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Preface

We are increasingly exposed to chemicals, toxins, and nuclear and electronic radiation, 
either through our food or our environment. Environmental and climatic factors can 
cause disease outcomes, and rates of occupational and technology-induced pathologies 
have surpassed those of communicable diseases. Globally, people in different work envi-
ronments and climates are experiencing unexpected health issues not previously envis-
aged. Office workers who sit for long hours working with computers or other electronic 
devices report low back and spine pain as well as issues with eyesight. Workers exposed 
to asbestos and cement dust have been diagnosed with lung diseases and inhalation 
problems, including some forms of cancer. Those exposed to localized environments 
of extreme heat may develop heat rash, heat edema, heat syncope, cramps, exhaustion, 
life-threatening heatstroke, and other related ailments. Some ailments may not yet have 
a known origin and these diseases require more research to ascertain their causes and 
treatments. This book provides insight into rare diseases of public health importance.

Chapter 1, “Introductory Chapter: Possible Occupational, Technological and Climatic 
Contributions to Rare Diseases Occurance”, reviews the effects of technology, climate, 
and occupation on health. For example, contact with environmental toxins such as 
soot, nitrates, NH3 and nitrogenous gaseous oxides (NOx), sulphur oxides, aerosols, 
CH3, and particulate matter activate biomarkers that cause enzyme hormonal distor-
tion, inhibition of fetal growth, and DNA damage. The chapter focuses on technology-
induced and occupational hazards such as exposure to chemicals, machines, noise, 
and radiation, as well as climatic causes of rare diseases.

Chapter 2, “A Short Overview of Behcet’s Disease”, describes Bechet’s as a chronic, 
relapsing-remitting, occlusive vasculitis affecting multiple organ systems characterized 
by oral and genital aphthous ulcers, arthritis, cutaneous lesions, and ocular, gastrointes-
tinal, and neurological manifestations. Behcet’s disease etiology remains uncertain, but 
various studies suggest an infectious trigger with inflammatory mediators and immune 
deregulation as the cause of a genetically susceptible host. Environmental factors such 
as exposure to organophosphates, heavy metals, organochlorides, and allergens exacer-
bate Behcet’s disease.

Chapter 3, “Entero-Behcet: A Challenging Aspect of Behçet’s Disease”, discusses 
entero-Behcet’s, a primitive vasculitis of unknown origin featuring recurrent oral and/
or genital aphthosis, ocular manifestations, and arthritis. Intestinal presentation of the 
disease is rare; prevalence is about 5%–10%. It may be very severe and is difficult to 
diagnose and differentiate from inflammatory bowel disease, especially when it is the 
initial manifestation. Genetic factors, which cannot completely explain the emergence 
of Behcet’s disease, include the human leukocyte antigen (HLA)-B51 allele, ERAP 1, 
and MHC class I-related gene A (MICA).

Chapter 4, “Genetics of Behçet’s Disease,” discusses the genetics of Behçet’s disease. 
Although pathogenesis remains uncertain, genome-wide and validation studies have 
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shown that genetic predisposition is a major factor in disease susceptibility. Behçet’s 
disease is diagnosed worldwide, but the highest prevalence is reported in countries 
stretching from Japan to the Mediterranean region along the ancient trading route the 
Silk Road.

Chapter 5, “Malignant Mesothelioma In Situ: A Controversial Diagnostic Entity – A 
Review”, examines the aggressiveness of malignant serosal surfaces strongly associ-
ated with asbestos exposure. Malignant mesothelioma can be difficult to distinguish 
from reactive benign hyperplasia. Mutations in BAP-1 and CDKN2a distinguish meso-
thelioma from reactive hyperplasia. Malignant mesothelioma is a rare malignancy of 
serosal-lined surfaces and the tumors can potentially invade local tissues and metas-
tasize to distant sites. The World Health Organization’s (WHO) newest classification 
of thoracic malignancies adds malignant mesothelioma in situ as a distinct diagnostic 
entity.

Chapter 6, “Diagnosis of Dentofacial Anomalies”, examines dentofacial anomalies, 
including clinical features, diagnostic criteria, and investigation protocols. These 
anomalies involve the dentofacial region and may be related to teeth, maxilla, man-
dible, and soft tissue. They are syndromic conditions that can spread to various other 
vital organs. Alterations of craniofacial form, structure, or function are the cardinal 
features of these conditions. Therefore, clinicians should be knowledgeable about 
dysmorphological changes in orofacial structures so they can consider certain specific 
disease entities and rule out the involvement of other tissues and organ systems that 
may present similarly.

Chapter 7, “Neuropathic Pruritus: An Underrecognized and Often Misdiagnosed 
and Difficult to Treat Medical Condition”, reviews case reports, clinical trials, cohort 
studies, systematic reviews, and meta-analyses associated with neuropathic pruritus. 
Statistical estimates suggest that about 8% of chronic pruritic cases are of neuropathic 
origin. Damage to any part of the peripheral and central somatosensory system can 
lead to neuropathic pruritus. Common neuropathic pruritic syndromes include differ-
ent clinical presentations such as postherpetic pruritus, trigeminal trophic syndrome, 
anogenital pruritus, scalp dysesthesia, nerve compression syndromes (e.g., notalgia 
paresthetica, brachioradial pruritus), and small-fiber neuropathy (secondary to various 
metabolic, infectious, autoimmune, and genetic diseases).

Chapter 8, “Lipoatrophia Semicircularis”, discusses a rare, benign, and reversible 
subcutaneous tissue atrophy that mostly affects women. It appears mainly on the 
anterior and lateral regions of the thighs and consists of unilateral, bilateral trans-
verse, semi-circular, and depressed bands appearing approximately 72 cm from the 
ground. The cause is not yet known, but an unproven hypothesis suggests circulatory 
abnormalities, microtraumas, wearing of tight trousers, exposure to electromagnetic 
fields in the work environment, or electrostatic charges generated from computers or 
printers as possible causes of bioelectric changes in the skin.

Chapter 9, “Short QT Syndrome: Update on Genetic Basis”, describes short QT 
syndrome (SQTS) as an extremely rare inherited arrhythmogenic entity; it affects less 
than 200 families worldwide. The prevalence estimate is less than 1/10.000 in adults 
and about 1/2000 in children and adolescents. SQTS is potentially lethal for children 
in the first year of life. It leads to cardiac arrest in close to 4% of patients, making it 
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one of the causes of sudden infant death syndrome (SIDS). SQTS is characterized 
by a short QT interval when ECG shows asymmetric and sharp T waves in the pre-
cordial area. Resting ECG should be performed at a normal heart rate when SQTS is 
suspected Ventricular and atrial fibrillation are present in most patients and cardiac 
events usually occur in adrenergic situations (noise or exercise). The most common 
symptoms are palpitations (30%), syncope (25%), and cardiac arrest (40%).

The editors wish to thank the authors for their hard work, faith in us, and worthy 
contributions. We are also thankful for the staff at IntechOpen, especially Author 
Service Manager Ms. Nika Karamatic. Finally, we thank our families for their under-
standing and support throughout the process of editing this book.
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Chapter 1

Introductory Chapter: Possible 
Occupational, Technological and 
Climatic Contributions to Rare 
Diseases Occurance
John Kanayochukwu Nduka

1.  Introduction

The quest to ensure public health is at the front burner of all government around 
the world over but these efforts cannot be a reality if Sub-Saharan Africa and less 
developed countries of the world does not take center stage in health planning of the 
advanced countries. COVID-19 outbreak has proven that no country is immune to 
health catastrophe and poor nations face more devastating consequences in major 
disease outbreak, as a result of poverty and inadequate public health infrastructure 
and lack of up to date medical record, it implies that many emerging diseases are 
not well documented and reported, coupling this scenario with devastating effect 
of  noncommunicable diseases that has been ranked highest killer in some African 
country [1]. As a result, large-scale initiatives, updated medical records, training, 
and disease outbreak reporting are needed to help support the effort of various 
governmental and nongovernmental agencies in establishing accessible public health 
services. Potable water supply in Sub-Sahara Africa is an uphill task due to inadequate 
policy formulation to cover poverty and disease-laden rural dwellers. A decade ago, 
Ebonyi State in Nigeria was devastated by guinea worm infestation of water sources 
that it needed international support for eradication [2, 3], yet, it is possible that in 
local water sources, inorganic and organic chemical pollution was not taken into 
account by the relevant authorities in the same way that the guinea worm was.

2. Factors that may encourage rare diseases

2.1 Technology and occupation

As knowledge multiplies, it acts synergistically with technology, and recent 
advances in the field of environmental health are a gateway to health hazards, risks, 
and susceptibilities. Technological advances have brought more people together, 
increased production processes but inadvertently led to more consumption, and 
accompanied wastes (gaseous emission, solid, and liquid waste), which exacerbate 
human health via devastation of aquatic ecosystem, pressure on water resources, 
deforestation, and increase in agricultural chemicals. Human occupational exposure/
contact through inhalation, ingestion, and dermal contact causes enzyme hormonal 
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distortion, inhibits fetal growth, and activates DNA damage. A hallmark of technol-
ogy is in industrial emission, transportation such as roads, aviation, radiation from 
telecommunication, and military armaments activates climate change imprint. Air 
pollution occasioned by dust particles, vehicular emission, soot, nitrates, NH3 and 
nitrogenous gaseous oxides (NOx), oxides of sulfur, aerosols, CH3, PM2.5, and PM10 
activate biomarkers (ceruloplasmin, orosomucoid, C3, and alpha-1-antitrypsin), 
which may be a pointer to high risk at moderate exposure levels that significantly 
and positively elevate the risk of cardiovascular disease via chronic systemic inflam-
mation [4]. The aforementioned effect also exacerbates and promotes progression 
of atherosclerosis and ups cardiovascular events, including regularity of noncom-
municable respiratory diseases (NCRDs) with asthma, chronic bronchitis, obstruc-
tive respiratory disease, and allergic rhinitis [5, 6]. Human ailments such as cancer, 
renal issues, cognitive impairment, bronchitis, and neurological disorders have been 
attributed to environmental toxicants such as heavy metals (Cd, Ni, Cr, Pb, Hg, As) 
[7], which partly correlates with findings of Unachukwu et al. [1], agreeing with 
several pieces of literature linking heavy metals to noncommunicable diseases. Pb+2 
and metals like Cd+2 activates blood lipids, which undermine cardiovascular ailment 
(CVD) and atherosclerosis, exacerbating blood pressure (BP) rise and hypertension 
that triggers stroke, diabetes, pollution keratoconjunctivitis (PKC) [8–10]. Human 
factors that may exacerbate the occurrence of rare diseases may include low attention 
emission from pharmaceutical industries, inappropriate government policy, lack 
of public health advocacy groups, poor coverage, low monitoring, and inadequate 
reportage by the global health research community. Occupational exposure plays a 
major role in rare disease occurrence, hexavalent chromium (Cr+6) is carcinogenic, 
corrodes skin, and causes denaturation and precipitation of tissue proteins [11]. 
Occupational exposure to chromium is mostly by inhalation, but gastrointestinal tract 
and skin can occur [12], hence respiratory tract is the primary target organ for Cr+6 
and its compounds. Nickel is absorbed through the lungs [13, 14], gastrointestinal 
tract [15], and skin [16], but excreted in the urine [17]. Artisanal effect, respiratory 
abnormalities, and industrial occupation take a huge aspect of rare disease that may 
be undocumented [18] and show that it may be significant in public health issues 
through occupational exposure considering the work of Orisakwe et al. [19, 20] and 
that of Vitayavirasuk et al. [21], which shows that subjects exposed to heavy metal in a 
paint factory and automobile paint spray may have compromised health status.

3. Climate change and rare disease occurrence

Literature documentation on potential and prevalence of infectious disease as a 
result of climate variability exist. Infectious disease occurrence history is rooted in 
geography and prevalent in places with hot and wet weather [22], likewise in global 
warming episodes, it is expected that diseases will spread further as it play role in the 
widespread emergence, resurgence, and redistribution of infectious diseases. Most 
commonly, insects transmitted diseases are highly sensitive to variations in climate 
alternation. Included in this category are the vector–borne communicable diseases 
like dengue, malaria, hantavirus, and cholera, others are salmonellosis, cholera, and 
giardiasis [23]. Temperature variation may likely cause changes in the life cycle of 
pathogens as it can cause death of pathogens. Again, elevated temperatures have been 
documented to affect the fertility and sporogony of microorganisms [24]. Changes in 
climatic parameters such as humidity, amount, volume, and duration of rainfall may 
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influence distribution of waterborne pathogens that are prevalent in the rainy season. 
In extremely high-temperature duration that can cause drought, the water resources 
of the given location tend to decrease and concentrate, and effluent waterborne 
pathogens rise in amount and effect [25]. Infectious diseases are also influenced by 
atmospheric water (humidity) vapor, a well-known example is the influenza virus 
transmission and rate of survival. An important fact about climate change’s impact on 
infectious diseases is that it cannot be generalized, the effect peculiar to a given envi-
ronment may differ from another as climatic factor change. Microclimate may have 
profound effect on hosts housing disease pathogens as well as host. Pattern of changes 
in population and geographical location influences insect vector that is strictly associ-
ated with pattern and variation in climates, small scaled environment (microenviron-
ment) may act as a shield to contain disease vector/host, for the fact that microclimate 
variation is insignificant but on large-scale climate differences over regional influence 
scenario may differ [26]. A localized environment of extreme heat may have heat 
rash, heat edema, heat syncope, cramps, exhaustion, life-threatening heatstroke, and 
other related ailments as major occurrences of diseases among the populace.

The book – Rare Disease is aimed at documenting information about certain 
diseases that occasionally occur or may be strange, it may have been witnessed before 
or reemerged, and it will espouse its fatalities, treatment options, and its contain-
ment. It will contain information on possible causes or outbreaks, point of its discov-
ery, nature of the disease, infection rate, possible causative agents and life span, and 
information about conditions enabling its spread. The book will contain information 
on effect of the disease on age group, color, sex, and occupation. Climate and envi-
ronmental parameters that aid survival of causative organisms and their transmission 
will be discussed. The book will also contain information on cultural practices that 
exacerbate the outbreak, progression, and fatalities of disease. Finally, the book 
will contain information on drugs, herbal products, and supplements for treatment. 
Possible patient medical history and genetic makeup in relation to the disease can 
be important information. Advise on personal and community hygiene for effective 
prevention and treatment in an emerging scenario. Public health and policymakers’ 
responsibility in prevention and management of outbreaks of rare diseases to ensure 
minimal fatalities will be highlighted.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

A Short Overview of Behcet’s 
Disease
Karthik Shunmugavelu and Evangeline Cynthia Dhinakaran

Abstract

Behçet’s disease is a chronic, relapsing-remitting, occlusive vasculitis affecting 
multiple organ system. Greek physician Adamantiades had reported the disease as a 
classic trisymptom complex of hypopyon, iritis, and orogenital aphthosis. Behçet’s 
disease has an undulating course of exacerbations and remissions, and appears to be 
more severe in young, male, and Middle Eastern or Far Eastern patients. This article 
describes in brief Behçet’s disease in a new perspective.

Keywords: Behçet’s disease, immune deregulation, chronic, clinical features of Behçet’s 
disease, etiology of Behçet’s disease

1. Introduction

Behçet’s disease is a multisystemic, chronic disorder, characterized by oral and 
genital aphthous ulcers, arthritis, and cutaneous lesions, ocular, gastrointestinal 
and neurological manifestations. It was discovered by Prof. Hulusi Behçet a Turkish 
dermatologist in 1937–41 [1].

It is a chronic inflammatory disease of unknown etiology that can affect all body 
organ systems because of inflammatory effects on arteries and veins of all sizes with 
worldwide occurrence. The aetiopathological mechanisms of disease development 
remain unclear. The evidence base for treatment is limited but new knowledge is 
emerging and current treatment options range from symptomatic treatment, through 
to non-biological and biological immunosuppressive drugs, to cover the spectrum of 
clinical manifestations [2, 3].

2. Epidemiology

Traditionally known as the ‘silk route’ disease, Behçet’s disease is seen mainly along 
the historical Silk Route, which joined the East to the West suggesting that an inherited 
tendency to develop Behçet’s disease was spread by merchants who traveled these trading 
routes. The highest prevalence was seen in Turkey with 20–420 in 100,000 inhabitants 
while the lowest was in UK with a prevalence of 0.64. However, due to migration of people 
from various counties and environmental factors the disease is now prevalent worldwide. 
Predominant age of occurrence is between 3rd and 4th decades. Disease is more predomi-
nant in males with more severe disease manifestations in some Mediterranean areas [4–9].
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3. Etiopathogenesis

The etiology of Behçet’s disease remains uncertain but various studies suggest 
an infectious trigger with inflammatory mediators and immune deregulation as the 
cause in a genetically susceptible host. Studies have shown an association between 
Behçet’s disease and the allele HLA-B*51 (chromosome 6p21), which is relatively  
common in many ethnic groups [1, 10–12].

HLA-B*52, which differs from HLA-B*51 by only two amino acids in peptide 
binding groove, is not associated with Behçet’s disease in any population, suggesting 
selective peptide binding. Geographical distribution of HLA-B*51 among healthy 
subjects roughly corresponds with global disease distribution. But 1/3 of patients, 
even in countries with a high disease prevalence, do not possess this gene [1, 10–12].

In Japanese series prevalence of HLA-B*51 is only 57%. There is some evidence that 
HLA B51, as well as B12, B15, B27, B57, DR2, and DR7 may bear a relationship disease. 
A possible explanation for these data is that HLA-B*51 molecule expresses Bw4 motif, 
which itself may be causally related to disease [1, 10–12].

MHC class I chain related [MIC] gene locus is situated adjacent to HLA-B domain. 
MICA is expressed at gastrointestinal epithelial surfaces in response to bacterial 
infection. γδ T cells and NK cells are upregulated, recognize and kill MICA trans-
fected cells. MICA ligand for NKG2D, also expressed on γδ T cells and NK cells. 
Association b/w MICA6 and Behçet’s disease may be a secondary phenomenon related 
to HLA-B*51. MEFV gene mutations is seen in persons with Mediterranean fever and 
is associated with vascular system [13–15].

ERAP1 variant associated with Behçet’s disease processes microbial proteins in 
such a way that they can be loaded onto HLA-B*51 molecule to trigger an abnormal 
immune response. A significant association of Behçet’s disease with variants near 
CCR1, KLRC4, AND STAT4 gene also found. Single nucleotide polymorphism [SNP] 
Gene encoding protein tyrosine phosphatase type 22 [PTPN22 620 W] has an inverse 
relationship with Behçet’s disease [13–15].

Environmental factors such as organophosphates, heavy metal intoxication, organo-
chlorides and allergens may trigger initiation or exacerbate Behçet’s disease [16, 17].

Streptococcus sanguis and Streptococcus oralis may be found in the oral micro-
biome of Behçet’s disease patients. Hepatitis virus, parvovirus B19, mycobacteria, 
Escherichia coli Borrelia burgdorferi, Saccharomyces cerevisiae fungus can be elevated in 
Behçet’s disease [16, 17].

4. Clinical features

Signs and symptoms can be recurring and may precede the onset of mucosal 
membrane ulcerations by 6 months to 5 years. Prior to onset of disease, patients 
may exhibit a symptoms including malaise, anorexia, generalized weakness, 
cachexia, decreased or elevated temperature headache, perspiration, lymph-
adenopathy, substernal and temporal pain. A history of repeated tonsillitis, sore 
throats, tonsillitis, myalgias, and migratory erythralgias without overt arthritis is 
common [18–21].

Diagnostic criteria from Behçet syndrome research committee of Japan [1987 
revision].

a. Complete – Four major features.
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b. Incomplete – 3 major features, 2 major and 2 minor features, Typical ocular 
symptoms and 1 major or 2 minor features.

c. Possible – 2 major features, 1 major and 2 minor features.

Major features

• Recurrent aphthous ulceration of oral mucous membrane,

• Skin lesions -Erythema nodosum—like lesions, subcutaneous thrombophlebitis, 
cutaneous hypersensitivity and folliculitis.

• Eye lesions—Iridocyclitis, retinouveitis, chorioretinitis definite history of 
chorioretinitis or retinouveitis.

Minor features

• Arthritis without deformity,

• Ankylosis,

• Gastrointestinal lesions characterized by ileocecal ulcers,

• Vascular lesions epididymitis, and

• Central nervous system symptoms.

Recurrent oral ulcers occur in >90% of cases. They recur at least 3 episodes in a 
year. Grossly & histologically similar to common oral ulcers, but are more extensive 
and multiple ulcers. Lesions are multiple, painful,1–3 cm in diameter & sharply mar-
gined with fibrin coated base and surrounding erythema. They heal without scarring 
in 4–30 days [18–21].

Genital ulcers [90%, M > F] resemble their oral counterparts but cause greater 
scarring. In males ulcers usually occur on scrotum, penis, and groin. In females they 
occur on vulva, vagina, groin, and cervix. Ulcers may also be found in urethral orifice 
and perianal area. Sometimes epididymitis may arise [18–21].

Ocular manifestaions include anterior uveitis and posterior uveitis. Retinal vascu-
litis can lead to blindness.

Secondary complications such as cataract, glaucoma, tractional retinal detach-
ment, chronic cystoid macular edema, vision loss & neovascular lesions can also 
occur. Blindness occurs within 4–5 years from onset of ocular symptoms [18–21].

Arthralgia, thrombophlebitis, and central nervous involvement, cardiac and 
pulmonary manifestations are occasional complications of the disease [18–21].

5. Histopathological features

The intraoral ulcers are nonspecific, and are similar to recurrent aphthous ulcers 
according to Lehner. Endothelial proliferation has been observed in the lesions of 
Behçet’s disease but not in the recurrent aphthous ulcer [1, 22, 23].
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Perivascular infiltrate of mononuclear cells; mast cell infiltrate and neutrophilic 
vasculitis may be found. Papulopustular lesions with spongiosis, basal keratinocyte 
vacuolization, intraepidermal pustules and suppurative folliculitis are seen [1, 22, 23].

Vasculitis also appears to be an essential lesion in Behçet’s disease, thrombi in 
 vessel lumens, perivascular inflammatory infiltrate are also observed [1, 22, 23].

6. Management

Type of management depends on the organ affected and its severity. Therapeutic 
options according to the disease type, severity, age, and sex of each patient must 
be categorized. Investigations are mainly nonspecific indices of inflammation that 
include leukocytosis, elevated ESR and CRP [24–26].

The severity of the syndrome usually abates with time. Ocular, vascular, and 
neurologic disease, require more aggressive treatment. Corticosteroids, colchicine, 
azathioprine, cyclosporine, thalidomide, cyclophosphamide, Interferon-α and tumor 
necrosis factor-α inhibitors can be prescribed [24–26].

Apart from patients with central nervous system- Behçet’s disease and major 
vessel disease, the life expectancy is normal. The only other serious complication is 
blindness [24–26].

7. Conclusion

Although the exact cause of Behçet’s disease is unknown, genes, environmental 
triggers, and an abnormal immune response may be possible causes. In severe cases, 
there’s a risk of serious and potentially life-threatening manifestations, such as 
blindness and strokes.

Majority of the people exhibit episodes where their symptoms are severe (flare-
ups or relapses), followed by periods where the symptoms disappear (remission). 
Therefore, the importance of close scrutiny for lesions in Behçet’s disease cannot be 
overstated.
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Chapter 3

Entero-Behcet: A Challenging 
Aspect of Behçet’s Disease
Abire Allaoui, Fatima Belabbess, Rajaa Jabbouri,  
Fatim-Zahra Alaoui and Abdelhamid Naitelhou

Abstract

Behcet disease is a proteiform vasculitis, and it can have multiple presentations. 
One of these presentations is digestive involvement commonly known as entero-
Behcet. It is a challenging presentation of Behcet disease, because of its similarity 
with other inflammatory digestive diseases, especially Crohn disease, which makes its 
diagnosis difficult and uncertain in many cases. It is also challenging to treat, and its 
treatment can go from corticosteroids and immunosuppressive therapy to biologics. 
The absence of a standardized protocol to treat patients can be confusing for prac-
titioners treating entero-Behcet. This incites doctors treating entero-Behcet to have 
multidisciplinary meetings to discuss patients’ cases. This review will give an insight 
into pathophysiology, diagnosis, and management of entero-Behcet to help practitio-
ners taking care of this challenging aspect of entero-Behcet.

Keywords: behcet, entero-Behcet, diagnosis, treatment, Behcet disease

1. Introduction

Behcet disease (BD) is a primitive vasculitis from unknown origin, character-
ized by recurrent oral and/or genital aphthosis, ocular manifestations, and arthritis. 
Intestinal presentation of BD is rare, its prevalence is up to 5–10% [1], but can be 
very severe and difficult to diagnose and to differentiate from an inflammatory bowel 
disease, especially when it is the initial manifestation. East Asian countries have a 
higher frequency of intestinal manifestation in BD compared with Western or Middle 
Eastern countries [2]. Intestinal involvement in BD is known as entero-Behcet (EB), 
and it is defined when a patient presenting with BD has intestinal symptoms associ-
ated to aphthous ulceration confirmed by endoscopic exploration [3] and unexplained 
by infectious or toxic causes or another inflammatory disease. Intestinal involvement 
in BD usually occurs 4–6 years after the onset of oral ulcers [4]. Intestinal manifesta-
tions as well as vascular involvement are more common after the age of 40 [5]. The 
digestive symptoms are essentially abdominal pain, nausea, vomiting, and diarrhea. 
Ulcers can even lead to gastrointestinal bleeding and to intestinal perforation. In 
equivalence with BD, the pathophysiology of EB is not fully understood; it is also a 
multifactorial disease, implying genetic, environmental, and immune factors.
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Similar to Crohn disease (CD), EB is characterized by a prevalence for the ileoceo-
cal area; however, every segment of the digestive tract can be affected [3, 6]; they 
present with some similarities concerning the genetic basis and pathophysiology; 
therefore, the treatment for EB is modeled on the CD one, such as corticosteroids, 
immunosuppressors, and biologics. But there is still no consensus for management of 
intestinal Behcet’s disease to date.

It is essential that every specialist caring for patients with BD should know every 
aspect of the clinical manifestations, the diagnostic work-up, and the up-to-date 
management strategies available for EB. This review will give an insight into patho-
physiology, diagnosis, and management of EB to help practitioners taking care of this 
challenging aspect of BD.

