, 
including Exome Aggregation Consortium (ExAC, 
http://exac.broadinstitute.org), 1000 Genomes Project 
(TGP, http://www.internationalgenome.org), Human 
Gene Mutation Database (HGMD, http://www.hgmd.
cf.ac.uk/ac/index.php) and ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/), to verify that the mutation 
detected in our patients was not a common variant and 
to confirm that it was novel. Online bioinformatics tools 
PolyPhen (http://genetics.bwh.harvard.edu/pph2), SIFT 
(http://sift.bii.a-star.edu.sg/www/SIFT_seq_submit2.
html), Align GVGD (http://agvgd.iarc.fr), MutPred2 
(http://mutpred.mutdb.org) and Mutation Taster (http://
www.mutationtaster.org) were used to predict the 
pathogenicity of the mutation. Default settings were 
used for all programs. The protein sequence of human 
LMX1B (isoform 2 containing 402 amino acids) was 
obtained from the NCBI database (accession number 
NP_001167618.1). Human Splicing Finder v3.1 (HSF) 
was used to predict the effect of the new mutation on 
exonic splicing regulatory sequences (http://www.umd.
be/HSF3/).

3. Results and Discussion

Radiological examination revealed bilateral agenesis 
of the patellae in the index case and his brother, 
and confirmed the existence of kneecaps in their 
father (Figures 1D to 1G). Urinalysis did not reveal 
proteinuria in any of the cases, and renal ultrasound 
examination showed normal kidneys. Therefore, 
affected members of the family studied here displayed 
the typical characteristics of NPS including dysplastic 
nails, the most constant characteristic of NPS, absent 
patella and elbow dysplasia. However, they showed 
varying phenotypes as has been described for other 
families with NPS (13,14,17). The index case presented 
nail dysplasia and bilateral agenesis of patellae, while 
his bother only showed absence of patella, and his 
father displayed dystrophic nails and elbow dysplasia. 
The proband showed the Lester's sign, which is present 
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mechanism causing NPS is haploinsufficiency 
(7,15,23,24). Tyrosine residue 102 of LMX1B is 
located in the second zinc-binding motif of the LIM-A 
domain, next to cysteine 103, which is one of the four 
amino acid residues involved in zinc binding (Figure 
3). Several missense mutations in the LIM-A domain 
of LIMXB, including p.(C103W) and p.(D106G), that 
lead to substitutions of amino acids essential for the 

binding of zinc have been identified in NPS patients 
(Figure 3) (14,16). Similar mutations affecting highly 
conserved cysteine residues within the LIM-B domain 
have also been reported (3,13). Therefore, we suggest 
that p.(Y102C) disturbs the binding of zinc and the 
function of LMX1B. 
 Previous studies in other genes have shown that 
some exonic mutations can be damaging by altering pre-

Figure 2. Mutation analysis of the family with NPS and evolutionary conservation of tyrosine 102. (A) Electropherograms 
showing the partial sequence of LMX1B exon 2 in affected members of the family and a control. The arrows indicate the location of 
the identified heterozygous missense mutation c.305A>G, p.(Y102C). (B) Pedigree of the family. Filled and open symbols represent 
affected and normal individuals, respectively. Circles and squares indicate females and males, respectively. The index case is marked 
with an asterisk. -, mutant LMX1B allele; +, normal LMX1B allele. (C) Protein alignment showing that tyrosine 102 (highlighted 
in light blue) in the LIM-A domain of LMX1B is totally conserved among species and among other LIM proteins suggesting that 
it is important for the zinc finger structure and function. The eight highly conserved zinc-binding residues (cysteine, histidine and 
aspartic acid) are highlighted in green. Since the less conserved spacer regions vary in size, non-conserved amino acid residues G87 
and I88 of C. elegans LIM protein, S33, T56, C57 of ISL1, Y117 and V135 of FHL1, S26, G55 of LIMS1, and P521 of paxillin, 
were deleted to facilitate the alignment of the zinc-binding residues. Black and grey letters represent conserved and nonconserved 
residues, respectively. The LIM consensus sequence is shown at the bottom of the figure, where X represents any amino acid (21). 

Table 1. Bioinformatics predictions of pathogenicity for mutation p.(Y102C)

Tool

Score
Prediction

PolyPhen-21

0.991
Probably damaging

SIFT2

0.00
Affects function

1The PolyPhen-2 score ranges from 0.0 to 1.0. Values closer to 1.0 are more confidently predicted to be deleterious. Variants with scores in the range 
0.0 to 0.15 are predicted to be benign, while variants with scores in the range 0.15 to 1.0 are possibly damaging. Variants with scores in the range 
0.85 to 1.0 are more confidently predicted to be damaging. 2The SIFT probability score ranges from 0 to 1.0. Amino acid substitutions with scores 
< 0.05 are predicted to be deleterious (scores closer to 0 are more confidently predicted to be deleterious). Variants with scores in the range 0.05 to 
1.00 are predicted to be tolerated (scores very close to 1.0 are more confidently predicted to be tolerated). 3Align-GVGD classifies variants in seven 
risk grades (C0, C15, C25, C35, C45, C55, C65) with C65 most likely to interfere with function and C0 least likely. 4The general score of MutPred2 
ranges from 0.0 and 1.0, with a higher score indicating a greater propensity to be pathogenic. 5The MutationTaster score ranges from 0.0 to 215. It is 
taken from the Grantham Matrix for amino acid substitutions and reflects the physicochemical difference between the original and the mutated amino 
acid.

Align GVGD3

Class C65
Affects function

MutPred4

0.919
Deleterious

MutationTaster5

194
Disease causing
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mRNA splicing (25-27). Since mutation c.305A>G is 
located in exon 2, twenty-two nucleotides away from the 
donor splice site of intron 2, we analyzed its potential 
effect on splicing. Results obtained with HSF showed 
that the A to G change (underlined) creates a potential 
exonic splicing silencer (5'-ACTGTGCTG) and could, 
therefore, alter LMX1B pre-mRNAsplicing. This will 
have to be investigated further using RNA from a patient 
or cell lines expressing the mutant LMX1B.
 In conclusion, we identified a novel LMX1B 
missense mutation, c.305A>G, p.(Y102C), in a family 
with NPS. We suggest that this mutation, located in the 
highly conserved LIM-A domain of LMX1B, affects 
the formation of a zinc-binding motif and disturbs the 
interaction of the protein with other transcription factors. 
Mutation p.(Y102C) expands the spectrum of LMX1B 
mutations. The identification of missense mutations 
within the LIM domains may help elucidate the function 
of these domains.
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The expression of EpCAM in extramammary Paget's disease
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1. Introduction

Extramammary Paget's disease (EMPD) is a rare skin 
malignant tumor that shows erythematous plaques 
and erosions in pubic or axillary lesions. Although the 
prognosis of EMPD with distant metastasis is poor, an 
effective therapy has not yet established. Thus, there is 
need to investigate molecular targets for EMPD. 
 Recently, EpCAM (epithelial cell adhesion molecule, 
CD326) has attracted attention as both prognostic 
marker and therapeutic target in several cancers (1). 
EpCAM is involved in not only cell adhesion but also 
cellular signaling, cell migration, proliferation and 
differentiation (2). EpCAM is overexpressed in many 
malignant tumors, e.g. prostatic, ovarian, urothelial 

and breast carcinoma (2). The anti-EpCAM antibody 
(catumaxomab) has been authorized for treatment 
of malignant ascites in cancer patients (3). On the 
other hand, EpCAM has been reported to be a tumor 
suppressive protein in certain types of cancers such as 
oral, rectal and endometrial carcinoma (4-6) although 
the molecular mechanism of the tumor suppressive 
function of EpCAM in several cancers has not been 
found yet (7). Moreover, EpCAM is an important 
surface marker of circulating tumor cell (CTC) (8), and 
the CellSearch system (CTC detector of circulating 
EpCAM+CD45- cells) is approved by FDA (9).
 Thus, the purpose of our study was to examine the 
expression levels of EpCAM and evaluate the correlation 
between its intensity of EpCAM and the clinical 
characteristics of EMPD.

2. Materials and Methods

2.1. Patients

Skin samples were obtained from 32 patients with 
EMPD. All patients with EMPD were diagnosed 
by clinical and histopathological findings. These 

Summary Extramammary Paget's disease (EMPD) is a rare skin malignant tumor. The prognosis of 
EMPD with distant metastasis is poor, however an effective therapy has not yet established. 
Recently, EpCAM (epithelial cell adhesion molecule, CD326) has attracted attention as 
both prognostic marker and therapeutic target in several cancers. Besides, EpCAM is an 
important surface marker of circulating tumor cell (CTC) in the collection of CTC. Thus, 
the purpose of our study was to examine the expression levels of EpCAM and evaluate the 
correlation between its intensity of EpCAM and the clinical characteristics of EMPD. The 
expression of EpCAM in EMPD was examined using immunohistochemistry. Skin samples 
were obtained from 32 patients with EMPD. We found that almost all EMPD tissues (90.6%, 
29/32) were positive for EpCAM. Furthermore, the staining intensity of EpCAM protein 
negatively correlated with the presence of distant metastasis. Overexpression of EpCAM 
in EMPD cells suggests that EpCAM may be a novel therapeutic target and the research 
of CTC may be newly developed in EMPD. Based on these findings, EpCAM may be a 
meaningful molecule in EMPD.
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findings were comprehensively analyzed by more 
than five dermatologists. Paraffin-embedded sections 
were collected from patients undergoing operation or 
mapping biopsy in Kumamoto University Hospital 
between 2011 and 2018. All patients underwent 
imaging tests for the presence or absence of metastasis. 
Most of EMPD patients were treated with definitive 
operation or radiotherapy although EMPD patients with 
unresectable and metastasis received chemotherapy 
or palliative radiotherapy. Institutional review board 
approval and written informed consent were obtained 
according to the Declaration of Helsinki.

2.2. Immunohistochemical staining

Paraffin-embedded sections were mounted on glass 
slides, then dewaxed in Clear Plus (FALMA, Japan) and 
rehydrated in graded alcohols. Immunohistochemistry 
(IHC) antigen activation was performed by incubation 
with antigen retrieval solution (pH9, Nichirei, Japan) 
for 10 min at 121℃. The sections were then incubated 
overnight with the antibody against EpCAM (Dako, 
CA, USA, 1:50) at 4℃. The immunoreactivity was 
visualized with DAB. We used the following grading 
system: - negative staining, + for slight staining, ++ for 
strong staining, as described previously (10).

2.3. Statistical analysis

Correlations were assessed according to Fisher's 
correlation coefficient and its statistical analyses were 
performed using GraphPad Prism version 7 (MDF, 
Tokyo, Japan). A p value less than 0.05 was considered 
significant.

3. Results and Discussion

First, we investigated EpCAM protein expression 
in EMPD using immunohistochemical staining. 
Immunohistochemistry of EpCAM revealed that 
EMPD cells had more intense staining than the normal 
keratinocytes cells in same tissue samples (Figure 1). 
Almost all EMPD tissues (90.6%, 29/32) were positive 
for EpCAM. 
 Next, to analyze the relationship between the 
intensity of EpCAM protein expression levels and 
clinical findings of patients with EMPD, we classified 
semi-quantitative scoring of immunoreactivity ([-], 
[+], [++]) (Figure 1 and Table 1). The expression of 
EpCAM in EMPD patients with distant metastasis was 
significantly decreased compared to that in patients 
without distant metastasis (p = 0.036), although it did 
not correlate any other clinical findings (age: p = 0.365, 
sex: p = 0.087, the degree of invasiveness: p = 0.826, 
the presence of lymph node metastasis: p = 0.132) 
(Table 2).
 In this study, we presented two novel findings: first, 

we found that almost all EMPD tissues were positive 
for EpCAM. Furthermore, the staining intensity of 
EpCAM protein negatively correlated with the presence 
of distant metastasis. 
 EpCAM is overexpressed in several cancers such as 
adenocarcinomas of colon, stomach, pancreas and lung 
(11-13). As with these cancers, our results showed that 
almost all EMPD tissues were positive for EpCAM. It 
suggests that EpCAM may be a novel therapeutic target 
in EMPD.
 Overexpression of EpCAM was associated with 
an advanced stage of the disease and linked to worse 
overall survival in certain tumor types (2). On the other 
hand, EpCAM could be a tumor suppressive protein in 
certain types of cancers (7). In gastric cancer, EpCAM 
appeared to be associated with a more favorable 
prognosis (14). Besides, the loss of EpCAM in rectal 
cancer was associated with the reduction of cell-cell 
adhesion and the augmentation of migration function 
(15). Our results showed that the EpCAM expression 
negatively correlated with the presence of distant 
metastasis. Taken together, these findings suggest that 

21

Figure 1. Representative images of semi-quantitative 
scoring using the immunohistochemical staining (EpCAM). 
([-], [+], [++]) (original magnification ×200). -: negative 
staining, +: slight staining, ++: strong staining.
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these findings, EpCAM may be a meaningful molecule 
in EMPD although further investigations are needed.
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may facilitate the research of CTC in EMPD. Based on 

Table 1. Expression of EpCAM protein and clinical 
manifestations in the patients with extramammary Paget's 
disease

Case

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

Age

85
78
77
76
81
66
76
68
71
72
69
69
71
78
87
63
82
67
78
76
78
74
64
54
64
65
60
76
90
59
83
94

Sex

Male
Male
Male
Female
Male
Male
Female
Male
Female
Male
Male
Male
Female
Male
Female
Female
Male
Female
Female
Male
Male
Male
Female
Male
Male
Female
Male
Female
Female
Female
Male
Female

The degree of
invasiveness

invasive
in situ
in situ
in situ
in situ

invasive
in situ

invasive
in situ

invasive
in situ
in situ
in situ
in situ
in situ
in situ
in situ
in situ
in situ
in situ
in situ

invasive
in situ
in situ
in situ
in situ
in situ
in situ
in situ
in situ

invasive
invasive

Lymph node
metastasis

+
-
-
-
-
-
-
+
-
+
-
-
-
+
-
-
-
-
-
-
-
+
-
-
-
-
-
-
-
-
+
-

Distant
metastasis

-
-
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
-
-
+
-
-
-
-
-
-
-
-
-
-

EpCAM

++
++
+
-

++
+
+
-

++
+
+
+
+
-

++
++
+
+

++
+
+
+

++
+
+

++
+
+
+
+
+

++

Table 2. Correlation between the semiquantitative 
eva luat ion  o f  the  EpCAM prote in  and  pat ient 
characteristics

Items

Age (from 54 to 94)
Sex
     male (n = 18)
     female (n = 14)
The degree of invasiveness
     invasive (n = 6)
     microinvasion (n = 1)
     in situ (n = 25)
Lymph node metastasis
     - (n = 26)
     + (n = 6)
Distant metastasis
     - (n = 29)
     + (n = 3)

-

2
1

1
0
2

1
2

1
2

+

13
6

3
1
15

16
3

18
1

++

3
7

2
0
8

9
1

10
0

p values

0.365
0.087

0.826

0.132

0.036

EpCAM
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Propranolol and ascorbic acid in control of fibrodysplasia 
ossificans progressiva flare-ups due to accidental falls
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1. Introduction

Fibrodysplas ia  oss i f icans  progress iva  (FOP, 
OMIM#135100) is a rare genetic connective tissue 

disorder characterized by malformations of the hallux 
and progressive ectopic ossification in skeletal muscles 
and soft tissues. It is an autosomal dominant disease 
and worldwide prevalence is 1 per 2,000,000 births 
(1). The gene responsible for essential activation of 
activin receptor type-1 (ACVR1) or activin-like kinase 
2 [ALK-2], was discovered in 2006 (2), in patients who 
had recurrent mutation of codon 206 from arginine to 
histidine in ACVR1, also named bone morphogenic 
protein (BMP) type I receptor, for activating the BMP 
signaling pathway (2,3), and consequently responsible 
for inherited and sporadic FOP.

Summary Fibrodysplasia ossificans progressiva (FOP) is a rare, intractable and devastating genetic 
connective tissue disorder characterized by progressive ectopic ossification in the soft 
tissues and skeleton. Three patients, one teenage girl (P1), one male adult (P2) and one male 
child (P3), were studied and treated with FOPCON (combined formulation of 14 mg of 
propranolol and 250 mg of ascorbic acid), given three times per day. P1 started treatment 
in March 2012, P2 in October 2012 and P3 in July 2015. The clinical follow-up of these 
three patients, before initiating treatment with FOPCON, showed that FOP flare-ups used 
to occur frequently and that under FOPCON therapy, none of these patients had flare-
ups. The striking feature of this treatment with FOPCON, is that, all three cases suffered 
accidental falls with documented injures until complete healing and that where major 
flare-ups should occur, injures or sequels, there was none. The present clinical observation 
shows that ascorbic acid plus the nonspecific beta blocker propranolol can be effectively 
useful, when administered previously and continually, in the prophylaxis of FOP flare-ups, 
especially for accidental falls. In this regard, FOPCON could be a prophylactic aid in cases 
of surgery of patients with FOP, hoping that it may benefit patients from having the severe 
sequels, characteristic of heterotopic bone formation. All three patients reported, to date, 
they no longer had flare-ups nor heterotopic ossification and showed normal scar healing.
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 Until today no treatment has been effectively able 
to control FOP disease. Progress has been achieved in 
inhibiting ossification, with Palovarotene, a retinoic 
acid receptor gamma agonist with low potential for side 
effects (4,5). In the literature there are few other drugs 
(6-10). Ascorbic acid treatment case reports of FOP were 
previously described by Palhares et al. (1997, 2001 and 
2010), showing improvement of symptoms (8), decrease 
of flare-ups (9) and transient stabilization of crisis (10). 
 Because FOP disease is prone to flare-ups (11), due to 
any manipulations, be they accidental trauma, surgeries, 
dental procedures, intramuscular injections, bacterial 
or viral infections and stress, it becomes impossible to 
control flare-ups and heterotopic ossification. 
 In this regard, as a novelty we report three cases 
of FOP patients, who had accidental falls, and were 
benefited by a combination therapy of ascorbic acid and 
propranolol (FOPCON), without flare-ups or sequels.

2. Materials and Methods

The present study is a comparison of three FOP patients, 
one teenage girl (P1), one male adult (P2) and one male 
child (P3). They were clinically evaluated and followed 
up by medical professionals, including a pediatrician, 
a medical geneticist, odontologists and academic 
researchers at the University Hospital of The Federal 
University of Mato Grosso do Sul and Federal University 
of Minas Gerais. Patients were studied and treated with 
FOPCON 14.250 (Fibrodysplasia ossificans progressiva 
combined formulation of 14 mg of propranolol and 
250 mg of ascorbic acid), given three times per day. P1 
started treatment in March 2012, P2 in October 2012 
and P3 in July 2015 and are part of a project approved 
by the University Hospital Ethics Committee (CAAE: 
60117916.0.0000.0021), upon Free and Informed 
Consent Form, signed by patients and their caregivers 
(12). 
 P1 was born April 2002, with diagnosis within 34 
months old. Her manifestation of FOP was first described 
by Palhares (2010) (8). P2, born April 1984, showed 
clinical manifestations at 30 months of age, reported 
somewhere else (9,10). This patient achieved adulthood 
and received several conventional treatments with anti-
inflammatories and corticosteroids during crisis and 
received significant therapy. Although, otherwise healthy, 
the patient evolved with some control of the disease 
including ossification and significant loss of mobility 
as an adult FOP patient. On October 2012, the patient 
was added onto FOPCON therapy only. P3 was born 
September 2009, with bilateral hallux valgus and his first 
acute FOP crisis occurred when he was 7 months old.
 Before FOPCON, P1 and P2 were pretreated with 
ascorbic acid (AA), and obtained transient stabilization 
of crises, subsequently propranolol was introduced 
combined with AA. Both cases were previously 
described by Palhares (8-10), featuring previous 

classical treatment medicines compared with the present 
FOPCON treatment results.
 On the other hand, P3 was treated directly with 
FOPCON formulation. Thus, the results obtained in 
P3 were compared to their previous history (recorded 
in clinical practice) of frequent falls or traumas and 
consequent limitation of movement, despite the use of 
conventional treatments.