2. Pathophysiology

Human leukocyte antigen (HLA)-B51 allele, ERAP 1, and MHC class I-related gene 
A (MICA) are the classical genetic factors of BD, which have not been identified in 
CD [1, 7]. The interleukin (IL) 10 and the IL23R-IL12RB2 loci that were recently iden-
tified, on the contrary, are associated with both BD and CD [1]. On the immune level, 
Th1, Th17, CD4+, and CD8+ T cell, and γδ + T cell activities, as well as IL-12, IL-23, 
IL-27 and tumor necrosis factor alpha (TNF-α) levels, were increased in patients with 
BD as well as in CD [1]. A study has recently reported that the IL-12B levels correlated 
with the clinical and endoscopic disease activities of EB and CD [8].

Genetic factors cannot completely explain the emergence of BD; therefore, 
additional factors are essential for the pathogenesis of BD/EB. Among these factors, 
environmental triggers have been suspected to be associated with BD, especially 
microbiological agents such as streptococcal antigens and herpes simplex virus (HSV) 
[7]. A molecule mimicry between those microbial agents and human peptides such as 
the heat shock proteins (HSPs) can be also a triggering factor [7, 9]. The role of micro-
biota has been emphasized in recent studies, where an unbalanced gut microbiome 
with reduced intestinal microbial diversity has been found in BD patients, marked by a 
decreased butyrate production, which has been suggested to induce inflammation [7].

On the nosological level, there are two forms of EB: neutrophilic phlebitis that 
leads to mucosal inflammation and ulcer formation and large vessel disease (i.e., 
mesenteric arteries) that results in intestinal ischemia and infarction [6]. A recent 
study has demonstrated that thrombophlebitis in the mesenteric veins and not arter-
ies plays a central role in the perforation in EB, suggesting that there might be distinct 
mechanisms of pathogenesis for EB, including mucosal inflammation and infarction 
due to venous obstruction [10].

3. Diagnosis

Esophageal involvement is unusual [11]. The clinical presentations are essen-
tially ulcers, stenosis, perforation, varices, and decreased motility. The patient will 
present with retrosternal chest pain, dysphagia, odynophagia, hematochezia, and 
melena [6, 11].

The stomach is presumably the least involved gastrointestinal organ in EB. 
Commonly, patients present with dyspepsia and epigastric pain. Bleeding can occur 
on ulcers that can be found in the stomach or the duodenum [6].
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Intestinal ulcerations are the main pathological features of EB [12]. Most common 
complication of intestinal BD was found to be perforation (12.7%), followed by fistula 
(7.6%), stricture (7.2%), and abscess (3.3%) [13]. The most common location of per-
foration is reported to be terminal ileum, ileoceocal valve, and ascending colon [6].

Pancreas, liver, and biliary system are rarely involved, the underlying phenom-
enon is usually vasculitis. The most prominent complication of the hepatobiliary 
system in BD is Budd-Chiari syndrome [6].

There are no pathognomonic tests for EB. Recently, novel diagnostic criteria and 
a disease activity index have been proposed in the diagnosis of intestinal BD [14, 15]. 
These criteria are based on endoscopic features and clinical patterns. Similar to CD, a 
diagnosis of EB combines clinical, endoscopic, pathological, and radiological criteria 
[1]. The disease activity index for intestinal Behcet’s disease (DAIBD) is categorized as 
quiescent, mild, moderate, and severe disease based on the total score (≤19, 20 ∼ 39, 
40 ∼ 74, and ≥ 75, respectively), DAIBD includes clinical features that have been 
present over the preceding 7 days such as the general condition of patient, extraintes-
tinal manifestations, intestinal complications, abdominal symptoms, fever, and stool 
frequency not requiring laboratory data or endoscopic findings [15]. Future studies are 
needed to confirm its interest in different populations and ethnics.

4. Diagnostic modalities

Studies have found that the levels of fecal calprotectin and serum anti-α-enolase anti-
body were significantly correlated with the disease activity of EB [16]. The rate of anti-
Saccharomyces cerevisiae antibodies (ASCA) detection is remarkably higher in patients 
with BD, especially in patients with gastrointestinal involvement, than in controls [2]. But 
these biological parameters are not commonly used to assess EB in daily practice to date.

Capsule endoscopy has a major role in detecting small bowel lesions including red-
dened lesions, erosions, and ulcers, especially when conventional exploration remains 
negative [17]. Endoscopic exploration remains the gold standard in exploring EB. The 
typical endoscopic features found are oval-shaped large intestinal ulcerations in the 
ileoceocal area with deep and discrete borders. These features can vary from aphthous 
to deep penetrating volcano-shaped ulcerations and ulcerations with a more frequent 
focal to less frequently diffuse distribution, in contrast with CD [1, 6]. In this regard, 
a valuable diagnostic algorithm using a classification analysis of the lesions has been 
proposed in order to differentiate between EB and CD [18].

There are no pathognomonic histologic findings for EB. Vasculitis, which is the 
main characteristic of BD, can affect small veins and venules in intestinal mucosa. But 
histology often shows nonspecific inflammation (lymphocytic or neutrophilic infil-
trations) rather than vasculitis [2]. The absence of granuloma is in favor of EB rather 
than CD. Nevertheless, granulomas can be absent in CD. Transmural inflammation, 
chronicity, and focality are not discriminatory because they are observed in both EB 
and CD. Normal circumferential mucosa surrounding a large ulceration is one of the 
characteristic histologies of intestinal BD [2, 18].

5. Differential diagnosis

EB and CD share the majority of extraintestinal manifestations, essentially oral 
aphthous ulcers, arthritis, uveitis, cutaneous symptoms such as erythema nodosum 
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and pyoderma gangrenosum, and thromboembolic events. But these features have 
some specificities when happening in BD, which can help to differentiate EB from 
CD, especially on the initial setting. So, in BD, uveitis is more severe and recurrent, 
and it is often characterized by chronic posterior uveitis or panuveitis with necrotiz-
ing retinal vasculitis and can frequently lead to cecity if it is not correctly treated. 
Articular manifestations in BD commonly include arthralgia, oligoarthritis, and 
polyarthritis, in contrast with CD, where the most common joint features are spondy-
loarthritis. Genital ulcers, neurologic and vascular involvement are more common in 
BD [2, 13, 15]. On the intestinal level, both diseases affect the ileoceocal region with 
predilection. Anal complications (stricture, fistula, and abscess formation), which 
are frequently observed in CD, are rare in EB [15].

The endoscopic findings in EB include round/oval ulcers, punched-out lesions 
with discrete margins (>1 cm), focal distribution (<5 ulcers), in contrast with CD, 
where the ulcers are more longitudinal with cobblestone appearance. A classification 
score was suggested in a Korean study to help distinguish EB from CD, where it was 
stated that irregular/geographic-shaped ulcers and focal distributions are suggestive 
of EB, while segmental/diffuse lesions suggest more CD [18]. Similarly, the pathologi-
cal features are slightly different between both diseases. Thus, in EB, it comprises 
vasculitis of the small veins and venules with deep ulcerations, without granulomas 
or cobblestoning, ischemic perforation, and thrombosis. In CD, transmural mucosal 
inflammation is noted with inflammatory cell infiltrate (lymphocytes, plasma cells) 
with focal crypt irregularity and granulomas [12, 15].

In addition to CD, intestinal tuberculosis is also commonly cited on the differential 
diagnosis, but practitioners should be aware of the existence of other less commonly 
cited diagnoses such as NSAID-induced ulcers of the gastrointestinal tract, which can 
be widely used in BD [6].

6. Management

Concerning the management of EB, there is a lack of randomized controlled stud-
ies. Knowing that EB and CD share a considerable number of genetic backgrounds, 
pathogenesis, and clinical features, current therapeutic strategies for EB are molded 
on those proposed for CD.

7. Medical management

Studies found that 5-ASA and sul-fasalazine should only be used in patients with 
mild to moderate disease, as the risk of relapse on ASA or sulfasalazine monotherapy 
increased significantly at higher disease activity levels [19]. In moderate to severe 
cases, corticosteroids are generally recommended as the first-line treatment for EB 
[20]. Treatment response to steroids generally induces remission in almost half of 
cases and lowers the risk of surgery [6]. Azathioprine and methotrexate are recom-
mended in third-line treatment in patients with moderate to severe EB, who are 
resistant to both corticosteroids and TNF-inhibitors. The use of thiopurines after 
surgery has an interest in preventing recurrence in intestinal BD patients [6, 21]. 
The use of thalidomide, mycophenolate, and tacrolimus was reported in some case 
reports/series, but these are not included in current consensus statements for medical 
management [1, 6].
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8. Anti-TNF-alpha agents

Many reports confirmed the efficacy of anti-TNF-α antibody (infliximab/adalim-
umab) in the treatment of EB, where the remission rate can reach 80–89% [22–24]. 
There are also reports on the long-term efficacy of anti-TNF-α antibodies in treating 
EB [22]. Anti-TNF-α antibodies were also effective in preventing postoperative recur-
rence with a recurrence-free state for 2–3 years. Studies have reported that infliximab 
at 5 mg/kg is effective in improving ulcers and subsequently maintaining remission in 
patients with ulcers occurring at the anastomotic site within 2 weeks after ileoceocal 
resection who fail to respond to conventional therapy with prednisolone, azathio-
prine, mesalamine, and colchicine [25].

In a recent study, authors administered anti-TNF-α antibody to 49 patients with 
refractory EB and demonstrated its high efficacy based on both endoscopy results 
and a quantitative disease activity index, with a beneficial effect on sparing cortico-
steroids. Besides, anti-TNF-α antibodies demonstrated sufficient efficacy to control 
disease activity without concomitant corticosteroids in some patients [26].

9. Tocilizumab

In a recent review, that has included 20 publications about 47 BS patients with 
different organ involvements refractory to previous treatment with conventional 
immunosuppressives and biologic agents, tocilizumab failed to improve patients 
with gastrointestinal involvement, with even exacerbation of symptoms in some 
patients [27].

10. Secukinumab

In a multicenter, retrospective study of 15 BS patients with refractory manifesta-
tions secukinumab led to a complete or partial response in 90% during a follow-up of 
18 months [23]. Interestingly, 60% of these patients had intestinal involvement, and 
they responded completely to secukinumab, an agent that paradoxically may induce 
or aggravate Crohn’s disease. Thus, more research is necessary to understand the role 
of IL-17 in the pathogenesis of BD [5].

11. Tofacitinib

A retrospective study from China looked at the efficacy of tofacitinib 5 mg 
twice daily in 13 BD patients with refractory vascular, gastrointestinal, or articular 
involvement. In this study, tofacitinib had no effect on intestinal involvement. This 
was attributed to the resemblance of pathophysiology between EB and CD for which 
tofacitinib is already known to be ineffective [28].

12. Apremilast

This treatment led to rapid improvement of oral and genital ulcers and reduction 
of glucocorticoid dose with no difference between monotherapy and combination 
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therapy. Other BS manifestations such as intestinal symptoms also improved [29], but 
apremilast can frequently present with severe gastrointestinal adverse effects [30], 
which can be limiting of its use in EB in the future.

13. Surgery

Surgical management in EB is required in cases complicated with perforation and 
massive bleeding and can be salutary in some cases of abdominal abscess, fistula, and 
stricture. Additionally, patients who are refractory to medical treatment will benefit 
from surgical treatment [31]. Surgery in EB will be less and less used with the rising 
usage of biologics.

14. Prognosis and follow-up

Clinical remission has been a long-standing goal of therapy in patients with EB, 
but recently, with analogy to CD, researchers are paying increasing attention to endo-
scopic remission, which is also termed as mucosal healing [16], which would be in 
the future a major therapeutic target, especially with the advent of biologics. Mucosal 
healing is defined as the complete absence of inflammatory and ulcerative lesions in 
all segments of the gut on endoscopic examination [16].

The occurrence of intestinal involvement is generally considered an indicator of 
poor prognosis with increased morbidity and mortality, due the important prevalence 
of digestive bleeding, intestinal perforation, fistulas, which will often require surgery. 
Risk factors for developing intestinal manifestations were found to be male gender, 
elevated ESR, CRP, IL-6 and decreased hemoglobin [6]. The relapses were also stud-
ied and were more likely to occur in patients with intestinal ulcers in the ileoceocal 
and colorectal regions or in patients with poor compliance [32]. To date, there are no 
established guidelines for surveillance.

15. Conclusion

Entero-Behcet can be a challenging aspect of Behcet’s disease to diagnose and to 
treat. It can also bear a poor prognosis. Many efforts were made to help the diagnosis, 
especially to distinguish it from Crohn disease, by developing classification scores 
and severity disease index. Treatment strategies have also benefited from the rise 
of biologics use with advantageous results, which has permitted to target not only 
clinical remission but also mucosal healing. But there is a need to provide more robust 
evidence-based therapeutic protocols and to establish guidelines for endoscopic 
surveillance.
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Chapter 4

Genetics of Behçet’s Disease
Ayca Kocaaga

Abstract

Behçet’s disease (BD; MIM 109650) is an autoinflammatory disease characterized 
by with recurrent oral aphthae, genital ulcers and vasculitis involving the skin, joints, 
eyes, veins, arteries, nervous and gastrointestinal systems. Although the pathogenesis 
remains uncertain, genome-wide and validation studies have demonstrated that 
genetic predisposition is a major factor in disease susceptibility. Several gene poly-
morphisms that are involved in the response to pathogens and modulate inflamma-
tion have been associated with the pathophysiology of BD. Understanding the genetic 
association with BD may ensure insight into the pathogenesis and for development of 
targeted therapies for this autoinflammatory disease. This chapter will deal the role of 
genetic and epigenetic factors as contributing factors in the pathogenesis of BD.

Keywords: autoinflammation, Behçet’s disease, epigenetics, genetics, pathogenesis

1. Introduction

Behçet’s disease (BD; MIM 109650) is an autoinflammatory disease character-
ized by with recurrent oral aphthae, genital ulcers and vasculitis involving the skin, 
joints, eyes, veins, arteries, nervous and gastrointestinal systems [1]. BD is diagnosed 
worldwide, although its highest prevalence coincides with the countries stretching 
from Japan to the Mediterranean region along the ancient trading route “Silk Route”. 
Among the affected countries, the prevalence of BD varies between Western (0.12–7.5 
per 100,000) and Eastern countries (6.3–14 per 100,000) [2]. The prevalence of BD 
is the highest in Turkey (80–420 cases per 100,000) [3]. Although the pathogenesis 
remains uncertain, it is thought that both genetic and environmental factors con-
tribute to the onset and progression of the BD [4]. The first reported susceptibility 
genetic region for BD was found in the human leukocyte antigen (HLA) region, or the 
major histocompatibility complex (MHC) on chromosome [5]. HLA-B51 antigen was 
recognized as the strongest evidence of a BD genetic background [6]. Multiple other 
putative genes outside the HLA region have also been identified.

2. HLA and HLA-related genes

2.1 HLA

The MHC, also known in humans as the human leukocyte antigen (HLA) region 
encodes several molecules that play key roles in the immune system [7]. A strong 
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association was established between the HLA regions and autoimmune disorders. 
Among them, HLA-B51 has been shown to be the strongest risk allele for BD in 
multiple studies and in different ethnic populations [6, 8–11]. Several other HLA class 
I and class II alleles including HLA-A26, HLA-B15, HLA-B5701, HLA-B2702, HLA-
B3901, HLA-B52, HLA-B56, HLA-DRB104, and HLA-DRB107 have been also associ-
ated with BD in different populations [12–15]. The several HLA alleles including 
HLA-A03, -B15, -B35, -B49, -B58 were reported BD-protective [1, 16, 17]. In addition 
to susceptibility, HLA alleles were also associated with reflect clinical outcomes of 
BD. The HLA-A26:01 was associated with poor visual prognosis and high incidence 
of posterior uveitis in previous studies [15, 18]. There were significant associations 
found between clinical manifestations of BD and some HLA alleles such as HLA-
A26:01 with uveitis, HLA-A*02:07 with skin lesions and arthritis, and HLA-A*30:04 
with vascular lesions, genital ulcers, and positive pathergy test [17]. These findings 
indicate that HLA alleles may be associated clinical manifestations and prognosis 
and the specific HLA alleles are can be used as genetic markers for diagnostic or 
 prognostic classification of BD patients.

2.2 CIITA

The HLA class II transactivator gene (CIITA), encodes an important transcription 
factor that regulates the MHC class II genes, IL-4, IL-10 and other immune-mediating 
genes [19]. CIITA is implicated in various autoimmune and autoinflammatory 
diseases [20]. In a recent study of a Chinese Han population, the GG genotype and G 
allele of the CIITA gene (rs12932187) were correlated with risk factor for BD, and the 
GG carriers had a higher expression of the CIITA gene [21].

2.3 ERAP1

Endoplasmic reticulum aminopeptidase 1 (ERAP1) is an essential enzyme to 
optimizing the length of peptides to bind with MHC-class I molecules by trimming 
their N-terminal in the ER [22]. The association between ERAP1 and BD was first 
reported in a Turkish population. The rs10050860 and rs17482078 SNPs of the ERAP1 
gene were found to confer risk to BD in Turkish population [23]. Zhang et al. reported 
the rs1065407 and rs10050860 polymorphisms might be associated with increased 
risk of BD in a Chinese cohort [24]. Sousa et al. studied in an Iranian cohort and 
reported that rs10050860 and rs13154629 of ERAP1 might contribute to the genetic 
susceptibility of BD [25]. A functional study indicated that the expression of ERAP1 
was found to be significantly lower in active BD patients. The patients carrying AA 
genotype of rs1065407 and CC genotype of the rs10050860, respectively, were found 
a higher expression level of the ERAP1 gene than the patients carrying AC or CC 
and CT or TT genotypes of the SNPs, respectively, in response to lipopolysaccharide 
stimulation [24, 26].

2.4 MICA

The major histocompatibility complex class I chain related gene A (MICA) is a 
gene that functions in immune activation under cellular stress conditions, such as 
infections, tissue injury, pro-inflammatory signals, and malignant transformation 
[27]. MICA*009 and *019 alleles were found strongly associated with BD in a Spanish 
population [28]. The MICA-A6 allele has been reported to increase the risk of BD in 
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Japanese and Korean populations. In a recent study, the MICA*049 allele was found to 
be significantly higher in BD patients than in controls in a Chinese cohort [29]. On the 
other hand, Eyerci et al. reported the MICA*006 (MICA-A6) and MICA*009 alleles 
were associated with BD susceptibility in the HLA-B*51 positive Turkish popula-
tion. [30]. MICA-A5.1 was indicated a negative correlation with ocular lesions and 
 iridocyclitis in BD patients [31].

3. Interleukin (IL) family genes

3.1 IL-1 gene family

IL-1 gene family is composed of IL-1α, IL-1β, and IL-1Ra [32]. Interleukin-1α 
and -1β, are pleiotropic cytokines with primarily proinflammatory effects, which 
induce acute phase responses, activate endothelial cells, and lead to expression of 
adhesion molecules and coagulation factors [33]. IL-1Ra acts as an antagonist of IL-1 
by blocking the IL-1 receptor [34]. Previous studies have shown that the IL-1α (-889) 
C allele is significantly associated with BD risk [35, 36]. Alayli et al. also reported 
that the frequency of IL-1β (−511) CC genotype is significantly higher in BD patients 
compared to controls [35]. In another study showed that IL-1Ra mspa1l 1100 CT and 
IL-1Ra mspa1l 1100 TT promoter polymorphisms could be confer susceptibility to BD 
in Turkish population [37]. Barış et al. found IL-1RN2 gene polymorphism was cor-
related with the presence of articular involvement and the IL-1β gene polymorphism 
was correlated with the presence of an ocular lesion [38].

3.2 IL-4

Interleukin-4 (IL-4) is a key cytokine secreted by Th2 lymphocytes. It has cyto-
toxic, anti-tumor effects, inhibits induction of nitric oxide synthase, and also has role 
in chemotaxis, formation of endothelial cell adhesion molecules and hematopoiesis 
[39]. IL-4 gene 70 bp VNTR polymorphism was first reported to be associated with 
BD in the Turkey. The P1 allele of the IL-4 gene 70 bp VNTR polymorphism was 
found to constitute a risk for developing BD in a Turkish population. In the same 
study, P2P2 genotype was associated deep venous thrombosis and ocular involve-
ment in the BD patients [40]. The IL-4 -1098 G, IL-4 -590 T alleles and IL-4 TTC 
haplotypes were showed more common in the patients with BD when compared with 
healthy controls in an another Turkish cohort. They also demonstrated that IL-4Rα 
(+1902) gene polymorphism was associated with the Pathergy test positivity in BD 
patients [41].

3.3 IL-10

IL-10 is an anti-inflammatory cytokine, which is secreted by T lymphocytes 
(mainly Th2 subsets), B lymphocytes, NK cells, monocytes, and macrophages, 
plays critical roles in modulating immune response and preventing inflammatory 
and autoimmune pathologies [42]. IL-10 may inhibit the antigen-presenting process 
by downregulating the expression of HLA molecules on the surface of a cell and 
suppressing the expression of multiple proinflammatory cytokines, such as TNF-α, 
IL-1, IL-6, and IL-8 [43]. The first reported SNP of the IL10 gene was rs1800871 
that found to be an association with BD in the UK and Middle Eastern cohorts [44].  
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The -1082A > G (rs1800896), −819 T > C (rs1800871), and -592A > C (rs1800872) 
SNPs of IL-10 gene were found to be association with BD susceptibility in different 
populations including Chinese, Japanese, Korean and Iranian [45–48].

3.4 IL-12A, IL12B and IL-12RB2/ IL-23R

IL-12A is a gene which encodes for IL-35 that is a subunit of the heterodimeric 
cytokines IL-12 (encoded by IL-12B) and IL-35 [49]. It binds to a heterodimeric 
IL-12 receptor (IL-12R) which consists of IL-12Rβ1 (encoded by IL-12 RB1) and 
IL-12Rβ2 (encoded by IL-12RB2) [50]. IL-12A gene variants (rs1780546 and 
rs17810458) were revealed to be associated with BD susceptibility in a Turkish cohort 
[23]. In a study with a Chinese cohort rs3212227/IL-12B genotype CC and C allele 
was found involved in the susceptibility to BD [51]. IL-23 is a member of the IL-12 
cytokine family that plays important roles in the development process of the Th17 
cells [52, 53]. The IL-23 receptor consists of two subunits encoded by the IL-23R and 
IL-12RB1 genes [54]. A meta-analysis of the association data (including a total of 
2430 BD cases and 2660 controls) provided strong evidence for associations of the 
IL23R/IL12RB2 loci with BD [55]. The IL-23R/IL-12RB2 genes were associated with 
BD, in multiple reports with different populations including Japanese, Chinese, and 
Korean [56–58].

3.5 IL-17 and IL-18

IL-17 is a pleiotropic inflammatory cytokine that plays a pivotal role in a vari-
ety of pathologic conditions by inducing numerous inflammatory molecules and 
the recruitment of neutrophils [59]. This cytokine is produced by CD + T helper, 
hematopoietic cells, Th17 cells and neutrophils and consists of a family of cytokines 
from IL-17A to IL-17F [60]. Jang et al. reported the allele and genotype frequen-
cies of A126G SNP of IL-17 were significant differences between BD and controls 
[61]. The another genetic study in a Korean population, the IL17A rs8193036C > T 
variant was associated with the risk of intestinal BD [62]. In another study, the 
IL-17A gene rs2275913 polymorphism has been showed it might be associated with 
intestinal involvement in patients with BD [63]. IL-18 is a proinflammatory cytokine 
that mediates T-helper (Th)-1-polarized immune responses. Lee et al. found that 
IL-18 − 607 C/A promoter polymorphism was significantly associated with BD and 
also age at disease onset [64]. IL-18 gene −607 promoter site polymorphism was 
associated with patients with BD in Egyptian patients. Moreover, they found GG 
genotype at position −137 had a higher risk of developing ocular manifestations in 
patients with BD [65].

3.6 IL-28 and IL-29

IL-29, IL-28A and IL-28B are subgroups of Type III IFNs known as IFN-λs that 
induce activation of the Jak/STAT signaling pathway and modulating the Th1/Th2 
response [66, 67]. The first relationship between IL-28 and IL-29 and BD was investi-
gated in a study from Turkey. Genc et al. showed that the GG genotype of rs8099917 
(IL28 G/T) might be a protective factor against BD. They also found a significant 
difference between patients with and without central nervous system (CNS) 
 involvement in rs12979860 (IL28 C/T) polymorphism [68].



31

Genetics of Behçet’s Disease
DOI: http://dx.doi.org/10.5772/intechopen.101342

3.7 IL-33

IL-33 is a member of the IL-1 cytokine family that expressed by various types 
of immune cells such as mast cells, macrophages and dendritic cells, that drives 
production of Th2-associated cytokines [69, 70]. The rs7044343 and rs11792633 
variants of IL-33 gene were associated with the decreased risk of BD in Turkish 
patients [71]. Talei et al. showed that a significantly higher prevalence of the IL-33 
SNP rs1342326 T/G in BD patients. They showed also this genotype was also associ-
ated with increased IL-33 expression in patients with BD compared to healthy 
controls [72].

4. Genes involved in autoinflammation and autoimmunity

4.1 CCR1 and CCR3

C–C chemokine receptor type 1 (CCR1) and C–C chemokine receptor type 3 
(CCR3) encode the chemokine receptor belonging to the G protein-coupled receptor 
super family. These receptors play an important role in the accumulation and activa-
tion of inflammatory cells [73, 74]. The rs7616215 SNP located in the CCR1-CCR3 
locus was showed to be associated with BD in a Turkish population [25]. The CCR1 
gene was associated to susceptibility with BD in multiple cohorts including Turkish, 
Japanese, and Iranian cohorts [23, 25]. Hou et al. reported that the CCR1-CCR3 
(rs13084057 in the 30 UTR of CCR1; rs13075270 and rs13092160 in the intergenic 
region between CCR1 and CCR3) polymorphisms also associated with BD in a 
Chinese population [75].

4.2 FCRL3

The Fc receptor-like (FCRL) family is a recently recognized potential immunoreg-
ulatory cell surface molecule. FCRL3 is predominantly expressed in germinal centers 
of lymphoid organs and has been linked to B cell maturation [76]. FCRL3 may be 
involved in the mechanisms regulating Treg dysfunction, which may in turn contrib-
ute to the loss of self-tolerance and development of autoimmunity [77]. The -110 G 
allele and CGCG haplotype of FCRL3 were found to be associated with BD, while 
the ATCG haplotype was found to be protective for BD in a Chinese population [78]. 
In a study with Iranian BD patients, there was a significant difference demonstrated 
between groups at position -169 (rs7528684) of FCRL3 gene [79].

4.3 MEFV

The Mediterranean fever (MEFV) protein also named pyrin is an is an significant 
regulator of innate immunity and the inflammatory response to IL-1β and IFN-γ. 
Some clinical findings and geographic distribution of FMF and BD seem to be similar 
[80]. Touitou et al. who first suggested a possible implication of MEFV mutations in 
BD, reported higher frequencies of four mutations such as M694V, V726A, E148Q, 
and L110P mutations [81]. The MEFV SNPs rs61752717 Met694Val, rs28940580 
Met680Ile, and rs3743930 Glu148Gln were reported conferred risk to both of FMF 
and BD [80, 82–84].
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4.4 IRF1 and IRF8

IRF-1 is originally identified to be a regulator of the interferon (IFN)–β gene family. 
It plays an important role in various biologic functions such as innate immunity to viral 
infection, lymphocyte development, macrophage cytotoxicity, induction of apoptosis 
and tumor suppression [85, 86]. A study by Lee et al. showed that a significant associa-
tion between BD and IRF-1 gene polymorphisms (-415 C/A, -410 A/G, and -300 A/G, 
and 3’-untranslated region (UTR) A/G) [87]. Interferon Regulatory Factor (IRF) 8 is 
a transcription factor of a member of Interferon (IFN) Regulatory Factor (IRF) family 
that it regulates expression of type I IFN stimulated genes and the development and 
function of a variety of immune cells [88, 89]. The rs17445836 and rs11642873 poly-
morphisms of the IRF8 gene were associated with BD and these SNPs appeared to regu-
late IRF8 expression and cytokine production in a Chinese cohort [90]. The other SNPs 
(rs11117433, rs142105922 and rs7203487) of the IRF8 gene were reported BD-associated 
in multiple cohorts including Turkish, Iranian, and Japanese populations [91].

4.5 TNFAIP3

TNFAIP3 gene encodes A20 protein, which is a key regulator of the nuclear factor 
(NF)-κB signaling pathway, toll-like receptor (TLR), interleukin 1 receptor (IL1R), 
and nucleotide-binding oligomerization domain containing 2 (NOD2) [92]. A genetic 
linked between the TNFAIP3 gene SNPs (rs9494885, rs10499194 and rs7753873) and 
BD was reported in Chinese BD patients [93].

4.6 Toll-like receptors

Toll-like receptor (TLR) proteins are a family receptors that recognize pathogen 
molecules and have a critical role in both innate and adaptive immune systems [94]. 
TLRs are thought to be one of the links between infection and autoinflammatory or 
autoimmune disease [95]. The TLR2 rs2289318 CC genotype and rs3804099 CT geno-
type were significantly associated with ocular BD in a Chinese population [96]. The 
associations of the TLR4 gene with BD have been found to be contradictory in differ-
ent studies. It was not found an association between TLR4 gene polymorphisms and 
BD in Italian and Chinese patients [97, 98]. Horie et al. showed that the TAGCGGTAA 
haplotype of TLR4 gene was significantly associated with BD susceptibility and BD 
arthritis in a Korean cohort [99]. A Japanese study indicated that the TLR4 gene may 
confer susceptibility to BD [100]. Fernández et al. revealed the rs2407992 and the 
rs5744067 of TLR8 were associated with susceptibility to BD in Spanish patients [101]. 
An Asian study revealed a significant association between the TLR7 rs5743733 and 
rs3853839 and BD and it showed also an association of TLR9 rs352140 with BD [102].

4.7 GIMAP

The GIMAP (GTPase of the immune associated nucleotide binding protein) gene 
family have been suggested as being involved in different aspects of the immune sys-
tem in different species. These events appear to be associated with cell regeneration 
and proliferation and apoptosis [103]. The SNPs in GIMAP1 (rs2286900), GIMAP2 
(rs10266069 and rs10256482), and GIMAP4 (rs1916012, rs1522596, and rs1608157) 
were associated with BD in a study of Korean and Japanese populations, but they were 
not found to be associated in a study with European cohort [104].
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4.8 NOD1 and NOD2

Nod-like receptors (NLRs) are a member of pattern-recognition receptor mol-
ecules (PRRs) can capable to sense several pathogens or endogenous danger signals 
[105]. In a Chinese study, the C allele (major) of the NOD1 SNP rs2075818 was associ-
ated with BD susceptibility [21]. In a recent study indicated that the CC genotype of 
rs2075818 (NOD1 G/C) increased the risk of BD by 3.780-fold and the AA genotype 
of rs2075820 (NOD1 G/A) was increased the risk of cardiovascular involvement in 
BD 4.286-fold. In addition, they did not find the NOD2 gene variants (R334Q and 
R334W) in nor the BD patients and neither control groups [106]. Multiple reports 
have demonstrated that a Crohn’s disease-associated polymorphism, Arg702Trp of the 
NOD2 rs2066844 was protective to BD [107, 108].

5. Other genes

5.1 STAT4

Signal transducer and activator of transcription-4 (STAT4) is a transcription factor 
that activates gene expression involved in differentiation of naïve T cells into Th1 and 
Th17 cells, natural killer (NK) cells, mast cells, and dendritic cells [109–111]. The asso-
ciation between the BD and STAT4 gene appears to be consistent in many independent 
reports including Korean, Turkish, and Iranians [23, 25]. The functional studies have 
shown that risk allele A of STAT4 rs897200 correlates clinically with BD disease score 
due to increased mRNA level of STAT4 gene and expression of IL-17 [112].

5.2 FOXP3

FOXP3 is a key transcription factor in the development and function of T(reg) 
cells. Recent reports have shown the FOXP3 SNPs contribute to the susceptibility 
to some autoimmune and autoinflammatory disorders. The FOXP3 SNP rs3761548 
(-3279 C/A) was significantly associated with BD in the Iranian patients [113]. The 
FOXP3 (-3279 C/A) A allele has been reported to be associated with neural involve-
ment in BD in Egyptian patients [114]. A low copy number variant of the FOXP3 gene 
was shown to increase risk in female BD patients in a Chinese cohort [115].

5.3 FUT2

FUT3 (Fucosyltransferase) gene is responsible for the formation of histo-blood 
group antigens, it might affect the intestinal microbiota composition and modulate 
innate immune responses [116]. Recent studies indicated that the association between 
the FUT2 gene variants (rs632111, rs601338, rs602662, rs492602, rs681343, and 
rs281377) and BD was reported in Iranian and Turkish populations [117].

5.4 ACE and VEGF

The renin-angiotensin system (RAS) is important in vascular tone and inflam-
matory processes. It has been suggested that DD genotype of ACE gene I/D poly-
morphism might be a genetic marker for BD in Turkish populations [118, 119]. In the 
other hand, the ACE gene I/D polymorphism was not associated with BD patients in 
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a Iranian cohort and in an another Turkish population [120, 121]. VEGF is a potent 
angiogenic factor exhibiting various endothelial cell effects, including endothelial cell 
survival, proliferation, migration and tube formation, and also acts as a proinflamma-
tory cytokine [122, 123]. The carriers of the -634C (3’untranslated region UTR) and I 
(insertion/deletion) alleles of VEGF gene were associated with a susceptibility to BD 
in Italian patients [124].

5.5 UBAC2 and LACC1

Ubiquitin-associated domain containing 2 (UBAC2) encodes an ubiquitination-
related structural domain that is implicated in ubiquitination and proteasomal deg-
radation. The association of the UBAC2 gene polymorphisms (rs9513584, rs9517723, 
rs7999348) with BD were found in multiple cohorts found including Turkish, Chinese 
Han, Italian, and Japanese populations [125–128]. The LACC1 (Laccase domain-con-
taining 1), also known as multicopper oxidoreductases, encodes an oxidoreductase 
that promotes fatty-acid oxidation. It known functions in activation of inflamma-
some, bactericidal activity of macrophages, and production of mitochondrial and 
NADPH-oxidase-dependent reactive oxygen species. SNP rs9316059 of the LACC1 
was associated with BD in all the populations tested including Chinese Han, Turkish, 
Iranian and Japanese [91, 129].

5.6 SUMO4

Small ubiquitin-like modifier 4 (SUMO4) has been shown to have the potential to 
down-regulate NF-kappaB signal, leading to decreased transcription of pro-inflam-
matory cytokines [130, 131]. The association between the SUMO4 gene (rs237024 and 
rs237026) polymorphisms and BD was first reported in a Chinese cohort, and they 
showed the GGAC haplotype was protectively associated with BD in HLA-B51 positive 
patients [132]. The association was replicated in Tunisian and Korean cohorts for the 
rs237024 and rs237026 polymorphisms of SUMO4 gene. This study also showed this 
polymorphisms were associated with disease severity and also some clinical manifes-
tations such as skin lesions, and vascular involvement [133, 134].

5.7 ROCK1 and ROCK2

The Rho-kinase (ROCK) family members, consisting of ROCK1 and ROCK2, 
play significant roles in the actin cytoskeleton organization and regulate a wide 
range of fundamental cellular functions, such as adhesion, migration, motility, cell 
proliferation, apoptosis, and multiple inflammatory responses [135, 136]. Oguz 
et al. showed the SNPs rs73963110, rs112130712, rs111874856, rs112108028 might 
increase the susceptibility to Behçet’s disease, but they failed for the other SNPs 
such as rs35996865, rs111312709 and rs2271255 [137]. In addition, the ROCK2 gene 
rs35768389 (Asp601Val) polymorphism was showed to be associated with BD and the 
C allele was significantly higher in BD patients compared to controls [138].

5.8 VDR gene

The proven role of vitamin D in innate and adaptive immune responses has led to 
an increase in studies on the relationship between vitamin D and autoinflammatory 
diseases. The VDR gene encodes the VDR protein, a member of the nuclear receptor 
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superfamily, that is essential for the biological functions of vitamin D [139, 140]. 
Karray et al. found that the VDR gene (rs1544410 and rs2228570) polymorphism 
were associated with BD in Tunisian patients [141]. In a study with a Turkish cohort, 
the VDR gene rs1544410 A allele and rs2228570 C allele were reported to be a risk 
factor for BD susceptibility [142]. In a meta-analysis, the role of the four common 
VDR polymorphisms has been investigated and it was suggested that rs731236 
 polymorphism might be a risk factor for BD [143].

6. Epigenetic factors

Epigenetics is the study of stable and heritable changes in the function of genes 
which occur without altering the DNA sequence and include DNA methylation, his-
tone modification, and microRNAs [144]. MicroRNAs (miRNAs) are short noncod-
ing RNAs are crucial in regulating multiple cellular processes, such as development, 
proliferation and apoptosis [145]. Several miRNAs have been associated with the 
susceptibility of BD disease, which includes many different inflammatory pathways 
[146]. Zhou et al. revealed miR155 expression was significantly decreased in dendritic 
cells from patients with BD with active compared to inactive uveitis [147]. In addi-
tion, the many SNPs in miRNA have been showed to be a risk for BD in association 
studies. Both of the TT genotype and T allele of rs11614913 located at pre-miR196a2 
were found had increased frequency in patients with BD [148]. The microRNA-146a 
rs2910164 was associated with decreased frequency of CC genotype and C allele in 
patients with BD, whereas GG genotype was significantly increased in an Egyptian 
cohort [149]. Also, TT genotypes and T allele of rs3746444 miRNA-499 exhibited a 
significantly higher risk in patients with BD in a study of Turkish population [150]. 
In a Spanish cohort, the relative promoter methylation level of the IL-6 mRNA was 
found significantly lower in BD patients compared to controls [151]. The variant in 
the pre-miRNA region of miR-196a2, rs11614913, was associated with BD suscep-
tibility, as well as BD arthritis [148]. In an Epigenome-wide association study with 
Chinese BD patients, the genetic variants of 10 CpG-SNPs were not associated with 
BD susceptibility [152].

7. Conclusion

From a genetic perspective, several molecules involved in the response to patho-
gens and multiple genes that activate or regulate inflammation appear to be critical 
in the etiopathogenesis of BD. However, the precise pathogenic mechanisms of these 
genes on BD are still unclear. In addition, it is unknown how genetic components 
as well as other associated risk factors such as bacterial and viral pathogens affect 
the developmental process of BD. Genome-wide association studies (GWAS) have 
become a very important step in understanding BD pathogenesis. GWASs with 
satisfactory numbers of subjects in regions where BD is prevalent revealed a strong 
association between BD and inflammatory cytokines such as IL-1, IL-4, IL-6, IL-10, 
IL-17, and IL-23–IL-12RB2. Some association studies, for example TNFAIP3, TLRs 
and miRNAs, appear to be conflict in different study groups and/or populations. 
The conflicting results of these genes associated with BD suggest that they may 
be ethnically specific or have occurred due to sample selection bias. In the future, 
similar studies in different populations with a higher number of patients will provide 
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significant advances in the etiopathology of BD. We proposed that genetic factors 
located at loci outside the MHC region (IL1A-IL1R, IL10, CCR1-CCR3, ERAP1, IRF8, 
RIPK2, FUT2, IL-28, IL-29, NOD1, NOD2, VEGF and etc.…) contributed to BD 
susceptibility by playing a role in host defense and immune responses to pathogens 
in inflammation pathways. Moreover, specific gene polymorphisms have been linked 
with clinical presentation of BD such as ocular lesions, neurological and intestinal 
and cardiovascular involvement. The future direction will guide possible therapeutic 
approaches by understanding the functional significance of BD-associated gene 
polymorphisms, as well as insights into the pathogenesis of the disease.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Malignant Mesothelioma In Situ:  
A Controversial Diagnostic  
Entity – A Review
Richard Kradin

Abstract

Malignant mesothelioma is a rare aggressive malignancy of serosal surfaces that is 
strongly associated with exposure to asbestos. The pathological diagnosis of malig-
nant mesothelioma can be difficult to distinguish from reactive benign hyperplasia. 
Mutations in BAP-1 and CDKN2a distinguish mesothelioma from reactive hyperpla-
sia. An in situ growth phase of mesothelioma until recently was difficult to ascertain 
due to limits of histological assessment and because mesothelioma tends to spread 
diffusely along serosal surfaces making sampling for invasion impossible without 
extensive resection. The current WHO classification of thoracic tumors recognizes 
mesothelioma in situ as a distinct entity based on histological, genetic, and clinical 
features. This chapter reviews the topic and concludes that the diagnosis of malignant 
mesothelioma in situ should be limited to patients eligible for radical resection to 
confirm the putative diagnosis.

Keywords: mesothelioma, in situ, invasion, BAP-1, CDKN2A

1. Introduction

Malignant tumors result from dysregulated clonal cell proliferations. Malignant 
tumors can potentially invade local tissues and metastasize to distant sites. There are 
many pathways leading to malignant transformation and the spread of tumor. Most 
solid epithelial tumors pass through a stage of in situ neoplasia, in which disordered 
cellular proliferation occurs locally, and in the absence of invasion of underlying 
tissues. Pathologists are trained to recognize in situ malignant neoplasia based on its 
histological features, including non-disruption of the cell basement membrane. The 
clinical importance of distinguishing in situ malignancy is that it may be cured by 
surgical resection in a high percentage of cases.

Malignant mesothelioma is a rare malignancy of serosal-lined surfaces [1]. Most 
mesotheliomas occur in the pleura (85%), with the remainder in peritoneum (~10%), 
pericardium and tunica vaginalis (each less than 2.5%). Mesothelioma was rarely 
described in the medical literature prior to 1960, when Wagner described a large 
cohort of cases in South African asbestos miners and those living in proximity to the 
mines. Subsequently, a large percentage of mesotheliomas have been demonstrated 
to be causally linked to prior exposure to asbestos, the latter a naturally occurring 
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fibrous magnesium silicate that was used extensively as an insulating material in the 
construction and other trades in the twentieth century. There is a prolonged latency 
for the development of malignant mesothelioma, on average greater than 30 years 
following first exposures to asbestos. Other recognized causes of mesothelioma are 
rare and include therapeutic radiation and the mineral erionite that was used in the 
construction of homes in the Cappadocia region of Turkey [2].

Mesothelial cells line normal serosal surfaces. They secrete acid mucins and 
regulate cavitary fluid accumulation of lubricant fluid. In response to inflammation, 
normal mesothelial cells proliferate and show enhanced fluid secretion, leading to 
exudative effusions that bring patients to clinical attention. Reactive mesothelial pro-
liferation can be difficult to differentiate histologically from mesothelial malignancy. 
Mesothelial cells are pluripotential cells; and under neoplastic conditions, they may 
give rise to tumors with epithelioid, sarcomatoid, or mixed (biphasic) histologies. 
Until recently, unequivocal evidence of soft tissue invasion was required to distin-
guish malignancy from benign reactive mesothelial proliferations. Unfortunately, the 
propensity of malignant mesothelioma to spread diffusely along serosal surfaces and 
to invade adjacent structures makes curative surgical excision virtually impossible. 
Consequently, nearly all patients with malignant mesothelioma die from their disease.

2. Genetics of mesothelial malignancy

Malignant mesothelioma are heterogeneous with complex genetic, chromosomal, 
and epigenetic changes. Mesotheliomas are often polyclonal neoplasms, likely reflect-
ing a “field effect” induced by asbestos. They also display relatively low mutation 
burdens, compared to most adult solid tumors [3].

The Cancer Genome Atlas program studied 74 mesotheliomas for genetic altera-
tions using next-generation sequencing (NGS), whole-exome sequencing (WES), 
messenger RNA expression, methylation analysis, microRNA expression, exomes, 
reverse-phase protein array, and transcription factor analyses. They observed fre-
quent characteristic mutations in BAP-1, CDKN2A, NF2, TP53, LATS2, and SETD2 
[4]. Bueno et al. using NGS [5] and by Hmeljak et al. by WES [6] confirmed this 
mutation profile, suggesting that the development of mesothelioma may be due to 
mutations in a limited number of genes [1]. In this regard, Badhai et al. demonstrated 
that concomitant deletions of BAP1, NF2, and CDKN2A genes in mice resulted in 
malignant mesothelioma in all animals, and that the knockout of both CDKN2a and 
NF2 genes yielded mesothelioma in 75% [7]. However, knockout of each of these 
three genes individually failed to yield malignancy. Currently, there is no evidence 
that neoplastic mutations capable of causing mesothelioma occur spontaneously in 
nature in the absence of an additional environmental stimulus, e.g. asbestos. In this 
regard, Yoshikawa et al. found that chromothripsis, i.e. chromosome shattering fol-
lowed by random chromosomal rearrangement, may be the cause of multiple genetic 
alterations observed in mesotheliomas caused by asbestos [8].

Roughly, half of all cases of malignant mesothelioma show biallelic mutations in 
BAP-1 (BRACA-associated protein-1), and 60–80% of mesothelial malignancies show 
biallelic deletions in the CDKN2A gene. BAP-1 codes for a ubiquitin carboxy-terminal 
hydrolase and is a member of the deubiquitylase family of proteins. The gene maps 
primarily to the 3p21.3 chromosome and its encoded protein can be localized to 
both the nucleus and cytoplasm of mesothelial cells. BAP-1 acts as a tumor cell 
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suppressor via several pathways, and its functional loss drives tumor cell prolifera-
tion [5]. Families showing characteristic autosomal BAP-1 germline mutations show 
an increased incidence of a variety of malignancies, most characteristically uveal 
melanoma, malignant mesothelioma, and renal cell carcinoma [1]. However, there is 
no compelling evidence to suggest that germline mutations alone, in the absence of 
environmental carcinogen, can give rise spontaneously to mesothelioma.

Biallelic acquired deletions of CDKN2A (cyclin-dependent kinase inhibitor 2A) 
are associated with mesothelioma. Suppression of CDKN2A transcription is a com-
mon feature of a variety of tumors and is currently the most common genetic defect 
observed in malignant mesothelioma [9].

3. Invasion and metastasis

Malignant transformation can occur without tumor invasion and metastasis and 
may precede it in many cases. The steps leading to tumor invasion and spread are 
complex and include both genetic and epigenetic changes. The mammalian organism 
is divided into tissue compartments separated by extracellular matrix, i.e. basement 
membrane, and interstitial stroma [10]. Basal epithelial cells normally attach to base-
ment membrane, or as in the case of mesothelial cells, directly to subjacent interstitial 
matrix. In normal tissues, these cell populations do not intermix.

On the “other” side of the basement membrane, the interstitial stroma includes an 
array of cells, including fibroblasts, myofibroblasts, and their secreted matrix. Like 
epithelium, nerve cells, muscle cells, and blood vessels are surrounded by a continu-
ous extracellular matrix. During tissue remodeling, benign proliferative disorders, 
and carcinoma in situ, the cell populations on either side of this cell/matrix boundary 
do not intermix. But in malignant invasive tumors, a neoplastic cell, or group of cells, 
will penetrate the local stroma. It can then enter lymphatic or vascular circulations 
and subsequently migrate to distant sites, extravasate, and then proliferate as a 
secondary colony. Invasive tumor cells disobey the normal order of tissue/matrix 
boundaries and proliferate where they normally do not belong.

Tumor invasion by malignant cells is an active process [10]. Interactions of the 
tumor cell with basement membrane and interstitial matrix require initial attach-
ment, the dissolution of matrix, and cellular migration. In this regard, tumor cells 
secrete lytic enzymes or induce the host to elaborate proteinases that degrade matrix 
adhesion molecules. Locomotion propels the tumor cell across the basement mem-
brane and stroma through a zone of proteolyzed matrix. Directional movement is 
regulated by cell surface ligand binding and mobilization of cytoskeletal elements 
that interact with the cell membrane surface. Tumor cell motility is modulated by 
cytokines, and direction of movement is influenced by local chemoattractants.

Little is known about the specific pathways that promote tissue invasion and 
metastasis in malignant mesothelioma. Malignant mesothelioma cells produce col-
lagens, and the prognosis of mesothelioma may be related to the expression of matrix 
metalloproteinases. Malignant mesothelioma tumors also induce immune responses 
from their hosts. Chronic inflammation is manifested by the presence of tumor 
inflammatory cells and the local release of cytokines. Mesothelioma cell growth also 
requires neoangiogenesis to provide nutrients to proliferating cells and supportive 
matrix. Growth signals and loss of tumor-suppressor genes may provide the growth 
advantage that leads to tumor cell proliferation.
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4. Distinguishing malignant mesothelioma in situ

The existence of an in situ phase of malignant mesothelioma has long been postu-
lated but difficult to prove. But as a consequence of tumor genetic analysis, it is now 
possible to identify mesothelial cells that harbor characteristic genetic mutations that 
are only seen in malignant cells and not seen in “atypical” but benign mesothelial pro-
liferations. These include loss of BAP-1 expression and CDKN2A (p16) deletions. The 
loss of BAP-1 is most commonly present as an acquired somatic mutation (~50% of 
epithelioid mesotheliomas) but can occur rarely as a germ-line defect within families 
[11]. Distinguishing benign from malignant mesothelial cells via genetic analysis in 
cytology and tissue biopsy specimens currently allows distinguishing mesothelioma 
in situ from benign mesothelial proliferations. Recent studies suggest that immunos-
taining for MTAP (metalloadenosylphosphorylase) is a reliable substitute marker 
for loss of expression of CDKN2A/p16 by FISH, and absence of MTAP expression 
by immunostaining in cytology and biopsy specimens strongly suggests malignant 
transformation [10]. In a similar vein, loss of nuclear BAP-1 protein expression by 
immunostaining correlates with loss of BAP-1 gene and is a reliable marker of neo-
plastic transformation (see Figure 1).

In 2018, Churg et al. described 10 patients with mesothelioma in situ, which 
they defined as (1) a single layer of surface mesothelial cells (2) showing loss 
of BAP1 nuclear immunostaining, with (3) no evidence of tumor invasion by 
radiographic imaging for at least 1 year [12]. Nine of their cases were pleural 
mesotheliomas, with one peritoneal mesothelioma. Most patients were biopsied 
for repeated pleural effusions of uncertain etiology. In two patients, mesothelioma 
in situ was an incidental finding in lungs that had been resected for pulmonary 
carcinoma. CDKN2A showed deletions by FISH analysis in only one of eight cases. 
Invasive malignant mesothelioma developed in seven patients at 12 to 92 months 
following the diagnosis of in situ mesothelial neoplasia, and there was no clinical 
evidence of invasive mesothelioma in three patients at 12, 57, and 120 months 
of follow-up. The authors concluded that mesothelioma in situ has a high risk of 
becoming invasive over time, but that curable interventions might in theory be 
possible in such cases.

Elliott et al. [13] reported a case of malignant peritoneal mesothelioma that 
had apparently progressed from mesothelioma in situ over a 10-month period in a 
24-year-old woman with advanced endometriosis. Initial surgery showed deeply 
infiltrative endometriosis with progestin effect. Postoperatively, the patient had 
intractable pelvic pain and vaginal discharge. Imaging studies were negative, but 
laparoscopy 10 months later revealed vesicular lesions on the omentum and pinpoint 
white lesions studding the small bowel, appendix, and pelvic peritoneum. A diagnosis 
of epithelioid mesothelioma was established based on biopsy of the omentum and 
was confirmed by immunohistochemical loss of BAP1 expression. Upon genetic test-
ing, the patient was found to have a germline mutation in BAP1.

5. The WHO classification of mesothelioma in situ

The most recent WHO classification of thoracic malignancies includes malignant 
mesothelioma in situ as a distinct diagnostic entity. According to the new criteria 
“mesothelioma is clinically suspected in patients presenting with non-resolving pleu-
ral effusions in the setting of heavy asbestos exposure with or without pleural plaques 
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and in patient with familial predisposition. The diagnosis is based on a combination 
of clinical imaging and pathological features.” It should be noted that this differs from 
the standard criteria for most in situ malignancies, which are ascertained exclusively 
by the absence of pathological evidence of tissue invasion. According to the WHO, 
the diagnosis of mesothelioma in situ requires “extensive” thoracoscopic sampling of 
tumor, and small biopsies or cytological sampling are judged insufficient to establish 
this diagnosis.

Although the diagnosis of mesothelioma in situ cannot be made by histological 
examination alone, any histological evidence of invasion excludes the diagnosis. 
Loss of BAP-1 expression immunohistochemically (or alternatively loss of CDKN2A 
either by FISH or loss of MTAP expression by immunostaining must be present) as 
loss of these genetic markers reliably distinguish mesothelial malignancy from benign 
hyperplasia.

Figure 1. 
A 74-year-old man presented with recurrent right pleural effusions. Cytological analysis of the fluid showed  
(A) clusters of atypical mesothelial cells with loss of BAP-1 nuclear expression (arrow) by immunohistochemistry 
consistent with malignancy. Retention of BAP-1 immunostaining (brown nuclear pigment) is seen exudate 
inflammatory cells. Pleurectomy/decortication revealed (B) a single layer of mesothelial cells with loss of BAP-1 
expression (not shown) lining the pleural surfaces with no evidence of invasion. The patient has been clinically 
free of tumor for 18 months.
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To date, only a handful of cases of malignant mesothelioma in situ have been 
reported. These have been predominantly in the pleura and in men in the seventh 
decade. Apparently, demographics will not distinguish in situ mesothelioma from 
invasive malignancy. Klebe et al. [14] noted that an international survey of 34 pulmo-
nary pathologists, with an interest in malignant mesothelioma diagnosis, exhibited 
marked inconsistencies in establishing the diagnosis of in situ mesothelioma, despite 
the published WHO guidelines.