3. Results and Discussion

To our knowledge, the present report is the first 
demonstrating three cases of FOP patients, who had 
accidental falls with injuries, and were safe using a 
novel combination therapy (FOPCON) of AA and 
propranolol (PP), and showing, so far, no flare-ups or 
sequels from those injuries (Table 1).
 P1 suffered a fall when running in the schoolyard 
leading to bruising, and a cut in the upper left eyebrow 
area, in June 2014, about two years after starting 
treatment. The skin was cleaned, repaired, and sutured 
with seven stitches. During the recovery phase after 
suture, there was no flare-up (Figure 1), and tissue 
showed normal resolution and scar healing. P1 has been 
maintained on FOPCON since that time and has shown 
good drug tolerance, normal blood pressure and no side 
effects. However, in 2017, P1 began taking FOPCON 
on an irregular schedule, and inadvertently, at the same 
time, the teen had a tattoo on her right arm drawn in 
December 2017, which consequently led to a large 
flare-up on each upper limb, compromising the hand 
on the same side of the tattoo. After re-introduction 
of FOPCON, the flare-up regressed, and she is doing 
active physiotherapy to improve the movements of the 
fingers, which were initially totally frozen. Currently, 
P1 is taking medication correctly and is clinically 
stabilized without any flare-up.
 P2, previously treated with AA plus bisphosphonates, 
was added to a new treatment with FOPCON in October 
2012. Since then, P2 has had no flare-up. Though P2 has 
vague complaints associated to pre-existing numerous 
ectopic ossifications, his overall status has improved 
significantly. Patient's blood pressure has always 
remained within normal limits, ranging 100/60 mmHg. 
By February 2015, during domestic transportation, P2 
fell from a stretcher and suffered an injury in the soft 
tissue of his left leg, with good healing and did not 
present flare-up (Figure 2). Since he started treatment 
with FOPCON, he has never had any FOP crisis, 
showing clinical improvement, better neck movement, 
better sleep, and excellent mouth opening, which 
gradually improved, since initially it was only 30%. 
Now it's six years and four months of treatment with 
improvements, although he began his treatment under a 
bedridden condition.
 P3 started FOPCON treatment in July 2015. P3 
showed good tolerability to FOPCON without any 
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in the upper limbs' abduction. Typically, physical 
injuries or trauma in patients with severe FOP such 
as P3, would cause acute crisis with appearance of 
inflammation and swelling. However, P3 so far, shows 
no sign of FOP crisis. His healing evolved naturally 
without ectopic bone formation (Figure 3A, 3B and 
3C). Later, P3 had another fall, resulting in a left 
humerus fracture, nevertheless, showed good recovery 
(Figure 3D). Recently, P3 had a left knee trauma and 
he had a joint effusion and pain but without FOP crisis, 
however parents were advised to seek orthopedic 
treatment.
 No effective medical therapy is known for FOP, 
bisphosphonates and corticosteroids are only beneficial 
during flare-up, but do not prevent formation of ectopic 
bone (6). Distinct case reports reveal reasonable 
disease control with etidronate, including ectopic bone 
reduction, however, they agree that long-term use 
leads to osteopenia, contraindicating its continuous use 

adverse events and normal blood pressure for his 
age. He has suffered several falls due to considerable 
limitations in the range of motion of limbs, mainly 

Figure 1.  FOP patient 1 (P1) under treatment with 
FOPCON. P1 suffered a fall in the schoolyard, it was 
necessary to make seven stiches in the eyebrow region. (A), (B), 
(C) and (D) show the scar healing chronological evolution over 
a period of about 30 days. Scar healing evolved without FOP 
flare-up.

Figure 2. FOP patient 2 (P2) under treatment with 
FOPCON. P2 fell from the stretcher, injuring his left leg (A). 
The healing was natural under treatment with FOPCON. Ten 
months after trauma, there was no evidence of ectopic bone on 
the scar (B) site or elsewhere.

Figure 3. FOP patient 3 (P3) under treatment with 
FOPCON. Forehead severe injury, due to a fall, while playing 
at home. Under FOPCON treatment, the healing process (A), 
(B) and (C) was normal. There was no ectopic bone formation 
at the wound site or elsewhere in the body. Later, P3 had a 
second fall, with left humerus fracture (D). The healing process 
showed normal bone healing with the orthopedic treatment and 
did not develop disease crisis.

Table 1. Clinical characteristics, previous treatments, current treatment characteristics and results for each individual case

Identification

P1

P2

P3

First flare-up
(years/month)

2 / 5

2 / 6

0 / 7

Previous 
treatment

Anti-inflammatory,
bisphosphonates,

vitamin C

Corticosteroids,
analgesics, 

bisphosphonates,
vitamin C

Corticosteroids,
analgesics, 

anti-inflammatory

*Dosage: FOPCON 14.250 = 14 mg of propranolol and 250 mg ascorbic acid; **irregular schedule FOPCON.

Current physical 
situation

Walks with little 
limitation

Bedridden

Walks with 
limitation

FOPCON 
treatment onset

March 2012

Oct. 2012

July 2015

Current 
treatment*

FOPCON 14.250 
3x per day

FOPCON 14.250 
3x per day

FOPCON 14.250
3x per day

Accident

March 2014 – fall; 
seven stitches in the 
upper left eyebrow

December 2017** 
- tattoo in right arm

February 2015 
– fall; injury in the 
soft tissue of left 

leg

Several falls; stiches 
in forehead; humerus 

fracture

Results

No flare-up, 
normal resolution 
and scar healing.

Flare-up in the 
upper limbs, 

regressing after 
re-introduction 

FOPCON, without 
ectopic bone.

No flare-up; 
good healing.

No flare-up; 
good recovery.
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(13,14). Other groups have proposed drugs already in 
a clinical trial phase, however, their efficacy and side 
effects can be questioned (15,16). The use of AA only 
(11) as well as AA plus intravenous bisphosphonates 
(10), despite some improvement in the patients, did not 
avoid disease progression. Therefore, although many 
treatments have been reported, the disease may have 
shown slight improvement, but disease progression has 
been observed, as well as recurrence of flare-ups.
 FOP crisis always appears spontaneously or due 
to local trauma that leads to severe inflammatory 
responses of connective tissue and intramuscular edema 
in such ways that biopsies of FOP patient's tissues, 
with inflammatory processes, have shown formation of 
endochondral osteogenesis in heterotopic sites, causing 
ectopic ossification (11). Consequently, attempts to 
remove heterotopic ossification surgically have been 
mostly unsuccessful, since surgical trauma itself can 
provoke disease flare-ups. With the intent to block 
formation of new tissue, anti-angiogenic drugs such as 
thalidomide and Squalamine, have been used in FOP 
(17) for inhibition of new blood vessel formation, but 
failed to resolve the manifestation of FOP signs and 
symptoms.
 The major rat ionale for the usage of beta-
blockers comes with reports that heterotopic bone is 
formed along with new neurons and that enervation 
is important in the onset of bone morphogenesis in 
FOP (18). Furthermore, endochondral bone formation 
requires angiogenesis, so the use of propranolol may 
be a limiting factor in this process, because without 
angiogenesis, there would be no vessels to form bones 
(19) and beta-blockers are anti-angiogenic, while 
propranolol usage has shown effectiveness in the 
treatment of hemangiomas (20,21). How FOPCON acts 
and interferes with bone morphogenic protein (BMP) 
signaling, is not known, but BMP signaling pathway 
is controlled by receptors types 1 and 2 in a cascade 
regulated at multiple levels where FOPCON may 
modulate. 
 The function of propranolol is not explained 
solely by these factors. Propranolol is one of the 
drugs indicated for cardiovascular and other clinical 
applications such as migraine, anxiety and glaucoma 
(22), and is a nonselective beta-blocker antagonist, 
which blocks the action of both adrenaline and 
noradrenalin adrenergic receptors such as β1 and β2. 
Also, propranolol can act as a partial agonist of one or 
more serotonin receptors (22,23). 
 Reports on the therapeutic combination of AA and PP 
concomitantly are rare, which includes atrial fibrillation 
treatment (24) and clinical pharmacokinetics study of 
drug interactions (25). Nevertheless, AA has recently 
been shown to regulate expression of a battery of genes 
(26), but PP has not yet been investigated in this regard. 
In vivo AA modulates the expression of inflammatory 
genes (27) and in vitro, modulates target genes related to 

FOP pathology (28). 
 The autonomous nervous system has been lately, 
strongly linked to inflammatory processes, specially 
the sympathetic system as a pro-inflammatory branch 
(29). FOP and its symptoms involve the autonomic 
nervous system and neurohumoral mechanisms. A 
neurogenic pain in FOP patients has been recently 
described and to be of a more intense degree than 
reported for the general population (30). The pain and 
emotional symptoms of FOP must be targeted as neuro-
inflammatory symptoms for clinical treatment. Our 
three FOP patient cases improved considerably, being 
free from body pain after FOPCON.

4. Conclusion

In conclusion, the composition of AA and PP can 
be effectively useful, if administered previously 
and continually, for prophylaxis of flare-ups due to 
accidental falls. FOPCON may benefit patients in 
future surgical procedures by preventing them from 
having the severe sequels characteristic of heterotopic 
bone formation. All three patients reported, to date, no 
longer had flare-ups nor heterotopic ossification and 
showed normal scar formation without sequalae. The 
monitoring of younger patients like P3, who still do not 
have all the heterotopic bone formation in advanced 
stages that immobilize most patients in bed, will allow 
us to see, in the coming years, the effect of FOPCON 
blocking the deplorable evolution of FOP.
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Retroperitoneal fibrosis associated with orbital pseudotumor 
without evidence of IgG4: A case report with review of literature
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1. Introduction

Idiopathic retroperitoneal fibrosis (IRF) is a rare 
immune-mediated condition with systemic involvement 
that affects retroperitoneal structures; it is characterized 
by chronic inflammation and periaortic fibrosis. The 
incidence rate is 0.1-1.3/100,000 person-years with 
a median age at diagnosis of 40-60 years and affects 

males more frequently (1-3). The majority of cases 
(70%) of retroperitoneal fibrosis (RPF) are idiopathic, 
whereas one third of cases are secondary to other causes 
such as drugs, cancer or infections (2,4). Its diagnosis 
can be challenging due to the wide range of associated 
diseases, and the need to eliminate secondary causes. 
Although it has a benign course in the majority of cases, 
it can also lead to severe complications. Therefore, it is 
important to treat it at an early stage and monitor it very 
closely (4).
 Although it has been recently included in the 
spectrum of IgG4-related disease (IgG4-RD), this 
association has not been proved in all patients. 
IgG4-RD is a systemic fibroinflammatory condition 

Summary Retroperitoneal fibrosis (RPF) is a rare disease characterized by chronic inflammation and 
periaortic fibrosis that affects retroperitoneal structures and often entraps the ureters. The 
idiopathic form has an incidence of 0.1-1.3/100,000 person-years. A substantial percentage 
of patients with idiopathic retroperitoneal fibrosis (IRF), as well as patients with orbital 
pseudotumor, is associated with IgG4-related disease (IgG4-RD). It is not clear what 
percentage of IRF is related to the spectrum of the IgG4-RD or if both represent different 
stages of the same disease (especially in those cases with extra-retroperitoneal involvement). 
Histopathological features such as storiform fibrosis, obliterative phlebitis and tissue 
infiltration of IgG4-positive plasma cells (ratio IgG4+/IgG higher than 0.4) are essential to 
identify this association. Extra-retroperitoneal manifestations are often presented among 
patients with IgG4-related RPF. About 90% of cases of IRF have a good prognosis, with 
adequate response to treatment. We report a case of a 59-year-old woman with history 
of past occupational asbestos exposure and smoking habit. She was diagnosed with RPF, 
periaortitis and orbital pseudotumor, without histopathologic or serologic features of IgG4-
related disease. This could be related to the fact that the biopsy was done in a place with 
scarce inflammatory activity but high fibrosis. We want to emphasize the usual need to 
perform several biopsies or to be guided by positron emission tomography (PET-CT) in 
order to achieve a histopathological confirmation. Our case differs from the main IgG4 
international cohorts in the involvement of the retroperitoneum, aorta and eye, whereas the 
usual involvement includes liver, pancreas, lymph nodes and salivary glands. Our patient 
had lower IgG4 serum levels than those described in the international cohorts. However, 
they were similar to those of the Spanish population.
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characterized by the infiltration of IgG4-positive 
plasma cells in the affected tissues (mostly pancreas, 
salivary glands and lymph nodes, although it can affect 
a large number of tissues) (3,5,6).
 We present the case of a 59-year-old woman 
diagnosed with retroperitoneal fibrosis. In this 
particular patient, orbital pseudotumor presented as an 
extra-retroperitoneal lesion, which would point to an 
IgG4-related disease, but the histo-pathological and 
laboratory findings suggested otherwise.

2. Case Report

A 59-year-old woman with a history of occupational 
asbestos exposure and a smoking habit came to the 
Emergency department with a 1-month history of 
abdominal pain, vomiting, hyperthermia, weakness 
and 5 kg weight loss. She had progressively developed 
bilateral proptosis over the last year. Upon arrival at the 
hospital, physical examination showed fever (37.8ºC), 
tachycardia, bilateral restriction on upgaze, mild ascites 
and a palpable mesogastric abdominal mass. Laboratory 
tests revealed the following alterations: leukocytes 
17,200/µL (neutrophils 10,900/µL, monocytes 5,100/
µL, lymphocytes 1,100/µL), Hemoglobin 10.7 g/dL, 
platelets 404,000/µL, elevated C reactive protein (CRP) 
and erythrocyte sedimentation rate (ESR) (12.7 mg/dL 
and 44 mm respectively), albumin levels 3.1 g/dL and 
ferritin 392 µg/L. Other biochemistry blood parameters 
including glucose, liver enzymes, renal function, serum 
angiotensin-converting enzyme, electrolytes and 24-
hour urine analysis were normal. Peripheral blood 
smear confirmed monocytosis. Blood cultures were 
sterile. Urine infection caused by Escherichia coli 
was detected in the urine culture. Despite appropriate 
antibiotic therapy, fever persisted. Concentrations of B, 
T-CD8+ and NK lymphocytes were low. Low levels of 
serum IgG (516 mg/dL) and elevated values of IgE (192 

mg/dL) were observed. IgG4 (0.18 g/dL), IgA and IgM 
were within normal range.
 A computerized tomography (CT) showed a soft 
tissue mass around the aortic arch, the descending aorta 
and iliac arteries that infiltrated the retroperitoneum, 
the mesenteric vessels and the inferior vena cava and 
caused bilateral obstructive uropathy. An inflammatory 
infiltration of orbital soft tissues suggestive of orbital 
inflammatory pseudotumor was also described 
(Figure 1). There was no evidence of lymph node 
enlargement. Positron emission tomography (PET-
CT) revealed inflammatory activity of the infiltrative 
retroperitoneal, periaortic and orbital masses as well 
as in pericardium, right atrium, pleura and perinephric 
space (Figure 2). Further studies including transthoracic 
echocardiogram, large bone radiography, upper 
endoscopy and colonoscopy, were normal. Tumoral 
biomarkers and autoantibodies were negative, with the 
exception of elevated CA-125 values (114 U/mL). Core 
needle biopsy of the retroperitoneal mass demonstrated 
a fibroblastic proliferation and IgG plasma cells 
without atypia on a collagenous and adipose tissue 
stroma. Immunohistochemical (IHC) staining did not 
reveal IgG4 or other cell line markers. These findings 
were compatible with the diagnosis of idiopathic 
retroperitoneal fibrosis (Figure 3).
 The patient needed parenteral nutrition due to oral 
feeding intolerance. She also developed obstructive 
uropathy and it was necessary to implant an ureteral 
stent. Treatment with high doses of intravenous 
methylprednisolone (1 g/day) for 3 days was started 
with a significant clinical improvement with resolution 
of proptosis, fever, vomiting, ascites and abdominal 
pain as well as with normalization of the acute phase 
reactants (APR). The initial corticosteroids bolus 
were followed by lower doses of oral prednisone. 
She was discharged 2 weeks after the beginning of 
the immunosuppressive treatment to be seen on an 
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Figure 1. (1a), Abdominal CT. Mesenteric and retroperitoneal infiltrative mass surrounding mesenteric vessels and the inferior 
vena cava (big arrow). Free intraperitoneal fluid (small arrow). (1b), Cranial TC. orbital inflammatory pseudotumor (arrows).
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Figure 2. PET-TC. Inflammatory activity (arrows) of the infiltrative retroperitoneal (2a), periaortic (2b) and orbital masses (2c) 
as well as pericardium, right atrium, pleura (2d) and perirenal space.

Figure 3. (3a, 3b and 3c), fibroblastic proliferation (*) and plasma cells (arrow) without atypia on a collagenous (star) and 
adipose tissue stroma (cross). (3d), Negative immunohistochemical staining for Ig G4.
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outpatient basis. 3 days after that the patient had 
clinical deterioration and was admitted to intensive 
care unit with an abdominal sepsis due to urinary tract 
infection and pseudomembranous colitis. Treatment 
with broad-spectrum antibiotics and vasoactive drugs 
was initiated. Unfortunately, the patient did not respond 
to the treatment and evolved with multiple organ failure 
(hepatic, renal and encephalopathy) and was deceased 
after one week.

3. Discussion

RPF, also named Ormond's disease, is a rare process 
characterized by chronic inflammation and periaortic 
fibrosis that affects retroperitoneal structures. The 
incidence rate is 0.1-1.3/100,000 person-years with 
a median age at diagnosis of 40-60 years and affects 
males more frequently (1). The pathophysiological 
mechanisms of this disease remain unknown. Some 
studies suggest that an immune-mediated mechanism 
might be involved, based on the frequent association 
of RPF with autoimmune disorders (2,3). The majority 
of cases (70%) of RPF are idiopathic whereas one 
third of cases are secondary to other causes such as 
drugs (derivatives of ergot alkaloids, methyldopa, 
beta-blockers and biological agents); metastatic 
neoplasm with a desmoplastic response (e.g, carcinoma 
of the prostate, breast, lung or genitourinary tract 
among others); carcinoid tumors; infections such as 
tuberculosis, histoplasmosis and actinomycosis or 
primary retroperitoneal malignancies such as sarcomas 
or lymphomas (2,4). Other processes such as secondary 
amyloidosis, surgical interventions, abdominal trauma, 
barium enemas, radiotherapy, mesenteric panniculitis 
and particular forms of histiocytosis – specially 
Erdheim-Chester disease (ECD) – have also been 
described (2,7-9). Some studies have concluded that 
asbestos or tobacco exposures are strong risk factors for 
the development of idiopathic retroperitoneal fibrosis 
(IRF) (10).
 IgG4-RD is a relatively new clinical entity, which 
can be described as a systemic fibroinflammatory 
cond i t i on  w i th  va r i ab l e  o rgan  i nvo lvemen t 
characterized by the infiltration of IgG4-positive 
plasma cells in the affected tissues (3). Up to 50% 
of patients with IgG4-RD usually have a history of 
chronic allergic conditions. It can affect virtually any 
territory and the territories most frequently affected 
are pancreas, salivary glands and lymph nodes (5). The 
diagnosis of this entity is based on clinical, serologic 
and pathological studies. It is widely thought that IRF 
belongs to the spectrum of IgG4-RD (6). Nevertheless, 
there are some major points that continue to be a cause 
for debate. The differences in clinical manifestations, 
response to treatment and prognosis between IgG4-
related and -unrelated IRF are not known very well, 
and therefore they need to be investigated with larger 