Serious problems apparently persist with respect to the confidence in which this 
diagnosis is made, as well as in with how to approach this “entity” therapeutically. It 
may be premature to accept mesothelioma in situ as a discrete entity in (1) the absence 
of clearly defined criteria with respect to what constitutes adequate sampling and (2) 
the lack of consensus as to how best to approach it therapeutically. The current WHO 
criteria apply to mesotheliomas of the pleura, presumably because it may be too dif-
ficult to establish this diagnosis with confidence in the larger peritoneal cavity.

Accurate sampling to exclude microscopic foci of invasion is virtually impossible 
to achieve in the absence of complete tumor excision with detailed pathological 
examination. The WHO criteria do not include validated criteria for how extensively 
to sample serosal surfaces, although it recognizes that limited sampling will lead to 
overdiagnosis of this entity.

Although having molecular markers of mesothelial malignancy is a substantial 
scientific advance, enthusiasm should be balanced by consideration of the clinical 
implications of the diagnosis of mesothelioma in situ. As previously noted, for most 
localized solid epithelial tumors, diagnosing an in situ carcinoma will trigger surgical 
excision with high cure rates. The question is whether malignant mesothelioma in situ 
is equally amenable to such an approach. Unfortunately, many patients with malig-
nant mesothelioma, both invasive and in situ, are elderly with significant co-morbid-
ities so that the extensive surgical resections necessary to extirpate all areas of in situ 
mesothelioma may be precluded. Considering the high rate of developing invasive 
disease within five years, the clinical value of making a diagnosis of mesothelioma in 
situ is questionable, unless the patient is a candidate for radical surgery. When cura-
tive therapeutic intervention is not possible, the diagnosis of mesothelioma in situ has 
no demonstrated clinical implication.

For this reason, it is argued that a diagnosis of mesothelioma in situ should be 
reserved for cases for whom curative excision is feasible. Only then the diagnosis can be 
pathologically confirmed and the potential value of the diagnosis confirmed by long-
term tumor-free survival. Despite understandable enthusiasm for designating a new 
category of mesothelial neoplasia based primarily on genetic evidence, cases meeting the 
current criteria who are not surgical candidates might best be diagnosed as “malignant 
mesothelial neoplasia,” with the expectation that their tumor will likely become frankly 
invasive at some future point in time in the absence of curative treatment. Patients meet-
ing the current WHO criteria for mesothelioma in situ but who are not surgical candi-
dates should be assigned to experimental chemotherapy or immunotherapy protocols 
to determine whether sustained responses can possibly be achieved. Unfortunately, 
intercurrent mortality from other causes may complicate the evaluation of this “entity.”

6. Conclusion

Malignant mesothelioma is a rare and deadly malignancy. Five-year survival rates 
are negligible, even following surgical and chemo/immunotherapeutic interventions. 



Malignant Mesothelioma In Situ: A Controversial Diagnostic Entity – A Review
DOI: http://dx.doi.org/10.5772/intechopen.106071

55

Author details

Richard Kradin
Massachusetts General Hospital, Boston, MA, USA

*Address all correspondence to: richardkradin@gmail.com

For this reason, the possibility of defining a preinvasive stage of malignant mesothe-
lioma theoretically offers the possibility of therapeutic cure. However, the diffuse 
nature of the disease and the advanced age of most patients with mesothelioma in 
situ represent obstacles to accurate diagnosis and curative treatment. Patients who 
meet current WHO criteria for this diagnosis should be carefully selected and treated 
on protocols to determine whether surgery and/or chemo/immunotherapies can 
yield long-term survival. Identifying confirmed cases of in situ mesothelioma may 
also allow researchers to determine molecular/genetic pathways responsible for the 
invasive behaviors of malignant mesothelioma and potentially provide new molecular 
targets for therapeutic intervention.
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Diagnosis of Dentofacial Anomalies
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Abstract

It is very challenging to understand and analyse anomalies of dentofacial region. 
Diagnosis plays a very important role in the further treatment of any condition related to 
orofacial anomalies. Diagnosis includes taking complete history and required investiga-
tions and conclusion. History gives more information towards clinical path, and investi-
gation will lay more emphasis on conclusion. Anomalies involving dentofacial region may 
be related to tooth, maxilla, mandible, soft tissue anomalies and syndromic conditions. 
Dentofacial anomalies not only involve the dentofascial region but can spread to vari-
ous other vital organs, so sometimes correlating the systemic problem will be of prime 
importance. When the other body is involved, the varied presentation will be a challenge 
in diagnosis. Multiple organs should be investigated for an diagnostic conclusion. Brining 
diagnostic information of anomalies is the aim of the chapter. Here, we cover various 
clinical features, diagnostic criteria, and investigation protocols of dentofacial anomalies.

Keywords: dentofacial anomalies, tooth, syndrome, diagnosis, disturbances in 
structure of teeth

1. Introduction

Societal forces define norms for an acceptable physical appearance and equate to a 
good smile. Significant aesthetic and functional issues in both jaws are included in dental 
abnormalities. It has been discovered that certain syndromes and systemic disturbances 
are connected with changes in craniofacial form, structure or function to the point where 
these changes can be categorised as the essential characteristics of such illnesses. It is cru-
cial that the clinician is aware of any dysmorphologic alterations to the orofacial structures 
in order to consider specific disease entities and rule out the participation of any other 
tissues or organ systems that might be syndromically connected. Dental appearance with 
success in life plays an important role. An increased concern for dental appearance has 
been observed during adolescence and early adulthood. One among them is malocclusion 
that is described as an irregularity of the teeth or a poor relationship of the dental arches 
beyond the range of what is accepted as normal. Malocclusion can impact quality of life 
causing psychosocial limitations (awkwardness in the social context or reduced career 
opportunities) and functional disturbances (affecting mastication, swallowing and 
speech; increasing susceptibility to trauma; and increasing prevalence of dental caries, 
periodontal disease and temporomandibular joint disorders). Even though the malocclu-
sion is not a dentofacial anomalies, it is a part of various dentofacial anomalies.
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For any individual defect, there may be variation in phenotype, associated 
anomalies and cause. To help organise these various disorders, dysmorphologists have 
grouped them into ‘syndromes’, ‘sequences’ and ‘associations’ based on our level of 
understanding of their aetiologies as shown in Figure 1.

2. Developmental anomalies of teeth

In the course of their lifetime, humans produce two sets of teeth: the primary 
dentition and the permanent dentition. By the age of 12, the primary dentition is fully 
replaced by permanent teeth that last for lifetime, as opposed to many animals, which 
have numerous sets of teeth that erupt depending on how and when a functional 
tooth is used and exfoliated.

Human teeth begin to develop during foetal development and continue grow-
ing until 10 years after birth. Teeth abnormalities develop for a number of reasons, 
such as poor nutrition, systemic illnesses, genetic problems, that influence a person 
throughout this time.

The developmental disturbances of teeth can be classified as anomalies affecting 
the following features:

• size

• shape

• number

• surface disturbances

2.1 Microdontia

When teeth are physically smaller than usual, the term ‘microdontia’ should be 
used. As one or more developing lobes of a tooth germ fail, resulting in microdonts, 
the condition can also cause aberrant form.

Both generalised and localised microdontia exist. Generalised microdontia is 
typically linked to a growth hormone or pituitary dysfunction-related developmental 
disorder. A single tooth in the arch is typically affected by localised microdontia. 
The maxillary lateral incisors (peg laterals) and third molars are the most commonly 
afflicted teeth. Usually, a size comparison between the neighbouring and opposing 
teeth makes the diagnosis simple.

Figure 1. 
Distribution of dentofacial anomalies.
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2.2 Macrodontia

Megadontia or megalodontia are other names for macrodontia. The phrase is used 
when one or more teeth stand out as being larger than they should be. When present 
in a normal person, macrodontia causes crowding and malocclusion. However, the 
entire dentition may be impacted without occlusal inconsistencies in cases of growth 
of hormone-related gigantism [1, 2]. True-generalised macrodontia, as this condi-
tion is known, is incredibly uncommon. Relative macrodontia is a condition that is 
frequently observed in which the teeth may be slightly larger in size or may appear 
huge because of a smaller jaw size. A single tooth’s macrodontia may be caused via 
fusion or gemination.

Patients with macrodontia frequently have aesthetic concerns, and the diagnosis 
is aided by clinically bigger teeth and malocclusion. Normal internal tooth structures 
are visible on radiographs.

3. Developmental disturbances in shape of teeth

3.1 Gemination

Gemination is an aberration that develops when a single tooth germ tries to divide 
by invaginating, which results in the partial creation of two teeth. The tooth typically 
has one or two crowns, which may be totally or partially separated, but only one root 
and one root canal [1].

Clinically, a single root has a bifid crown with complete segregation or minor grooving 
between two big crowns. The total number of teeth stays the same during gemination 
because only a single tooth bud can be partially split to change the number of teeth. The 
most often impacted teeth in both dentitions are the incisors and canines.

These are common pulp canals and either a single or partially divided pulp cham-
ber, according to radiology, which are greater than usual crown width with a shallow 
groove (Figure 2).

3.2 Fusion

Fusion is the joining of two distinct tooth germs, which can be seen radiographi-
cally as two different pulp chambers and root canals [2]. The action of pressure or 
mechanical physical force that produces close contact between two erupting teeth 

Figure 2. 
Features of gemination.
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was identified as a possible explanation, although the exact cause of fusion is still 
unknown. It occurs more frequently in teeth at the front. In contrast to permanent 
teeth, it occurs more frequently in deciduous teeth [3].

Clinical: With or without a bifid crown, the tooth is about twice as large as it 
should be. Root canals in a tooth may be single or combined. Fusion may happen 
between a normal and a supernumerary tooth or result in fewer teeth [3, 4]. The 
union’s true character and scope will become increasingly clear (Figure 3).

3.3 Concrescence

Concrescence is two fully formed teeth, joined along the root surfaces by cemen-
tum. The process is noted more frequently in the posterior and maxillary regions. 
Lack of adequate space and crowding of teeth are the most accepted elucidated 
aetiology.

Diagnosis is made commonly with the help of radiographs. It is not always possible 
to distinguish among concrescence, teeth in close contact and superimposed teeth. 
Radiograph will show union of two teeth with the help of cementum.

3.4 Talon’s Cusp

The talon cusp, an aberrant structure that resembles an eagle’s talon, is produced 
by the cingulum regions of a maxillary or mandibular permanent incisor [4], com-
monly observed on the lateral or central maxillary incisor.

Clinical: A T-shaped elevation on the tooth makes Talon’s cusp an easy diagnosis.
Radiological: Where it occurs, overlaid on the incisors, there is a coating of enamel 

that appears to be normal, and the outline is smooth.

3.5 Dilaceration

The term ‘dilaceration’ refers to an angulation, or a sharp bend or curve, in the root 
or crown of a formed tooth.

Clinical diagnosis is not possible.
Radiological: Curve or bending occurs anywhere along the length of tooth, some-

times at cervical portion or midway along the root or even just at the apex of root.

Figure 3. 
Courtesy: JSS Dental College, figure showing fusion of lateral incisor with supernumerary tooth.
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3.6 Dens in dente (dens invaginatus)

The ‘dens in dente’ is a developmental variant that is believed to come from an 
invagination in the tooth crown’s surface prior to calcification. Prior to the calcifica-
tion of the dental tissues, there is histologically observed deepening or invagination 
of the enamel organ into the dental papilla [5].

Clinical: The tooth’s labial face is frequently bulbous. Conical or asymmetrical 
crown shapes are both possible. Dental infolding is a rare clinical occurrence. Rarely, 
primary teeth may be impacted.

Radiological: It can be identified as a pear-shaped invagination of enamel 
and dentin that has a close resemblance to the pulp in depth and a tight constric-
tion at the aperture on the surface of the tooth. The tooth appears to be ‘inverted’ 
(Figure 4).

3.7 Dens evaginatus

The dens evaginatus is a developmental condition that appears clinically as an 
accessory cusp or a globule of enamel on the occlusal surface between the buccal and 
lingual cusps of premolars, unilaterally or bilaterally, although it has been reported to 
occur rarely on molars, cuspids and incisors.

Schulze [6] distinguished the following five types of DE for posterior teeth by the 
location of the tubercle.

1. A cone-like enlargement of the lingual cusp.

2. A tubercle on the inclined plane of the lingual cusp.

3. A cone-like enlargement of the buccal cusp.

4. A tubercle on the inclined plane of the buccal cusp.

5. A tubercle arising from the occlusal surface obliterating the central groove.

Clinical: It appears as a tubercle of enamel on occlusal surface of the affected tooth. 
Polyp-like protuberance in central groove on lingual ridge of buccal cusp is seen.

Radiological: Occlusal surface has tuberculated appearance.

Figure 4. 
Clinical and intra-oral radiographic presentation of the condition. Courtesy. JSS Dental College.
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3.8 Enamel pearl

Heterotopic presence of enamel in the form of a globule is called enamel pearl. It is 
usually found on the root surface.

Clinical: It appears as a yellowish white, spherical structure adherent to the furca-
tion area of the root surface. The diameter ranges from 1 mm to 3 mm.

Radiological: It appears as smooth, round and well-defined radiopacity present 
along the root surface. Radiodensity is same as that of the enamel.

3.9 Taurodontism

It is characterised by clinical and anatomical crown of normal shape and size, an 
elongated body and short roots with longitudinally enlarged pulp chambers [7].

Clinical: Affected teeth tend to be rectangular and exhibit pulp chambers with a 
dramatically increased apico-occlusal height and a bifurcation close to the apex [7, 8].

Radiological: Pulp chamber is extremely large with much greater apico-occlusal 
height than normal. Extensions of rectangular pulp chamber occur into elongated 
body of the tooth [7]. Pulp lacks the usual constriction at the cervix of tooth. The 
root and root canals are exceedingly short. There is also increased dimension between 
cementoenamel junction and furcation.

3.10 Supernumerary roots

Teeth that are normally single-rooted exhibit two roots.
Clinical: They develop as slender outgrowths at the centre of furcation area of 

molar teeth.
Radiological: If the bifurcation produces two distinct apices and these are arranged 

as one mesial to the other, then it will be seen on the radiographs. If the two apices are 
on the labial and lingual side, they may get superimposed on each other appearing as 
a bulbous root, which may mimic hypercementosis.

4. Developmental disturbances in structure of teeth

Amelogenesis imperfect: A complex collection of diseases known as amelogenesis 
imperfecta shows developmental changes in the enamel’s structure when no underly-
ing systemic problem is present.

Inaccuracies in hypoplastic amelogenesis.
Pits that range in size from a pinhead to a pea are dispersed around the teeth’s 

surface. The pits can be placed in rows or columns and are more noticeable on the 
buccal surfaces of the teeth.

Localised pattern: Linear depressions and horizontal rows of pits can be seen on 
the affected teeth. The affected region is typically found in the middle third of the 
buccal surfaces of the teeth. Typically, neither the incisal edge nor the occlusal surface 
is impacted.

All teeth have an enamel that is thin, firm, shiny, and has an autosomal dominant 
smooth pattern. There is lack of the proper enamel thickness.

Radiographs exhibit a thin peripheral outline of radiodense enamel. Unerupted 
teeth, often undergoing resorption, may be seen.
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Enamel agenesis: A total lack of enamel formation. The teeth are the shape and 
colour of the dentin, with a yellow-brown hue, open contact points and crowns that 
taper towards the incisal-occlusal surface. The surface of the dentin is rough, and an 
anterior open bite is seen frequently.

Radiographs demonstrate no peripheral enamel overlying the dentin.

4.1 Hypomaturation amelogenesis imperfecta

Pigmented pattern: The surface enamel is mottled and agar brown. The enamel 
often fractures from the underlying dentin and is soft enough to be punctured by a 
dental explorer.

X-linked pattern: The deciduous teeth are opaque white with a translucent mot-
tling; the permanent teeth are opaque yellow-white and may darken with age. Focal 
areas of brown discoloration may develop within the white opaque enamel [9].

Snow-capped patterns: A zone of white opaque enamel on the incisal or occlusal 
one quarter to one-third of the crown.

4.2 Hypocalcified amelogenesis imperfecta

On radiographs, the teeth show a thin radiopaque enamel outline around the 
periphery. Unruptured teeth showing signs of resorption are common.

Both dentitions have diffuse thin, smooth and glossy enamel in an X-linked pat-
tern. Open contact points and crown preparation shapes are common in teeth. Brown 
to golden brown is the range of colour.

An outline of radiopaque enamel can be seen on radiographs.
Rough surface: The enamel is thin and firm and has a rough pattern. Similar to the 

smooth forms, the teeth have open contact sites and taper towards the incisal-occlusal 
surface. From white to bright white, the colour varies.

Clinical: On eruption, the enamel is yellow-brown or orange, but it often becomes 
stained brown to black and exhibits rapid calculus apposition.

A thin radiopaque enamel outline around the teeth’s periphery can be seen on 
radiographs. Unruptured teeth that are showing resorption are common.

Thin, shiny, smooth enamel is diffused in both dentitions with an X-linked pat-
tern. There are exposed contact sites and the teeth frequently resemble crown prepa-
rations. Brown to yellow-brown are the different shades.

Enamel that is radiopaque can be seen around the edges on radiographs.
The enamel has a rough surface and is thin and firm. The teeth display open 

contact points and taper towards the incisal-occlusal surface just like in the smooth 
forms. White to yellow-white can be seen throughout the spectrum.

Radiological: the density of the enamel and dentin are similar. Before eruption 
the teeth are normal in shape; however, after a period of function much of the cuspal 
enamel is lost, with the occlusal surface becoming the most irregular (Figure 5) [10].

4.3 Dentinogenesis imperfecta

Both deciduous and permanent teeth are affected by the autosomal dominant 
syndrome known as dentinegenesis imperfecta [11, 12].

Clinical: Affected teeth have large crowns, grey to yellowish brown colour, and 
constricted cervical areas give them a ‘tulip’ form.
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Radiologically, the teeth appear to be solid and devoid of root canals and pulp 
chambers. Because enamel is easily fractured, exposed dentin has rapid attrition. 
The teeth feature narrow roots, bulbous crowns, cervical constriction, and early pulp 
chamber and root canal obliteration.

Dentition with enamel that is normal in thickness, dentin that is incredibly thin 
and pulps that are noticeably enlarged is dentin dysplasia.

It is a rare disturbance of dentin formation, characterised by normal but atypical 
dentin formation, with abnormal pulp morphology.

Clinical:
Type I (radicular). Both dentitions are affected, although the teeth appear clini-

cally normal in morphologic appearance and colour. Occasionally, there may be a 
slight amber translucency. However, the teeth characteristically exhibit extreme 
mobility and are commonly exfoliated prematurely or after only minor trauma as a 
result of their abnormally short roots.

Type II (coronal): The deciduous teeth have the same yellow, brown or bluish-grey 
opalescent appearance as seen in dentinogenesis imperfect [12].

Radiological:
Type I (radicular): In both dentitions, the roots are short, blunt, conical or 

similarly malformed. In the deciduous teeth, the pulp chambers and root canals are 
usually completely obliterated, while in the permanent dentition, a crescent-shaped 
pulpal remnant may still be seen in the pulp chamber.

Type II (coronal): Bulbous crowns, cervical constriction, thin roots, and early 
obliteration of the pulp. The permanent teeth demonstrate normal clinical coloration; 
however, radiographically, the pulp chambers exhibit significant enlargement and 
apical extension. This altered pulpal anatomy has been described as thistle tube 
shaped or flame shaped (Figure 6).

4.4 Regional odontodysplasia

Regional odontodysplasia is a specific, non-hereditary anomaly of tooth develop-
ment that has severe negative effects on the growth of enamel, dentin and pulp [13].

Clinical
Asymmetrical in shape appears yellow to brownish and is often tiny. They either 

indicate a delay in eruption or a complete failure [12.14]. They have a noticeably 
different shape, are typically quite uneven in appearance and frequently show signs of 
poor mineralisation.

Figure 5. 
Courtesy: JSS Dental College, clinical picture of amelogenesis imperfecta.
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Radiological
The nickname ‘ghost teeth’ refers to the changed teeth’s light, wispy appearance 

caused by the presence of radiolucent pulp surrounded by extremely thin enamel and 
dentin. There is little contrast between the dentin and the enamel, and the coronal 
silhouette is blurry or unclear. There may be visible short roots and open apices. The 
thickened pulps frequently show one [14].

5. CT image of cleft palate, courtesy JSS Medical College, Mysore

5.1 Soft tissue anomalies

5.1.1 Cleft lip and palate

Birth deformities such as cleft lip and palate can cause a person to have a num-
ber of orofacial malformations. One of the most prevalent birth defects, orofacial 
clefts can occur alone or in combination with other congenital malformations. Both 
syndromic and non-syndromic clefts with accompanying abnormalities make up a 
sizable portion of these clefts [15, 16].

Openings or cracks in the upper lip, the palate or both are known as cleft lip and 
cleft palate, respectively. When a developing baby’s facial tissues do not fully seal, 
it can lead to cleft lip and cleft palate. The most prevalent birth malformations are 
cleft lip and cleft palate. Although they most frequently manifest as solitary birth 
abnormalities, they are also linked to a variety of inherited genetic diseases or 
syndromes (Figure 7).

Diagnostic features:
Typically, a split (cleft) in the lip or palate is obvious from birth. Cleft lip and 

palate can manifest as follows:
a facial split that affects one or both sides of the lip and palate (roof of the mouth).
a break in the lip that is only visible as a tiny notch or that extends through the 

upper gum and palate and into the base of the nose. A crack in the roof of the mouth 
that has no impact on how the face looks. Less frequently, a cleft only affects the soft 
palate muscles in the rear of the mouth, where the lining of the mouth covers them 
(submucous cleft palate). This kind of cleft is common [16].

Figure 6. 
Courtesy: JSS Dental College. Radiograph showing malformed tooth with short roots in Type I dentin dysplasia.
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Signs and symptoms of submucous cleft palate may include the following:

1. Difficulty with feedings.

2. Difficulty swallowing, with potential for liquids or foods to come out the nose.

3. Nasal-speaking voice.

4. Chronic ear infections Diagnosis.

Most cases of cleft lip and cleft palate are noticed right away at birth and do not 
require special tests for diagnosis. Increasingly, cleft lip and cleft palate are seen on 
ultrasound before the baby is born (Figures 8 and 9).

Ultrasound before birth
During a prenatal ultrasound, sound waves are used to produce images of the growing 

foetus. A doctor may notice a variation in the face structures after reviewing the images.
Beginning about the 13th week of pregnancy, ultrasonography can identify 

cleft lip. Accurately diagnosing a cleft lip may get simpler as the foetus continues to 

Figure 8. 
OPG showing the bony defect in the upper anterior with irregularly arrenged to tooth. Courtesy JSS Dental 
College, Mysore.

Figure 7. 
Baby with cleft lip and palate deformity, showing corrected cleft palate and lip (photos courtesy JSS Dental 
College, cleft centre).
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develop. When a cleft palate develops on its own, ultrasonography imaging is more 
challenging (Figure 10).

Your doctor might suggest a treatment to remove a sample of amniotic fluid from 
your uterus if a prenatal ultrasound reveals a cleft (amniocentesis). The fluid test 
could reveal a genetic condition that could lead to other birth abnormalities in the 
foetus. But the most common reason for cleft lip and cleft palate is shown Table 1.

5.2 Syndromes

5.2.1 Downs syndrome

A second whole or partial copy of chromosome 21 is produced as a result of faulty 
cell division, which results in the genetic condition known as Downs syndrome. 
Downs syndrome’s physical characteristics and developmental abnormalities are 
brought on by this excess genetic material.

Individuals with Downs syndrome may have varying degrees of intellectual dis-
ability and developmental delays. It is the most prevalent genetic chromosomal defect 
and the root of children’s learning problems. It frequently results in other medical 

Figure 9. 
CT image of cleft palate, courtesy JSS Medical College, Mysore.

Figure 10. 
Fetoscopic image of cleft lip—courtesy: JSS MEDICAL COLLEGE, MYSORE.
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issues as well, such as cardiac and gastrointestinal problems. With Downs syndrome, 
both children and adults have distinctive face features (Figure 11) [17].

Though not all people with Downs syndrome have the same features, some of the 
more common features include the following:

Flattened face
Small head
Short neck
Protruding tongue
Upward slanting eye lids (palpebral fissures)
Unusually shaped or small ears
Poor muscle tone
Broad, short hands with a single crease in the palm
Relatively short fingers and small hands and feet
Excessive flexibility
Tiny white spots on the coloured part (iris) of the eye called Brushfield’s spots.
Short height
This extra genetic material is responsible for the characteristic features and 

developmental problems of Downs syndrome. Any one of three genetic variations can 
cause Downs syndrome:

Associated syndromes with cleft lip and palate

Autosomal dominant syndromes

Apert

Cleidocranial dysostosis

Hay-Wells

Treacher Collins

Vander Woude

Oculodentodigital

Autosomal recessive syndromes

Cerebro-costo-mandibular

Dubowitz

Mohr

Robert

X-linked inheritance

Oro-facial-digital

Oto-palato-digital

Chromosomal disorders

Mutation in 3p arm, 5p arm, 9p arm and 18q arm

Trisomy 4p, 9p

Trisomy 13

Trisomy 18

Table 1. 
Syndrome associated with cleft lip and palate.
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Trisomy 21. About 95 percent of the time, Downs syndrome is caused by trisomy 
21—the person has three copies of chromosome 21, instead of the usual two copies, in 
all cells [18]. This is caused by abnormal cell division during the development of the 
sperm cell or the egg cell.

Mosaic Downs syndrome. In this rare form of Downs syndrome, a person has only 
some cells with an extra copy of chromosome 21. This mosaic of normal and abnor-
mal cells is caused by abnormal cell division after fertilisation.

Screening tests during pregnancy
Screening for Downs syndrome is offered as a routine part of prenatal care. 

Although screening tests can only identify your risk of carrying a baby with Downs 
syndrome, they can help you make decisions about more-specific diagnostic tests.

Screening tests include the first trimester combined test and the integrated screen-
ing test.