prospective studies. As we do not know what their 
differences and similarities are, we can not know what 
proportion of patients can be ''IgG4-related''. Therefore, 
most authors use anatomopathological and IHC 
criteria to classify them (storiform fibrosis, obliterative 
phlebitis and tissue infiltration of IgG4-positive plasma 
cells). The comparison between the two groups seems 
to associate more frequently with the presence of extra-
retroperitoneal manifestations to IgG4-related IRF (3).
 Clinical manifestations are similar in the different 
forms of RPF and often initially nonspecific. The 
definitive diagnosis is usually delayed until there is 
significant organ damage. At the time of diagnosis most 
cases frequently present with obstructive uropathy and 
altered renal function. The most frequent symptom 
is abdominal pain. Systemic symptoms are frequent 
and include malaise, fatigue, nausea, vomiting, 
anorexia, myalgia and loss of weight. Lower extremity 
edema, deep vein thrombosis, mesenteric ischemia, 
claudication of upper and lower extremities, scrotal 
swelling, varicocele, hydrocoele or secondary arterial 
hypertension are complications that appear as a result of 
the compression of lymphatic and blood vessels (2,3,11). 
Clinical features and laboratory findings are nonspecific, 
therefore IRF is a diagnosis of exclusion (3).
 Most patients have increased levels of CRP and 
ESR and its monitoring can be useful to evaluate the 
clinical course of the disease, although it has limited 
prognostic value. Other laboratory findings are chronic 
inflammatory anemia, leukocytosis, eosinophilia 
and decreased glomerular filtration rate. The urinary 
sediment is most often normal (2,4). Evaluation 
of antinuclear antibodies (ANAs), anti-neutrophil 
cytoplasmic antibodies, anti-thyroid microsomal 
antibodies, and antithyroglobulin antibodies is 
necessary. ANAs are positive in 60% of cases and 
autoimmune thyroiditis is the autoimmune disease most 
frequently associated (12). Serum IgG4 concentrations 
are elevated in approximately 60-70% of patients with 
IgG4-related IRF (10).
 Imaging studies play a key role in the diagnosis. 
While ultrasonography is useful for the identification 
of hydronephrosis or aneurysmatic aortic dilatation, 
CT is considered the gold standard for the diagnosis. 
It can show the presence of homogeneous tissue 
isodense to muscle, surrounding the lower abdominal 
aorta and the iliac arteries, and often enveloping other 
intra-abdominal structures. It also allows to rule out 
secondary causes (13). MRI usually provides better 
definition of IRF (14). PET-CT is recommended to 
evaluate the extension, activity and evolution of this 
entity. PET-CT demonstrates higher uptake in active 
phases of the evolution, whereas advanced phases 
are characterized by marked fibrosis and therefore 
the uptake is lower. It guides the best management 
option allowing to decide between immunosuppressive 
treatment and decompression surgery (15).
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 Anatomopathological study of biopsy samples is 
necessary to rule out secondary causes and to establish 
a definitive diagnosis, especially when imaging 
techniques do not show characteristic IRF findings. 
Biopsy samples reveal both a fibrous tissue (type I 
collagen, fibroblasts and myofibroblasts) and a variably 
inflammatory infiltrate (lymphocytes, macrophages, 
plasma cells, and more rarely eosinophils) organized 
into perivascular and diffuse patterns. In the perivascular 
pattern, aggregated lymphocytes surround the small 
retroperitoneal vessels and usually have a central core 
of B cells and a periphery of CD4+ and CD8+ T cells. 
In cases of IRF secondary to malignant conditions it is 
usually necessary to obtain multiple biopsies, because 
neoplastic cells are frequently scattered into abundant 
fibrous tissue (2). The IgG4-RD more commonly shows 
obliterative phlebitis, mild-to-moderate eosinophil 
infiltrate and fibrosis with a storiform pattern and 
positive IHC for IgG4 (with a ratio IgG4+/IgG higher 
than 40%). It is usually necessary to perform several 
biopsies or to be guided by PET-CT in order to get an 
histopathological confirmation from a zone with high 
inflammatory activity (3,10). ECD is characterized 
by infiltration of typically lipid-laden histiocytes with 
admixed or surrounding fibrosis. On IHC staining, ECD 
histiocytes are positive for CD68, CD163, and Factor 
XIIIa, and negative for CD1a and Langerin (9).
 Treatment should be started as soon as possible. In 
case of renal failure due to hydronephrosis, ureteral 
decompression (ureteral stents or nephrostomies) 
should rapidly be accomplished in order to avoid 
permanent renal damage (16). In cases of secondary 
RPF we need to treat the underlying condition. Medical 
treatment of IRF consists in early administration of 
prednisone (0.5-1 mg/kg/day during the first month). 
After clinical re-evaluation, if remission is achieved the 
initial dose should be progressively decreased. Most 
studies recommend to maintain steroid treatment for 
at least 9 months (2,3). If there is a contraindication 
to prednisone therapy, some studies suggest the use of 
tamoxifen (2,17). In case of refractory forms (patients 
who fail to achieve clinical or radiologic improvement 
within 4 to 6 months) mycophenolate mofetil or 
methotrexato associated with a low dose of prednisone 
have been proposed as good alternatives. Recent 
studies with rituximab, infliximab and tocilizumab have 
demonstrated good results although further studies are 
needed to draw definitive recommendations (2,18,19).
 Regarding follow-up, patients should be monitored 
clinically, and imaging techniques and laboratory tests 
should be used. It includes inflammatory markers 
and renal function status. Ultrasonography is a useful 
and harmless technique which allows surveillance of 
obstructive uropathy. PET-CT enables the evaluation of 
disease activity and its extension.
 IRF tends to have a good prognosis and evolution 
with treatment. Approximately 90% of cases have an 

adequate response to treatment with a mortality rate 
lower than 10%. The relapse frequency is estimated 
to be around 10%, especially after the withdrawal of 
steroid treatment (4).
 We performed a systematic review in PubMed using 
the terms "IgG4-related disease" and "case series" in 
English and 71 articles were found. We excluded case 
reports, review articles and case series that addressed 
only a specific organ involvement of IgG4-related 
disease. We also reviewed the references of those 
articles. We found ten articles of IgG4-RD case series 
and we finally included six of them in Table 1 (20-25). 
Unlike the principal IgG4-RD cohorts, in which the most 
frequently affected organs are liver, pancreas, lymph 
nodes and salivary glands, our case shows involvement 
of retroperitoneum, aorta and eye. Despite being 
considered a multisystemic illness, most of the described 
cases only had apparent infiltration in one organ. Our 
patient had lower IgG4 serum levels than those described 
in the international cohorts. However, they were similar 
to those of the Spanish population. As it happens on 
many occasions, our case did not show histopathologic 
features of IgG4-related disease, probably because only 
one biopsy was performed and this disease usually shows 
a patchy effect on tissues. The patient evolved with 
multiple organ failure and was deceased three weeks 
after the immunosuppresive treatment was initiated, 
despite that both IRF and IgG4-RD tend to have a good 
prognosis with low frequency of complications and 
favorable evolution with treatment (20-25).
 In conclusion, we presented a case of a 59-year-
old woman with idiopathic retroperitoneal fibrosis, 
periaort i t is  and orbital  pseudotumor,  without 
histopathologic or serologic features of IgG4-related 
disease. This could be related to the fact that the biopsy 
was done in a place with scarce inflammatory activity 
but high fibrosis. We want to emphasize the usual need 
to perform several biopsies or to be guided by PET-CT 
in order to achieve a histopathological confirmation. 
Although knowledge about IRF has significantly 
improved, it still remains an ambiguous condition. A lot 
of questions still need to be answered, especially about 
the pathogenesis. Further research on the relationship 
between IRF and IgG4-RD is required.
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1. Introduction

The  2015  WHO Foodborne  D i sease  Burden 
Epidemiology Reference Group (FERG) statistics 
display a whopping 19,300 deaths and around 
871,000 disability-adjusted life-years (DALYs) due 
to echinococcosis globally each year (1). Hydatid 
disease is a zoonotic disease caused by the larvae of 
genus Echinococcus, most commonly Echincoccus 
granulosus (95%) (2). It is one of the oldest parasitic 
diseases known to man and is most prevalent among 
sheep raising Mediterranean countries, Africa, South – 
America, Middle east, Australia and New Zealand. In 
India, southern states like, Andhra Pradesh, Saurashtra 
region of Gujrat, and Tamil Nadu reports highest 
prevalence of human hydatid disease (3). Humans 
are an accidental dead host, where liver (70-80%) is 

the most common location followed by lungs (15-
25%). Liver, being filtering organ for portal vessels, 
becomes, first probable site for lodging of parasitic ova 
(4). If parasites are not trapped in either liver or lung 
or may escape liver via lymphatic channels, they may 
get lodged in any part, like peritoneal cavity (8-18%), 
spleen (2-3%), kidney (1-4%), uterus and adnexa (0.5-
1%), retroperitoneum (0.5-1%), pancreas (0.5-0.8%), 
brain (2%), gall bladder (< 1%), and others (0.1-3%) (5).
 Gall bladder hydatid disease (GBHD) is a very rare 
entity and can be either primary or secondary to liver 
hydatid disease. Extensive literature review revealed 32 
PubMed indexed and published case reports of GBHD 
(2,5-16). Here, we describe a case of GBHD along with 
involved liver suspected as GB malignancy with liver 
secondaries.

2. Case Report

A 60-year male, laborer by profession and non-
vegetarian by diet presented with the complaints of 
abdominal pain associated with anorexia and weight 
loss for 1 year to Surgical OPD of All India Institute of 
Medical Sciences, New Delhi in January 2018. General 
physical examination and abdominal examination 

Summary Hydatid disease is a parasitic infestation caused by Echinococcus, most commonly 
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were within normal limits. Routine biochemical and 
hematological investigations were also within normal 
limits. Ultrasound (USG) abdomen (Figures 1A-1C) 
revealed a 4 × 3 cm mass in the gall bladder along 
with hypo-echoic lesion in segment IV A, segment I, 
segment VII & VIII of liver. Abdomen MRI (Figure 
1D) further showed similar lesion in gall bladder. An 
impression of gall bladder carcinoma with metastasis to 
liver was proposed on imaging and guided Fine needle 
aspiration cytology (FNAC) was advised.
 Guided aspirate smears from liver lesion showed 
very scant cellularity. It showed few fragments of 
lamellar tegument from cyst wall. There were scattered 
parasitic hooklets and calcareous corpuscles in a necro-
inflammatory background. Features were consistent 
with Echinococcus granuloses (Hydatid cyst). In 
second setting, FNAC from gall bladder mass was done 
to rule out malignancy. GB mass fine needle aspiration 

smears also yielded similar findings to that of liver 
aspirate (Figures 1E and 1F). Subsequently, hydatid 
serology was found to be positive. Patient was started 
on Albendazole tablet 400 mg BD for 4 weeks followed 
by a 2-week treatment free interval cycle in 3 cycles for 
3 months. Patient was then advised for pericystectomy 
and cholecystectomy but, he denied any surgical 
intervention. Patient is on regular follow-up for the 
past year. Routine biochemical parameters were within 
normal limits and patient is symptomatically better with 
no nausea, vomiting or abdominal pain. After 3 months 
of treatment, USG abdomen and Hydatid serology 
levels were repeated. USG revealed a normally 
distended gall bladder without any mass lesion (Figure 
2B), however a 2.5 × 2.4 cm hypo-echoic lesion with 
internal membranes and calcific foci was noted in 
segment VIII of liver (Figure 2A) suggesting residual 
disease.

37

Figure 1. (A) Hydatid cyst in segment VIII of liver, (B) GB mass with content mimicking malignancy, (C) with absolute nil 
vascular flow, (D) Liver hydatid with the typical water lily sign, (E) FNAC from GB showing laminated membranes, and (F) 
multiple hooklets with hydatid sand.

Figure 2. (A) A 2.5cm X 2.4cm hypoechoic lesion in liver segment VIII indicating residual disease, (B) GB without any mass 
lesion.
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intervention of hepatic hydatid cyst (2).
 Hydatid cyst has three layers i.e. outermost layer –
pericyst – consists of modified fibrous and protective 
zone produced as host immune response. Middle layer is 
laminated, acellular membrane responsible for diffusion 
of nutrients and innermost is germinal layer, which 
contains scolices, which are larval stages of parasite. 
Together, middle and innermost layer are called an 
endocyst being the true layers of cyst, and outermost 
layer is referred to as pericyst. Infectious embryogenic 
tapeworms, develop from an out pouching of the 
germinal layer (19).
 Pathological examination via FNAC or biopsy 
usually demonstrates different layers of cysts along with 
broad capsules and protoscolices. Occasionally, only 
hydatid sand along with hooklets may be found which 
are PAS and AFB positive.
 Radiologically, Hydatid cyst is classified into 4 types. 
Type I includes active and initial stage of hydatid cyst, 
Type II also includes active phase of the parasite which 
can spread to adjoining areas by an out-pouching of a 
new cyst from main cyst cavity. Type III includes dead/
inactive cyst and Type IV complicated cysts (20). USG 
also categorize cysts as solitary univesicular, solitary 
multivesicular, solid echogenic mass, multiple, either uni 
or multi-vesicular, or collapsed, flattened, and calcified. 
Additionally, USG can also identify active stage of 
disease where routine X-Ray may come out as normal. 
CT gives a clearer picture with respect to number of 
cysts, size, site, architecture and their relationship to 
adjoining areas. Many studies have demonstrated higher 
sensitivity of CT compared to USG for diagnosis (21). 
However, MRI is the diagnostic modality of choice for 
atypical Hydatid like muscular or subcutaneous because 
of its better assessment of soft tissue structure and its 
relationship (22).
 Serological tests supplement radiological data in 
diagnosis of hydatid cyst. The gold standard serology test 
for echinococcosis detects IgG antibodies to hydatid cyst 
fluid-derived native or recombinant antigen B subunits. 
This is performed using ELISA or immunoblot formats 
and have high sensitivity (> 95%) but lower specificity 
(22).
 The differential diagnosis of a cystic mass anywhere 
in the body includes a spectrum of congenital, traumatic, 
infective, benign and malignant etiologies. A liver or gall 
bladder cyst could be a simple (bile duct) cyst, Carolis 
disease, polycystic liver disease, benign adenoma, 
focal nodular hyperplasia, metastatic lesion, biliary 
cystadenoma or cystadenocarcinoma, primary hepatoma, 
pyogenic or amoebic abscess, and echinococcal cyst.
 Complications like rupture can occur and can be 
contained (internal), communicating, and direct. The 
pericyst remains intact in internal rupture and may occur 
due to degeneration, trauma or response to therapy. 
Direct rupture occurs when both endocyst and pericyst 
rupture and can cause widespread dissemination into the 

3. Discussion

Worldwide annual incidence of cystic echinococcosis 
has been estimated to be around 100,000-300,000 new 
cases. Increased prevalence of this disease is found in 
Mediterranean countries (between 1-8/100,000), Middle 
east, Africa (> 3%), Australia, South America and New 
Zealand. However, due to widespread international 
migration and global travel, the disease is increasing in 
incidence throughout the world (3). Hydatid disease is 
endemic in India and a major health concern, which adds 
to economic burden of the country. The annual incidence 
varies from 1-200/100,000 in different parts of the 
country. It has highest prevalence in Andhra Pradesh and 
Tamil Nadu (17).
 The life cycle of Echinococcus species involves 
two hosts and a free-living egg stage. It is principally 
maintained in a dog-sheep-dog cycle, yet several 
other domestic animals may be involved. The adult E. 
granulosus resides in the small bowel of the definitive 
hosts i.e. dogs or other canines. A heavily infected dog 
alone can infect intermediate hosts like sheep over a 
wide area. The infection may be acquired by contact with 
infected dogs, egg-containing faces, egg-contaminated 
plants and soil usually happening by direct hand-to-
mouth transfer. Eggs can also be ingested by consuming 
uncooked contaminated raw vegetables, salads, fruits and 
drinking water (3).
 Sites: Once, egg reaches small intestine of man 
or intermediate host, oosphere gets released, which 
then, penetrates intestinal wall and enters into portal 
circulatory system ultimately reaching liver. Liver (65-
75%) is the most common site of involvement followed 
by lungs (10-25%). All other sites of involvement are 
considered as unusual sites, which include peritoneal 
cavity (8-18%), spleen (2-3%), kidney (1-4%), uterus 
and adnexa (0.5-1%), retroperitoneum (0.5-1%), 
pancreas (0.5-08%), brain (2%), gall bladder (< 1%) and 
others. (0.1-3%) (5).
 Most patients with atypical localizations produce 
symptoms at advanced stages. Radiological methods 
such as ultrasonography and computed tomography scan 
or magnetic resonance imaging may be confirmatory in 
most cases, while serological tests such as ELISA which 
have a sensitivity of > 90% serve as a useful ancillary 
diagnostic tool in cases with equivocal imaging (18).
 GBHD is a very rare entity, even in areas where 
hydatid is endemic. It can primarily involve gall bladder 
only in rare occasions or secondary infestation may 
be seen by daughter cysts from pre-infected liver. The 
pathogenesis for GBHD is not very well understood and 
few hypotheses have been proposed. The most widely 
accepted route of infestation is through bile duct usually 
with co-existing primary liver involvement. Others 
routes include, spread of cyst through lymphatic channels 
after absorption of contaminated food into bowel, and 
gall bladder seeding done during any prior surgical 
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peritoneal cavity. Iatrogenic rupture can also occur via 
surgical or percutaneous treatment and sudden death; 
anaphylactic shock or dissemination of disease can occur 
if cystic content spills into the peritoneal cavity.
 Management of liver hydatid cysts includes medical 
therapy, percutaneous drainage or surgery. Various 
studies (21) demonstrated that Albendazole therapy and 
surgery combined have cure rates of > 90% and lower 
recurrence rates.
 Mechanism of action of Albendazole is that it binds 
to colchicine-sensitive site of β-tubulin and inhibits their 
polymerization into microtubules in the intestinal cells 
of the parasites subsequently decreasing their absorptive 
function, especially the uptake of glucose by the adult 
and larval forms of the parasites, and also depleting 
glycogen storage. Depleted glucose levels result in 
insufficient energy for ATP production leading to the 
eventual death of the parasite. Albendazole sulfoxide 
(the active metabolite of Albendazole) is 70% bound to 
plasma protein and is widely distributed throughout the 
body; with active levels detected in urine, bile, liver, cyst 
wall, cyst fluid, and cerebrospinal fluid (CSF). Biliary 
concentrations of Albendazole sulfoxide have been found 
to be similar to those achieved in plasma because biliary 
elimination forms a significant proportion of elimination 
of Albendazole from the circulatory system (23).
 The cure rate of medical management is around 60% 
and its indications are where there are contraindications 

such as complex or widespread injury, advanced patient 
age, pregnancy, co-morbidities, multiple cysts which 
are difficult to access, partially inactive or calcified liver 
cysts, or patient refusal of surgery.
 Surgical options include conservative surgeries like 
partial cyst resection, removal of cyst content followed 
by sterilization of residual cavity and PAIR (percutaneous 
aspiration and reinstallation of normal saline). Though 
conservative surgery is safer and less complex, however, 
they are associated with higher recurrence and morbidity 
rates. Complicated cysts, which are very close to biliary 
channels are best treated with conservative procedures 
to avoid risk of biliary leaks. Radical surgery includes 
pericystectomy and involved liver resection and comes 
with risks of compromising liver function. There is high 
risk of spillage of cyst contents leading to anaphylaxis 
with/without peritoneal seeding.
 Extensive literature review was done on PubMed for 
listing previously reported cases of hydatid cyst of gall 
bladder. Mesh terms such as gall bladder, hydatid cyst, 
choleco-cystic fistula, atypical hydatid, unusual hydatid 
were used and a total of 169 manuscripts were screened. 
Subsequently, articles were enlisted, which pertained to 
GBHD as selection algorithm mentioned in flowchart 
(Figure 3). A total of 32GBHD cases, which included 
both primary (only GB) and secondary (involving 
GB and Liver) were analyzed (2,5-16). The discussed 
case will be the 33rd case in continuation with already 

Figure 3. Flowchart depicting search of literature for "hydatid cyst of gall bladder".
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reported cases.
 Out of all reported cases (Tables 1 and 2), 18 cases 
(56.3%) were primary and the other 14 were secondary. 
Detailed clinical data was available in 19 cases (Table 1) 
whereas it could not be extracted in the other 13 cases 
(Table 2) as they were published in indigenous languages 
with only the abstract available in English. We hereby, 
analyzed clinical, management and outcome profile for 
19 cases along with the indexed case.
 Among these, abdominal pain was most common 
presenting symptoms seen in 19/19 (100%) cases. 
Nausea/vomiting 8/19 (42.2%) and jaundice 8/19 (42.2%) 
were ranked as the second most common symptom. The 
index case also presented with nausea, vomiting and 
abdominal pain. Out of all the cases studied only a single 
case (5.3%) had prior history of hydatidtosis. This patient 
had lung hydatidtosis 2 years back and later presented 
with GB hydatidosis. However, the index case did not 
have previous such history. Abdominal examination was 
normal in 6/19 (31.6%) whereas 4/19 (21.1%) patients 
had mild hepatomegaly. Abdominal tenderness and 
ascites was seen in 3/19 (15.8%). Six cases 6/19 (31.6%) 
had associated gallstones. Liver function was deranged in 
5/19 (26.3%) while it was normal in 7/19 (36.8%) cases 
similar to the index case. 
 Alone or in combination, USG, CT, and MRI were 
used to confirm diagnosis of GBHD with variable 
frequency in different cases. MRCP and ERCP were also 
used as a part of workup in 2/19 (10.5%) cases. Hydatid 
serology was used as a part of workup in 6 cases with a 
high positive rate in 5/6 (83.3%) cases. Index case also 
demonstrated positive serology results.
 As a part of medical treatment 7/19 (36.8%) received 
post-operative Albendazole. Only a single case (5.3%) 
received pre-operative Albendazole. Our case has 
received only medical treatment and has dissented from 
surgical intervention. 11/19 cases (57.9%) cases did 
receive various anti helminthic therapies as a part of 
treatment. Cases were followed up for a minimum period 
of 5 years and none of the cases reported recurrence 
on follow-up. GBHD either primary or secondary has 
never been reported to be associated with hepatobiliary 
malignancy.
 The current case was an adult male presenting with a 

long standing history of abdomen pain. Gall bladder lump 
along with lesions in liver were discovered on imaging. 
The history of anorexia and weight loss coupled with 
the imaging findings put the differential of gall bladder 
carcinoma as the most probable diagnosis. GBHD as has 
been discussed is a rare entity and is not among the top 
differentials thought of in a GB lump. This case teaches 
us the importance of keeping infective etiologies such 
as hydatid cyst in mind while investigating a lump as 
Hydatid cyst, which has been reported from rare sites 
such as peritoneal cavity, spleen, kidney, uterus, adnexa, 
pancreas, brain, etc.