The first trimester combined test, which is done in two steps, includes the 
following:

Blood test. This blood test measures the levels of pregnancy-associated plasma 
protein-A (PAPP-A) and the pregnancy hormone known as human chorionic gonado-
tropin (HCG). Abnormal levels of PAPP-A and HCG may indicate a problem with the 
baby [19].

Nuchal translucency test. During this test, an ultrasound is used to measure a 
specific area on the back of your baby’s neck. This is known as a nuchal translucency 
screening test. When abnormalities are present, more fluid than usual tends to collect 
in this neck tissue.

Using your age and the results of the blood test and the ultrasound, your doctor or 
genetic counsellor can estimate your risk of having a baby with Downs syndrome.

Integrated screening test
During the first and second trimesters of pregnancy, the integrated screening test 

is administered in two parts. To calculate the likelihood that your child has Downs 
syndrome, the findings are pooled.

Initial trimester. An ultrasound is used in part one to measure nuchal translucency 
and a blood test to measure PAPP-A.

First trimester. Alpha fetoprotein, estriol, HCG, and inhibin A are the four 
pregnancy-related chemicals that are measured by the quad screen in your blood.

Pregnant women’s diagnostic procedures

Figure 11. 
Salient features of Downs syndrome.
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Consider additional testing to confirm the diagnosis if your screening test results 
are positive or concerning, or if you have a high risk of having a baby with Downs 
syndrome. You can balance the benefits and drawbacks of these tests with the aid of 
your healthcare provider.

Diagnostic tests that can identify Downs syndrome include the following:
Sample chorionic villus (CVS). Cells from the placenta are utilised in CVS to 

examine the foetal chromosomes. Between 10 and 13 weeks of pregnancy, the first 
trimester is the traditional time for this test to be carried out. A CVS carries a very 
minimal chance of pregnancy loss (miscarriage).

Amniocentesis. A needle is introduced into the mother’s uterus to remove a sample of 
the amniotic fluid around the foetus. The chromosomes of the foetus are then examined 
using this sample. After 15 weeks of pregnancy, doctors typically administer this test in 
the second trimester. A very small risk of miscarriage is also associated with this test.

For couples undergoing in vitro fertilisation who are at heightened risk of passing 
along specific genetic traits, preimplantation genetic diagnosis is a possibility.

Diagnostic tests for newborns
Initial Downs syndrome diagnoses are frequently made based on a baby’s looks 

after delivery. However, babies without Downs syndrome can also have the char-
acteristics linked with the condition, so your doctor will likely request a test called 
a chromosomal karyotype to confirm the diagnosis. This test examines your child’s 
chromosomes using a blood sample. Downs syndrome is the result of an extra copy of 
chromosome 21 in all or some cells.

Translocating the Downs syndrome. Additionally, Downs syndrome can develop 
before or during conception if a piece of chromosome 21 translocates (attaches 
to another chromosome). These kids have two copies of chromosome 21 as usual, 
but they also contain additional chromosome 21 genetic material linked to another 
chromosome.

5.3 Crouzon Syndrome

Synonyms include the following:
craniofacial dysostosis,
craniostenosis, Crouzon type,
Crouzon craniofacial dysostosis.
Crouzon syndrome is a rare genetic disorder. It is a form of craniosynostosis, a 

condition in which there is premature fusion of the fibrous joints (sutures) between 
certain bones of the skull. Symptoms primarily include abnormalities of the face and 
head [20].

Signs and symptoms
The primary features of Crouzon syndrome, also known as craniofacial dysos-

tosis, are pronounced facial deformities and premature closure of the fibrous joints 
(cranial sutures) connecting some of the skull’s bones. Malformations of the cranium 
and face can range from minor to potentially severe, even in members of the same 
family who are typically unaffected [21]. Crouzon syndrome is inherited autosomally 
dominantly and is brought on by changes (mutations) in one of the FGFR genes, 
typically FGFR2.

The bony cavities of the skull that house the eyeballs or the orbits in the majority 
of people are unusually shallow. The consequence is a protrusion or bulge forward of 
the eyeballs, known as proptosis [22]. About 30% of those with Crouzon syndrome go 
on to develop hydrocephalus, a disorder marked by reduced flow.
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Diagnosis
Based on a thorough clinical evaluation, the recognition of recognisable physical char-

acteristics and a battery of specialised testing, Crouzon syndrome is typically diagnosed 
at birth or during infancy. Advanced imaging methods, such as magnetic resonance imag-
ing (MRI) or computed tomography (CT) scanning, may be used during such testing.

Clinical evaluation and testing
MRIs and CT scans are utilised to identify or detect some abnormalities that may 

be connected to the illness (e.g. craniosynostosis, other skeletal abnormalities). 
X-rays and a computer are used in CT scanning to produce a film that shows cross-
sectional images of inside structures. A magnetic field and radio waves are used in 
MRI to produce finely detailed cross-sectional images of certain organs and tissues.

A Crouzon syndrome diagnosis can be confirmed by molecular genetic testing 
(Figures 12 and 13).

5.4 Foetal alcohol syndrome

This is the most severe foetal alcohol spectrum disorder. These are a group of birth 
defects that can happen when a pregnant woman drinks alcohol (Figure 14). Other 
foetal alcohol syndrome disorders (FASDs) include the following [22, 23]:

partial foetal alcohol syndrome,
alcohol-related birth defects,
alcohol-related neurodevelopment disorder,
neurobehavioural disorder associated with prenatal alcohol exposure.
They can include the following:

Figure 12. 
Salient features of Crouzon syndrome and panoramic image to show bone density and affected teeth.

Figure 13. 
Skull radiograph A, anterior-posterior and B, lateral views showing prominent convolutional markings 
appearing as a copper beaten skull. Courtesy: JSS Medical College, Mysore.
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problems with the heart, kidney and bones,
learning disabilities and low IQ ,
trouble with memory, coordination and attention,
hyperactivity.
Problems with sleep and suckling as an infant. Foetal alcohol syndrome can have 

many symptoms, including the following:
Physical defects:
small head and brain size,
vision or hearing problems,
joint, limb and finger deformities,
distinctive facial features such as small eyes, thin upper lip and a ridge between the 

nose and upper lip.
Neurological problems:
learning problems,
coordination and balance problems,
trouble reasoning,
hyperactivity,
moodiness.
Behavioural issues:
poor social skills,
difficulty in school,
poor impulse control.

5.5 Goldenhar syndrome (GS)

Oculoauriculovertebral dysplasia, also referred to as hemifacial microsomia, 
manifests clinically in a variety of ways, including abnormalities of the craniofa-
cial, vertebral, cardiac, renal, and central nervous systems1. Epibulbar dermoids, 
microtia, mandibular hypoplasia, and spinal abnormalities are among the symp-
toms of GS that are frequently present. Hemifacial microsomia, the term used to 
characterise the typical facial feature of GS patients, as well as the other anomalies 
associated with this disease, are most likely the result of first and second brachial 

Figure 14. 
Salient featues of foetal alcohol syndrome.
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arch development problems. These developmental abnormalities appear to have a 
variety of causes [24, 25].

However, the absence of evident features or the unknowledge of GS characteristics 
makes the diagnosis difficult and late. The classical features of GS patients involve 
ocular anomalies, including microphthalmia, anophthalmia, epibulbar dermoid (or 
lipodermoid) tumours, and eyelid colobomas, aural defects, such as preauricular tags, 
anotia, microtia and hearing loss, vertebral abnormalities, such as scoliosis, hemi-
vertebrae and cervical fusion, and mandibular hypoplasia 8–12. Facial involvement 
is usually unilateral, resulting in a marked asymmetry. In the series presented here, 
the patients were affected unilaterally, and all showed mandibular hypoplasia and 
vertebral anomaly [26].

Syndromes derived from aberrations in the development of the first and second 
branchial arches are in the spectrum of GS, including Treacher-Collins syndrome 
(TCS). The presence of facial asymmetry and far less hypoplasia of the malar bones in 
GS are the important features to differentiate it from TCS. The TCS-affected patients 
presented downward slating palpebral fissures, colobomas, zygomatic and mandibu-
lar hypoplasia, partial absence of the lower eyelid cilia, and abnormalities of the ears 
(Figure 15).

5.6 Van der Woude syndrome

The disease has an impact on how the face develops. A cleft lip, a cleft palate (an 
opening in the roof of the mouth) or both are common birth defects in those who 
have this condition. Affected people frequently have depressions (pits) close to the 
centre of the lower lip, which may appear moist since salivary and mucous glands are 

Figure 15. 
Skeletal and facial phenotypes of patient #2 of this study. (A) Anterior standing photograph of the patient, 
demonstrating severe lordoscoliosis. (B) Frontal view of the face showing marked facial asymmetry, malocclusion 
and eye involvement characterised by microphthalmia and eyelid coloboma of the left eye. (C) Lateral view of the 
face showing ear malformations, including microtia and preauricular tags (the parents signed informed consent 
authorising the publication of these pictures).



Rare Diseases – Recent Advances

74

located there. Also possible are little tissue lumps on the lower lip. Van der Woude 
syndrome patients can have tooth loss [27].

Like other people with these facial disorders, those who have cleft lip and/or palate 
also have a greater risk of delayed language development, learning impairments or 
other modest cognitive issues [28]. The average IQ of individuals with van der Woude 
syndrome is not significantly different from that of the general population.

5.7 van der Woude syndrome (VWS)

Lip pits* in combination with wiIRF6-related illnesses often fall on a spectrum, 
ranging from popliteal pterygium syndrome (PPS) at the more severe end to isolated 
cleft lip and palate and Van der Woude syndrome (VWS) at the moderate end. Rarely, 
IRF6 pathogenic mutations have also been identified in people with spina bifida (2/192) 
and nonsyndromic orofacial clefts (18/3811; 0.47 percent). People who have VWS 
exhibit one or more of the oddities listed below: congenital paramedian lower-lip fistu-
lae (pits), which are typically bilateral, or occasionally tiny mounds with a sinus tract 
emerging from a mucous gland of the lip, uneven lip (CL) and missing palate (CP). It 
should be noted that cleft lip with or without cleft palate (CLP) is seen almost twice as 
frequently as CP alone. Submucous palate cleft (SMCP) has one of the following:

cleft lip with or without cleft palate (CL ± P)
cleft palate (CP)
submucous cleft palate (SMCP)
lip pits* alone and a first-degree relative with CL ± P, CP, or SMCP
CL ± P, CP or SMCP and a first-degree relative with lip pits*
CL or CL + P and CP in the same family
 * Lip pits are most often paramedian on the lower lip and can include mounds with 
a sinus tract leading from a mucous gland of the lip.

5.8 Popliteal pterygium syndrome (PPS)

This syndrome includes the following condition:
popliteal pterygia,
syndactyly,
abnormal external genitalia,
ankyloblepharon,
pyramidal skin on the hallux,
a spectrum of intraoral adhesions, the most severe of which is complete 

syngnathia.
Musculoskeletal anomalies are rarely reported (e.g. talipes equinovarus, digital 

reduction, spina bifida occulta, bifid ribs, short sternum).
IRF6-related neural tube defect. Two individuals with an IRF6 pathogenic variant 

and spina bifida have been reported. Neural tube defects due to an IRF6 pathogenic 
variant cannot be clinically distinguished from the neural tube defects of other aeti-
ologies. Orofacial cleft was brought on by IRF6. There have been reports of 18 people 
who had either an orofacial cleft or an IRF6 pathogenic mutation. Clinically, orofacial 
clefts caused by IRF6 pathogenic variants cannot be discriminated from those caused 
by other causes.

A proband is diagnosed with an IRF6-related illness based on suggestive evi-
dence, and molecular genetic testing identifies a heterozygous pathogenic mutation 
in IRF6 [28].
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A word is frequently used in clinical genetics to refer to the various methods uti-
lised to pinpoint the molecular causes of genetic illness. Examples of molecular genetic 
tests include genotyping to identify particular pathogenic variants, gene sequencing 
to identify pathogenic variations, and amplification or hybridisation techniques to 
identify copy number variants affecting one or more genes (e.g. qPCR, array CGH, 
MLPA). Epigenetic alterations are detected using methylation-specific methods.

5.9 Apert syndrome

A hereditary condition known as Apert syndrome is characterised by skeletal 
deformities. The premature closing of the skull’s bones is a major aspect of Apert 
syndrome (craniosynostosis). Early fusion alters the contour of the head and face and 
stops the skull from developing normally. The number of fingers and toes that are 
fused together (syndactyly) varies as well [20].

Many of the distinctive facial characteristics of Apert syndrome are caused by 
craniosynostosis. Midface hypoplasia, a beaked nose, a wrinkled forehead and a hole 
in the roof of the mouth are all results of premature skull bone fusion, which prevents 
the head from growing normally (a cleft palate). Dental problems can result from an 
underdeveloped upper jaw in people with Apert syndrome.

Many people with Apert syndrome experience vision issues as a result of eye 
abnormalities, which can include bulging eyes (exophthalmos), wide-set eyes (hyper-
telorism), outward-facing eyes (downslanting palpebral fissures), eyes that do not 
look in the same direction (strabismus) and shallow eye sockets (ocular proptosis). 
Apert syndrome patients with deformed ear structures may experience hearing loss 
or recurrent ear infections.

People with Apert syndrome who have abnormal facial and cranial structure may 
also experience breathing issues due to partial airway obstruction. The brain’s devel-
opment is also impacted by craniosynostosis, which may impair intellectual growth. 
Cognitive abilities range from normal to mild-to-moderate intellectual disability in 
those with Apert syndrome [29].

Apert syndrome patients exhibit syndactyly of the fingers and toes. Although the 
severity of the fusion varies, the hands are typically worse off than the feet. Three 
fingers on each hand and foot are most frequently fused together. The fingers and toes 
are merged in the most extreme cases. Apert syndrome patients very rarely have extra 
fingers or toes (polydactyly). Some Apert syndrome sufferers have anomalies in their 
shoulder or elbow bones. These bone issues might make it difficult to walk around 
and interfere with daily tasks. While some persons only experience anomalies on one 
side of the body, others experience abnormalities on both sides.

Hyperhidrosis, oily skin and additional signs and symptoms of Apert syndrome 
can be present (Figure 16).

5.10 Orofacial digital syndrome

The oral-facial-digital syndrome has been linked to the OFD1 gene. Oral-facial-
digital syndrome type I is caused by mutations in this gene. Affected family members 
with a type VII condition were also found to have mutations in the OFD1 gene; never-
theless, experts currently think that type VII and type I disorders are identical [30].

The development of the oral cavity (the mouth and teeth), facial features and 
digits are all impacted by the oral-facial-digital syndrome, a collection of connected 
diseases (fingers and toes).
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There are at least 13 different possible types of oral-facial-digital syndrome, accord-
ing to researchers. By their patterns of symptoms and indications, the various categories 
are categorised. However, there are a lot of overlaps in the characteristics of the different 
categories, and some types are not clearly defined. The signs and symptoms of oral-
facial-digital syndrome vary widely. However, most forms of this disorder involve prob-
lems with the development of the oral cavity, facial features and digits [31]. Most forms 
are also associated with brain abnormalities and some degree of intellectual disability.

A split (cleft) in the tongue, a tongue with an odd-lobed form and the development 
of noncancerous tumours or nodules on the tongue are among the abnormalities of 
the oral cavity that occurs in many types of oral-facial-digital syndrome. Additionally, 
those who are affected might have additional, missing or broken teeth. An aperture in 
the roof of the mouth is another typical characteristic (a cleft palate). The lip may be 
abnormally attached to the gums in certain persons with oral-facial-digital syndrome 
due to bands of excess tissue known as hyperplastic frenula.

Cleft lips, large noses with flat nasal bridges and widely separated eyes are distinc-
tive facial characteristics that are frequently linked to oral-facial-digital syndrome 
(hypertelorism).

Abnormalities of the digits can affect both the fingers and the toes in people with 
oral-facial-digital syndrome. These abnormalities include fusion of certain fingers 
or toes (syndactyly), digits that are shorter than usual (brachydactyly) or digits that 
are unusually curved (clinodactyly). The presence of extra digits (polydactyly) is also 
seen in most forms of oral-facial-digital syndrome [31].

Other features occur in only one or a few types of oral-facial digital syndrome. 
These features help distinguish the different forms of the disorder. For example, the 
most common form of oral-facial-digital syndrome, type I, is associated with polycys-
tic kidney disease. This kidney disease is characterised by the growth of fluid-filled 
sacs (cysts) that interfere with the kidneys’ ability to filter waste products from the 

Figure 16. 
Salient features of Apert syndrome.
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blood. Other forms of oral-facial-digital syndrome are characterised by neurological 
problems, particular changes in the structure of the brain, bone abnormalities, vision 
loss and heart defects.

5.11 Treacher Collins syndrome

SYNONYMUS.
Franceschetti-Zwalen-Klein syndrome.
mandibulofacial dysostosis.
Treacher Collins-Franceschetti syndrome.
Treacher Collins syndrome (TCS), a rare genetic condition, is distinguished by 

recognisable deformities of the head and face. The zygomatic complex, cheekbones, 
jaws, palate and mouth are typically underdeveloped in cranial anomalies, which can 
cause breathing and feeding issues [32]

TCS is mainly brought on by modifications (mutations) in the TCOF1 gene, but it 
is also linked to changes in the POLR1B, POLR1C or POLR1D genes. While autosomal 
dominant inheritance is the situation for TCOF1 and POLR1B, autosomal recessive 
inheritance is the case for POLR1C. On the other hand, POLR1D mutations that are 
both autosomal dominant and recessive have been linked to TCS. The major char-
acteristic features of TCS encompass certain bones of the face, ears and soft tissues 
around the eyes. Affected individuals present with distinctive facial features and 
potentially develop hearing and vision problems. The abnormalities of TCS are typi-
cally symmetric (almost identical on both sides of the face) and are present at birth 
(congenital). Speech and language development can be compromised by hearing loss, 
cleft palate or jaw and airway problems.

Figure 17. 
Salient features of Treacher Collins syndrome.
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In children with TCS, the cheekbones are hypoplastic or missing, giving the 
area of the face a sunken or flat appearance. Due to inadequate development of 
the lower jaw’s (mandible) bone (mandibular hypoplasia), the chin and lower 
jaw appear abnormally tiny (micrognathia). Obstructive sleep apnoea, which 
is characterised by frequent, brief pauses in breathing and air movement while 
sleeping, can affect children. Additionally, dental anomalies such as undeveloped 
(hypoplastic) or misplaced teeth may result from mouth and jaw deformities 
(malocclusion). There have also been reports of other dental anomalies, such as 
tooth agenesis (the absence of teeth), enamel opacity (the clouding or darken-
ing of teeth’s enamel) and inappropriate (ectopic) eruption of some upper teeth 
(maxillary molars) (Figure 17) [32, 33].

6. Conclusion

Anomalies of head and neck may arise sporadically or with a strong hereditary 
predilection. Isolated single anomalies may at times go undiagnosed unless they cause 
considerable aesthetic and functional concerns. Syndromes usually present more 
pronounced anomalies; however, treatment to such conditions remain questionable. 
Systemic involvement may further complicate the management in such cases.

Anomalies that affect dento-facial region are numerous. A thorough knowledge of 
these anomalies is of great importance to a clinician. Also, a vast amount of cultural, 
social and personal beliefs regarding the aetiology of such facial deformities and the 
affected person poses great challenge in providing treatment to such cases.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 7

Neuropathic Pruritus: An 
Underrecognized and Often 
Misdiagnosed and Difficult to Treat 
Medical Condition
Sevgi Akarsu

Abstract

It is estimated that approximately 8% of chronic pruritic cases are of neuropathic 
origin. Common neuropathic pruritic syndromes include different clinical presenta-
tions such as postherpetic pruritus, trigeminal trophic syndrome, anogenital pruritus, 
scalp dysesthesia, nerve compression syndromes (e.g., notalgia paresthetica, brachio-
radial pruritus), small-fiber neuropathy (secondary to various metabolic, infectious, 
autoimmune, and genetic diseases), and disorders affecting the central nervous 
system (occupying lesions, iatrogenic, infectious, neurodegenerative, or demyelinat-
ing diseases). Although general practitioners are most likely to see the itchy cases first 
and consider referring them to further medical advice, it would be a better approach 
for the physicians to cooperate with dermatologists and neurologists and physio-
therapists in particular especially in chronic persistent itchy conditions. Neuropathic 
pruritus must first be differentiated from other possible etiologies of pruritus by 
medical history and physical examination, laboratory tests, skin biopsy, and radio-
logical and functional evaluations. It often does not respond to classical antipruritic 
treatments and different treatment options such as neuroleptics, topical capsaicin, 
epidural steroid injections, botulinum injections, nerve blocks, and neurostimulation 
techniques have been tried with variable success responses. This chapter provides a 
comprehensive overview of the characteristics and clinical presentations of neuro-
pathic pruritus and the diagnostic and therapeutic management used in such patients.

Keywords: pruritus, itching, dysesthesia, neuropathic, neural damage

1. Introduction

Itching (also called “pruritus” as a medical term) is defined as an unwanted sensa-
tion that occurs in the skin and mucous membranes (especially in the conjunctiva), 
stimulating the scratching reflex or desire. The multifactorial and complex pathogen-
esis of pruritus, which is a common and distressing symptom arising from various 
skin disorders and systemic diseases, makes it difficult to determine the underlying 
etiology [1–3]. Each patient should be evaluated and treated individually, as it may 
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be a manifestation of diseases of different etiologies and prognoses [1]. A complete 
medical history, clinical examination, and laboratory and radiological evaluation are 
important in the management of pruritus [2].

While the cause of acute pruritus can be understood more clearly, it is often more 
difficult to find the etiological factor in chronic pruritus. There is no single and 
definite classification in the categorization of itching [1]. There are two different 
classifications in the literature for this purpose [3, 4]. Twycross et al. grouped pruritic 
disorders into four categories based on their neuropsychological origin: (a) cutaneous 
origin: pruritoceptive, (b) neuronal origin: neuropathic, (c) originating from central 
mediators without neural damage: neurogenic, and (d) somatoform: psychogenic 
[3]. In the International Forum for the Study of Itch, it has been gathered under 
three main headings: itching on the skin with primary inflammation, itching on the 
normal skin, and itching on the skin with secondary scratching lesions of unknown 
origin. These three main groups are divided into six subgroups under the headings of 
dermatological, systemic, neurological, psychogenic, mixed, and others by clinical 
and laboratory evaluation [4]. Pruritus with an unknown origin or no dermatological/
systemic cause, without skin damage or with only secondary scratching lesions, is 
defined as “idiopathic” pruritus. The fact that there are many diseases that need to be 
eliminated when evaluating a patient with idiopathic pruritus is challenging for both 
the patient and the physician. Therefore, the patient should be informed in detail 
about this long process [5, 6].

In every patient with pruritus, comorbidities, drug use or abuse, traveling, pres-
ence of itching in close family members, home and workplace conditions, presence of 
skin lesions, and contact with animals or other potential allergens should be ques-
tioned. The time of onset of symptoms (acute pruritus if less than six weeks, chronic 
pruritus if longer), localization of pruritus, whether it shows diurnal changes, and 
exacerbating causes should also be included in the medical history. The patient’s 
own view of the etiology of pruritus should also be taken into account, as it may aid 
the diagnosis [1]. While the cause of acute pruritus can be easily determined by the 
history, the history alone is often not sufficient in chronic pruritus. Systemic diseases 
that may cause chronic pruritus include thyroid diseases, iron deficiency, kidney fail-
ure, cholestasis, hematological diseases (lymphomas, leukemia, multiple myeloma, 
paraproteinemia, polycythemia vera), malignancies, HIV and HCV infections, 
rheumatological diseases (Sjögren’s syndrome, dermatomyositis), anorexia nervosa, and 
drug hypersensitivity [2]. While the cause can be found in 10–50% of patients with 
chronic pruritus, it cannot be found in 8–35% of them [2, 5]. Pruritus can also be of 
multifactorial origin (mixed), and this probability increases with age. Because of 
the subjective nature of itching, comprehensive evaluation is important. Although 
complex, successful treatment largely depends on identifying the cause of pruritus, 
so the etiology should be carefully investigated in each patient [1, 2, 5].

Pruritus, the mechanism of which is also quite complex, is increased or decreased 
by various mediators, receptors, and inhibitors at the levels of peripheral nerve 
endings, dorsal root ganglia, and central nervous system [1, 7–9]. Different activation 
mechanisms of different receptors and ion channels determine the subtype of itch-
ing sensation. The skin has a complex network of cells and mediators involved in the 
induction, perception, treatment, and control of pruritus. Histamine, neuropeptides, 
neurotrophins, amines, cytokines, proteases, and prostaglandins are only a small part 
of the factors that cause pruritus by activating specific receptors in certain anatomi-
cal parts [1]. Therefore, factors that collectively participate in different mediator and 
receptor compositions play a role in pruritus that occurs in various diseases [1, 2].



83

Neuropathic Pruritus: An Underrecognized and Often Misdiagnosed and Difficult to Treat…
DOI: http://dx.doi.org/10.5772/intechopen.110825

As a neuroimmunoendocrine organ, the skin is closely related to the peripheral sen-
sory nervous system, the autonomic nervous system, and the central nervous system 
[7]. The sensation of itching is conveyed by primary afferent sensory neurons located 
in the dermis and epidermis and associated with various skin cells. The cell bodies of 
these neurons are localized in the cranial and dorsal root ganglia. After activation, 
itching begins as information is transmitted to the itch center via the spinal cord and 
the contralateral spinothalamic tract. The primary neurons pass through the ipsilateral 
dorsal spinal root ganglion, synapse with the secondary neuron in the substantia 
gelatinosa, and reach the thalamus by entering the contralateral anterolateral spino-
thalamic tract. Microneurographic studies have also shown the lamina 1 spinothalamic 
sub-neuron class specific for pruritus in neurons that were previously thought to 
perform only contralateral conduction. Here, tertiary neurons originating from the 
posterolateral thalamic nucleus cross the internal capsule and terminate in the sensory 
cortex in the postcentral gyrus. The sense of itching also stimulates the motor cortex 
to initiate scratching. Studies with the positron emission technique have shown that 
the central center of pruritus is the left primary sensory cortex. In the brain, factors 
possibly affecting the anterior cingulate cortex provide a reduction and modulation of 
itching sensation [8–10]. Although hundreds of itch-related mediators and receptors 
have been identified today, there are undoubtedly some waiting to be discovered. As 
our knowledge about cutaneous neuroimmunoendocrinology increases, including itch 
mediators and neuronal pathways involved in itch transmission, new strategies may be 
developed in the diagnosis and treatment of various pruritic diseases [7, 11].