4. Conclusion

Despite the available advances medical and surgical 
management, the prevalence is still high for hydatid 
disease especially in endemic regions. This is a 
completely treatable and preventable disease. It calls for 
promotion of healthcare and hygiene awareness among 
rural masses along with health care providers about 
disease. Good hygiene and ideal quality assurance of 
slaughter houses, equipping healthcare professionals 
and health centers for timely diagnosis and treatment is 
mandatory for eradication of this disease.
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1. Introduction

Hepatitis E is an enterically transmitted viral hepatitis 
caused by Hepatitis E virus (HEV) infection. It is a non-
enveloped, single stranded RNA virus and the most 
common cause of acute sporadic hepatitis in all age 
groups (1). According to World Health Organization 
(WHO), there are 20 million Hepatitis E infections 
annually with over 3 million cases of acute hepatitis E 
infections resulting in 56,600 hepatitis E-related deaths, 
with the highest prevalence in East and Southern Asia (2).
 Acute HEV infection is usually a self-limiting 
disease which usually gets resolved within 1 to 2 

months even without treatment. It may cause chronic 
infection when there is persistence of HEV RNA for 
more than 3 months after exposure (3). Chronic HEV 
infection rapidly progress to cirrhosis and Acute-on-
Chronic Liver Failure (ACLF), especially in organ 
transplant recipients and other immunocompromised 
patients. Numerous extra-hepatic manifestations have 
been reported in association with acute or chronic HEV 
infection. However, little data is available regarding 
HEV-related neurological symptoms and it is observed 
that only 5.5% HEV infected patients presents with 
neurological disease like GBS, bell's palsy, neuralgic 
amyotrophy, acute transverse myelitis and acute 
meningoencephalitis mainly in developed countries (4). 
The spectrum of neurological injury is mainly divided 
into two clinical presentations: dominant clinical 
presentation in form of GBS and neuralgic amyotrophy; 
and less frequent presentation in the form of meningitis, 
encephalitis, transverse myelitis (4-7). Early diagnosis 
and specific treatment of HEV infected patient with 
such neurological manifestations is necessary to avoid 

Summary Hepatitis E is a serious public health problem in developing countries. Most of the patients 
with Hepatitis E virus (HEV) infection present with typical acute hepatitis symptoms. 
However, in few patients it may lead to complications such as liver failure and extrahepatic 
symptoms. One of the rare extrahepatic presentations of this infection is neurological 
complications such as Guillain-Barré syndrome (GBS) which is observed in 5.5% of HEV 
infected patients (mainly in developed countries). Moreover, only genotype (gt) 3 HEV was 
found in association with GBS among patients in developed countries whereas molecular 
characterisation of HEV cases detected from developing countries have not been reported 
till now. Here, we are reporting a case of GBS as an extrahepatic complication of HEV 
associated with gt1 identified by molecular characterization by performing PCR of open-
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increased risk of serious long-term complications and 
mortality of patients. To the best of our knowledge, 
there have been only four reported cases of GBS as 
an extrahepatic symptom of HEV in India with no 
description of its molecular analysis (5-8).

2. Case Report

We report a case of 30-year-old male, presented with 
high grade intermittent fever (102°F) for 15 days. 
Fever was followed by jaundice, which was insidious 
in onset, gradually progressive, not associated with 
pruritus and clay coloured stools. There was no history 
of petechiae, ecchymosis, abdominal distention, altered 
sensorium, decrease in urine output and hematemesis or 
melena. After one week of jaundice, patient developed 
shortness of breath which was not associated with 
chest pain, orthopnoea, and paroxysmal nocturnal 
dyspnoea. Patient's breathlessness was also accompanied 
by bilateral lower limb weakness. The patient was 
transferred to Out-patient Department (OPD) of Institute 
of Liver and Biliary Sciences for further check-up. There 
was no history of indigenous medications or any other 
intoxication. There was no history of major surgeries, 
blood transfusions, or intravenous drug abuse prior to 
onset of disease, and other comorbid situations like 
diabetes mellitus, hypertension, coronary artery disease, 
tuberculosis, and thyroid disorders.
 On clinical examination, patient was febrile, 
conscious and well oriented to time, place, person. 
Blood pressure was normal (125/65 mmHg), pulse 
rate was increased (130/minute), respiratory rate was 
normal (20/minute). Pallor was absent; icterus and 
pedal edema were present. Neurological examination 
revealed that there was generalized areflexia and 
decreased power (3/5) in bilateral lower limbs. In 
view of these clinical findings, a diagnosis of lower 
motor neuron type paraparesis was made. Laboratory 
investigations revealed normal blood counts and 
serum electrolytes levels. Liver function tests showed 
conjugated hyperbilirubinemia with increased serum 
aminotransferases (Table 1). In order to detect acute 
viral hepatitis infection, serological analysis was 
performed for all viral hepatitis markers (Hepatitis A 
virus (HAV) IgM antibody, Hepatitis B surface antigen 
(HBsAg), anti-HCV antibody (anti-HCV) and HEV 
IgM antibody). All serological markers were negative 
except HEV IgM antibody. This was suggestive of 
acute HEV infection. Further, HEV RNA was detected 
in the serum sample using in-house designed primers 
with Roche probe master mix (Roche Diagnostics, 
MA, USA) on Light Cycler 480 (LC480) instrument. 
HEV viral load was detected to be 3.4 × 103 IU/ml. 
For phylogenetic analysis, HEV ORF2 was amplified 
from serum sample (High pure viral RNA kit, Roche 
Diagnostics, MA, USA) and 10% stool sample in 0.5% 
NaCl solution (FastRNA Pro™ Soil-Direct Kit, MP 

Biomedicals, LLC, CA, USA) using ORF2 specific 
Polymerase Chain Reaction (PCR), generating an 
amplicon length of 846 bp (HEV_ILBS_GBS). HEV_
ILBS_GBS PCR product was gel purified and Sanger-
sequenced followed by genotype search using NCBI 
genotyping tool program which showed similarity 
with gt1. The sequence was submitted in Genbank and 
an accession number was provided, viz, KY067428. 
Further, phylogenetic tree reconstruction was done 
using MEGA software v7.0 using KY067428 in 
conjunction with global HEV sequences using GTR + 
G model (9). KY067428 aligned with other HEV gt1 
sequence from India, Burma, and Pakistan with high 
bootstrap values indicative of highly resolved tree as 
shown in Figure 1. 
 On the basis of clinical features and laboratory 
investigations, diagnosis of acute viral hepatitis E with 
gt1 was made and patient was managed conservatively 
and given anti-viral medications; Sofosbuvir 400 
mg orally once-a-day for one month, and Ribavirin 
200 mg orally twice-a-day for one month. In view of 
lower limb weakness, nerve conduction studies were 
performed. They showed alteration in nerve conduction 
velocity with pure motor axonal neuropathy affecting 
lower limbs. Cerebrospinal fluid (CSF) analysis 
showed elevated proteins with normal cell count (CSF 
proteins, 243 mg/dL (normal range: 15-45 mg/dL); 
total leukocyte count, < 5 cells/mL), suggestive of 
albuminocytologic dissociation. Magnetic resonance 
imaging of brain and spinal cord were normal. 
 With these neurological findings, the diagnosis 
of GBS, as sequelae of acute HEV infection was 
made. Supportive measures, such as administration of 
intravenous fluids and nutritional therapy, were used for 
management of GBS. Patient recovered symptomatically 
after antiviral and supportive therapy. The patient was 
discharged after 1 week, with significant improvement 
in clinical symptoms (jaundice, fever) and neurological 
power. Follow-up of patient was done on out-patient 
basis. There was complete recovery of neurological 
power 4 weeks post-treatment. Patient's blood samples 
were also tested for HEV IgM antibody and HEV RNA. 

44

Table 1. Baseline biochemical parameters of patient at the 
time of admission
Biochemical Parameters (Normal Range)

HB (13 - 17 g/dL)
PCV (36 - 48 g/dL)
TLC (4,000 - 11,000/mm3)
PLT (150 × 103 - 400 × 103)/mm3

AST (5 - 40 IU/mL)
ALT (10 - 40 IU/mL)
Serum Bilirubin direct (0 - 0.2) mg/dL
Serum Indirect Bilirubin (0.2 - 0.8) mg/dL
Serum total Bilirubin (0.3 - 1.2) mg/dL

Values 

13.4
42.1
15.2 × 109

177
864
648
16.8
10.1
6.7

HB, haemoglobin; PCV, packed cell volume; TLC, total leucocyte 
count; PLT, platelet; AST, aspartate serum transaminases; ALT, 
alanine aminotransferases.
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patients was 51 years (20-73 years). Most of our 
reviewed cases were found in Western Europe and 
Southern and Eastern parts of Asia. These patients 
developed HEV-associated GBS within an acute onset 
and experienced hepatitis like symptoms, including 
nausea, malaise, vomiting and jaundice. This was 
followed by GBS symptoms which includes motor 
weakness, sensory disorder, and cranial nerve palsy. 
In most of the previously published reports, the 
association between HEV infection and GBS has been 
based on laboratory detection of HEV IgM antibody in 
serum and only few case reports have detected HEV 
RNA along with HEV IgM in serum for confirmation 
of diagnosis (6,7). Genotyping was performed in only 
11 patients and revealed gt3 in ten patients while only 
one patient from Bangladesh revealed gt1, suggestive 
of higher HEV gt3 tropism for GBS (11,12). As far as 
treatment is concerned, treatment details for 31 cases 
were available, out of which 4 used plasmapheresis, 25 
used Intravenous immunoglobulin, whereas 1 patient 
used Ribavirin. All patients had good clinical outcome 

Both tests were found to be negative.

3. Discussion

GBS is an acute immune-mediated polyradiculoneuropathy 
that results in rapidly progressing symmetric motor 
paralysis, limb palsy, hypoflexia and areflexia. It is usually 
preceded by an infection, which evokes an immune 
response those cross-reacts with peripheral nerve 
components via molecular mimicry. The presentation 
of this disorder has several forms, including acute 
inflammatory demyelinating polyneuropathy (AIDP), 
acute motor axonal neuropathy (AMAN), acute motor-
sensory axonal neuropathy (AMSAN), and Miller 
Fisher syndrome (MFS) (10).
 A brief literature review was done using Pubmed 
database to identify other published cases and describe 
the clinical characteristics of HEV-associated GBS. 
With the addition of our patient, 54 cases were 
included, and the clinical characteristics of these cases 
are summarized in Table 2. Mean age of the reported 

Figure 1. Molecular Phylogenetic analysis of HEV strains by Maximum Likelihood method. The evolutionary history 
was inferred by using the Maximum Likelihood method based on the General Time Reversible model. Numbers at the nodes 
indicates bootstrap values in percentage generated by 1,000 replicates. Only bootstrap values greater than 0.70 were considered for 
constructing tree. Strain sequenced in the study has been highlighted with red. Evolutionary analyses were conducted in MEGA7. 
The analysis involved 50 nucleotide sequences
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with varying duration of recovery period.
 In the present case report, the patient was diagnosed 
with acute HEV infection which subsequently 
developed neurological complications in form of GBS. 
Detailed molecular analysis showed that the patient 
was infected with HEV gt1 which is quite common in 
developing countries including India. To the authors 
knowledge, this is the first case report of neurological 
complications (GBS) associated with acute HEV gt1 
infection in an Indian patient. Among GBS-HEV 
cases reported so far, most of them were treated with 
intravenous immunoglobulin (IVIG) or ribavirin 
(13,14). This treatment may prolong clinical and 
neurological recovery in patient up to 18 months. In the 
present case, antiviral namely sofosbuvir and ribavirin 
were used in combination which improved clinical and 
neurological recovery of patient in one week and helped 
in clearance of viremia in a month's time.
 Neurologic disorders as GBS are an emerging 
extrahepatic manifestation of HEV infection in gt1. 
This suggests that neurotropic variant HEV may lead to 
fatal clinical outcome and must be treated with specific 
antiviral to avoid morbidity and mortality of acute HEV 
infected patients. Additional case-control prospective 
studies should confirm this association, which would 
attribute GBS to HEV infection associated disease 
burden.
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West Nile virus encephalitis in a young immunocompetent 
female in Omaha Nebraska
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1. Introduction

One of the most common cause of arbovirus encephalitis 
in the United States of America (USA) is West Nile 
virus (WNV) (1). Its distribution in North America is 
increasing, gradually spreading throughout the entire 
continental USA. Ever since the outbreak of WNV in 
New York in 1999, there have been 46,086 reported 
cases of WNV including 21,574 of neuroinvasive 
disease reported through 2016. The total number of 
deaths reported to the Centers for Disease Control and 
Prevention (CDC) from 1999 to 2016 are 1,888 (9%) and 
129 (1%) due to neuroinvasive and non-neuroinvasive 
disease respectively (2). 
 In immunocompetent hosts, 70-80% of infected 

individuals have subclinical disease. However, in less 
than 1% of people infected by WNV it can become 
fulminant neuroinvasive disease associated with 
significant neurological morbidity (3). Neurological 
manifestations most commonly reported include 
meningitis, encephalitis and acute flaccid paralysis. 
Factors contributing to life threatening disease with 
WNV include: age > 50 years (4), multiple comorbidities 
(5), pregnancy and transplantation (6). Common 
systemic presenting symptoms are fever, chills, 
nausea, vomiting, headache, macular and papular rash. 
Neurologic manifestations include nuchal rigidity, 
photophobia, acute focal weakness, altered deep 
tendon reflex. The initial presentation of severe disease 
with WNV is indistinguishable from other causes 
of meningoencephalitis, which may lead to delay in 
appropriate diagnostic testing as described below in 
our case. Initial testing for WNV with IgG/IgM with 
Polymerase chain reaction (PCR) is often negative due 
to its short viremic phase (6). The mortality associated 
with WNV neuroinvasive disease is 8% (7). Significant 
risk factors for death are those described above; older 

Summary One of the most common cause of arbovirus encephalitis in the United States of America 
(USA) is West Nile virus (WNV). In immunocompetent hosts, 70-80% of infected individuals 
have subclinical disease. However, in less than 1% of people infected by WNV it can become 
fulminant neuroinvasive disease associated with neurological morbidity. Herein, we discuss 
a case of neuroinvasive WNV disease with non-specific symptoms in an immunocompetent 
young female in Omaha. Our patient survived the acute phase of WNV encephalitis but 
has extended recovery to daily functioning. We also reviewed literature on WNV cases in 
immunocompetent individuals and to the best of our knowledge only 3 cases have been 
reported to date. The difference between reported cases and our case is her younger age, 
bilateral upper and lower extremity paralysis, 30 day hospitalization with significant 
morbidity leading to a prolonged stay at rehabilitation facility with residual cognitive and 
gross motor impairment. Usually WNV is not considered a differential in immunocompetent 
individuals which leads to delay in diagnosis, management and therefore increases mortality 
and morbidity. Therefore purpose of our case report is to raise awareness of atypical 
presentations of WNV infection in immunocompetent individuals in non-endemic area to 
emphasize the importance of early diagnosis and management.
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age, pre-existing comorbidities, and a compromised 
immune system. During a largest WNV outbreak in 
USA out of 221 hospitalized patients, 18% of patients 
who had encephalitis died, 46% were discharged to 
acute rehabilitation, 15% were discharged home with 
assistance, and only 20% successfully return home 
without assistance (8). Unlike the majority of individuals 
with WNV infection who are either asymptomatic or 
develop a self-limited flu-like illness, herein we describe 
a patient who developed the most severe form of 
symptomatic illness.

2. Case Report

Our patient is a 35-year-old immunocompetent African 
American female with a history of alcohol abuse 
disorder who presented to emergency department 
with 4 days of fever, nausea and abdominal pain. 
She received intravenous fluids and was discharged. 
Subsequently she began to experience headache, fevers, 
and diplopia 2-3 days later. She was hemodynamically 
stable with an unremarkable mental status exam. 
Physical examination was benign, with no nuchal 
rigidity or focal neurological deficits. Initial laboratory 
evaluation demonstrated a white blood cell count 
(WBC) of 4.6 × 103 cells/uL, lactic acid level of 4.5 
mmol/L, aspartate aminotransferase 516 u/L, alanine 
aminotransferase 229 u/L, phosphorus 2.0 mg/dL, 
magnesium 1.0 mg/dL. Noncontrast head computed 
tomography (CT) head was unremarkable. Magnetic 
resonance imaging (MRI) of the brain with contrast 
demonstrated T2 and FLAIR signal hyperintensity in 
the bilateral caudate nuclei, right/left putamen, deep 
and subcortical white matter of the bilateral parietal 
lobes (Figure 1). Cerebrospinal fluid analysis (CSF) 
yielded 13 red blood cells/uL, 183 WBC/uL with a 
differential of 64% neutrophils, 35% lymphocytes, and 
1% monocytes, glucose 56 mg/dL, and protein 116 mg/
dL. CSF culture, viral (Herpes simplex, Human herpes, 
Human parechovirus, Varicella zoster virus) and fungal 
(Cryptococcus neoformans/gattii) PCR were negative. 
She was treated empirically for bacterial meningitis with 
antimicrobials (Vancomycin + ciprofloxacin) and with 
acyclovir for herpes encephalitis. On hospitalization day 
4, the patient became acutely hypoxic with worsening 
altered mental status. She was subsequently intubated 
and transferred to the intensive care unit. A repeat MRI 
of the brain on day 5 showed no changes from the 
previous MRI. After excluding other causes of altered 
mental status (i.e. metabolic encephalitis, fungal, viral, 
or bacterial meningoencephalitis) CSF IgM antibodies 
for WNV came back positive on day 6. The patient 
was treated symptomatically with intravenous fluids, 
respiratory support and prevention of secondary 
infections throughout the hospital course. She remained 
unresponsive for 11 days and progressively became 
more alert over the course of the 2 weeks. On day 18 of 

hospitalization patient was extubated and was discharged 
to inpatient acute rehabilitation unit on day 31 with 
cognitive impairment and residual paraparesis. Follow 
up with the patient revealed that after several months 
of physical therapy she is still dependent on walker for 
activities of daily life.

3. Discussion

WNV accounted for 231 cases as of 21 August 2018, 
with South Dakota reporting the highest number 
nationally. The total number of cases reported to 
the CDC in Nebraska is 14 (2). However, the total 
number of deaths in Nebraska in 2018 reported to the 
Nebraska Department of Health and Human Services 
is 2. Interestingly, 36% of seropositive individuals in 
Nebraska are aged 26-50 and 69% are of male gender 
(9). Our patient had no history of recent travel and sick 
contacts. 
 Despite many published reports of WNV disease 
in transplant recipients, to the best of our knowledge 
there has been only three cases reported in < 45-year-
old immunocompetent adults without comorbidities. 
Mictail et al. 2011, reported a case of WNV meningitis 
in a 39-year-old women in NYC who presented with 
presented with headache and spluttering. However, she 
was discharged after 5 days of hospitalization without 
residual symptoms (10). Similarly, the 2nd reported 
case is from Spain, reported by Kaptoul et al. 2007, in 
a healthy 21-year-old male who presented with fever, 
headache, nausea and vomiting. This patient was also 
discharged on day 7 of hospitalization without symptoms 
(11). The third is a 21-year-old female from Tuscany, 
Italy, who presented with fever, nausea, vomiting, nuchal 
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Figure 1. Axial T2-weighted FLAIR magnetic resonance 
image of the brain at the level of caudate (red arrow), 
putamen (blue arrow) and white matter of parietal lobe 
(white arrow).
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USA, testing patients' CSF for additional studies include 
WNV infections in febrile immunocompetent individuals 
presenting with non-specific symptoms in summers even 
in non-endemic areas should be considered. Because of 
the significant risk of mortality and morbidity of WNV 
future research should focus on double-blind prospective 
clinical trials to assess the efficacy of ribavirin, human 
intravenous immunoglobulin, and interferon-alpha in the 
treatment of neuroinvasive disease. Doing so may yield 
promising results for those affected by neuroinvasive 
WNV disease.
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Female

Female
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USA, NYC
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with intubation, airway

protection, IVF, 

Length of 
hospital stay

7 days

5 days

10 days

30 days

Residual 
symptoms

none

none

none

Cognitive 
impairment 
and residual 
paraparesis
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1. Introduction

Vascular pathology in Leber's hereditary optic 
neuropathy (LHON) has been previously shown (1-
3). These studies have looked at LHON across all 
mutational subtypes as a whole without assessing 
the severity of vascular attenuation attributed to the 
individual subtypes of LHON mitochondrial DNA 

(mtDNA) mutations. Among the three primary mtDNA 
mutations, namely 11778, 14484, and 3460, LHON 
3460 is the most rare and historically recognized as 
having the poorest visual prognosis (4). Individual 
reports of vascular changes in LHON 11778 and 14484 
have been shown (5-7), however, an isolated vascular 
evaluation of the LHON 3460 primary mutation 
variant is lacking. Fundus photographs or fluorescein 
angiography have historically been used to describe 
oculovascular alterations in LHON (8-12). Optical 
coherence tomography angiography (OCTA), a novel 
imaging modality, can be used to noninvasively evaluate 
the peripapillary retinal and vascular circulations 
without the need for dye injection (13). Our laboratory 
has recently shown that assessing vascular changes in 
mitochondrial optic neuropathies using OCTA may 

Summary The purpose of the present article was to evaluate the previously unreported vascular 
alterations in Leber's Hereditary Optic Neuropathy (LHON) 3460 mitochondrial DNA 
(mtDNA) mutation. Among the three primary mtDNA mutations, namely 11778, 14484, and 
3460, LHON 3460 is the most rare and historically recognized as having the poorest visual 
prognosis. Optical coherence tomography angiography (OCTA) is a novel imaging modaility 
providing high-resolution microcirculation maps and enhancing visualization of the optic 
disc and peripapillary capillary beds. We herein exploit the advantages of OCTA, for the first 
time, to assess the optic nerve head and peripapillary microvasculature changes in an affected 
patient and compare these vascular changes with an asymptomatic carrier for LHON 3460, 
serving as a control. Vascular changes in LHON 11778 and 14484 have classically shown 
microvasculature attenuation localized specifically to the temporal peripapillary quadrant. 
In the present case, however, OCTA in LHON 3460, the most severe of the three mutational 
subtypes, illustrated significant vascular attenuation involving the nasal peripapillary region 
in addition to the temporal peripapillary microvascular changes classically seen in LHON. 
Our findings suggest that vascular measures may serve useful for objectively assessing 
mitochondrial disease. Further OCTA studies involving the nasal peripapillary region may be 
warranted to further understand vascular pathogenesis in LHON.

Keywords: Leber's hereditary optic neuropathy, optical coherence tomography angiography, 
peripapillary microvasculature, vascular biomarkers
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offer several advantages including supplementing 
our understanding of LHON pathophysiology (2,3). 
In contrast to 11778 and 14484, there are currently 
no clinical trials for the 3460 mtDNA mutation, the 
most severe of the three primary LHON mutations (4). 
Therefore, further evaluation of vascular parameters in 
mitochondrial optic neuropathies may be warranted to 
serve as an objective measure of disease progression, 
and monitoring the efficacy of purported therapies. 
Given the severe nature of the 3460 mtDNA mutation, 
we hypothesized that vascular attenuation would 
similarly be more severe in LHON 3460 expanding 
beyond the classically observed temporal peripapillary 
region. We hereby report the optic nerve head (ONH) 
and peripapillary microvasculature changes associated 
with LHON 3460 using an advanced imaging modality 
known as OCTA. 

2. Case Report

A 22-year-old male with LHON, genetically confirmed 
for the 3460 mtDNA mutation, presented to the Doheny 
Eye Center in September 2018 with a 2-month history 
of vision loss beginning with the left eye, followed 
by vision loss in the right eye one month later. Family 
history was significant for bilateral vision loss in the 
mother's cousin at age 30. The patient endorsed alcohol 
consumption amounting to two to three bottles of beer 
per day. The patient also had a one-year history of 
exposure to kitchen smoke, having an occupation as a 

restaurant server. The patient began Idebenone 250 mg 
PO TID and was scheduled for a 6-month follow up. 
 Best-corrected visual acuities (BCVA) were 20/200 in 
the right eye (OD) and 20/400 in the left eye (OS). Fundus 
examination revealed temporal pallor, peripapillary 
telangiectasias, and pseudo-edema in both eyes (OU) 
(Figures 1 A and 1E). Pupils were equal and reactive 
to light with no afferent pupillary defects. The patient 
exhibited dyschromatopsia on Ishihara plate testing, 
scoring 5/14 OD and 2/14 OS. Humphrey visual field 
(HVF) testing showed mild, bilateral cecocentral 
scotomas (Figures 1B and 1F). Structural OCT 
displayed bilateral retinal nerve fiber layer (RNFL) 
pseudoedema (Figures 1C and 1G) and retinal ganglion 
cell complex (RGCC) thinning (Figures 1D and 1H). 
OCTA images of the ONH and peripapillary superficial 
vasculature were obtained using Spectral Domain-OCT 
(Cirrus HD-OCT, software V.6.0; Carl Zeiss Meditec, 
Inc., Dublin, CA, USA; the scan size of the optic nerve 
head was 6 × 6 mm). The same set of images were 
acquired for the patient's 38-year-old mother, sharing 
the mtDNA 3460 mutation, though asymptomatic with 
no significant past medical history, thus serving as a 
control and compared (Figure 2). Close inspection of 
the superficial vascular networks demonstrated visible 
attenuation of the temporal microvascular networks 
of the ONH and peripapillary area (yellow circles) 
along with peripapillary telangiectatic blood vessels 
and vascular tortuosity (yellow arrows) greater for 
the patient's right (Figure 2B) and left eyes (Figure 
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Figure 1. Shows images of the right and left eyes in the LHON patient. Disc photographs (A, E) show temporal pallor (yellow 
circle) and peripapillary telangiectatic blood vessels along with vascular tortuosity (yellow arrows) for the right (A) and left eyes 
(E), respectively. Humphrey visual field testing revealed cecocentral scotomomas more severe in the left (F) than in the right eye 
(B), having mean deviations (MD) of -3.82 and -2.75, respectively. Spectral-Domain optical coherence tomography (SD-OCT) 
imaging of the peripapillary nerve fiber layer (pRNFL) (C,G) showed relative axonal swelling, most pronounced in the inferior 
and superior quadrants of the right (C) and left (G) eyes, respectively.  SD-OCT imaging of the macular retinal ganglion cell and 
inner plexiform layers (RGC-IPL) (D,H) revealed diffuse ganglion cell atrophy, more severe in the primarily involved left eye (H) 
than the secondarily involved right eye (D).
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with the asymptomatic carrier, the temporal and nasal 
peripapillary microvasculature remained intact. In 
addition, nasal perfusion defects were more severe for 
the subacutely affected left eye (Figures 2C and 2F) 
compared to the acutely affected right eye (Figures 
2B and 2E). Our laboratory recently investigated the 
vascular parameters in late disease stages in patients 
with chronic LHON (2). In the current case, however, 
we report the presence of nasal peripapillary vascular 
pathology even in the early stages of disease. These 
nasal peripapillary defects have not been observed in 
previously reported cases of in LHON 11778 and 14484 
(5,7), which are classically referred to as less severe 
subtypes of LHON and exhibit vascular attenuation 
solely in the temporal peripapillary region. Further, 
OCTA of the asymptomatic LHON 3460 carrier 
revealed circumpapillary microangiopathy. This is 
consistent with previous studies and further confirms 
the subclinical vascular changes historically observed 
funduscopically in asymptomatic carrers (11,17).
 Our findings demonstrate that the poor disease course 
characteristic of LHON 3460 is similarly reflected 
in the severity of vascular pathology. In our case of 
LHON 3460, vascular attenuation extended beyond 
the temporal peripapillary region and also involved the 
nasal peripapillary area. This supports the preferential 
involvement of the small axons comprising the PMB. 
However, the present study also illustrates that in cases 
of severe mitchondrial dysfunction such as in LHON 
3460, surrounding peripapillary areas may also be 
secondarily involved. In conclusion, vascular changes 
may serve as useful objective measures of disease. To 

2C) relative to the asymptomatic mother (Figure 2A). 
Intriguingly, however, vascular attenuation was also 
seen in the nasal peripapillary region as well (orange 
circles). OCT cross-sections (Figures 2D and 2F) 
overlaying retinal flow showed significant perfusion 
defects in the temporal and nasal peripapillary nerve 
fiber layer in the affected patient (Figures 2B and 2C: 
red arrows) relative to the asymptomatic mother, where 
perfusion was preserved in these correspoinding areas 
(Figure 2D: green arrows).

3. Discussion

OCTA provides high-resolution, noninvasive visualization 
of the ONH and peripapillary microvasculature (13,14). 
We hereby characterize the vascular alterations 
associated with LHON 3460, the most severe of the three 
primary mtDNA mutations, as seen in an affected patient 
and compared with an asymptomatic carrier, serving as 
a control. Peripapillary vascular alterations, classically 
observed on funduscopy, have been referred to as 
hallmarks of LHON (9-11,15). OCTA of our affected 
LHON 3460 patient similarly exhibitted these hallmark 
features of circumpapillary microangiopathy, dilated 
tortuous vasculature, and significant capillary dropout 
in the temporal region, corresponding with the small 
axons of the papillomacular bundle (PMB) (15,16). 
Similar vascular changes have been reported in LHON 
11778 and 14484 (15-17). In contrast to 11778 and 
14484 mutations, OCTA in our affected 3460 mtDNA 
patient illustrated significant vascular attenuation 
involving the nasal peripapillary region when compared 

Figure 2. Shows optical coherence tomography angiography (OCTA) images (A-C) of the superficial vascular networks for the 
peripapillary nerve fiber layer (pRNFL) in the asymptomatic LHON mtDNA3460 carrier (patient's mother) (A), and affected 
LHON mtDNA 3460 patient right (B) and left (C) eyes. OCT cross-sections (D-F) show overlaying retinal flow (red) on OCT 
reflectance (gray scale).
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date, clinical trials are solely in place for LHON 11778, 
the most common and least severe mutational subytype 
(4,15). Additional OCTA studies assessing the severity 
of vascular changes attributed to LHON mutational 
subtypes individually may be warranted to further 
understand LHON pathophysiology and navigate future 
directions for potential treatments of severe disease. 
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Anesthesia management of arthroscopic ankle arthrodesis for a 
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1. Introduction

Hemophilia is an X-linked genetic bleeding disorder. 
Hemophilia A is caused by coagulation factor VIII 
abnormality, and hemophilia B is caused by factor 
IX abnormality (1). Careful perioperative hemostatic 
management is required for patients with hemophilia. 
Coagulation factor replacement therapy and hemostatic 
monitoring are usually recommended (2). 
 We report the experienced anesthesia management of 
an orthopedic surgery patient with hemophilia B who had 
undergone living-donor liver transplantation for cirrhosis 
due to the hepatitis C virus (HCV) infection. The patient's 
liver function was normal and his factor IX coagulation 
activity was high and more than 180%. He had been 
taking an immunosuppressive drug since the time of 
his liver transplantation. We performed hemostatic 

monitoring and perioperative management. The patient 
did not require coagulation factor replacement therapy. 
There were no complications such as postoperative 
bleeding and infection. We report the details of the case 
to augment the limited existing literature and describ the 
experience with anesthesia management in this setting.

2. Case Report

The patient was a 35-year-old male, 172 cm tall and 
110 kg in weight. Hematoma first appeared at the age 
of 2 years old and severe hemophilia B (factor IX 
deficiency) was diagnosed at 5 years old, treated with 
blood preparation replacement therapy. Cirrhosis caused 
by hepatitis C virus infection and bulky splenomegaly 
were diagnosed at 23 years old with repeated variceal 
hemorrhage and refractory ascites. The patient received 
viral treatment with interferon and ribavirin, but no 
effect was found and the patient developed liver 
function. At the age of 29 years, he underwent living-
donor transplantation from a healthy donor. Factor 
IX replacement therapy was used for hemostatic 
management during liver transplantation and the patient 
required coagulation factor replacement therapy until 
postoperative day 2. There were no major complications 

Summary Hemophilia is an X-linked recessive inherited coagulation disorder. We report the anesthesia 
management of a hemophilia patient who underwent arthroscopic ankle arthrodesis after 
living-donor liver transplantation due to cirrhosis. The 35-year-old male patient with 
hemophilia B was diagnosed with cirrhosis due to hepatitis C virus at the age of 23 years 
and underwent biologically-related partial liver transplantation at the age of 29 years. 
As a result, the activity of factor IX activity became normal and blood product treatment 
became unnecessary, but the patient required long-term immunosuppression. Perioperative 
coagulation factor activity monitoring was performed and an immunosuppressive drug that 
had been preoperatively administered were continued. General anesthesia was administered 
by inhalation. There was no significant fluctuation in perioperative factor IX activity. This 
case illustrates that even in patients with hemophilia B after living-donor liver transplantation 
undergoing an orthopedic surgical procedure, anesthesia management can safely be 
performed without perioperative coagulation factor replacement.
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during the perioperative period. Oral administration 
of immunosuppressive drugs was started, but no 
coagulation factor products were required.
 However,  the patient developed worsening 
arthropathy and had difficulty in walking at about 33 
years of age. At 35 years old, he was referred to our 
hospital's department of joint surgery and arthroscopic 
ankle joint arthrodesis was scheduled. On perioperative 
examination, no abnormality was observed in blood 
biochemical examination and physiological testing. The 
preoperative factor IX activity was as high as 181.3%.
 The patient took tacrolimus for immunosuppression, 
nifedipine for hypertension, uruso for hepatoprotection, 
furosemide and azosemide for edematous prevention. 
He was hospitalized 14 days before the operation for 
preoperative examination and rehabilitation. We planned 
general anesthesia by subconscious bronchoscopic 
endotracheal intubation because of obesity.
 In the early morning of the operation day, nifedipine 
and tacrolimus was orally administered. The patient 
was sedated with fentanyl and midazolam and 
endotracheal intubation was performed with propofol 
under bronchoscopy. Anesthesia was maintained with 
desflurane and remifentanil. The surgery was completed 
without a change in circulatory dynamics in particular 
using a tourniquet. The operation time was 226 minutes, 
and the anesthesia time was 339 minutes, bleeding 
volume was 57 ml. We administered non-steroidal anti-
inflammatory drugs for postoperative analgesia. 
 Table 1 shows the results of perioperative liver 
function and coagulation system testing. Both 
preoperatively and postoperatively, factor IX activity was 
more than 150%. Bleeding was not observed and blood 
product support was not required. After recovery without 
notable complications and rehabilitation, the patient 
left the hospital on the 32nd postoperative day. Routine 
postoperative follow-up at our hospital was scheduled.

3. Discussion

Hemophilia is an X-linked recessive inheritance-

related coagulation disorder. Affected individuals 
have a deficiency or activity reduction of factor VIII 
or factor IX. Hemophilia A is attributed to factor VIII 
deficiency, and hemophilia B to abnormalities of IX 
(1). In Japan, the Nationwide Survey on Coagulation 
Disorders 2017 reported 5,326 patients with hemophilia 
A and 1,129 patients with hemophilia B (1). Individuals 
with hemophilia may develop arthropathy causing 
remarkable physical function deterioration due to severe 
deformation and contracture involving multiple joints 
due to repetitive intra-articular bleeding. Therefore, 
surgical treatment such as artificial joint replacement or 
arthroscope synovial resection may be complicated by 
post-operative bleeding and viral infection (2-4).
 HCV infection in hemophilia patients is due to the 
administration of non-heated concentrate formulations 
used before 1986. Individuals who used unheated 
preparations before the current heated formulations 
were approved have a nearly 100% rate of infection 
(5). Also, many patients are coinfected with human 
immunodeficiency virus. It has been reported that 
the progression to chronic liver disease is faster 
in individuals with concomitant HCV and human 
immunodeficiency viral infection (6,7). Interferon and 
antiviral drugs have been used to treat HCV, but they 
do not completely cure the infection and many patients 
progress to cirrhosis and liver cancer. 
 Living-donor l iver  t ransplantat ion may be 
performed for these patients. If the donor does not have 
hemophilia, the transplanted liver will produce the 
coagulation factor previously deficient in the recipient 
with hemophilia, and the recipient may no longer 
need treatment with coagulation factor preparations. 
However, it has been reported that coagulation factor 
production may be insufficient when the liver donor is 
deceased or is a hemophilia carrier (8). In our case, as 
in others, immunosuppressive treatment was continued 
during the perioperative period. Tacrolimus, which 
is commonly used in this setting, mainly suppresses 
interleukin-2 cytokine production from T-helper cells 
(9). The Nationwide Survey on Coagulation Disorders 
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Table 1. Perioperative liver function and coagulation study

Items

AST (U/L)
ALT (U/L)
T-bil (mg/dL)
Plt (× 104)
PT (sec.)
PT (%)
PT-INR
APTT (sec.)
Fib (mg/dL)
D-dimer
Factor IX

5/12

  27
  21
    0.8
  12.3
  12.3
  86
    1.08
  24.7
476
    1.1
181.3

6/17

24
18
  1.5
35.7

AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-bil, total bilirubin; Plt, platelet; PT, prothrombin time; INR, International 
normalized ratio; APTT, activated partial thromboplastin time; Fib, Fibrinogen.

6/29 (operation day)

    68
    32

    33.6
    12.9

  78
        1.18
    25.8

487

6/23

  12.4
  85
    1.09
  26.9
573

151.5

6/30

  32.7
  27
    0.9
  33.2
  13.4
  73
    1.18
  25.8
487

167.7

7/2

  24
  21
    0.7
  35.0
  13.4
  83
    1.10
  26.6
640

178.9

7/6

  29
  24
    0.6
  46.1
  12.5
  78
    1.13
  26.3
617

172.1

  7/13

    29
    24
      0.7
    39.0
    13.1
    76
      1.15
    26.6
   600

1,635
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liver transplant from a living-donor who did not have 
hemophilia. The transplanted liver generated sufficient 
coagulation factors and normalized the recipient's 
hemostatic function. However, hemophilic arthropathy 
progressed and made walking difficult without a cane. 
For this reason, arthroscopic arthrodesis was scheduled. 
On preoperative examination, the patient's factor IX 
activity was 180%. Perioperative hemostasis monitoring 
was performed but coagulation factor replacement 
therapy was not needed. We did not observe problems 
during the operation. Neither bleeding nor infection 
occurred during the perioperative period, and liver 
function remained normal. 
 This is the first report of orthopedic surgery in our 
knowledge, but there have been no previous reports 
of anesthesia experiences for patients with hemophilia 
and cirrhosis who have undergone partial living-donor 
liver transplantation. In this patient with hemophilia B 
status-post living-donor liver transplantation, we were 
able to safely perform anesthesia management for the 
elective orthopedic surgery without coagulation factor 
supplementation (12).
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2017 in Japan shows the stage of the liver disease in 
individuals with blood coagulation disorder (Table 2). 
11 cases of liver transplantation were reported. 
 Most patients with hemophilia require perioperative 
hemostatic management with supplementation of the 
deficient coagulation factor according to the extent of 
surgery and related treatments; in these patients, we 
apply the hemostatic treatment guidelines for patients 
with congenital hemophilia by The Japanese society 
on Thrombosis and Hemostasis (10). For arthroscopic 
surgery, the clotting factor target peak level should be 
maintained at 100% or more, and additional infusion 
should generally be continued intravenously to maintain 
a minimum factor level of at least 80% (1). Our hospital 
has handled a large number of hemophilia cases; from 
2006 to 2015, 184 patients with hemophilia underwent 
surgery at our facility (Table 3) (11). 
 In this case, liver function was normal because 
the patient, who had developed hepatic failure due to 
complications of HCV infection, received a segmental 

Table 2. Stage of hepatic disease in individuals with hemophilia

Items

Hemophilia A
Hemophilia B
Total

Hepatitis

 1,029
    224
 1,253

Cirrhosis

  92
  54
146

The original source of data is Project entrusted by Ministry of Health, Labor and Welfare. Nationwide Survey on Coagulation Disorders 2017. 
Published by Japan Foundation for AIDS Prevention (1).