Unlike neurogenic pruritus, in which the neural structure is considered normal but 
abnormally stimulated, neuropathic pruritus (NP) is related to a pathology located at 
any point in the afferent pathway of the nervous system [11–14]. Pruritus due to these 
neurological disorders may precede diagnosis and may be transient, persistent, or 
paroxysmal. Typically, various paresthetic sensations such as pain, tingling, burning, 
and numbness accompany the pruritus [11, 12]. Damage to any part of the peripheral 
(nerve fibers, nerve plexuses, and ganglia) and central (spinal cord, brainstem, thala-
mus, or cortex) somatosensory system can lead to NP [13, 14]. In this context, NP may 
occur in many metabolic, infectious, autoimmune, neurodegenerative, orthopedic, 
malignant, and iatrogenic entities [15]. Although it is estimated that approximately 8% 
of chronic pruritic cases are of neuropathic origin, epidemiological studies investigat-
ing the prevalence and incidence of NP are insufficient in the literature [16].

In this chapter, case reports, clinical trials, cohort studies, systematic reviews, 
and meta-analyses associated with NP published up until now have been evaluated. 
The Medline literature database was searched through PubMed using the keywords, 
individually and in combination: “pruritus,” “itching,”, “dysesthesia,” “neuropathic,” 
and “neural damage.” Only articles available in original or translated English were 
reviewed. This article is intended to provide a comprehensive overview of the charac-
teristics and clinical presentations of NP, and the diagnostic and therapeutic manage-
ment used in such patients.

2. Clinical disorders causing neuropathic pruritus

2.1 Postherpetic neuralgia/pruritus

It is the most common complication of herpes zoster and is associated with 
persistent and resistant neuropathies. It is estimated that up to 30% of people with 
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postherpetic neuralgia have pruritus [17, 18]. Postherpetic pruritus is also a common 
cause of NP in the dermatomal area affected by the peripheral nerve region damaged 
by the varicella zoster virus [19–21].

2.2 Trigeminal trophic syndrome (TTS)

A rare complication of trigeminal nerve injury and a rare cause of NP, it is charac-
terized by facial ulceration, anesthesia, and paresthesia in the same trigeminal der-
matome. While it most commonly appears as unilateral ulceration of the nasal area, it 
can also be found on the scalp in the frontoparietal and auriculotemporal region, when 
nerve damage occurs in the V1 and V3 distribution, respectively. Trigeminal nerve 
damage can be caused by various causes such as iatrogenic causes, herpes zoster, brain 
infarction, trauma, malignancy, multiple sclerosis, and infectious diseases. Although 
the exact cause is unknown, it is predominantly seen in women [13, 14]. Because pru-
ritus associated with TTS is often described as crawling and tickling, some patients are 
misdiagnosed as delusional about parasitic infestation. The intensive, persistent, and 
subconscious desire to scratch, which usually occurs during sleep, causes chronic and 
deep excoriations on the scalp. The resulting wounds can sometimes even reach the 
bones [20–22]. These patients often refer to dermatologists, but neurologists should be 
consulted to identify and treat the underlying cause [14, 16].

In the literature review by Sawada et al., the mean age of patients with TTS was 
found to be 53.3 ± 19.7 years (range, 6–91). It was seen more frequently on the right 
side of the face (57%); the most common area was the nasi (79%), followed by the 
cheek (28%). The importance of ophthalmology consultations was emphasized 
because of the detection of corneal lesions in 18% of the cases. Major etiological 
factors were determined as trigeminal nerve ablation (30%) and cerebrovascular acci-
dents (30%), and the latent period was observed to range from days to 30 years [23].

2.3 Entrapment syndromes of specific peripheral nerves

Nerve compression syndromes such as notalgia paresthetica, brachioradial 
pruritus, cheiralgia paresthetica (radial nerve), meralgia paresthetica (lateral femoral 
cutaneous nerve), and gonalgia paresthetica (infrapatellar branch of the saphenous 
nerve) present with pruritus localized to a specific anatomical area along the cor-
responding dermatome [15, 16]. Two typical syndromes caused by spinal nerve-root 
injury (radiculopathy) are notalgia paresthetica (dorsal branches of T2-T6 spinal 
nerves) and brachioradial pruritus (radiculopathy in C3-C8) [13].

2.3.1 Notalgia paresthetica

Pruritus that occurs classically on the midscapular line in the T2-T6 dermato-
mal area may also be accompanied by sensory changes such as pain, paresthesia, 
numbness, and stinging. It is usually unilateral. The skin initially appears normal, 
but in chronic cases, pruritus may be accompanied by secondary skin changes, a 
hyperpigmented patch, or signs of macular amyloidosis. It occurs more frequently in 
women and in late adulthood [15, 24]. Although the pathophysiology is unclear, the 
mechanism is thought to be a sensorineural neuropathy. It is widely believed that it is 
caused by the damage of the cutaneous branches of the posterior parts of the spinal 
nerves as a result of compression due to degenerative diseases of the spine or spasm 
of the paraspinal muscles [14]. In some individuals, conditions such as intervertebral 
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disc herniation and degenerative disc diseases that may cause compression on nerves 
in the spine have been described. The localization of pruritus is often correlated 
with radiological findings of the vertebrae and decreased intraepidermal nerve fiber 
density (IENFD) in the skin. Movements that compress the nerve may also precipitate 
notalgia paresthetica [24, 25].

2.3.2 Brachioradial pruritus

It is a pruritic condition described in the sun-exposed parts of the upper arm, 
wrist, and forearm in middle-aged and fair-skinned people. It is mainly localized 
neuropathic dysesthesia of the dorsolateral upper extremity, although occasionally 
the shoulders, back, anterior chest, and neck may also be involved [13]. It is bilateral 
at a rate of 75% and may become more generalized over time. The skin may develop 
excoriations, prurigo papules, mild atrophy, and signs of sun damage in the later 
stages. It is reported more frequently in women and people who engage in activities 
such as golf and tennis in sunny weather. This disorder occurs in people with fair skin, 
and the age range is quite wide. Typically, there is no itching on non-sun exposed 
areas of the arm. It regresses in the winter [14, 26]. Although the etiology is unknown, 
it is thought that cervical spine diseases that cause compression on the cervical nerves 
predispose to brachioradial pruritus, and the sun plays a triggering role [26, 27].

Cervical neuropathies and especially C3-C8 spinal nerve injuries have been 
demonstrated in most patients with brachioradial pruritus [27, 28]. In these people, 
a decrease in epidermal and dermal nerve fibers has been detected, and the nerves 
return to their normal state in symptom-free periods. Most of the patients stated that 
their complaints increased with sun exposure. Relief of pruritus with ice cube/cold 
application is diagnostic [29]. Although cervical spine pathologies (especially degen-
erative joint disease) are detected in the majority of patients with brachioradial pru-
ritus, pruritus is not usually associated with neuropathy in these patients. Therefore, 
if cervical spine disease is strongly suspected or in patients whose symptoms worsen 
despite treatment, it is recommended to perform examinations such as MRI and to 
consult a neurologist in patients with accompanying neurological symptoms [27–29]. 
However, it should be kept in mind that brachioradial pruritus may occur due to 
compression of spinal tumors, especially in elderly individuals [30].

2.4 Small-fiber neuropathy (SFN)

In SFN arising from damaged small, unmyelinated C-, and thin-myelinated 
A-delta fibers, pruritus and pain may be localized (mostly in the distal extremities) 
or generalized [13]. It may occur secondary to various metabolic, infectious, autoim-
mune, and genetic diseases, mainly diabetes mellitus, sarcoidosis, amyloidosis, vita-
min B12 deficiency, and viral infections. In addition, drugs (e.g., chemotherapy) and 
alcohol use can also induce SFN [31]. Chronic pruritus (≥6 weeks), normal-appearing 
skin, and the presence of reduced IENFD were reported as obligatory criteria for 
SFN-related chronic generalized itching by Pereira et al. [32].

2.5 Post-burn or post-surgery scars and keloids

These scar tissues are usually associated with pruritus, possibly due to dam-
age to the cutaneous nerves. Neurophysiological studies have revealed functional 
abnormalities in small nerve fibers. Scar tissue is prone to prolonged itching and 
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is often characterized by a burning and piercing sensation [33–35]. In one study, it 
was observed that approximately two-thirds of patients discharged from burn units 
complained of pruritus. Responses to sensory stimulation on burn-skin grafts were 
reduced or absent in the vast majority of patients [34]. The majority of patients with 
keloids also complained of pruritus, especially around the keloid margins [35].

2.6 Anogenital pruritus

It is defined as localized itching of the anus and perianal and/or genital skin. It is 
usually a symptom of underlying skin/mucosa disorder or anorectal pathology. Most 
patients are associated with an inflammatory dermatosis (e.g., contact dermatitis, 
psoriasis, lichen planus), infectious disease (e.g., fungal infection), or anorectal 
disease (e.g., perianal fissure). When no demonstrable cause is found, it is usually 
defined as idiopathic (primary) anogenital pruritus. In a significant proportion of 
idiopathic cases, degenerative changes (sclerosis, anterior and posterior osteophytes, 
narrowing of the intervertebral space) in the lower spine and sacrum radiographs 
and lumbosacral radiculopathy leading to nerve or nerve-root compression at the 
level of the L4-S2 vertebrae have been detected in nerve conduction studies [36]. 
Since Koh et al. reported a case of ipsilateral neuropathic scrotal pruritus second-
ary to direct nerve compression by an inguinal hernia, it may be recommended to 
perform investigations for inguinal hernia in the presence of anogenital pruritus 
[37]. Vulvar pruritus constitutes 66% of cases that apply to gynecologists due to 
vulvar problems and 73% of cases that apply to dermatologists. It can occur at any 
age. There is growing evidence to suggest that neurogenic factors may contribute to 
vulvar pruritus [38]. Several studies have shown increased expression of the tran-
sient receptor potential vanilloid 1 ion channel, which is well known for its role in 
modulating pain and itching signals in the vulvovaginal epithelium in patients with 
vulvodynia [39]. Although vulvodynia is classically considered a form of neuropathic 
pain, it may be accompanied by itching and burning in 20 and 70% of cases, respec-
tively [40]. Vulvar pruritus can also be caused by nerve or nerve-root compression at 
the L4 to S2 vertebral levels due to spinal injuries or lumbosacral arthritis. In addi-
tion, 8.4% of herpes zoster cases affect the dermatomes that innervate the vulva, and 
long-term damage to the affected nerves can cause persistent pain and/or itching of 
the vulvar skin [41].

2.7 Scalp dysesthesia

It is a neuropathic phenomenon where itching is usually accompanied by pares-
thesia, hyperesthesia, and hypoesthesia. Neuropathic etiologies of scalp pruritus are 
often associated with cervical spine degenerative disc disease, TSS, and postherpetic 
neuralgia. In addition, it may be associated with brain malignancy (such as brain-
stem tumors, tumors infiltrating the trigeminal ganglion, cervical intramedullary 
glioma), multiple sclerosis, and stroke. Diabetic and geriatric patients have also been 
found to have higher rates of scalp pruritus [21, 42]. Cosmetic procedures such as 
face and brow lift can also cause NP when they cause local nerve damage. Paresthesia 
and dysesthesia are the most common complications in open and endoscopic brow 
lift procedures, with rates up to 5.4 and 6.2%, respectively. It was observed that the 
scalp dysesthesia, which appeared 1–2 weeks after the procedure, regressed after 
an average of 3 months. The occurrence of pruritus and paresthesia is relatively 
common but usually minimal, and patients report that dysesthesia is not significant 
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enough to prevent them from undergoing reoperation [43, 44]. In addition, postin-
fectious trichodynia (58.4%), which is generally associated with telogen effluvium 
and defined as pain, pruritus, burning, and/or paresthesia on the scalp with light 
hair touching or brushing, has been reported after COVID-19 infection. Symptoms 
of trichodynia appeared an average of 1–2 weeks after the diagnosis of COVID-19, 
lasting 4–5 weeks, and regressed in 44% of patients. These patients reported relief 
of trichodynia with sleeping, cold water washing, application of superpotent topical 
steroids, combing, massage, and scratching [21, 45].

2.8 Elderly dysesthesia

The high prevalence of pruritus in the geriatric age group (between 7 and 45.9%) 
tends to increase with age. Geriatric patients are more likely to have diseases and con-
ditions that predispose them to pruritus, such as shingles and postherpetic neuralgia, 
stroke, diabetes mellitus, and TTS. Age-related neuropathic changes and disruption of 
pruritus-inhibiting fibers, as well as the frequent occurrence of degenerative spine dis-
eases in geriatric patients, make these individuals prone to neurogenic pruritus [46]. 
In these patients, besides the secondary lesions due to scratching, complaints such as 
burning, stinging, and numbness called dysesthesia may also be encountered [21, 46].

2.9 Disorders affecting the central nervous system

Central space-occupying lesions such as abscess, cysts, tumors, vascular malfor-
mations, or syringomyelia may cause neuropathic pruritus. Neural damage induced 
by trauma (accidents or iatrogenic) or infectious diseases (meningitis, encephalitis, 
prion disease) has also been associated with the occurrence of pruritus [16, 47–49]. It 
has also been reported that unilateral pruritus develops after ischemic/hemorrhagic 
stroke or hemicraniectomy (e.g., due to ruptured arteriovenous malformation) [50]. 
Posterior inferior cerebellar artery stroke, also known as Wallenburg syndrome, 
is often associated with neuropathic pain and pruritus in the ipsilateral trunk and 
extremities and the contralateral trigeminal region. Lateral medullary infarction 
usually causes 20% of TTS resulting from vertebrobasilar strokes and most commonly 
presents as NP with V2–V3 distribution [21].

Paroxysmal pruritus associated with neuroinflammatory conditions (demyelinat-
ing diseases) such as multiple sclerosis and neuromyelitis optica is clinically an acute 
onset and recalcitrant pruritus that is usually triggered by the onset of movement and 
has frequent attacks during the day. It has been theorized that transversely diffused 
ephatic activation of partially demyelinating pain-transmitting neurons causes par-
oxysmal pruritus [51–53]. In the study of Ingrasci et al., pruritus was reported in 35% 
of a total of 77 multiple sclerosis patients. It was frequently characterized as acute 
(74%), paroxysmal (59%), and tingling (55%). The most common triggering factor 
was temperature increase (52%), while cold temperatures had no effect. Multiple 
sclerosis patients with pruritus had significantly more fatigue, heat sensitivity, cogni-
tive impairment, and signs of depression or anxiety, as well as more T2 hyperintensity 
in the posterior cervical cord and anterior pons/ventromedial medulla. Again, T2 
hyperintensities in the anterior pons/ventromedial medulla were strongly associated 
with localized pruritus on the face or scalp. As a result, paroxysmal NP localized to 
the extremities, face or scalp, most frequently, is seen in multiple sclerosis patients. 
Patients with pruritus are more likely to have multiple sclerosis-related comorbidi-
ties and demyelinating lesions in the spinal cord or brainstem [51]. Muto et al. have 
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suggested that most of the opticospinal form of multiple sclerosis is neuromyelitis 
optica, and it was found that paroxysmal pruritus was more prominent in these 
cases [52].

3. Diagnosis of neuropathic pruritus

NP must first be differentiated from other possible underlying etiologies of 
pruritus. The diagnosis and management of NP are very difficult, especially due to its 
multidimensional nature in terms of its clinical presentation and possible underlying 
causes [11, 12, 15].

Laboratory tests and other further investigations recommended for pruritus due 
to systemic diseases are summarized in the European guideline. In this guideline, 
lumbar puncture and MRI in the case of suspected neurological disorder, cerebro-
spinal fluid analysis (oligoclonal bands) and brain MRI (CT) in multiple sclerosis, 
histopathology and cerebrospinal fluid analysis and brain MRI (CT) in brain tumors, 
thoracic spine MRI (CT) in notalgia paresthetica, and thoracic and cervical spine MRI 
for brachioradial pruritus have been recommended [2].

3.1 Medical history and physical examination

NP is difficult to diagnose and may be missed in routine history, examination, and 
tests. A detailed medical history is required to diagnose NP and exclude other possible 
etiologies that may cause chronic pruritus [14, 15]. The characteristics of the pruritus, 
its onset and possible associated events, and the appearance of the skin at the onset of 
symptoms should be questioned in detail [13]. NP should be suspected in patients with 
chronic pruritus that begins in normal-appearing skin without an associated systemic 
condition causing pruritus. Patients with NP are not expected to have a primary skin 
disease or lesion, but secondary excoriations or chronic scratch lesions (e.g., chronic 
nodular prurigo, lichenification) may develop due to the chronic itch-scratching cycle 
[14, 16]. In addition, the distribution pattern of pruritus at the onset and during the 
course of the disease (e.g., dermatomal in post-herpetic neuralgia or brachioradial 
pruritus, stocking, and glove distribution in SFN) may provide more clues for the 
diagnosis of NP and the localization of pathology within the somatosensory system 
[13, 15]. Although the affected area of the somatosensory system is crucial for pruritus 
localization, NP that is initially localized may become generalized later on [26, 54].

The severity of pruritus, accompanying sensory symptoms, fluctuation of pru-
ritus during the day, and alleviating factors should be evaluated. Although clinical 
sensory symptoms such as the presence of additional dysesthesias including stinging 
and tingling, pruritus occurring with attacks rather than being continuous, and relief 
with cold packs or cold application have been suggested as diagnostic criteria for 
SFN-related pruritus, it may not completely exclude non-neuropathic pruritic condi-
tions [31, 32]. For example, in atopic dermatitis, sensory symptoms such as crawling, 
tickling, and stinging may accompany itching [55]. In NP, there may be alloknesis 
(induction of itching after application of a non-itchy stimulus, e.g., a perception of 
intense itching after a light touch on the skin with cotton wool or a brush) and hyper-
knesis (exaggerated itching response to an itchy stimulus). These phenomena reflect 
neuronal sensitization processes that contribute to the chronicity of pruritus [56]. A 
general medical history of comorbidities and concomitant medications can also help 
inform patients about the ultimate limitations of therapeutic options [1, 14].
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Although standardized questionnaires have been successfully developed to screen 
for neuropathic pain, questionnaires used for NP are very limited. A Neuropathic 
Pruritus 5 (NP5) score was proposed by Huguen et al. to differentiate NP from non-
NP based on patient-reported results. The presence of two of the five independent 
factors for NP (presence of sudden sharp localized pain, no burning, worsening of 
pruritus with activity, not worsening with stress, and relief of pruritus with cold 
weather) has been shown to provide 76% sensitivity and 77% specificity in distin-
guishing NP from non-NP [57]. Also, for small-fiber polyneuropathy, there is also a 
patient-centered questionnaire study with questions on itchy skin [58].

3.2 Laboratory tests, skin biopsy, and radiological and functional evaluations

Certain laboratory tests are necessary to exclude other conditions that cause 
chronic pruritus, such as renal insufficiency, cholestasis, and hematooncological 
diseases [1, 2]. In addition, disease-specific testing should be performed in selected 
patients with a suspected neurological condition (such as cerebrospinal fluid analysis 
for suspected brain tumor, oligoclonal bands for multiple sclerosis diagnosis) [15, 16]. 
In patients diagnosed with SFN, evaluation of glycosylated hemoglobin, vitamin B12 
and folate serum levels, HIV and hepatitis B and C serology, TSH, and antinuclear 
antibodies is necessary to detect possible causes [31].

Skin biopsy may provide important clues for the determination of neurocutaneous 
morphological changes and examination of epidermal neural architecture in neuropathic 
pruritic conditions [13]. Decreased IENFD, which is the gold standard in the diagnosis 
of SFN, is also observed in neuropathic compression and radiculopathy syndromes such 
as brachioradial pruritus. Clinically, the magnitude of the reduction in IENFD seems to 
affect the perception of dysesthesia [29, 31]. To determine IENFD, after staining a skin 
sample from non-lesional itchy skin via punch biopsy with an axonal marker (e.g., pro-
tein gene product 9.5), nerve fibers crossing the basement membrane from the dermis 
to the epidermis are counted and divided by the length of the dermoepidermal junction. 
The lateral lower leg should be selected for biopsy, as reference values are currently only 
available for the innervation region of the sural nerve. If another body area is affected, a 
skin sample should be taken from an unaffected symmetrical area for comparison [59].

MRI and CT play an important role in detecting space-occupying lesions (such 
as tumors, abscesses, and vascular or inflammatory lesions) and their anatomical 
relationship with peripheral or central neural structures [30, 36, 60], as well as in 
the diagnosis of neurological conditions such as stroke, meningitis, or degenerative 
neuroinflammatory diseases that can cause NP [49–53]. In the diagnostic study of 
itchy neuropathic compression syndromes, MRI, CT, high-resolution sonography, or 
MR neurography are also used to identify underlying pathologies such as compression 
of the nerve roots or spinal cord, disc prolapse or herniation, degenerative vertebral 
changes, osteophytes, or neuroforaminal stenosis [25, 27]. While there is a correlation 
between MRI findings and localization of dysesthesias in brachioradial pruritus, such 
a relationship is not clear for notalgia paresthetica [29].

Morphological examinations of neuroanatomical changes associated with small 
unmyelinated C fibers and thin myelinated A-delta fibers transmitting itching can be 
performed with functional assessments. In quantitative sensory testing, a validated 
test battery using thermal and mechanical standardized stimuli can determine 
perception and pain thresholds and a possible gain or loss of function of different 
nerve fibers by measuring the response to suprathreshold stimuli. Although this 
non-invasive method provides a comprehensive neurophysiological profile of sensory 
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neuropathies, it is time consuming and requires expert staff and patient collaboration 
[61]. Although large myelinated sensory fibers are not involved in itch transmission, 
SFN may occur as part of a polyneuropathy with the involvement of large fibers. 
Therefore, patients with SFN-related NP should seek the opinion of a neurologist for 
nerve conduction studies or electromyography [31, 32]. Pathological nerve conduc-
tion studies can also be demonstrated in patients with pruritic compression diseases 
(as reported in brachioradial pruritus and anogenital neuropathic pruritus) [29, 36]. 
Evaluation of evoked potentials and microneurography are methods of investigating 
selective nerve fiber dysfunction and are mostly performed in research studies but 
may only be considered in selected clinical cases [62, 63].

4. Treatment and management of neuropathic pruritus

NP may become more difficult to manage by negatively affecting the patient’s 
quality of life, especially in chronic conditions that were misdiagnosed and could not 
be diagnosed despite multiple tests. While it is ideal to target the cause of pruritus, 
such as decompression of the spine or resection of the tumor, these interventions are 
often incurable and rarely practical. Therefore, treatment is usually directed toward 
symptomatic therapy to improve quality of life [14, 16, 20].

More rapid therapeutic relief can be achieved with local anesthetics and anti-
pruritics, especially in patients with localized mild acute pruritus. A topical 5–10% 
ketamine, 5% amitriptyline, and 5% lidocaine combination, topical ketamine com-
bined with amitriptyline, and 8% topical capsaicin patches have been shown to be 
effective at varying rates against NP [64–67]. Other topical treatments that can relieve 
mild pruritus include topical menthol, pramoxine, and lidocaine [14, 16]. The local 
combination of the calcineurin inhibitor tacrolimus and gabapentin has been shown 
to be effective against TTS and not associated with systemic effects [68].

High doses of anticonvulsant drugs such as gabapentin, pregabalin, phenytoin, 
and carbamazepine and low doses of antidepressants such as tricyclic antidepressant 
amitriptyline are frequently used in moderately severe NP. The combination of selective 
serotonin and norepinephrine inhibitor mirtazapine and gabapentin used to treat neuro-
pathic pain may also be beneficial for NP. Kappa opioids, which are particularly benefi-
cial for chronic resistant pruritus, may be effective against NP [11, 16, 34]. In particular, 
fMRI studies of butorphanol have been shown to reduce activity in areas of the brain 
associated with itching activity, such as the claustrum, insula, and putamen [69].

Those with severe NP may benefit from more invasive treatments such as botu-
linum toxin A injections, nerve blocks, transcutaneous electrical nerve stimulation, 
IV ketamine, and IV phenytoin [70–74]. Botulinum toxin A, which is used to prevent 
cholinergic transmission and reduce substance P along the itch pathways, is injected 
into several points at 1–2 cm intervals along the affected area. Although outcomes are 
variable, it has been shown to improve NP in persistent postherpetic pruritus, bra-
chioradial pruritus, notalgia paresthetica, and keloids [70, 71]. IV phenytoin provides 
rapid relief of neuropathic dysesthesias and is an acute rescue therapy for trigeminal 
neuralgias [73]. Recently, Morin et al. reported three cases of severe localized NP 
refractory to treatment that was successfully and rapidly treated with dronabinol, an 
oral synthetic formulation of delta-9-tetrahydrocannabinol [74].

As in TTS, patient education and counseling are necessary to prevent and reverse 
repetitive manipulation of self-induced ulcerations at the itch site. Cognitive behav-
ioral therapy, such as habit reversal and relaxation training, can be used to control 
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the itch-scratch cycle and improve quality of life [20, 23]. Again, an exercise regi-
men consisting of physical rehabilitation and spinal range of motion exercises, mild 
mobilization, and muscle stretching has been found to be beneficial in patients with 
scalp dysesthesia [21].

5. Conclusion

The diagnosis of NP is difficult due to its different clinical presentations and 
complex etiological factors. In addition to a thorough medical history and physical 
examination, some laboratory tests, skin biopsy, and radiological examinations are 
necessary to detect typical signs and symptoms and rule out other possible causes 
for chronic pruritus. In special cases, neurology expert opinion may be considered 
for functional evaluations such as quantitative sensory tests and nerve conduction 
studies. In general, the treatment of NP is difficult, and there is often no response to 
classical antipruritic treatments such as antihistamines and corticosteroids. Instead, 
local or systemic treatments suppressing neuronal stimulation and agents repairing 
the skin barrier are given. Although there are no controlled studies on the treatment 
of NP, anticonvulsants such as carbamazepine and phenytoin; neuroleptics such 
as gabapentin and pregabalin; low-dose antidepressants; regional, intrathecal, or 
paravertebral nerve blocks; cervical epidural steroid injections; intravenous anesthet-
ics; botulinum injections; topical capsaicin; topical anesthetics; topical amitriptyline/
ketamine mixture; and topical menthol and neurostimulation techniques are applied 
with variable success responses depending on the underlying cause of neuropathy.