Hepatic failure

1
0
1

Liver cancer

56
17
73

Liver transplantation

  8
  3
11

Table 3. The characteristics of 184 hemophilic patients 
who underwent surgery in our hospital (2006-2015)

Characteristics

Hemophilia cases underwent surgery
     THA or re THA
     TKA or re TKA
     TEA
     TAA
     Arthroscopic surgery
     Other
Age median (range) years
Sex
     Male 
     Female
Diagnosis
     Hemophilia A
     Hemophilia B 
     Factor Ⅶ deficiency 
     Von Willebrand disease
Infections disease
     HCV(-) HIV(-)
     HCV(+) HIV(-)
     HCV(-) HIV(+)
     HCV(+) HIV(+)
Preoperative infection
     -
     +

Cases (%)

  23 (12.5)
  82 (44.6)
    2 (1.1)
    1 (0.5)
  34 (18.5)
  42 (22.8)
  41 (13-72)

182 (98.9)
    2 (1.1)

142 (77.2)
  40 (21.7)
    1 (0.5)
    1 (0.5)

  27 (14.7)
109 (59.2)
    1 (0.5)
  47 (25.5)

174 (94.6)
  10 (5.4)

THA or re THA, Total Knee Arthroplasty or re Total Knee 
Arthroplasty; TKA or re TKA, Total Knee Arthroplasty or re Total 
Knee Arthroplasty; TEA, Total Elbow Arthroplasty; TAA, Total Ankle 
Arthroplasty.
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Budd-Chiari Syndrome in Behçet's Disease successfully managed 
with immunosuppressive and anticoagulant therapy: A case 
report and literature review
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1. Introduction

Behçet's Disease (BD) is a rare, chronic and recurrent 

inflammatory multisystemic condition classified as 
vasculitis of unknown origin that can affect any tissue 
of the economy (mucocutaneous, ocular, cardiovascular 
arterio-venous, central nervous system, gastrointestinal, 
joint, among others). An aberrant response of different 
immunological pathways in relation to triggers (infectious 
or environmental) in predisposed subjects has been 
postulated in the pathogenesis of the disease, typically 
the human leukocyte antigen (HLA) class I gene: 
HLA-B51. BD is sometimes referred to as the "Silk 

Summary Behçet's Disease (BD) is a rare, chronic and recurrent inflammatory multisystemic condition 
of unknown origin that can affect any tissue. The vascular system is involved in 5-40% of 
cases of BD, including venous and arterial beds and it has a relapsing course. Budd-Chiari 
syndrome (BCS) is a rare complication of BD with a frequency of < 5% among patients 
with vascular involvement and is more frequent in men (89.5%). Two clinical presentation 
groups of BCS related to BD have been described: the "symptomatic" form and the "silent" 
form. We present a case of BD in a young woman presented as symptomatic severe BCS with 
rapid progression of coagulopathy reaching a spontaneous INR of 1.74 and increased ascites 
by ultrasound control. BD was confirmed through clinical history. The patient was treated 
with a high-dose pulse of corticosteroids and cyclophosphamide with a strikingly favorable 
response in the first forty-eight hours. Although several studies have demonstrated a survival 
improvement with the use of transjugular intrahepatic portosystemic shunt in patients with 
severe BCS, it was discarded due to the lack of evidence of this procedure in patients with 
BD and the fact that it could trigger a vascular pathergy phenomenon. Vascular BD should 
be suspected in recurrent venous and/or arterial thrombosis since it is associated with high 
morbidity and mortality. Immunosuppressive treatment is critical for the management of 
vascular involvement in BD. However, the role of anticoagulation is debatable. We suggest an 
algorithm for the management of BCS associated with BD.
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Route disease" because it is mainly distributed in those 
regions.  The mean age of onset is usually in the third 
decade and both genders are affected equally. To date 
there is no specific test to confirm the diagnosis of BD, 
which is based on clinical criteria (1-3).
 BD is unique among other vasculitis as it usually 
affects the venous rather than the arterial vessels. 
BD shows a tendency to thrombosis associated with 
vascular inflammation. In fact, lower extremity vein 
thrombosis (LEVT) can be considered as the hallmark 
of the vascular involvement. Vascular involvement is 
an early manifestation of BD that affects predominantly 
men, and its prevalence shows a wide range (5-40%) in 
the published literature (1,4).
 Budd-Chiari syndrome (BCS) is a rare complication 
in BD with a frequency of < 5% among patients with 
vascular involvement. It is developed due to thrombosis 
of suprahepatic veins and/or inferior vena cava 
(IVC), and has two different clinical presentations: a 
symptomatic presentation, with a high mortality (up to 
60%) and manifested as abdominal pain, ascites and 
collateral circulation on the abdominal wall; and a silent 
presentation, with a better prognosis (10% mortality) 
and manifested without ascites but with efficient 
collateral formation (5).
 Immunosuppressants, with or without glucocorticoids, 
are essential in the management of vascular involvement 
in BD. They have been shown to reduce the relapse 
rate and to prolong survival in several retrospective 
studies. In patients with BD, conditions associated with 
higher mortality as BCS require an early and aggressive 
medical treatment, including cyclophosphamide and 
glucocorticoid pulses. In resistant cases, anti-tumor 
necrosis factor (TNF) agents could also be effective 
(5,6). Whether to add anticoagulants to prevent recurrent 
thrombosis has been debated (5,7). Several retrospective 
studies showed the inefficacy of anticoagulation alone or 
added to immunosuppressants in preventing recurrences 
(8) and it could increase the risk of aneurysmal rupture 
(6,9,10). In the last decade, several studies have 
demonstrated a survival improvement with the use of 
transjugular intrahepatic portosystemic shunt (TIPS) in 
patients with severe BCS, remarking the use of TIPS as 
a definitive treatment prior to liver transplantation, and 
not only as a bridging treatment (11,12). However, there 
is scarce evidence regarding the efficacy and safety of 
this procedure in patients with BCS in the setting of 
BD and the fact that it could trigger a vascular pathergy 
phenomenon should be considered (5,10,13).
 We present a case of BD in a young woman 
presented as symptomatic BCS successfully managed 
with immunosuppressive and anticoagulant therapy. 
Consequently, we review the management and 
prognostic implications and suggest an algorithm for the 
management of BCS associated with BD.

2. Case Report

A 29-year-old woman from Equatorial Guinea had 
a history of malaria one year before, long-term 
treatment with oral contraceptives, without toxic 
habits or cardiovascular risk factors. In April 2018, 
she presented to our emergency department with a 
7-day history of diffuse abdominal pain, nausea and 
vomiting. In addition, the patient reported cough 
without expectoration, fever and dyspnea on moderate 
exertion. Physical examination revealed blood pressure 
104/68 mm Hg, heart rate 96 bpm, oxygen saturation 
98%, temperature 38.2℃. Lung auscultation disclosed 
crackles on the right base; abdomen was distended and 
painful to deep palpation focused on the upper right 
quadrant, with no signs of peritoneal irritation; pitting 
edema was found in both lower limbs. Laboratory tests 
showed hemoglobin 7.6 g/dL with a mean corpuscular 
volume of 73 fl, 8,200 leukocytes/uL, 140,000 platelets/
μL, international normalized ratio (INR) of 1.53, 
fibrinogen 433 mg/dL, alanine aminotransferase 188 
IU/L, gamma-glutamyl transferase 455 IU/L, alkaline 
phosphatase 355 IU/L, total bilirubin 0.5 mg/dL and 
creatinine 0.56 mg/dL. The urinalysis was normal. 
Doppler-ultrasound (US) of both lower limbs and 
abdominal computed tomography (CT) scan revealed 
extensive bilateral deep vein thrombosis involving IVC 
and both common iliac veins with extension to femoral 
veins, signs of ischemia of the right hepatic lobe, 
mild ascites and thrombosis of the right suprahepatic 
vein (SV) (Figures 1A-1E). Echocardiogram was 
remarkable for normal biventricular function with 
normal ejection fraction, with the presence of minimal 
pericardial effusion. An upper endoscopy did not show 
pathological findings. 
 The patient was admitted to the intermediate care 
unit; unfractionated heparin and diuretics were started. 
Initial evolution was poor, with rapid progression of 
coagulopathy reaching a spontaneous INR of 1.74 and 
increased ascites by ultrasound control. Considering the 
extension and atypical location of the thrombosis, and 
the presence of fever, differential diagnosis was broad 
and included infectious, autoimmune and malignant 
causes, mainly hematological. 
 Other tests were performed. Human immunodeficiency 
virus, hepatitis C virus and blood cultures were negative. 
A thick drop test and Plasmodium antigen ruled out 
the presence of acute infection by Plasmodium spp. 
A pulmonary arteries angio-CT showed no signs of 
pulmonary embolism. Antinuclear antibodies, neutrophil 
cytoplasmic antibodies and antiphospholipid antibodies 
were negative and the immunoglobulin count was 
normal. Hematological findings were compatible with 
iron deficiency anemia and Coombs tests were negative.
 Taking into account the clinical picture, especially 
the extension and the atypical location of thrombosis, 
BD was suspected and clinical history was extended. 
The patient recognized recurrent painful oral and genital 
ulcers for the last 10 years, and intermittently painful 

61
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3. Discussion

The vascular system is involved in 5-40% of cases of 
BD, including venous and arterial beds and it has a 
relapsing course. BD is unique among other vasculitis 
as it usually affects veins rather than arteries and it 
has significant thrombotic tendency associated with 
vascular inflammation, which cannot be explained 
by thrombophilic factors. LEVT is the most common 
type of vascular involvement. On the other hand, some 
rare presentations of vascular affection as pulmonary 
artery aneurysms, cardiac involvement and BCS are 
associated with a significant morbidity and mortality 
(4,5,10).
 BCS is defined as an outflow obstruction at one or 
several levels from small hepatic venules to the IVC 
junction with right atrium, as a result of thrombosis or 
secondary fibrosis of the mentioned territory. BCS can 
be primary or secondary-due to compression or external 
invasion of the venous system-, and its presentation varies 
from asymptomatic, subacute-chronic or acute-fulminant 
states (14-16). Clinically, patients usually present with 
abdominal pain, fever, ascites, hepatosplenomegaly, 
collateral circulation and lower limb edema; other more 
severe findings include upper gastrointestinal bleeding 
and hepatic encephalopathy. Jaundice is not frequent, 
but the increase in direct bilirubin levels is a poor 
prognosis factor. In addition, BCS has been associated 
with an increased risk of long-term development of 
hepatocellular carcinoma. The diagnosis of BCS is 
based on clinical history, analytical data (impaired liver 
function and a serum albumin-ascites concentration 

pretibial nodules with residual hyperpigmentation for 
the last 2 years that resembled erythema nodosum. The 
gynecological examination revealed a well-defined 
painful ulcer in the left lower vaginal lip (Figures 1F 
and 1G). The patient met criteria for BD with vascular 
involvement, associated with BCS. Pathergy test was 
negative.
 The patient was treated with high-dose pulse of 
corticosteroids and cyclophosphamide with a strikingly 
favorable response in the first forty-eight hours after 
the beginning of immunosuppressive therapy, including 
defervescence, improvement of ascites and edema in 
lower limbs, as well as correction of coagulopathy 
(INR 1.15). Previous to immunosuppressive therapy, 
serology tests to assess chemoprophylaxis were 
gathered: anti-HBs negative and anti-HBc positive, 
with DNA quantification for hepatitis B virus of 17 IU/
mL (1.23 log), and interferon gamma release assay test 
was positive. Lamivudine and isoniazid were started as 
prophylaxis.
 The patient received seven cycles of cyclophosphamide 
every fifteen days. An abdominal US performed one 
month later showed significant recovery of the venous 
blood flow in the right suprahepatic vein, without ascites. 
Besides, an US of both lower limbs disclosed partial 
recanalization in both iliac and femoral veins. Nine 
months later, she progressed favorably with occasional 
appearance of genital ulcers without other complications, 
and with good tolerance to oral treatment: she is currently 
treated with prednisone, azathioprine and colchicine. In 
addition, anticoagulant treatment with acenocoumarol 
has been maintained.

Figure 1. (A), Hepatic doppler-ultrasound revealed thrombosis and absence of flow involving the right suprahepatic vein and 
partially the inferior vena cava; (B), Oblique coronal CT scan image showed thrombosis of the right hepatic vein and low attenuation 
of the right hepatic lobe in the venous phase; (C), Coronal CT image shows inferior vena cava chronic thrombosis and right hepatic 
vein thrombosis with thrombus head leaning out into the cava; (D), Axial CT scan shows low attenuation in the right hepatic lobe as 
an ischemic finding and chronic juxtarenal inferior vena cava thrombosis with hemiazygos hyperthropy; (E), Coronal CT scan image 
shows complete inferior vena cava thrombosis; (F), The gynecological examination revealed a well-defined painful ulcer in the left 
lower vaginal lip; (G), Intermittently painful pretibial nodules with residual hyperpigmentation for the last 2 years that resembled 
erythema nodosum.
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gradient ≥ 1.1), and by demonstrating obstruction to 
the flow of the hepatic venous territory by non-invasive 
imaging techniques: hepatic doppler ultrasound (first 
step), three-phase CT-scan and magnetic resonance 
imaging. The biopsy is relegated to unclear cases and it 
shows a centrilobular pattern predominance which is not 
exclusive of the disease. Among the most frequent causes 
of BCS are hematological conditions, predominantly 
myeloproliferative syndromes. A therapeutic strategy has 
been proposed to manage primary BCS and consists of 
anticoagulation, correction of risk factors, diuretics and 
prophylaxis for portal hypertension. Other procedures 
including angioplasty for short-length venous stenoses, 
TIPS or liver transplantation are reserved for refractory 
cases (12,15,16).
 The association between BCS and BD has previously 
been described and is a rare complication of BD with a 
frequency between 2-5% in those patients with vascular 
involvement. However, in "endemic" areas of the disease, 
BD is one of the main causes of BCS. Some distinctive 
features have been described in BCS associated with BD 
including: younger age, higher frequency in males, IVC 
occlusion rather than isolated thrombosis of the hepatic 
veins, rare involvement of the portal system, better 
response to the immunosuppressive therapy compared 
to anticoagulation, and poor response to vascular 
interventions. Two clinical presentation groups of BCS 
related to BD have been described: the "symptomatic" 
form and the "silent" form. The former is presented with 
liver failure (ascites, increased bilirubin and prolonged 
INR) and is associated with 60% of mortality, and 
the later, with a better prognosis (10% of mortality) is 
manifested without ascites but with efficient collateral 
formation (5,17).
 We performed a systematic review in PubMed using 
the terms "Budd-Chiari syndrome", "Behçet's disease" 
and "Behçet's syndrome" in English and Spanish 
languages on the 10th of January 2019 and 65 articles 
were found. We excluded case reports, review articles 
and case series of BD with incomplete information 
of the subgroup of patients with BCS. Therefore, ten 
articles were included (Table 1 and Table 2). The vast 
majority were men (89.5%) with a mean age between 
18 and 41 years. The most common clinical features 
were ascites (46-100%), abdominal pain (40-100%), 
hepato-splenomegaly (29-100%), abdominal collateral 
circulation (25-100%), jaundice (19-100%) and fever 
(16-50%). Our patient had most of those symptoms 
(abdominal pain, fever and ascites). Interestingly, 
clinical findings of the patients are similar to our case 
report, however, the management has evolved over time. 
In other words, surgical management has decreased 
after the beginning of the use of immunosuppressants. 
Immunosuppressants and biological therapy are the 
most common therapeutic options in the last decade for 
BCS and BD (7,17-25). 
 Immunosuppressants, with or without glucocorticoids, 

are essential in the management of vascular involvement 
in BD. They have been shown to reduce the relapse rate 
and to prolong survival in several retrospective studies. 
In patients with BD, conditions associated with higher 
mortality like BCS require an early and aggressive 
medical treatment, including cyclophosphamide 
and glucocorticoid pulses. In resistant cases, anti-
tumor necrosis factor (TNF) agents could also be 
effective (1,4,6,8). Whether to add anticoagulants to 
prevent recurrent thrombosis has been debated (5,7). 
Several retrospective studies showed the inefficacy of 
anticoagulation alone or added to immunosuppressants 
in preventing recurrences (8). Anticoagulation could 
increase the risk of aneurysmal rupture (6,9,10). 
Nevertheless, the tolerance of anticoagulation therapy 
was satisfactory in patients with low bleeding risk after 
ruling out pulmonary artery aneurysms and it could be 
used in refractory venous thrombosis (4,6). 
 In the last decade, several studies have demonstrated 
a survival improvement with the use of angioplasty/
stenting or TIPS in patients with BCS, remarking the 
use of TIPS as a definitive treatment prior to liver 
transplantation, and not only as a bridging treatment 
(11,12). However, there is very limited experience in 
patients with BCS and BD (only a few case reports). 
A case of a 45-y-o male with BD presented with acute 
BCS and was treated with percutaneous transluminal 
angioplasty showing a dramatic reduction of portal 
venous pressure. Immunosuppressive agents and 
anticoagulation were used for prevention of recurrent 
thrombosis (26). A case series reported 5 patients 
with BD and acute BCS showing reversal of liver 
damage and correction of hemodynamic disturbances, 
prolonged survival and good quality of life when side-
to-side portacaval shunt was performed early in the 
course of BCS (22). There is no specific mention about 
the role of TIPS in the subgroup of BCS associated 
with BD in the latest update of the EULAR (European 
League Against Rheumatism) recommendations (6,12). 
In addition, it is important to note the risk of vascular 
pathergy phenomena after manipulating vessels in 
patients with BD, triggering vascular inflammation and 
consequently extension of the thrombosis (5,9,10). This 
is an important question that needs to be answered, 
taking into account the high mortality of BCS in the 
setting of BD and the management of BCS of any 
etiology includes TIPS for the most severe cases. 
 We suggest an algorithm for the management 
of BCS in the setting of BD (Figure 2). In case of 
BCS without a known etiology, every patient should 
undergo a quick revision of the clinical criteria for 
BD, especially if the patient is young (< 35 y-o). Once 
BD diagnosis is established, we should consider we 
are facing a case of vascular involvement of BD. BCS 
is a severe manifestation of vascular involvement of 
BD, and therefore it should be treated promptly and 
aggressively. The recommended treatment for BCS in 
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BD is to start glucocorticoids and immunosuppressants. 
In case of no response, various options are possible, 
including anticoagulation and invasive procedures 
(Figure 2).

 BD usually has a diagnosis delay of several years 
since the first medical visit. In our case, the presentation 
was an acute symptomatic BCS. The diagnostic process 
was quick and allowed a prompt therapeutic intervention. 

Figure 2. Algorithm for management of Budd-Chiari syndrome in Behçet's disease. ♦Cyclophosphamide may be reserved 
for patients with extensive thrombosis or larger veins like IVC due to potential adverse events. *Level of recommendation for 
anticoagulation is A1 in BCS according EASL guidelines, but level of recommendation for anticoagulation is IIIC in BCS associated 
with BD according to EULAR guidelines. ▲There have been proposed three prognostic scores: the Rotterdam BCS score, the BCS-
TIPS index score, and the revised Clichy score. ●Consider angioplasty/stenting as the first line decompressive procedure in patients 
with short hepatic vein stenosis or IVC stenosis. If there is no response TIPS is the treatment of choice (EASL 2015 for all causes of 
BCS). #Individualized decision is recommended due to the absence of specific evidence for BCS in the setting of BD; Consider the 
risk of vascular pathergy phenomenon in BD. anti-TNF antibodies, anti tumoral necrosis factor antibodies; APS, antiphospholipid 
syndrome; BCS, Budd-Chiari syndrome; BD, Behçet disease; DVT, deep vein thrombosis; IBD, Inflammatory bowel disease; IVC, 
inferior vena cava; MPS, myeloproliferative syndrome; PNH, Paroxysmal nocturnal hemoglobinuria; TIPS, Transjugular intrahepatic 
portosystemic shunt.
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Different therapeutic options were proposed, including 
anticoagulants, immunosuppressants and TIPS. 
We opted for intravenous heparin and a high-dose 
pulse of intravenous corticosteroids and intravenous 
cyclophosphamide and rejected TIPS due to the lack of 
evidence of this management in BD and the fact that 
could trigger a vascular pathergy phenomenon. Despite 
that our patient had an acute symptomatic presentation 
and liver failure, she fortunately showed a satisfactory 
and rapid response to the treatment.
 In conclusion, acute BCS presented in the setting of 
BD is a severe condition with high mortality. Vascular 
involvement in BD is managed with immunosuppression. 
Other therapeutic options like anticoagulation or 
interventional vascular therapy have a secondary role and 
should be considered on an individual basis.
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1. Introduction

Episodic ataxia is a genetically heterogeneous 
neurological condition characterized by spells of 
incoordination and imbalance, often associated with 
progressive ataxia (1). Episodic ataxia type 2 has a wide 
range of expressivity among patients. The disease is 
characterized by paroxysmal attacks of ataxia, vertigo, 
and nausea that usually last hours to days. Associated 
symptoms of the attacks include dysarthria, dystonia, 
tinnitus, diplopia, headache, and hemiplegia (2). 
Approximately 50% of patients with this disease have 

migraine headaches without loss of consciousness. 
Other less commonly reported manifestations include 
torticollis, intellectual disability, and psychiatric 
disorders. Initially, patients are usually asymptomatic 
between attacks, but with disease progression, they 
develop permanent cerebellar symptoms (3).
 Mutations in the CACNA1A gene are associated with 
autosomal dominant neurological disorders including 
episodic ataxia, familial hemiplegic migraine, early 
infantile epileptic encephalopathy 42, and spinocerebellar 
ataxia 6 (4). More than 170 disease-causing variants in 
CACNA1A are reported in the Human Gene Mutation 
Database (HGMD). This includes missense variants 
(51.5%), nonsense variants (11.7%), splice variants 
(7.0%), small deletions (11.7%), small insertions (5.8%), 
gross deletions (9.4%), complex rearrangements (0.6%), 
and repeat variations (2.3%). Among these variants, 128 
are implicated in ataxia phenotypes, mainly episodic 
ataxia (5).

Summary Episodic ataxia is a genetically heterogeneous neurological condition characterized by 
spells of incoordination and imbalance, often associated with progressive ataxia. Episodic 
ataxia type 2, caused by calcium voltage-gated channel subunit alpha1 A (CACNA1A 
MIM: 601011) mutation, is the most common form of episodic ataxia. It is characterized by 
recurrent attacks of imbalance associated with interictal nystagmus lasting hours to days 
and triggered by emotional stress or exercise. In this article, we report a novel heterozygous 
intronic variant c.5743+14A>G in the CACNA1A gene in a Saudi family. To the best of 
our knowledge, this variant has not been described in the literature or reported in public 
mutation databases. This report indicated that acetazolamide is not beneficial, and it may 
be even harmful to patients with episodic ataxia type 2 if used in later stages. In addition, 
treatment with 4-aminopyridine did not show any efficacy to improve walking or balance 
in our patient, which indicates the importance of early initiation of therapy before the later 
stages of the disease. Further research is needed to explore potential treatments for this 
challenging disease.
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Episodic ataxia type 2,  caused by CACNA1A 
mutation, is the most common form of episodic ataxia. 
It is characterized by recurrent attacks of imbalance 
associated with interictal nystagmus lasting hours to days 
and triggered by emotional stress or exercise. The age of 
onset is usually in childhood or early adolescence (age 
range 2-32 years). Its prevalence has been estimated at 
lower than 1/100,000 (6). 
 The currently available treatments include 
acetazolamide and 4-aminopyridine (fampridine), which 
may reduce the frequency, severity, and duration of 
attacks but have no effect on the disease progression (6). 
In this article, we report a novel mutation in CACNA1A 
gene in a young Saudi lady with episodic ataxia type 2 
with no response to acetazolamide or 4-aminopyridine.

2. Case Report

Proband III-2 is a 25-year-old Saudi woman presented 
with 9 years history of ataxia, imbalance, dysarthria, 
and difficulty swallowing. Initially, her symptoms 
were episodic with intermittent improvement between 
episodes. However, over the past five years, her disease 
became progressive. Her symptoms increased with 
time to the point that she needed a wheelchair due to 
inability to walk especially in dark rooms. There was no 
history of joint pain, skin rash, visual symptoms, mouth 
or genital ulcers, or gastrointestinal symptoms. The 
patient denied memory loss or psychiatric symptoms. 
Her past medical history was unremarkable including 
endocrine disorders, infections, sleep disorders, or 
trauma. Family history was positive for a similar 
condition. On examination, the patient was conscious 
and oriented with normal cognitive functions. She was 
dysarthric with scanning speech, and she had impaired 
saccadic eye movement. She also had impaired dorsal 

column structure and pectus excavatum. The rest of 
her cranial nerve examination was normal. Motor 
examination showed 3/5 power in the upper limbs and 
4/5 power in the lower limbs, and her reflexes were 
absent. Cerebellar examination showed dysmetria 
and dysdiadokinesia. She had difficulty walking 
without assistance. There were no associated skeletal 
deformities, and her fundus examination was normal. 
Gait examination showed wide-based gait with a 
tendency to fall to either side. 
 Extensive blood work including both routine and 
specific tests to rule out the cause of ataxia in this age 
group was negative. These include vitamin E level, 
vitamin B-12 level, blood smear for acanthocytes, 
viral serology, thyroid function test, serology for 
celiac disease, and lipoprotein electrophoresis. Genetic 
testing was sent, and the sequence analysis identified 
a heterozygous intron variant c.5743+14A>G in the 
CACNA1A gene, which is inherited in an autosomal 
dominant manner (Figure 1). This intronic variant has 
been identified in four heterozygous individuals in the 
Genome Aggregation Database (gnomAD, n > 120,000 
exomes and > 15,000 genomes). Database curators have 
made every effort to exclude individuals with severe 
pediatric diseases from these cohorts. This variant is 
absent in the Greater Middle East (GME) Variome 
Project with 2,497 individuals analyzed. This variant 
has not been reported in public mutation databases or 
the literature. It is classified as a variant of uncertain 
significance according to the ACMG guidelines. 
According to the Human Splicing Finder in silico tool, 
this variant probably has no impact on splicing. 
 Additionally, our exome sequencing data showed a 
heterozygous carrier for three missense novel mutations 
in POLG gene (c.576G˃T, p.(Glu192Asp)), PNKP 
(c.1160C˃A, p.(Leu454Met)), and ABCB7 (c.14C˃T, 

68

Figure 1. Sanger sequence analysis for validation of exome sequencing variant found in CACNA1A gene.
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syndrome. Considering the current literature and the 
well-established role of the variant, it is classified as 
pathogenic. Our patient is heterozygous for the variant, 
and diseases caused by TCTN1 mutations are inherited 
in an autosomal recessive manner. Thus, the identified 
variant is not sufficient to cause disease without another 
disease-causing variant in the same gene.
 Magnetic resonance imaging (MRI) of the brain 
revealed moderate atrophy of the midbrain, pontine 
tegmentum, and vermis of the cerebellum with a 
mild degree of atrophic changes within the cord 
(Figure 2). Nerve conduction studies showed axonal 
sensory neuropathy with reduced SNAP amplitude 
in the bilateral median and ulnar nerves with absent 
unrecordable responses from the sural and superficial 
peroneal nerves bilaterally. In addition, low CMAP 
amplitude in both peroneal nerves was observed. 
Cardiac echocardiography was unremarkable with 
normal left ventricular size and systolic function. A 
24-hour Holter monitor showed sinus bradycardia 
with marked sinus arrhythmia and a heart rate ranging 
from 37 to 122 beats per minute (average 69 beats per 
minute). 
 The detailed family pedigree was drawn after getting 
the detailed information from the parents as shown in 
Figure 3. Family and genetic counseling were offered 

p.(Ala5Val)). The PNKP (c.1160C˃A, p.(Leu454Met)) 
variant has previously been identified in clinical testing 
and classified as a variant of uncertain significance 
(ClinVar variation ID: 95478). To the best of our 
knowledge, the POLG gene (c.576G˃T, p.(Glu192Asp)) 
and ABCB7 (c.14C˃T, p.(Ala5Val)) variants have 
not been reported in the literature or public mutation 
databases. As there is not enough data to support or rule 
out pathogenicity, these variants are classified as variants 
of uncertain significance. It has to be noted that both 
autosomal recessive and dominant inheritance patterns 
have been identified in the diseases caused by POLG 
mutations. POLG-related mitochondrial ataxia syndrome 
and mitochondrial DNA depletion syndromes are 
inherited in an autosomal recessive manner, but POLG-
related progressive external ophthalmoplegia can also be 
inherited in an autosomal dominant manner. The disease 
caused by PNKP mutations is inherited in an autosomal 
recessive manner, and the disease caused by ABCB7 
mutations is inherited in an X-linked recessive manner. 
The patient is heterozygous for the identified variants.
 The patient was also a heterozygous carrier for 
a pathogenic mutation in TCTN1 (c.342-2A>G). 
This variant affects the acceptor splice site of intron 
2. This variant has been identified as homozygous 
in patients with Joubert syndrome or Joubert-like 

Figure 2. MRI of the brain showing moderate atrophy of the midbrain, pontine tegmentum, and vermis of the cerebellum 
with a mild degree of atrophic changes within the cord. MRI, magnetic resonance imaging.

Figure 3. Family pedigree showing the details of the members of the family. The samples marked with asterisks were 
available for genetic testing.
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through a genetic consultant. The patient was tried on 
both acetazolamide (up to 1 gram daily in two divided 
doses) and 4-aminopyridine with no improvement in 
her condition. In fact, she developed several side effects 
due to acetazolamide including paresthesias, polyuria, 
and drowsiness.
 This study was approved by the Institutional Review 
Board (IRB) of King Abdullah International Medical 
Research Center (KAIMRC).

3. Discussion

Voltage-dependent calcium channels mediate the 
entry of calcium ions into excitable cells, and are 
also involved in a variety of calcium-dependent 
processes including muscle contraction, hormone 
or neurotransmitter release, and gene expression 
(7). Calcium channels are multisubunit complexes 
composed of alpha-1, beta, alpa-2/delta, and gamma 
subunits. The channel activity is directed by the 
pore-forming alpha-1 subunit, whereas the others 
act as auxiliary subunits regulating this activity. The 
distinctive properties of the calcium channel types 
are related primarily to the expression of a variety of 
alpha-1 isoforms, alpha-1A, B, C, D, E, and S (8).
 The CACNA1A gene on chromosome 19p13.13 
encodes the alpha-1A subunit, which is the pore-
forming subunit of the voltage-dependent calcium 
channels. It is predominantly expressed in neuronal 
tissue, particularly Purkinje and granule cells of the 
cerebellum (9). These calcium channels mediate entry 
of calcium into the cells and regulate the pacemaking 
precision. These channels regulate the whole-cell 
calcium current density and the intrinsic excitability 
of Purkinje cells and granule cells, and exert major 
control over glutamate release at the parallel fiber 
onto Purkinje-cell synapses (10). Targeted deletions 
of CACNA1A in cerebellar granule cells or Purkinje 
cells result in altered cerebellar output by decreasing 
the excitatory drive on Purkinje cells or their ability to 
release neurotransmitters (10).
 Our patient had clinical features similar to other 
patients with episodic ataxia type 2 caused by 
CACNA1A gene mutation but differed in the time of 
diagnosis. Most of the reported cases in the literature 
were diagnosed early in childhood when the disease 
was still episodic. Although early diagnosis does not 
seem to alter the natural history of the disease, it allows 
appropriate family counseling and planning and also 
leads to a better response to the available symptomatic 
treatment. Our patient did not have genetic testing 
to identify the responsible gene for many years due 
to unavailability of advanced genetic testing in most 
of the hospitals. With the current availability of 
molecular genetics in Saudi Arabia, the identification 
of responsible genes associated with a wide variety 
of diseases will be feasible. This progress is hoped to 

eliminate delay in diagnosis of rare genetic diseases.
 The whole exome sequencing performed on our 
patient identified several other variants in POLG, 
PNKP, ABCB7, and TCTN1 genes. These variants are 
not related to the clinical phenotype of the patient. This 
is because she is a carrier for those identified variants 
and most of the disease caused by them are inherited in 
an autosomal recessive manner. Our patient's clinical 
phenotype does not fit the phenotype of diseases caused 
by mutations in these genes. 
 History and physical examination are of paramount 
importance in indicating a diagnosis of cerebellar ataxia. 
MRI of the brain is important in evaluating structural 
abnormalities and typically demonstrates atrophy of the 
cerebellar vermis (11). Genetic testing remains the only 
definitive diagnostic method to identify the responsible 
gene. Nuclear magnetic spectroscopy may demonstrate 
abnormal cerebellar intracellular pH levels and low 
cerebellar creatine. EMG typically shows absent 
myokymia, and single fiber EMG may demonstrate 
jitter and blocking (12).
 Management of these patients mainly includes 
occupational and physical therapy for gait dysfunction 
and speech therapy. There is no currently available 
treatment that can cure the disease or alter the disease 
progression (13). Acetazolamide is an effective 
medication for controlling or reducing the frequency 
and severity of attacks, but it does not prevent the 
progression of the disease (14). In addition, recent 
studies showed that 4-aminopyridine (fampridine) 
might also be effective in reducing the frequency 
and duration of attacks. Prognosis is variable in these 
patients, but improvement in their condition is unlikely 
(15). We have recently reported our experience in 
the use of 4-aminopyridine in a patient with a rare 
hereditary ataxia with no response. This indicates that 
the management of patients with hereditary ataxias 
remains challenging (16).
 The rate of consanguinity in Saudi Arabia is high 
ranging from 25% to 65%. This consanguinity favors 
the occurrence of genetic diseases, especially the 
diseases inherited in an autosomal recessive manner. 
It is important to educate the Saudi population about 
this fact to hopefully reduce the occurrence of rare 
and devastating diseases. We have previously reported 
several novel and rare mutations causing a wide 
variety of genetic neurological diseases in the Saudi 
community (16-24). This paper may be considered as 
an urgent call for action to address the consanguinity 
issue in Saudi Arabia.
 In conclusion, we report a novel heterozygous 
intron variant c.5743+14A>G in the CACNA1A gene in 
a Saudi family. This report indicated that acetazolamide 
is not beneficial, and it may be even harmful to patients 
with episodic ataxia type 2 if used in later stages. In 
addition, 4-aminopyridine did not show any efficacy 
to improve walking or balance in our patient, which 
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indicates the importance of early initiation of therapy 
before the later stages of the disease. Further research 
is needed to explore potential treatments for this 
challenging condition.

References

1. Jen JC, Graves TD, Hess EJ, Hanna MG, Griggs RC, 
Baloh RW; CINCH investigators. Primary episodic 
ataxias: Diagnosis, pathogenesis and treatment. Brain. 
2007; 130:2484-2493.

2. Baloh RW. Episodic ataxias 1 and 2. Handb Clin Neurol. 
2012; 103:595-602.

3. Bertholon P, Chabrier S, Riant F, Tournier-lasserve 
E, Peyron R. Episodic ataxia type 2: Unusual aspects 
in clinical and genetic presentation. Special emphasis 
in childhood. J Neurol Neurosurg Psychiatry. 2009; 
80:1289-1292.

4. Barros J, Damásio J, Tuna A, Alves I, Silveira I, Pereira-
Monteiro J, Sequeiros J, Alonso I, Sousa A, Coutinho 
P. Cerebellar ataxia, hemiplegic migraine, and related 
phenotypes due to a CACNA1A missense mutation: 
12-year follow-up of a large Portuguese family. JAMA 
Neurol. 2013; 70:235-240.

5. Human Gene Mutation Database Professional 2017.2. 
https://www.nihlibrary.nih.gov/resources/tools/human-
gene-mutation-database-professional (Accessed on 
December 6, 2018)

6. Spacey S. Episodic Ataxia Type 2. In: Pagon RA, Adam 
MP, Bird TD et al: (eds) Seattle (WA): GeneReviews, 
1993.

7. Greenberg DA. Calcium channels in neurological disease. 
Ann Neurol. 1997; 42:275-282.

8. Randall AD. The molecular basis of voltage-gated Ca2+ 
channel diversity: Is it time for T?. J Membr Biol. 1998; 
161:207-213.

9. R a j a k u l e n d r a n S ,  G r a v e s T D , L a b r u m RW, 
Kotzadimitriou D, Eunson L, Davis MB, Davies R, Wood 
NW, Kullmann DM, Hanna MG, Schorge S. Genetic and 
functional characterisation of the P/Q calcium channel in 
episodic ataxia with epilepsy. J Physiol. 2010; 588:1905-
1913.

10. Damaj L, Lupien-Meilleur A, Lortie A, Riou É, Ospina 
LH, Gagnon L, Vanasse C, Rossignol E. CACNA1A 
haploinsufficiency causes cognitive impairment, autism 
and epileptic encephalopathy with mild cerebellar 
symptoms. Eur J Hum Genet. 2015; 23:1505-1512.

11. Mantuano E, Romano S, Veneziano L, et al. Identification 
of novel and recurrent CACNA1A gene mutations in 
fifteen patients with episodic ataxia type 2. J Neurol Sci. 
2010; 291:30-36.

12. Harno H, Heikkinen S, Kaunisto MA, Kallela M, 
Häkkinen AM, Wessman M, Färkkilä M, Lundbom N. 

Decreased cerebellar total creatine in episodic ataxia type 
2: A 1H MRS study. Neurology. 2005; 64:542-544.

13. Kotagal V. Acetazolamide-responsive ataxia. Semin 
Neurol. 2012; 32:533-537.

14. Ilg W, Bastian AJ, Boesch S, Burciu RG, Celnik P, 
Claaßen J, Feil K, Kalla R, Miyai I, Nachbauer W, 
Schöls L, Strupp M, Synofzik M, Teufel J, Timmann D. 
Consensus paper: Management of degenerative cerebellar 
disorders. Cerebellum. 2014; 13:248-268.

15. Hess E. A randomized trial of 4-aminopyridine in EA2 
and related familial episodic ataxias. Neurology. 2011; 
77:1996-1997.

16. Algahtani H, Shirah B, Algahtani R, Naseer MI, Al-
Qahtani MH, Abdulkareem AA. Ataxia with ocular 
apraxia type 2 not responding to 4-aminopyridine: A rare 
mutation in the SETX gene in a Saudi patient. Intractable 
Rare Dis Res. 2018; 7:275-279.

17. Algahtani H, Shirah B. A novel mutation in the DNMT1 
gene in a patient presenting with pure cerebellar ataxia. J 
Genet Med. 2017; 14:71-74.

18. Algahtani H, Naseer MI, Al-Qahtani M, Abdulrahman 
SA, Boker F, Shirah B. Congenital insensitivity to pain 
with anhidrosis: A report of two siblings with a novel 
mutation in (TrkA) NTRK1 gene in a Saudi family. J 
Neurol Sci. 2016; 370:35-38.

19. Algahtani H, Marzouk Y, Algahtani R, Salman S, Shirah B. 
Autosomal recessive cerebellar ataxia type 1 mimicking 
multiple sclerosis: A report of two siblings with a novel 
mutation in SYNE1 gene in a Saudi family. J Neurol Sci. 
2017; 372:97-100.

20. Algahtani H, Ghamdi S, Shirah B, Alharbi B, Algahtani 
R, Bazaid A. Biotin-thiamine-responsive basal ganglia 
disease: Catastrophic consequences of delay in diagnosis 
and treatment. Neurol Res. 2017; 39:117-125.

21. Algahtani H, Ibrahim B, Shirah B, Aldarmahi A, Abdullah 
A. More than a decade of misdiagnosis of alternating 
hemiplegia of childhood with catastrophic outcome. Case 
Rep Med. 2017; 2017:5769837.

22. Algahtani H, Alameer S, Marzouk Y, Shirah B. Urea 
cycle disorder misdiagnosed as multiple sclerosis: A case 
report and review of the literature. Neuroradiol J. 2018; 
31:213-217.

23. Algahtani H, Absi A, Bassuni W, Shirah B. Adult-onset 
hemophagocytic lymphohistiocytosis type 2 presenting as 
a demyelinating disease. Mult Scler Relat Disord. 2018; 
25:77-82.

24. Algahtani H, Shirah B, Alassiri AH, Habib BA, 
Almuhanna R, Ahamed MF. Limb-girdle muscular 
dystrophy type 2B: An unusual cause of proximal 
muscular weakness in Saudi Arabia. J Back Musculoskelet 
Rehabil. 2018; 31:999-1004. 

 (Received December 8, 2018; Revised February 20, 
2019; Accepted February 24, 2019



www.irdrjournal.com

Intractable & Rare Diseases Research. 2019; 8(1):72-77.72

Partial trisomy 9 (9pter->9q22.1) and partial monosomy 14 (14pter-
>14q11.2) due to paternal translocation t(9;14)(q22.1;q11.2) in a 
case of Dysmorphic features

Somprakash Dhangar, Seema Korgaonkar, Babu Rao Vundinti*

National Institute of Immunohaematology (ICMR), K.E.M Hospital campus, Parel, Mumbai, India.