In conclusion, despite the different options available for diagnosis and treatment, 
neuropathic pruritic syndromes still remain a clinical challenge in routine clinical 
practice. Although itchy cases usually refer to dermatologists, it would be a bet-
ter approach for dermatologists to cooperate with neurology and physical therapy 
departments in terms of the possibility of neuropathic origin, especially in chronic, 
persistent itchy conditions that are resistant to treatment.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 8

Lipoatrophia Semicircularis
Francisco Urbina and María Isabel Herane

Abstract

Lipoatrophia semicircularis was first described in 1974. It is a rare, but benign 
and reversible subcutaneous tissue atrophy that mainly affects women. It consists 
of unilateral or bilateral transverse, semicircular, and depressed bands that appear 
on the anterior and lateral region of the thighs, with an approximate height of 72 cm 
from the ground. Its origin has not been clearly established, and several hypotheses 
have been raised, including circulatory abnormalities, microtraumas, wearing of tight 
trousers, electromagnetic fields generated in the work environment, or electrostatic 
charges generated from computers or printers at office works; this “electric factor” 
would provoque bioelectric changes in the skin, causing direct damage to adipocytes 
through activated macrophages that release cytokines, including tumor necrosis 
factor alpha (TNF-α). Isolated cases could be reasonably attributed to the wearing 
of constricting jeans (in fashion) or microtraumas produced by repetitive leaning 
against sharp desk furniture, among others. However, the description of multiple 
cases in the same company or office, a fact reported in several countries, points to 
an environmental origin. It has also been proposed a multifactorial origin, in which 
repeated trauma, environmental conditions, and individual electrosensitivity may 
contribute to the origin of the process.

Keywords: lipoatrophia semicircularis, semicircular lipoatrophia, semicircular 
lipoatrophy, lipoatrophia, lipoatrophy, fat tissue, adipose tissue, adipocytes, 
electromagnetic fields, electrostatic charges

1. Introduction

The first three cases of lipoatrophia semicircularis (LS) were described in 1974 [1], 
with further 19 cases in the following years, also in the German literature [2, 3]. The 
majority of them were female, with band-like depressions symmetrically affecting the 
anterolateral aspect of the thighs. The lesions were asymptomatic, with normal over-
lying skin. Histopathological studies—when done—essentially showed destruction of 
the fat cells, with atrophy of the fatty tissue. No obvious etiology was demonstrated, 
but an impaired circulation abnormality of the lateral circumflex artery and repeated 
local trauma were initially speculated [3].

Since then, another report appeared in the English medical literature in 1981 [4], 
with another three cases, and subsequently worldwide, including Belgium, France, 
Italy, Japan, Netherlands, Spain, and the U.S.A., thus being considered an emerging 
pathology.
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Its prevalence ranges from 25 to 37% of office workers, affecting preferably 
women in their third or fourth decades of life, with women to men rate of about 6/1 
[5]. In other series of 74 cases, the prevalence was 16.48%, with an age average of 
49.18% [6]. In only one reference a different rate was collected: 55 cases of LS were 
detected among over 3000 employees in five buildings of a bank in Madrid (Spain); 
the prevalence was 1.8% and the female/male ratio was 2.3/1 [7].

2. Etiopathogenesis

Some initial isolated reports were reasonably attributed to local trauma, such 
as the place of support on a thigh of a bucket for collecting vegetables [8], leaning 
against desks [9, 10], ironing boards, bath’s border for washing [11], dresser with 
mirror [12] or wash bowl while applying make-up [13–15], knocking against the 
edge of the laundry [16], resting against the counter [17], crossing legs beneath 
the office desk [18], wearing tight jeans, trousers (Figures 1 and 2) or girdle [11, 
19–22], or hold-up stockings [23], frequent use of sports tights [24], elastic bands 
[25] or hosiery with an elastic component [18], or appearance of lesions some weeks 
after the introduction of a new chair at office work [26]. Interestingly, in the case 
described after wearing tight jeans [19], the same authors described identical lesions 
a year after in a sister of their initial patient, who developed them after wearing the 
discarded jeans [27]. Also illustrative of the action of a mechanical pressure was 
the fact that the lesions spontaneously disappeared during summer and reappeared 
at the same place during winter, months in which the affected female patient wore 
hosiery with an elastic component [18]. However, there are also some reports in 
which no trauma was identified [4, 28, 29], even with spontaneous resolution of 
lesions [30].

The lesions affecting forearms have been attributed to tight sleeves of underwear 
[31] or tucking up skirts and leaning over tables, or hard surfaces [32]. A single case 
of multilocular and rapidly progressing lesions affecting the trunk and limbs was 
reported in a 51-year-old adipose patient [33].

There are few descriptions of LS in infancy [34–36], with the exception of a 
supposed outbreak of cases of LS in a public school in Barcelona, which caused 
great alarm, but that finally proved to be an epidemic somatoform disorder [37]. In 
isolated reports, diverse and probably fortuitous cases of LS have been described in 
association with systemic lupus erythematosus and methotrexate injections [38], 
after intragluteal injection of benzathine penicillin [39], Behçet disease [40], Sjögren 
syndrome [41], incomplete CREST syndrome [42], multiple sclerosis [43], segmental 
dysfunction of the third ipsilateral lumbar root [44] and in relation with a homolat-
eral tibial cyst [45].

The first description of a series of patients working at the same place was done 
in the Netherlands, after sending letters to 100 employees of the firm in which the 
initial case was observed [26]. Ten cases were detected, all of them were female, with 
lesions of LS in their thighs, mostly bilateral. The lesions had appeared several weeks 
after the chair of their working office was replaced for another with a slightly elevated 
front edge, which exactly corresponded to the localization of lipoatrophy (higher 
in short women as they sat further forward on the chair). In all but one patient, the 
lesions resolved after the chair was changed again. It was also stated that the manu-
facturer of that chair had received complaints from other companies where the same 
chair was used.
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Figure 2. 
The depressions perfectly match with prominent folds formed by trousers while sitting (with permission of John 
Wiley & Sons Copyright Clearance Center, License No. 5282800364186, April 5, 2022).

Figure 1. 
Typical distribution of LS with two parallel semicircular and depressed bands on the thigh (with permission of 
John Wiley & Sons Copyright Clearance Center, License No. 5282800364186, April 5, 2022).
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A few years after, a sitting posture or pressure of the seat surface of chairs study 
was done in office workers, including electromyographic and pressure measurements, 
and video analysis [46]. Considerable postural differences were detected in the LS 
group of employees (21 subjects, 3 male and 18 female, 11 of them diagnosed as 
having LS), including less use of the lumbar support of the chair, static postures while 
sitting and too high sitting surface of the chair.

Other report of collective cases was done in France in the year 2000, with four 
index cases affecting young women, most of them working at desks in the same com-
pany. The company, a telecommunication enterprise, had recently moved to a new 
office with salient-edged furniture, all desks measuring 70 cm high and 1 cm thick. 
The active and dynamic young staff often stand up leaning on their desks to exchange 
files with colleagues sitting in front. Having this data, 58 out of 65 employees were 
examined: a total of 18 cases of LS were detected, 15 cases with bilateral depressions 
of their thighs, affecting 12 women and 6 men; the height of the lesions was constant 
and it was the same as the height of the desk, 70 cm [47]. Similarly, a year before, 
seven cases were reported from London (one man and six women working at the same 
office) in which the most logical explanation for the origin of lesions was repetitive 
trauma on their highs produced by the sharp edge of the desks [48]. Other 55 cases 
of LS were detected in a Spanish company from a total cohort of 3055 employees 
[49]. A case–control study was done, including 39 females and 16 males; all lesions 
were located on the thighs. Only female sex and leaning the thighs over the edge of 
a table were the two variables that showed a statistically significant relation with LS 
after logistic regression with x2 adjusted for age and sex. No statistically significant 
relationship was found with weight, height, body mass index, wearing jeans, clothing 
fibers, or autoimmune diseases.

The outbreak of cases, first in a Belgian bank insurer [50], and later in Barcelona 
(Spain) [51] added enough reasons for considering an environmental origin. 
Belgium cases presented after bank employees moved to a new building equipped 
with new furniture and data cable but kept most computer equipment; 6 months 
later 135 individuals had developed LS, reaching 900 cases in a period of about 
8 years. Brussels cases finally involved 1300 office workers in a bank over a 12-year 
period, and the cases from Barcelona reached 1137 subjects from February 2007 
to October 2008 [51]. Concomitant series of patients began to appear, adding new 
information to the process. In that sense, seven cases of LS (six women and one 
man from a total of 16 workers equally distributed by sex) were reported after an 
enterprise made a building reform [52]. The cases of LS appeared between 6 and 
8 months after using the new installations. The median age was 39 years, and the 
lesions were bilateral in three cases and unilateral in four. The lesions were located 
on their thighs, between 72 and 74 cm up from the floor. Environmental working 
conditions were analyzed. Relative humidity varied from 32 to 45%; magnetic and 
electrical field measures were not optimum. As corrective measures, the humidity 
was raised to 55%, chairs were changed to optimal ergonometric features, electri-
cal resistance, and ground-mass electrical discharge from metallic structures were 
improved. After 12 months, clinical and echographic evaluations were performed: 
four patients had completely improved and three had recovered between 40 and 
70% of the adipose lost.

Small series of cases have been reported intermittently, describing female office 
employees [53], sometimes working at “intelligent buildings” or over metallic 
desks equipped with computers [54], or affecting males sharing the same working 
desk [55].
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With hundreds of affected patients, it became obvious that LS was office-job 
related, occurring preferably in female administrative employees, about 6 weeks or 
more after moving to a new “intelligent” or renovated building; these were equipped 
with modern-design furniture (chairs and desks), where personnel worked in 
proximity with numerous electric devices equipped with new data cables, such as 
computers, printers, and telephones among other. Thus, an electromagnetic theory 
was outlined, but without discarding that mechanical pressure may act as a facilitat-
ing factor [56]. It was detected that electric fields beneath the desks were higher 
than the normal background; also, a higher superficial electric resistance on working 
tables and desktop devices was noticed, resulting in an electrostatically charged desk. 
Consecutively, after coupling with a conductor (employee thighs, 72 cm up from the 
floor) a discharge was produced on that zone. A dry atmosphere from air condition-
ing and a low environmental humidity add favorable factors for electrostatic dis-
charges. Therefore, LS may be produced by activated macrophages through electrical 
stimulation. Macrophages release cytokines, including tumor necrosis factor alpha 
(TNF-α), provoking direct damage of adipocytes. New chairs may be a contributing 
factor, acting by compression pressures and push-up forces on the posterior zones of 
the thighs, thus inducing a reduction of anterior blood flow which could make fatty 
tissue more vulnerable [56]. In further publications, the same authors in a step-by-
step analysis of all presumed causes of LS, conclude as a hypothesis that it originates 
from a high electric field between the desk and the legs of the individual and that 
electrostatic discharges are not necessarily involved [57]. They also point out that 
some people may be more sensitive than others, employing the term “electro-hyper-
sensitivity.” In another in vitro study, they used the alkaline comet assay to investigate 
DNA damage in different cells exposed to strong electric currents. They found that 
adipocytes were more vulnerable, presenting more DNA damage than other cells, 
including macrophages and white blood cells. In a second experiment, it was found 
that the blood of LS patients showed statistically significant DNA damage in white 
cells after electrostimulation, in contrast with controls without LS [58].

All the electric parameters of the skin (potential energy, impedance, electric 
energy conservation, and resistance) are susceptible to be influenced by electric 
fields, with biological repercussions [59]. Electroactivation of macrophages has been 
reported in vitro through several frequencies of electromagnetic fields [60]. It has 
also been demonstrated that exposure to weak power-frequency, magnetic fields 
can adversely affect the lipogenic process; by means of an intermittent exposure to 
a 50 Hz magnetic field of 100 μT for 42 hours, it was observed a significant reduced 
cytoplasmatic lipid content of human adipose tissue stem cells [61]. In a preliminary 
experimental study in vitro, the same investigators reported the potential action of 
weak magnetic fields on adipocyte differentiation, with a significative descent of fatty 
acid synthesis and inhibition of mechanisms involved in adipocyte differentiation; 
magnetic field exposition induces changes at intracellular signaling pathways through 
blocking of p-ERK1/2 (extracellular signal-regulated kinase 1 and 2), inhibiting the 
expression of the differentiating factor PPARγ (peroxisome proliferator activator 
receptor-gamma) necessary for the progression of adipocyte differentiation [62]. 
All these findings support the hypothesis that magnetic fields may be involved in the 
origin of LS.

On the other hand, other authors have concluded that electrostatic charges, 
but not electromagnetic ones are mainly involved in LS [63]. In a company of 390 
workers, 42 women had lesions of LS, mostly located on the anterior thighs. A 
technical study of the building was performed, where no abnormal electromagnetic 
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measurements were found. On the contrary, electrostatic findings and occupational 
behaviors were found to be relevant. Fifteen patients suffered discharges after touch-
ing objects, 14 wore pants and 12 synthetic fibers among other clothing types. All fur-
niture was appropriately grounded and showed no electrostatic charges, while chairs 
did. No electrostatic accumulation was found in screens and carpeted floors, but 
certain footrests, the output of printers, and printed sheets from laser printing and 
copiers were electrostatically charged. Environmental relative humidity was closer to 
45%. The sum of all these factors, favored by the common use of footwear containing 
rubber or synthetic soles, clothing with silk, rayon, wool, or synthetic fibers, facilitate 
static charge accumulation; this usually discharges to the ground in those areas with 
higher contact pressure, especially through contact with the desk, a phenomenon that 
occurs several times during office work. This area is the anterior part of the highs, 
especially in women wearing pants that are more adjusted at this zone, and also acting 
on a fatty tissue different from males. A quite interesting observation was the fact 
that two cases presented with lesions about 10 cm above the knees, in contrast with 
the more common location on the thighs, 72 cm up from the floor; they were the only 
two employees who regularly wore skirts, in which their end parts coincided with the 
location of lesions of LS. They also concluded that people at risk were mainly women 
wearing synthetic clothes, in special short-sleeved shirts, pants, and footwear with 
rubber soles. Men infrequently wear adjusted clothes and preferably wear long-
sleeved shirts, which facilitates dispelling the electrostatic charges through the desk, 
bypassing their bodies [63].

A recent study was done between 2018 and 2021 comprising 449 office workers 
from the same public institution at different buildings in Barcelona (Spain) [6]. The 
prevalence was 16.48%, with 74 cases detected (71 women and 3 men). Most of them 
were between their 40s and 50s, with the majority of lesions located on the thighs. 
With 80% of employees working from home (“teleworking”) during the peak of 
Covid19 pandemic between 2020 and 2021, only 23% showed the disappearance of LS 
lesions, which was not statistically significant. No clear reason was found, but it was 
suggested that perhaps the same working conditions were present at home. Body mass 
index was also not relevant in the disappearance of lesions.

3. Clinical findings

LS is characterized by depressed areas on the skin surface, with distribution in 
long, horizontal, and generally symmetric bands located on the anterolateral aspects 
of both thighs in 89.5% of cases, and usually located at 72 cm from the floor, repre-
senting the usual height of office desks. Interestingly, in the case of a very tall worker 
(1.95 m height) who elevated 20 cm on the table of his desk for recurrent lumbalgia, 
the depressed band appeared at 92 cm from the floor [64]. Similarly, in a series of 10 
cases, shorter women had higher lesions up the thighs [26].

The lesions are flesh-colored, barely visible in incident light, and usually asymp-
tomatic (85.5%) [65]. Depressions are semicircular, transverse, often as bilateral 
and symmetrical bands, 5–20 cm long, 2 cm in width, 1–5 mm in depth [66], and 
no pigmentation is present. When more than one is present, they appear in a paral-
lel arrangement. The overlying skin is normal and there is no history of preceding 
inflammation.

Lesions are usually, but not always asymptomatic. When present, local symptoms 
are mainly described as pruritus (sometimes a week before lesions appear) [66], tired 
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and heavy legs, paresthesia, cramps or pain (mainly overnight) spontaneous and/
or after exercising. In a minimal percentage of cases, general symptoms have been 
reported, including asthenia, myalgia, and headache. However, in a case series from 
Barcelona, 26 patients from a total of 34 (76.4%) presented accompanying symptoms: 
the most frequent sensation of cramps when in contact with metallic objects in the 
office (like door handles), and heavy legs [67].

No associated features are seen, and distal edema has not been described.
It mainly affects women in their 20s or 30s [22]. The differences observed in the 

female-to-male ratio (6/1) may be due to a greater proportion of subcutaneous fat in 
females, predisposing to this condition. Physical constitution and hormonal changes 
during pregnancy may contribute to the development of LS. Women as well are more 
likely to present to a medical practitioner with this condition because of cosmetic 
concerns [22].

The median time for the development of the lesions is 2.5 months. Lesions disap-
peared spontaneously over a ranging period of time from 9 months to 4 years after 
some cause is identified and remedial action is taken [22]. Location of lesions has 
been also described in other areas, such as posterior and inside thighs, trunk, or upper 
limbs [65].

3.1 Classification based on diagnostic criteria

Recently, Bru-Gorraiz et al. [65] have proposed a classification of LS based on 
clinical features:

 Type I. Typical LS: Bilateral and symmetrical lesions involving the anterior or 
anterolateral surface of the thighs. Horizontal bands with length at least three 
times the width.
 Type Iu. Unilateral LS: Similar to type I, but unilateral.
 Type II. LS in bands on the lower limbs. Length of lesions is at least three times 
the width.

II a. Atypical location of LS like inside thighs, posterior surface of thighs, and 
other locations.

II b. Atypical distribution of bands (vertical and oblique).
Type III. Nonspecific lipoatrophy.

III a. Other locations (hips, face, upper limbs, and abdomen).
III b. Other morphology (round and oval). Length is two times the width.

Clinical outcomes are more favorable in the first two groups where 76% of patients 
showed total or partial improvement of the lesions, versus 25.8% of the last two 
groups [65].

4. Diagnosis

The diagnosis is essentially clinical, considering the presence of bands related 
to the height of furniture or related to repeated micro traumas. These bands can be 
visible or palpable.

Laboratory exams or complementary investigations are not necessary for this 
diagnosis, except to establish differential diagnosis in patients with suspected con-
nective tissue disorders. Antinuclear antibodies, anti-DNA, anti-SCl-70, C3 and C4 
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complement fractions, rheumatoid factor, and other routine blood, and biochemistry 
analysis have always been normal when done.

However, in 2013 a case–control study was done in 21 cases of LS from Madrid 
[68], in which serum adipokines (leptin, chemerin, and vaspin) and high sen-
sibility C-reactive protein (hs-CRP) were analyzed. Statistically significative 
differences were found in LS cases, with raised levels of hs-CRP and leptin, and 
low chemerin. The authors conclude that there is an underlying inflammatory 
process in LS, affecting adipocyte differentiation. Leptin is the main adipokine; its 
functions include energy homeostasis and also stimulation of lipolysis; chemerin 
participates in producing mature adipocytes. No further publications have been 
done in this respect.

5. Histopathological findings

Regarding histopathology in cases of the so-called idiopathic localized lipoatrophy 
[69], two patterns have been described, involutional and inflammatory. The most 
common is the involutional type, in which adipose tissue is present but abnormal. 
Lobules of fat are well-defined, various sized, varying from small to medium-sized 
lipocytes on a background of hyaline material. Lipocytes are in general smaller than 
normal, have a more prominent nuclei and often appear with a rounder shape. The 
lipocytes appear embedded in hyaline material varying, from sparse to abundant. 
Capillaries are numerous. In some cases, the involutional changes are more evident 
at the periphery of the lobule and look normal toward the center. Individual mono-
nuclear inflammatory cells are occasionally seen. Different staining show scattered, 
fine, curled elastic fibers within the lobules in the hyaline zone. Focal mucin-positive 
cells can be seen in the perivascular location in some cases. On the other hand, the 
inflammatory pattern shows normal appearing lipocytes, a normal vasculature, and 
scattered aggregates of lymphocytes, histiocytes, and plasma cells on a background of 
hyaline degeneration in broad areas of the fat, similar to lupus panniculitis or trau-
matic panniculitis [69].

In LS most patients have refused biopsies. When done, these have essentially 
shown a partial loss of fat, sometimes replaced by new collagen [30], and absence of 
panniculitis signs. In one case a nearly complete loss of adipose lobules was reported, 
without signs of inflammation or fibrosis [70]; other cases have shown loosely 
dispersed fat lobules with medium-sized adipocytes [14], decreased size of adipo-
cytes with intermingled eosinophilic and hyaline material and some histiocyte and 
lymphocyte infiltration [20, 40], mild accentuation of interlobular septa with atrophy 
and centrilobular fibrosis of some adipocytes without inflammation [23], hemorrhage 
in the fat tissue compatible with panniculitis [16], complete loss of adipose tissue [34] 
and involutional adipocytes, numerous capillaries, and a sparse lymphohistiocytic 
infiltrate with calcification [36].

The immunohistochemical study has been done only in one case, showing 
adipocyte positivity for vimentin and S-100 protein, with few positive histiocytes 
for CD68 [20].

It has been questioned if three histopathological patterns exist (involutional, 
inflammatory, and “normal”) or if they represent different stages of localized lipoat-
rophy depending on the time in which biopsies are taken [14].

Histopathological features in some cases have shown normal findings [41, 71].
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5.1 Ultrastructural features

In a report of two cases, adipocytes abnormalities, fibrillogenesis, and sclerosis 
were noticed in one case, while the other with persistent lipoatrophia showed rar-
efaction of collagen fibers [11]. An electron microscope study was also done on one 
patient with LS and Behçet disease [40]. The images showed fat-laden macrophages 
with lysosomes, numerous fat droplets, and electron-dense granules in the cytoplasm. 
Lymphocytes were found in the detachment produced between the fat and basal 
lamina. A complete loss of the basal lamina beneath the adipose layer was described. 
The cytoplasm of the fat cells was vacuolated.

6. Other studies

Ultrasound of the affected zone is not always conclusive, sometimes with  negative 
findings, although visible and palpable lesions exist [41, 66]. On other occasions, it 
has shown an important subcutaneous loss [72]. Ultrasound imaging of the semi-
circular depression has revealed a preserved epidermis and dermis, with a focal 
decreased thickness of the subcutaneous tissue [71, 73], or slight compression of 
the adipose tissues [14] in the same axis of the visible site of atrophy. An increased 
echogenicity of the subcutaneous tissue can be present [74]. Illustrative findings of a 
case are shown in Figure 3.

High-frequency longitudinal sonography shows similar findings, with a reduced 
thickness of subcutaneous tissue and a slightly fibrotic component [25].

Magnetic Resonance Imaging (MRI) has shown a loss of the superficial subcuta-
neous adipose tissues in four cases. No alteration in the thickness of subcutaneous 
septa was found and fat lobules were normal in size and shape [31, 53, 75, 76]. No 
alterations were found in subjacent muscles in another report, and the focal atrophy 
of subcutaneous fatty tissue was not replaced by fibrous or other types of tissue [72]. 
In other cases, the subcutaneous tissues of the thighs were normal, but the muscles 
under the affected area were slightly indented [22]. Sometimes the subcutaneous 
tissue and muscles have shown normal findings [15].

Electromyography has been normal when done in a few cases [31, 32, 47, 76]. 
Nevertheless, surface electromyography measurements of the quadriceps in six 
subjects with LS and five without, showed a more constant static pattern in muscle 
activity in LS individuals, contrasting with a more dynamic pattern in those without 
LS, thus confirming that LS people adopt more static postures at office work [46].

Ultrasound and MRI are useful to differentiate lipoatrophy from other altera-
tions of fat tissues. Panniculitis shows thickening of interlobular septa with smaller 
fat lobules. In lipoatrophy interlobular septa and fat lobules are normal and a loss of 
superficial fat tissue is present [20].

7. Differential diagnosis

Cellulitis is perhaps the most common finding in women that can provoke some 
difficulties in the clinical diagnosis of LS. To differentiate them clinically, it is help-
ful to stretch the skin with the fingers, and try to detect depression, which is not a 
feature of cellulitis [6]. Another probably common form of localized lipoatrophia is 
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the so-called “leg crossers’ dimple,” which affects patients with a long history of leg 
crossing. The lesion consists of an indentation on the leg, which correlates with the 
site where the patella rests over the other knee. It is more common in females and it is 
probably caused by repeated local pressure that may destroy adipocytes. Some cases 
may present with lichenification of the zone, perhaps related with recurrent rubbing 
in patients that frequently jitter while crossing legs (“agitated leg crossers”) [77].

In infancy, there are several acquired conditions that clinically may present with 
linear circumferential or partially circumferential lesions associated with trauma, or 
because of wearing elastic bands of socks or pantlegs [78]. They produce inflamma-
tion in the fat and dermis and hyperpigmentation, plus raised or atrophic bands. At 
this age, other infantile curvilinear lesions should be considered, such as child abuse, 

Figure 3. 
Ultrasound of semicircular lipodystrophy in both thighs. Slight atrophy and heterogeneous echostructure of 
the subcutaneous cellular tissue in both thighs. The subcutaneous echostructure alteration predominates in the 
superficial segment (top image; right side). The image at the bottom shows the measurement of the subcutaneous 
thickness of the affected area (2.09 cm) compared to the adjacent segment that is toward the head (1.79 cm). The 
arrows point out the segments of subcutaneous atrophy (Image courtesy of Dr. Ximena Wortsman).
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amniotic band syndrome, linear and whorled hyperpigmentation, and incontinentia 
pigmenti. All these clinical pictures differ from LS in clinical history, histopathologi-
cal findings, and presence of hyperpigmentation.

Partially localized lipoatrophy has been described in connection with subcutane-
ous, intramuscular, or intra-articular injections. Treatment with methotrexate [38], 
corticosteroids, insulin (prior to the development of purified insulin in the 1970’s) 
[79], and benzathine penicillin [39, 80] have been associated with lipoatrophy. Its 
appearance is common in children, and varies from simple pitting areas of the skin 
to large and disfiguring athrophies. The trauma of injection rather than the medica-
tion injected is mainly the cause of the panniculitis. The lesions appear only on 
injection sites, which rarely adopt a band distribution, and a loss of subcutaneous 
fat is present. Depressed cutaneous lesions resulting from insulin injection sponta-
neously disappear within 1–3 years. Other agents implicated in localized lipoatrophy 
are vasopressin, human growth hormone, iron dextran, and diphtheria–pertussis–
tetanus (DPT) vaccine.

In patients with autoimmune disorders, localized subcutaneous atrophy of the 
extremities can be seen. Connective tissue diseases represent a predisposing factor for 
the development of bands or rounded atrophic lesions. LS should be differentiated 
from other atrophies in patients with lupus erythematosus, morphea, panniculitis, 
and lupus panniculitis, which may affect children and adults. In morphea the plaques 
are pearly and whitish, the skin is indurated and sometimes an erythematous halo 
is visible [81]; this is never found in LS. Some cases adopt a linear distribution, 
characterized by single and unilateral streaks of cutaneous induration that may 
involve deeper structures like dermis, subcutaneous tissue, and occasionally muscle 
and underlying bone. Lupus lesions tend to be localized in arms, face, and buttocks, 
mainly as deep nodules of a long evolution, covered with normal skin or lesions that 
evolve to atrophic scars during regression [31]. Lupus panniculitis lesions are usually 
located in the upper body and present with a scarring appearance [67]. Factitious 
panniculitis is clinically visible as recurrent episodes of nodules mainly located in the 
extremities, associated with other factitious lesions; histopathological findings show 
granulomatous panniculitis.