1. Introduction

Trisomy 9 is one of the rare chromosomal abnormalities 
associated with complex phenotype involving multiple 
malformations of limbs, cardiac, renal and central 
nervous systems (1). The clinical severity in trisomy 9 
is not precisely correlated with the extent of trisomic 
material (2). Prenatal growth retardation, postnatal 
mental retardation and early mortality are known to be 
associated with trisomy 9 (3). The trisomy 9 can classify 
as pure trisomy and partial trisomy 9 (4,5). The pure 
trisomy 9 can occurs due to different type of adjacent-2 
segregation mechanism as well as non-disjunction of 

chromosomes in one of the parent during gametogenesis 
(6). The partial trisomy includes somatic mosaicism and 
translocation. The phenotype associated with it relies 
on the number of cellular lines that are trisomic and the 
additional chromosome material translocated to different 
chromosomes (7,8). However, majority of the pure and 
partial trisomy 9 ends in spontaneous abortion (3,8). 
 The published literature of pure or partial trisomy 9 
provides limited information mainly related to prenatal 
diagnosis, electively terminated pregnancies or autopsy 
cases and not on long time survivors of partial trisomy 
9 (5,9,10). The developmental complications in partial 
trisomy 9 have been reported in few case studies (11). 
So far 150 cases of pure and partial trisomy 9 have been 
reported in the database of National organization for rare 
disorders (NORD) (12,13). However there is dearth of 
information regarding developmental status of pure or 
partial trisomy 9 cases in the literature. 
 Here, we report a novel case of partial trisomy 9 and 
monosomy 14 in a five year old child with dysmorphic 
features.

Summary Trisomy 9 including mosaic and partial trisomy is less frequently seen chromosomal 
abnormality in live born children. The pure or partial trisomy 9 frequently been reported in 
prenatal diagnosis and product of conception. However few studies reported partial trisomy 
9 in live born children. In addition data on genotype and phenotype correlation of partial 
trisomy is not well understood except few case reports. Here we report a case of partial 
trisomy 9 and monosomy 14 with a 46,XY,der(9)t(9;14)(q22.1;q11.2)pat,-14 karyotype in a 
5-year old dysmorphic child. The proband was confirmed as trisomic for 9pter->9q22.1 and 
monosomic for 14pter->q11.2 due to paternal t(9;14)(q22.1;q11.2) balanced translocation 
using a combination of conventional and molecular cytogenetic (fluorescence in situ 
hybridization, array-comparative genomic hybridization) techniques. The clinical features 
similar to pure trisomy 9 is due to duplication of the large region of chromosome 9. However, 
the present report of partial trisomy 9 and monosomy 14 is a novel case report and showing 
comparatively longer survival which have not been previously reported in the literature. The 
parent of the proband was counseled for the future pregnancies.
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2. Case Report

A 5-year old male child, the first born of a healthy non-
consanguineous couple was referred to our clinic for 
chromosomal analysis due to delayed milestones and 
dysmorphic features. He had been born of full term 
normal delivery with moderately low birth weight. 
Mother's age was 33 years with no previous bad obstetric 
history and the father was 35 years old. 
 On clinical examination, the child had facial 
dysmorphic features like prominent forehead with mild 
macrocephaly, low hair line, slight downward slanting 
of the eyes with epicanthic folds, hypertelorism, low set 
ears, large pinnae, long face, bulbous nose, thin upper lip, 
long philtrum, high arched palate and webbed neck. The 
proband also had skeletal and limb anomalies including 
kyphoscoliosis rocker bottom feet, short middle 
interphalangeal elevated foot, clinodactyly of fifth finger 
and pilonidal sinus. Speech development was severely 
retarded and the gross and fine motor development was 
poor. The Social Quotient (SQ) was 80. The Magnetic 
resonance imaging (MRI) and Computer tomography 
(CT) scan of brain revealed generalized cerebral atrophy, 
dilated ventricles, and arachnoid cyst. The 2-Dimentional 
echocardiogram (2D-ECHO) reported tiny patent ductus 
arteriosus (PDA) with normal left ventricular output. 
Ultra sonography (USG) of abdomen revealed small 
size of both kidneys. Brainstem Evoked Response 
Audiometric (BERA) test revealed bilateral moderate 
to severe hearing loss. Ophthalmic examination showed 
telecanthus. 

 The study was carried out with the consent of one of 
the parent.

3. Cytogenetics

Peripheral blood cultures were set up at 37°C for 72 
hours according to standard procedure (14). The cultures 
were stimulated with phytohaemagglutinin (PHA) 
arrested with colchicine (50 ug/mL) and treated with 
hypotonic solution (KCL- 0.56 g/100 mL). The cells 
were fixed in carnoy's solution (Methanol: Glacial acetic 
acid; 3:1). The chromosomal preparations obtained 
were subjected to GTG banding (15). At least 30 
metaphases were scored and karyotype (approximately 
400 band resolution) according to International System 
of Chromosome Nomenclature 2016 (ISCN 2016) 
(6). Applied Spectral Imaging software system (Inc. 
Carlsbad, USA) interfaced with Nikon 90i microscope 
(Japan) was used for analysis. 
 The chromosomal analysis of child revealed 
46,XY,+der(9)t(9;14)(q22.1;q11.2)pat,-14 karyotype 
(Figure 1A). The karyotype of mother was normal while 
the father had balanced translocation 46,XY,t(9;14)
(q22.1;q11.2) (Figure 1B). Fluorescence in situ 
hybridization (FISH) was carried out using centromere 
specific and whole chromosome painting probe 
(Kreatech, Leica biosystems, Germany) of chromosome 
9 (Cat. No. KBI30009G) and 14 (Cat. No. KBI30014R). 
FISH results revealed partial trisomy 9 and monosomy 
14 in proband (Figures 1C and 1D). The chromosome 
breakpoints further confirmed by array-CGH (CytoPrime 

73

Figure 1. Karyotype and FISH images of Proband and father of the affected child. (A), GTG banded karyotype of proband 
showing 46,XY,+der(9)t(9;14)(q22.1;q11.2)pat,-14; (B), Balanced translocation showing 46,XY,t(9;14)(q22.1;q11.2) in father; 
(C), Whole chromosome painting (FISH) shows partial trisomy 9 [Green (9) and red (14)] in proband; (D), FISH image showing 
balanced translocation in father.
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our case, chromosome analysis using GTG banding 
revealed der(9) chromosome and the karyotype was 
46,XY,+der(9)t(9;14)(q22.1;q11.2)pat,-14. The array- 
CGH detected the accurate break point to be 9p24.3-
>q22.1 which could not be confirmed by conventional 
method. Total 432 genes are present in this breakpoint 
region and out of which 222 genes are found to be 
associated with Mendelian inheritance (22). It is evident 
that the der(9) chromosome came from father due to 
the presence of balanced translocation 46,XY,t(9;14)
(q22.1;q11.2). The adjacent-2 segregation taking place 
during the gametogenesis in one of the parent may be 
the reason for the unbalanced genotype (6). Molecular 
cytogenetic analysis of proband using FISH revealed 
that the der(9) was indeed derived from the father and 
the child was trisomic for chromosome region 9pter-
>9q22.1 and monosomic for 14pter->14q11.2 region. 
Hence, the karyotype of proband was confirmed to be 
46,XY,+der(9)t(9;14)(q22.1;q11.2)pat,-14.
 In literature review we found that nine such cases 
with slightly similar breakpoint 9pter->9q22.2 have 
been reported (Table 1). However, the other partial 
trisomy related to region 9q12->9q32 also reported in the 
literature. The National organization for rare disorders 
(NORD) and Tracking Rare Incidence Syndromes (TRIS) 
project are the important database for rare diseases like 
trisomy 9. According to their database 150 cases of 
trisomy 9 has been reported so far. Of them only few 

microarray system with Chromosome Analysis Suite 
software designed by affymetrix). Array-CGH revealed 
arr[GRCh38] 9p24.3q22.1(203861_87860633)x3 pat 
(Figures 2A and 2B). Array-CGH analysis shows a 
single copy gain of chromosome 9 at band 9p24.3-
>q22.1 which spans 87.657 Mbps genomic material 
consisting of 432 genes. The array-CGH result suggested 
partial trisomy 9.

4. Discussion

Genomic imbalances due to chromosomal abnormalities 
are major cause of multiple congenital anomalies 
including dysmorphic features and developmental delay. 
The chromosomal abnormalities including balanced 
translocations, inversions and extra marker chromosomes 
passed through the parents cause unbalanced genomic 
changes in the fetus or children resulting in the abnormal 
phenotype (16). 
 Trisomy 9 is a fairly uncommon aneuploidy 
accounting for only 2.7% of all trisomy and mainly 
results in early miscarriages (17). Pure trisomy 9 presents 
a wide variety of congenital anomalies affecting most 
of the vital organs and limb extremities. However, 
the severity is highly variable from case to case 
(18,19). Partial trisomy 9 due to balanced translocation 
between chromosome 9 and other chromosomes of 
parents have been reported in literature (20,21). In 

Figure 2. Array-CGH findings. (A), Array-CGH image showing duplication of chromosome 9, region 9pter->9q22.1 (Proband); 
(B), Array-CGH image showing duplicated region of chromosome 9 in our case and its comparison with previous studies.
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cases had longer survival more than 3-4 years (12,13). 
According to published literature majority of trisomy 
9 cases involving breakpoint region 9pter->9q22.2 
manifest clinical features such as webbed neck, rocker 
bottom feet, slanting eyes, growth retardation and 
delayed milestones (23). Similar clinical abnormalities 
were seen in this case, additionally classical anomalies 
like CNS involvement (cerebral atrophy, dilated 

ventricles), and cardio vascular involvement (PDA) 
and renal impairment (hypoplastic kidneys) were also 
present. The presence of these anomalies makes the 
proband a classical case of partial trisomy 9 in terms of 
clinical diagnosis and management. Hence reporting 
of such cases is essential to characterize the disorder as 
well as to increase the awareness and knowledge in the 
medical community. 

Table 1. Correlation of clinical features and chromosome breakpoints in patients with 9p duplication

Authors [Year] (ref.)

Our Patient

Fryns J P et al. [1979] (29)

Wilson GN et al. [1985] (2)

Smart RD et al.[1988] (30)

Chih C P et al. [1999] (31)

Von Kaisenberg CS et al.
[2000] (32)

Bouhjar IB et al. [2011] (27)

Lyons JM et al. [2013] (33)

Kowalezyk M. et al. [2013] (28)

Brambila-Tapia AJ et al. 
[2014] (21)

Region/loci duplicated

9p24.3->q22.1

9p

9pter->q22

9pter->q22.1

9pter->q22

9pter->q22.2

9p13.3->pter

Partial 9p and partial monosomy Yq

9p13.1->pter duplication with 9 p deletion

Pure trisomy 9p13.1

Reported clinical anomalies

Macrocephaly, slight downward slanting of the eyes with 
epicanthic folds, hypertelorism, low set ears, large pinnae, long 
face, bulbous nose, thin upper lip, long philtrum, high arched 
palate and webbed neck, kyphoscoliosis, rocker bottom feet, 
short middle interphalangeal, clinodactyly of the fifth finger,  
pilonidalsinus, cerebral atrophy, dilated ventricles and arachnoid 
cyst, congenital heart disease, small size kidneys

Retardate psychomotor development,  hypertelorism, 
antimagoloid slant, globular nose, protruding ears, dilated 
ventricles

Microcephaly , prominent nasal root, bulbous nose, and down-
turned comers of the mouth

Enlarged ventricles, facial dysmorphism

Enlarged cysternamegna with bilateral ventriculomegaly

Dandy Walker malformation* and cerebella vermis hypoplasia 
in fetus

Typical dysmorphic features but not mental retardation

Neuro developmental delay, growth delay, dysmorphic 
features, small genitalia

Craniofacial anomalies, Dandy Walker malformation*, 
delayed development, mental retardation

Psychomotor delay, short stature, open anterior fontanelle, 
dysplastic ears, facial dysmorphism, Long and broad first 
toes, CNS and skeletal alterations

Bolding represents features in common with our patient. *Partial anomalies present in our case.

Table 2. Comparative clinical features and chromosome break points in patients with monosomy 14

Authors [Year] (ref.)

Our Patient

Short E M et al. [1972] (25)

Petek E et al. [2003] (24)

Prontera P et al. [2014] (26)

Region/loci duplicated

14pter-> 14q11.2

(14q-)+ deletion

14q interstitial deletion

14q11.2 deletion

Reported clinical anomalies

Macrocephaly, slight downward slanting of the eyes with epicanthic folds, 
hypertelorism, low set ears, large pinnae, long face, bulbous nose, thin upper 
lip, long philtrum, high arched palate and webbed neck, kyphoscoliosis, 
rocker bottom feet, short middle interphalangeal, clinodactyly of the fifth 
finger,  pilonidalsinus, cerebral atrophy, dilated ventricles and arachnoid 
cyst, congenital heart disease, small size kidneys

Delayed development, Intellectual disability

Small fontanelle, sloping forehead, micropthalmia, malformed pinnae

Macrocephaly, facial dysmorphism with Autism

Bolding represents features in common with our patient.
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 Moreover, partial monosomy 14pter->14q11.2 was 
also detected through conventional cytogenetics in the 
proband. Few cases of partial monosomy 14q11.2 have 
been reported in the literature (Table 2) and most of 
the anomalies overlap with trisomy 9 features (24,25). 
However we have not found any gain or loss in array- 
CGH results, showing involvement of heterochromatic 
region in the translocation. The reported studies shows 
recurrent 100 kb micro deletions in the chromosomal 
region 14q11.2 involving CHD1 gene are associated with 
autism and macrocephaly. Other study also suggested 
that the deletion of 114 kb in the region of 14q11.2 
involving genes SUPTT16H, CHD8, RAB2B which are 
strongly associated with autism and facial dysmorphism 
(26). Hence cytogenetic analysis of the children with 
dysmorphic features is essential in view of autism 
spectrum disorder and its further management.
 The cytogenetic screening of future pregnancies 
is important as there is a high risk of giving birth to 
chromosomally abnormal child, due to the presence of 
balanced translocation in the father which is likely to 
undergo abnormal meiotic segregation. Over the last 
decade recent advancement in molecular cytogenetic 
has proved to be an important tool for identification of 
complex chromosomal abnormalities including minor 
losses and gains with accurate breakpoint (27). The Copy 
number Variations (CNV's) are found to be associated 
with several disease conditions (28). 
 In conclusion, the present case of partial trisomy 
9 and monosomy 14 is novel findings and showing 
comparatively longer survival which has not been 
previously reported in the literature. Further, the 
combination of conventional and advance molecular 
cytogenetic tools have proven to be essential in accurate 
identification of breakpoint in affected children. The 
present case reports will help in appropriate genetic 
counseling and prevention of genetic disease through 
prenatal diagnosis.
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Network established to collaborate on diagnosis and treatment 
of rare diseases in China: A strategic alliance backed by tiered 
healthcare is the key to the future

Qianli Ren1, Jianbin Wang2,*

1 Department of Medical Imaging, The People's Hospital of Huaibei, Huaibei, Anhui, China;
2 Intensive Care Unit, The People's Hospital of Huaibei, Huaibei, Anhui, China.

On February 12, 2019, establishment of the "National 
Network to Collaborate on Diagnosis and Treatment 
of Rare Diseases" was announced by the National 
the Health Commission of the People's Republic of 
China to further combat rare diseases (1). The network 
consists of 324 hospitals nationwide, including 1 
leading national institution, 32 leading provincial 
institutions, and 291 member institutions in accordance 
with recommendations from provincial  health 
authorities and a panel of experts.
 Worldwide, there are between 6,000 and 8,000 rare 
diseases. Eighty percent of rare diseases have identified 
genetic origins, 75% of rare diseases affect children, 
and 30% of patients with rare diseases die before 
the age of 5 (2,3). Rare diseases are serious chronic 
diseases and may be life-threatening. The features of 
rare diseases and the increasing number of identified 

rare diseases make these diseases a priority for 
policymakers, researchers, legislators, and healthcare 
professionals (4,5). 
 Over the past few years, China has actively worked 
to improve rare disease care and orphan drugs for rare 
diseases, but it still lags far behind the US, EU, Japan, 
and other countries and regions in scientific research, 
diagnosis and treatment, protection of patient rights, 
public awareness, and other areas. The good news is 
that some provinces and cities in China have taken a 
step forward in policy-making and alliance building. 
Supporting measures have mainly been implemented by 
professional groups, such as the Specialty Committee 
of Rare Diseases of the Shanghai Medical Association 
since 2011 (6), the Shanghai Center for Diagnosis 
and Treatment of Rare Diseases, the Shanghai 
Children's Center for Diagnosis and Treatment of Rare 
Diseases, and the Shanghai Clinic Specializing in 
Rare Diseases established in 2018 (7), and the China 
Rare Disease Alliance consisting of more than 50 
entities ranging from medical facilities, universities, 
academic institutions, and companies since 2018 (8). 
These measures are intended to promote research and 

Summary Rare diseases are an important public health issue and a challenge to healthcare. Over the 
past few years, China has actively worked to improve rare disease care and orphan drugs 
for rare diseases, but many challenges still remain. In order to further promote measures to 
combat rare diseases, the "National Network to Collaborate on Diagnosis and Treatment of 
Rare Diseases" was established by the National Health Commission of the People's Republic 
of China on February 12, 2019. This network for collaboration consists of 324 hospitals 
nationwide, and its aim is to set up a practical mechanism for an effective alliance by different 
tiers of the healthcare system. The strategy for collaboration includes six programs: i) to 
establish a mechanism for collaboration, ii) to implement standards of care, iii) to enhance 
quality control, iv) to ensure the supply of drugs, v) to set up a registry, and vi) to enhance 
clinical research. These programs will play a pivotal role in combating rare diseases in the 
future and eventually achieving the goal of creating a proper and consistent mechanism to 
treat and manage rare diseases.
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development on rare diseases and orphan drugs.
 On May 22, 2018, China's First National List of Rare 
Diseases, which includes 121 rare diseases, was jointly 
issued by five national bodies, including the National 
Health Commission, the Ministry of Science and 
Technology, the Ministry of Industry and Information 
Technology, the State Drug Administration, and the 
State Administration of Traditional Chinese Medicine 
(9,10). This is a historical breakthrough indicating that 
rare diseases are garnering more attention and that those 
diseases are being considered as part of national health 
strategy and planning. Given this situation, the "National 
Network to Collaborate on Diagnosis and Treatment of 
Rare Diseases" was approved as an important platform 
in February 2019. The goal of the Network is to further 
flesh out practical mechanisms and infrastructure to 
combat rare diseases in light of changing social and 
financial resources.
 In order to facilitate coordination among the different 
tiers of the healthcare system, the "National Network 
to Collaborate on Diagnosis and Treatment of Rare 
Diseases" has clearly described workflow management 
and identified future strategies to deal with the challenge 
of rare diseases from various perspectives. Priorities 
are to establish a network for diagnosis and treatment 
of rare diseases, to create a comprehensive mechanism 
for coordination and designation of certain hospitals 
as bases for treatment through referrals in the tiered 
healthcare system, to eventually achieve the goal of early 
detection and diagnosis, and to create fair and consistent 
mechanisms to treat and manage rare diseases. The 
strategy for collaboration includes six programs. One is 
i) to establish a mechanism for collaboration. Leading 
hospitals and member hospitals will form a network to 
cover the screening, diagnosis, treatment, rehabilitation, 
and long-term management. The second program is 
ii) to implement standards of care. Clinicians will be 
trained to follow technical guidelines and a referral 
system will be developed to improve the rate of early 
diagnosis and treatment. The third program is iii) to 
enhance quality control. Provincial healthcare authorities 
will enhance management, guidance, and evaluation. 
Member hospitals will improve their diagnosis and 
treatment capabilities with an emphasis on safety and 
multi-disciplinary treatment (MDT). The fourth program 
is iv) to ensure the supply of drugs. Member hospitals 
will properly manage orphan drugs and fulfill clinical 
demand. The supply chain will make picking up drugs 
more convenient for patients with rare diseases. The fifth 
program is v) to set up a registry. The National Health 
Commission has set up a registry for rare diseases. 
Member hospitals will collect data and statistics. The 
sixth program is vi) to enhance clinical research. Basic, 

clinical, and translational research will be encouraged, 
and international exchanges and cooperation will be 
enhanced. 
 Rare diseases are a pressing public health issue and 
challenge to healthcare worldwide. The kickoff of the 
"National Network to Collaborate on Diagnosis and 
Treatment of Rare Diseases" represents a positive step 
by the government to formulate measures to combat 
rare diseases in China, and this effort portends a number 
of efforts in the future. Substantial efforts are urgently 
needed, and society is still calling for the enactment 
of legislation and accompanying regulations on rare 
diseases and orphan drugs.
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