Underlying autoimmune diseases -if present- are responsible for a protracted 
course. Localized lipoatrophy associated with recessive dystrophic epidermolysis 
bullosa has also been reported [82].

Other causes of localized lipoatrophy include treatment with oral retroviral drugs in 
HIV/AIDS patients and association with lyme disease (Borrelia burgdorferi infection).

Two other clinical pictures of localized band lipoatrophy that may resemble LS 
have been described: annular lipoatrophy and annular lipoatrophy of the ankles.

The first entity was described by Ferreira–Marques in 1953 [83], affecting the 
forearm of a woman, with further two other cases reported by Bruinsma in 1967 
[84]. In annular lipoatrophy, a circular and depressed pseudosclerodermic band 
of 1 cm wide and 0.5–2 cm deep around the arm is described. It appears mainly 
between 40 and 70 years old, it is monolateral, with a maximum width of 1 cm, 
and might be associated with pigmentation. The band is preceded by swelling and 
tenderness of the entire limb and fever in the original case. Distal swelling of the 
arm plus neuralgia and arthralgia pain associated with muscle weakness are addi-
tional features. Bruinsma’s first case was also associated with myopathy. The band 
was persistent for more than 20 years. Histopathological studies showed loss of the 
subcutaneous fat replaced by strands of connective tissues and polyarthritis with 
venous thrombi.
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Annular atrophy of the ankles was reported initially in 1970 and later in 1975 
[85, 86]. The lesions appear in the ankles but can also affect feet and legs; most 
cases have been reported between 6 and 35 years old, with bilateral distribution and 
wider than LS and lipoatrophia annularis, ranging from 9 to 11 cm. The skin appears 
normal, although edema before atrophy was described in one case. No changes in 
color or consistency occur and local symptoms or muscle involvement are absent. 
Histopathological study shows an early inflammatory stage, with mononuclear infil-
tration in the subcutis, neoformation of blood vessels, and replacement of adipose 
lobules with connective tissue.

8. Treatment

There is no specific medical treatment for LS. It must be kept in mind that pre-
adipocytes remain present at lipoatrophic lesions and new adipocytes make recovery 
always possible [56]. Most cases regress with time in variable periods, ranging from 
weeks to months, (sometimes spontaneously [30]) or even years. Some authors 
reported regression lapses between 9 months to 4 years [17], while others described 
93% of clinical regression after 6 months (complete 62% and partial 32%) [87]; in 
other reports of 30 cases, 75% showed a favorable evolution after 3 months, with 
total regression of lesions in 43.4%, partial in 30.4%, and without changes in 26.2% 
[88]. If a predisponent factor is detected and avoided, impairment will be faster 
[12, 13, 15, 16, 26]. In a series of seven cases, the time taken for lesion improvement 
varied between 2 weeks and 4 months after stopping leaning against the desks or 
after smooth barriers were fitted along the edges of the tables [48]. However, lesions 
may also disappear without following any specific indication [30], or without being 
discovered the origin of the mechanical trauma [17]. Spontaneous remissions have 
been observed in 24 workers after holidays away from their workplace [63], or after 
stopping working due to pregnancy leave, absence from work for long periods, or on 
retirement [50].

8.1 Preventive measures and corrective actions

Preventive measures and corrective actions [7, 51, 57, 65, 66, 87, 89] are crucial for 
the treatment of this condition, and can be divided into distinct areas:

8.1.1 Environmental

• Maintain an adequate environmental humidity between 50 
and 55% at the office and throughout the building.

• Install electrical ground connection for desks in 
order to remove electrostatic charges.

• The edges of the desk must be made of isolating material.

• Avoid electric cables beneath desks, laying them 
on the floor at the back of the desks.
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• Biweekly application of anti-electrostatic carpet finish.

• Placement of electrostatic discharge mats in common passageways.

• Apply anti-electrostatic products (spray or varnish) on 
 surfaces prone to retaining electrostatic charges.

• Apply anti-electrostatic products daily when cleaning the floor.

• Avoid metallic furniture and metallic chest of drawers.

• Avoid trays for the computer keyboard, which 
should be located on top of the desk.

• Remove the computer from the main desk and place it on a side table.

• Avoid material and devices that may accumulate static electricity.

• Installation of ionisators to freshen air and clean dust may be helpful.

• If possible, replacement of entire cabling with  ferrite 
cables, which reduce electromagnetic fields.

8.1.2 Staff

• Avoid wearing tight clothes when sitting for long periods of time.

• Avoid wearing synthetic clothes.

• In the case of upper limbs avoid compressive underwear or tucking up skirts.

• Avoid wearing rubber soles on shoes and avoid shuffling.

8.1.3 Ergonomic

• Use suitable chairs and adjust their height to avoid 
 contact of the thighs with the desk.

• Work on desks with rounded and wide edges.

• Avoid micro traumatisms on the thighs (not leaning against 
desks, sitting at borders of the tables, or others).

• Adopt correct sitting postures and do not rest feet on the legs of the chair, 
supporting the back as much as possible on the back of the chair.

• Get up during work and walk a few steps at least every hour.

• Avoid repeated rubbing on the chair.
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8.2 Laboral protocols

Finally, if many cases are detected at the same office building, LS should be 
considered as an environmental laboral factor or office staff risk that must be evalu-
ated by a multi-disciplinary team (medical staff, Departments of occupational health, 
occupational risk prevention, morphological sciences, ergonomics, and biomechan-
ics, etc.), following some of the diverse protocols established in many cities, such as 
Barcelona [90], Madrid [91] Basque country [92] and other. Their main purpose is 
the recognition of the problem, giving behavior guidelines to technical personnel and 
companies, and preventing the appearance of new cases. They mainly include two 
sections: a medical action protocol and a technical one, which evaluates job condi-
tions. Medical protocols should include diagnosis, clinical data and clinical examina-
tion, case follow-up, and active search for other possible causes. The technical part 
includes taking measurements at work offices, including electrical installations, 
furniture (design, materials and height, geometry of edges and collection of cables 
on desks, materials of chairs, and footrests), installations of all types of equipment 
(computers, printers, scanners, photocopiers, and telephones), type of floor (mate-
rial and use of carpets), ventilation system, air conditioning and humidification, per-
sonal posture, and clothing habits. Electrical measurements must include electric and 
magnetic fields, electrostatic charges (in different conditions of relative humidity), 
as well as diverse electrical parameters (current-voltage, frequency, and resistance 
of grounding). Both protocols must be coordinated with the company, and once the 
cases have been established, all information obtained on the process and causes must 
be offered to the staff, establishing the necessary prevention and treatment measures 
indicated above.

9. Conclusions

The origin of LS is probably multifactorial, in which a synergy occurs between 
mechanical and electrical environmental factors, common in modern buildings. 
Currently, there are two main hypotheses (perhaps also acting together): electro-
magnetic (produced by computer equipment, electrical appliances, and wiring) and 
electrostatic (produced by continuous friction between chairs and synthetic clothing, 
leading to the accumulation of electrostatic charges which are subsequently released 
through contact of the thighs with grounded furniture, such as the desk). However, in 
many single reported cases or in small series of patients there was no office exposure, 
and the lesions could be reasonably attributed to other diverse traumatic factors, which 
at least are thought to be contributors. Besides, an individual electrosensitivity, in 
which many other environmental factors participate (humidity, desk materials, sitting 
posture, and synthetic clothing, among others) may play a determinant role in the 
development of LS.
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Abstract

Short QT syndrome (SQTS) is an extremely rare inherited arrhythmogenic entity. 
Nowadays, less than 200 families affected worldwide have been reported. This 
syndrome is characterized by the presence of a short QT interval leading to malignant 
ventricular tachyarrhythmias, syncope and sudden cardiac death. It is one of the 
most lethal heart diseases in children and young adults. Both incomplete penetrance 
and variable expressivity are hallmarks of this entity, making it difficult to diagnose 
and manage. Currently, rare variants in nine genes have been associated with SQTS 
(CACNA1C, CACNA2D1, CACNB2, KCNH2, KCNJ2, KCNQ1, SLC22A5, SLC4A3 and 
SCN5A). However, only pathogenic variants in four genes (KCNH2, KCNQ1, KCNJ2 
and SLC4A3) have been found to definitively cause SQTS. The remaining genes lack a 
clear association with the disease, making clinical interpretation of the variants chal-
lenging. The diagnostic yield of genetic tests is currently less than 30%, leaving most 
families clinically diagnosed with SQTS without a conclusive genetic diagnosis. We 
reviewed and updated the main genetic features of SQTS, as well as recent evidence 
on increasingly targeted treatment.

Keywords: sudden cardiac death, arrhythmias, short QT syndrome, genetics, QT 
interval variability

1. Introduction

Short QT syndrome is a rare inherited cardiac channelopathy characterized by the 
presence of short QT intervals and a high risk of malignant arrhythmias in the context 
of a structurally normal heart. Described more than 20 years ago by Gussak et al. [1], 
it was not until 2004 when the first genetic variants associated with the disease were 
published in KCNH2 [2] KCNQ1 [3] and KCNJ2 [4], named SQT1, SQT2 and SQT3, 
respectively. Since then, pathogenic variants have been described in six other genes 
associated with the disease, however, due to the low number of cases and the lack 
of a correct genotype-phenotype correlation, it is difficult to confirm the definitive 
pathogenic role of these genes as cause of SQTS. We aim to update current advances in 
SQTS, especially focused on genetics.
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2. Prevalence

Today, it is difficult to establish the real prevalence of SQTS in the population, 
mainly due to the rarity of the disease and its possible underdiagnosis. The estimated 
prevalence is less than 1/10.000 in adults and about 1/2.000 in children and adoles-
cents [5–8]. SQTS is potentially lethal for children in the first year of life, leading to 
a cardiac arrest rate close to 4%, making it one of the causes of sudden infant death 
syndrome (SIDS) [9].

3. Diagnosis

SQTS is diagnosed by the presence of a QTc ≤ 340 ms, or a QTc ≤ 360 ms when 
one of the following clinical criteria is met: detection of a clearly pathogenic genetic 
variant in one of the genes associated with the disease, family history of SQTS, family 
history of syncope or sudden cardiac death (SCD) before 40 years of age or survival 
of a ventricular tachycardia (VT) /ventricular fibrillation (VF) episode in the absence 
of heart disease [10]. However, its diagnosis can be challenging due to the large vari-
ability of the QT interval in healthy subjects.

Resting ECG should be performed at a normal heart rate when SQTS is suspected 
[11]. In addition, a stress test could be useful and a slope of the QT/HR ratio of 
less than −0.9 ms/beat/min could help distinguish affected subjects from healthy 
individuals [12]. Some studies support that QTc values should be adjusted in each 
population according to factors such as sex and age, and assessed in conjunction with 
other ECG criteria [13, 14]. For instance, a recent study in children and young adults 
demonstrated that a QTcB <316 ms, J-Tpeak cB < 181 ms (corrected by using Bazett's 
formula) and the presence of early repolarization (ER) could be indicative of SQTS in 
patients younger than 20 years of age [15]. Tissue Doppler imaging (TDI) and speckle 
tracking echocardiography (STE) could be part of the clinical evaluation, as systolic 
function may also be impaired and patients may present a dispersion of contraction in 
myocardium [16]. In contrast, invasive electrophysiological study (EPS) with pro-
grammed ventricular pacing is not recommended for SCD risk stratification [10] .

4. Clinical findings

SQTS is characterized by a short QT interval in the ECG, with an asymmetric 
and sharp T wave, especially in precordial leads. Short or absent ST segments and 
paroxysmal episodes of atrial or ventricular fibrillation (Figures 1 and 2). The most 
common symptoms are palpitations (30%), syncope (25%) and cardiac arrest (40%) 
[17]. Ventricular and atrial fibrillation is present in most patients [18]. Cardiac events 
usually occur in adrenergic situations (noise or exercise), although occasionally it 
can also occur at rest [19]. Despite no studies focused on diet, any food modifying 
significantly the potassium levels may affect the QT interval. Symptoms occur in 
all age groups, with an increasing rate of SCD between 14 and 40 years of age. The 
probability of presenting with SCD as the first symptom increases with age, reach-
ing 41% at 40 years of age [5]. A slightly male predominance was suggested, but 
recent analysis showed that although males present syncope more frequently than 
females, they show a lower risk of arrhythmic events and/or SCD [20]. In addition, 
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Figure 1. 
ECG taken from a 39-year-old patient with SQTS; QT interval: 310 ms, QTc: 355 ms (corrected by using Bazett's 
formula).

Figure 2. 
ECG diagram and cellular ionic currents under normal conditions (A) and SQTS (B). Voltage-gated Na+ and 
K+ currents define the ventricular action potential and the QT interval of the ECG. The functional effect of 
IKs, IKr or IK1 gain-of-function or INa or CaL loss-of-function on the ventricular action potential results in the 
shortening of the action potential associated with SQTS.
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some studies suggest that genes located on the X chromosome may be involved in the 
regulation of the QTc interval [21].

5. Genetic basis

Short QT syndrome occurs mainly in an autosomal dominant pattern of inheri-
tance with high phenotypic and genetic heterogeneity. To date, potential deleterious 
rare variants located in nine genes (CACNA1C, CACNA2D1, CACNB2, KCNH2, 

Figure 3. 
Diagram of the overlap between the genes associated with the short QT syndrome (SQTS) and the main 
channelopathies: Brs: Brugada syndrome; LQTS: long QT syndrome and CPVT: catecholaminergic polymorphic 
ventricular tachycardia.

SQTS Prevalence Genes Effect of 
variant

Current 
affected

Phenotypic 
overlap

SQT1
SQT2
SQT3

<15%
<5%
<3%

KCNH2
KCNQ1
KCNJ2

GOF
GOF
GOF

IKr

IKs

IK1

LQTS, BrS
LQTS

LQTS, CPVT

SQT4
SQT5
SQT6
SQT7

<1%
<1%
<1%
<1%

CACNA1C
CACNB2

CACNA2D1
SCN5A

LOF
LOF
LOF
LOF

Ica

Ica

Ica

INa

LQTS, BrS
LQTS, BrS
LQTS, BrS
LQTS, BrS

SQT8 <1% SLC4A3 LOF AE3 .

SQTS-
mimic

<1% SLC22A5 LOF . CDSP

AE3: Anion exchanger; BrS: Brugada syndrome; CDSP: Systemic primary carnitine deficiency; GOF: gain-of-function; 
ICa: Voltage-gated calcium currents; IKr: Rapidly activating potassium currents; IKs: Slowly activating potassium 
currents; IK1: Inward rectifier potassium currents; LOF: loss-of-function; LQTS: Long QT syndrome; SQTS: Short QT 
syndrome.

Table 1. 
Genes associated with Short QT Syndrome or Shorter than normal QT interval and its phenotypic overlap with 
the main arrhythmogenic syndromes.
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KCNJ2, KCNQ1, SLC22A5, SLC4A3 and SCN5A) have been associated with SQTS 
(Table 1) [22]. However, only three genes (KCNH2, KCNQ1 and KCNJ2) have been 
shown to cause SQTS definitively so far, and the SLC4A3 gene presents moderate 
evidence [23]. The association of the other genes with SQTS remains controversial 
(Figure 3) [24].

6. Genes definitely associated with SQTS

Pathogenic variants in the KCNH2, KCNQ1 and KCNJ2 genes are responsible for 
SQTS type 1, 2 and 3 respectively. These variants are usually of the gain-of-function 
type and generate prolonged K+ channel activation, accelerated cardiac repolarization 
with shorter refractory periods, resulting in the short QT phenotype [25].

The KCNH2 gene (ID: 3757) encodes a voltage-activated potassium channel 
belonging to the eag family, subfamily H, member 2 (Kv 11.1 α/hERG subunit). It 
mediates the rapidly activating component of the delayed rectifying potassium cur-
rent in the heart (IKr) [26–28]. Gain-of-function hERG variants lead to abbreviated 
ventricular repolarization and SQTS; in contrast, loss-of-function hERG variants are 
responsible for Long QT Syndrome (LQTS). The pathogenic variants p.Thr618Ile and 
p.Asn588Lys are the most frequently associated with SQTS [29]. Several functional 
studies have demonstrated the pathophysiological role of these variants, and their 
contribution to the SQTS phenotype seems clear [30]. Although other rare variants 
in the KCHN2 gene associated with SQTS have been described, many of them require 
further functional or segregation studies to elucidate their definitive pathological 
role.

The KCNQ1 gene (ID: 3784), encodes a voltage-activated potassium channel 
(Kv7.1 α-subunit) required for repolarization. This protein can form complexes 
associated with MinK (the KCNE1 gene) and MiRP2 (the KCNE3 gene) proteins, 
both potassium channel. When associated with KCNE1, it forms the IKs current, 
and induces rapid activation of the potassium-selective outward current. It can also 
associate with the MiRP2 protein and other associated proteins to form the potas-
sium channel [3, 31]. Deleterious variants in this gene are associated with SQT2 
and account for less than 5% of SQTS cases. In addition, some de novo variants in 
the KCNQ1 gene have been associated with a particular phenotype in utero with 
clinical diagnosis of atrial fibrillation (AF), along with concomitant bradycardia 
and SQTS [32]. The rare variants p.Val141Met and p.Val307Leu have the clearest 
association with SQT2 to date [22], being potential targets for various therapeutic 
models. For example, functional and computational simulation studies identi-
fied channel-specific blockade of IK1 or IKs as a possible antiarrhythmic strategy 
in SQT2, depending on the identified deleterious variants (p.Val141Met and 
p.Val307Leu, respectively) [33, 34].

The KCNJ2 gene (ID: 37591) encodes the integral membrane protein and an 
inward rectifier-type potassium channel, subfamily J, Member 2 (Kir2.1 α-subunit). 
Inward rectifier potassium channels are characterized by a greater tendency to allow 
potassium to flow into the cell rather than out of it (IK1 current) [4, 35]. Currently, 
pathogenic variants with the most evidence of causality for SQT3 are the variants 
p.Asp172Asn and p.Glu299Val [36, 37]. The KCNJ2 gene has also been associated with 
other channelopathies, mainly catecholaminergic polymorphic ventricular tachycar-
dia (CPVT) [38].
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6.1 Gene moderately associated with SQTS

In 2017, the SLC4A3 gene (Solute Carrier Family 4 Member 3, ID: 6508) was asso-
ciated with SQTS, presenting an unusual mechanism for the development of malig-
nant arrhythmia. SLC4A3 encodes plasma membrane anion exchange protein 3 (AE3) 
and acts by mediating part of the Cl-/HCO3- exchange in cardiac myocytes. To date, 
only one rare variant in this gene has been identified in two families (p.Arg370His). 
This loss-of-function variant would cause an increase in pHi and a decrease in [Cl-]i, 
shortening the AP duration and reducing the QT interval [39]. This gene is associated 
with SQT type 8; however, further studies are needed to clarify the definitive role of 
this gene in SQTS.

6.2 Other genes associated with SQTS

Loss-of-function alterations in genes encoding different subunits of cardiac Ca2+ 
channels have been associated with SQTS syndrome with an autosomal dominant 
inheritance pattern, each accounting for less than 1% of all SQTS cases [40]. However, 
evidence-based review of this association (ClinGen) leaves the causation of SQTS by 
mutations in these genes currently in dispute [24].

The CACNA1C gene (ID: 775) encodes an alpha-1 subunit of a voltage-dependent 
calcium channel (calcium channel, voltage-dependent, L-type, alpha 1C subunit, 
Cav1.2 α subunit). Calcium channels mediate the influx of calcium ions into the cell 
upon membrane polarization. To date, all variants identified in CACNA1C decrease 
inward currents at early phases of cell repolarization (ICaL) and induce transmural 
and epicardial dispersion of repolarization, leading to a combined phenotype of SBr 
and short QTc interval [41]. Currently, more than 10 rare variants in the CACNA1C 
gene have been potentially associated with SQTS, so-called SQT4. However, there 
is insufficient evidence to establish a definitive association and further studies are 
needed [22]. Gain-of-function variants in this gene have also been associated with 
LQTS.

The CACNB2 gene (ID: 783) encodes a subunit of a voltage-dependent calcium 
channel protein, a member of the voltage-gated calcium channel superfamily (Cav1.2 
β subunit). The beta subunit of voltage-dependent calcium channels contributes to 
the calcium channel function by increasing peak calcium current, shifting the voltage 
dependencies of activation and inactivation, modulating G protein inhibition and 
controlling the alpha-1 subunit membrane targeting. Only one rare variant in the 
CACNB2 gene has been associated with SQTS (p.Ser481Leu) to date, known as SQT5. 
This variant is also found to be associated with BrS [40].

The CACNA2D1 gene (ID: 781) encodes a member of the alpha-2/delta subunit 
family, a protein in the voltage-dependent calcium channel complex (Cav1.2 α2/δ1 
subunit). The protein regulates calcium current density and activation/inactivation 
kinetics of the calcium channel (ICaL) [40]. Only one variant has been identified in 
this gene (p.Ser755Thr), but its high frequency in the Ashkenazi population and 
conflicting evidence refutes its pathogenic role in SQTS [24]. It is associated with the 
so-called SQTS type 6. This gene has also been associated with other channelopathies, 
mainly LQTS.

The SCN5A gene (ID: 6331) encodes the alpha subunit of the type 5 sodium 
channel (Nav1.5) that mediates voltage-dependent sodium ion permeability in the 
cardiomyocyte. So far, only a rare variant in the SCN5A gene (p.R689H) has been 
described to be associated with SQTS (called SQT7). Carriers of this variant show a 
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characteristic BrS phenotype with concomitant shortened QT intervals, but without a 
conclusive clinical diagnosis of SQTS. Therefore, its association is in dispute.

6.3 Gene associated with a SQTS-mimic phenotype

The SLC22A5 gene (ID: 6584) encodes a high-affinity sodium ion-dependent 
carnitine transporter protein (Solute Carrier Family 22 Member 5). So far, only the 
pathogenic variant p.Phe17Leu has been associated with SQTS, following an auto-
somal recessive inheritance pattern [42]. However, because the short QT phenotype 
is reversible with carnitine supplementation, the association of this gene with SQTS 
remains inconclusive [24].

7. Genetic counselling

Due to the low number of cases reported worldwide, the real penetrance and 
incidence of SQTS is difficult to estimate. Although some pathogenic variants exhibit 
100% penetrance, approximately 40% of patients may remain asymptomatic [29]. 
Current guidelines recommend the analysis of four genes: KCNH2, KCNQ1, KCNJ2 
and SLC4A3, despite last gene need more conclusive data concerning definite role 
[23]. Despite controversial association data between calcium channel genes and 
SQTS, current guidelines recommend the analysis of CACNA1C, CACNA2D1 and 
CACNB2, frequently associated with BrS. Genetic diagnosis of SQTS has a diagnostic 
yield of less than 30% [43] with the KCNH2 gene as the most cost-effective option 
[10]. Familial genetic analysis is recommended, both to clarify the pathogenic role of 
newly identified variants and to identify family members at risk for SCD.

8. Risk stratification and management

Risk stratification is the main current challenge in the clinical setting, especially in 
asymptomatic patients carrying a pathogenic genetic alteration. In addition, patients 
with QTc intervals ≤340 ms should be considered at higher risk for SCD, despite the 
fact that no conclusive results have been published so far. ICD implantation is the 
treatment of choice for all patients with SQTS, especially for those who have survived 
aborted cardiac arrest or who have had spontaneous sustained VT [44]. However, 
there is also a significant risk of device-related complications, mainly due to inap-
propriate shocks from the over detection of T waves (high and narrow) seen in SQTS. 
Drugs that prolong the QT interval (quinidine and sotalol) should be considered for 
all patients at risk for SQTS in both asymptomatic and symptomatic patients who do 
not have an ICD, especially in young children [43]. Quinidine is currently the agent 
of choice, since in patients with SQT1, in addition to prolonging the QT interval and 
ventricular refractory period, it leads to the normalization of ST segments and T 
waves and the prevention of VF induction. However, the personalized use of drugs 
aimed at the treatment of patients carrying certain types of variants is becoming 
increasingly common. A study on human-induced, pluripotent stem cell-derived 
cardiomyocytes demonstrated that in addition to quinidine, ivabradine, ajmaline and 
mexiletine may be drug candidates for preventing tachyarrhythmias in patients car-
rying the p.Asn588Lys variant in the KCNH2 gene [45]. In addition, modelling studies 
indicated that high-dose amiodarone may be a potential drug treatment for SQTS2, 
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especially those patients carrying the p.Val307Leu variant in the KCNQ1 gene [46]. 
Recently, a study show that vernakalant (sodium and potassium channel blocker) 
can prolong action potential and reduce arrhythmias in human-induced pluripotent 
stem cell-derived cardiomyocytes from a patient diagnosed of SQTS type-1 due to 
p.Asn588Lys, suggesting an effective candidate drug for treating arrhythmias [47]. 
Although more studies are needed to confirm these findings, the development of 
personalized treatments for inherited arrhythmias is currently in expansion.

9. Conclusions

Currently, SQTS is still a relatively unknown disease. First described in 2000, 
the small number of families diagnosed with SQTS worldwide makes the establish-
ment of a risk stratification scale difficult. Clarification of electrophysiological 
and clinical abnormalities associated with the disease and the genetic origin, has 
only been carried out in recent years. However, only four genes (KCNH2, KCNQ1, 
KCNJ2, SLC4A3) have been definitively associated with the disease and a compre-
hensive genetic analysis only identify the causative alteration in no more than 30% 
of diagnosed families. It is crucial to perform more genotype-phenotype analyses in 
diagnosed SQTS families as well as segregation studies and in vitro/ion vivo functional 
tests that will allow clarification of the pathophysiological mechanism involved this 
lethal arrhythmogenic syndrome. Survivors of SCD have a high recurrence rate of 
episodes, thus implantation of an ICD is recommended in this group of patients. 
The pharmacological approach may also be effective in some cases, especially in the 
pediatric population, and the use of personalized medicine is becoming increasingly 
feasible. Personalized clinical evaluation, genetic analysis and the adoption of effec-
tive therapeutic measures by specialists help to improve the evolution of diagnosed 
patients with an increasingly positive long-term outcome.
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