


Review Article

Hereditary Hemorrhagic Telangiectasia: A Comprehensive Review of Genetic Features, Clinical Challenges, and Therapeutic Innovations

ABSTRACT:
Hereditary Hemorrhagic Telangiectasia (HHT), also known as Osler-Weber-Rendu syndrome, is a rare genetic disorder marked by abnormal blood vessel formation, resulting in telangiectasias (dilated vessels) and arteriovenous malformations (AVMs). These abnormalities affect various organs, including the skin, lungs, liver, and brain. HHT is inherited in an autosomal dominant pattern, primarily caused by mutations in the ENG and ACVRL1 genes. Clinical manifestations include recurrent nosebleeds, mucocutaneous telangiectasias, and internal AVMs, which can lead to complications like stroke, heart failure, and gastrointestinal bleeding. Diagnosis is based on the Curacao Criteria, with genetic testing confirming mutations. Treatment focuses on managing symptoms, including controlling bleeding, addressing anemia, and monitoring AVMs through imaging. Regular screening and genetic counseling are essential for early intervention and preventing severe complications.
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Introduction 
WHAT IS HEREDITARY HEMORRHAGIC TELANGIECTASIA (HHT)?
A uncommon genetic condition with aberrant blood vessel creation, it is also referred to as Osler-Weber-Rendu syndrome. Telangiectasias, or tiny, dilated blood vessels, and arteriovenous malformations (AVMs), or improper connections between arteries and veins, are the results of its primary effects on the blood vessels in different organs, such as the skin, mucous membranes, lungs, liver, and brain. [1]
PATHOPHYSIOLOGY OF HEREDITARY HEMORRHAGIC TELANGIECTASIA :
Hereditary Hemorrhagic Telangiectasia (HHT) is an autosomal dominant disorder, meaning that a single copy of the mutated gene from either parent is enough to cause the disease. The inheritance pattern is dominant, so individuals with a mutation in one of the HHT-related genes have a 50% chance of passing the condition to their offspring, regardless of whether the mutation is inherited from the mother or father.[2], [3] .There is also a possibility of de novo mutations where an individual may develop the condition without having a family history, though this is rare. Mutations in genes that control blood vessel development generate HHT, which results in the production of brittle, aberrant vessels. Bleeding, irregular blood flow, and other issues may arise from this. [4]
KEY GENES INVOLVED IN HHT
1.HHT Type 1 ENG Gene (Endoglin):
The transmembrane glycoprotein endoglin, which is encoded by the ENG gene on chromosome 9 (9q34), is crucial for angiogenesis, or the formation of new blood vessels, and vascular development. The TGF-β (Transforming Growth Factor Beta) signalling pathway, which is essential for healthy blood vessel creation, is mediated by endoglin. [5],[6],[7]
ENG mutations are generally linked to HHT type 1 and are believed to interfere with blood vessel maturation, resulting in the development of brittle blood vessels that are prone to rupture, such as telangiectasias and arteriovenous malformations (AVMs).
Compared to people with HHT type 2, those with HHT type 1 frequently exhibit telangiectasias, more frequent epistaxis (nosebleeds), and a decreased risk of pulmonary AVMs.[8]
2. HHT Type 2 – ACVRL1 Gene (Alk-1):
The protein activin receptor-like kinase 1 (ALK1), a receptor for the TGF-β superfamily of signalling molecules, is encoded by the ACVRL1 gene, which is found on chromosome 12 (12q13). ALK1 is essential for controlling angiogenesis and vascular remodelling.
ACVRL1 mutations cause the TGF-β signalling system to be disrupted, which results in aberrant blood vessel development, the development of brittle vessels, and the creation of AVMs.[9],[1].Pulmonary, hepatic, and cerebral AVMs are the hallmarks of HHT type 2, which is brought on by mutations in ACVRL1. People with this type may have more severe signs of visceral (internal organ) involvement, especially in the liver and lungs.[11]
3. Additional Genes Associated with HHT:
Other genes have been linked to less prevalent types of HHT, even though ENG and ACVRL1 are the most frequently found genes linked to the disorder:
Juvenile Polyposis Syndrome with HHT, or SMAD4: A unusual kind of HHT that manifests as both HHT and juvenile polyposis syndrome—a disorder marked by the growth of polyps in the gastrointestinal tract—can be brought on by mutations in SMAD4. [12]
Growth Differentiation Factor 2 (GDF2): This gene is a possibility for further study because mutations in it are linked to a subgroup of people who exhibit traits similar to HHT.
However, the majority of HHT cases are caused by the main genes ENG and ACVRL1. [13]
Confirmatory Genetic Testing for HHT: Genetic testing can identify the precise gene mutation causing the condition following a clinical diagnosis made using the Curacao Criteria. ENG, ACVRL1, or other associated gene variants are often detected by analysing a blood or saliva sample sample. Finding the mutation makes the diagnosis more accurate and can help forecast how the illness will develop.[1],[14].

Family Genetic Testing: After a mutation in an affected person has been found, other family members may be offered genetic testing to find out if they also have the mutation. In order to prevent complications, this can assist identify those who are at risk of developing symptoms and enable early monitoring and treatment. [14],[15]
Hence, knowing the genetics of HHT is essential for early detection, genetic counselling, and individualised treatment of those who are impacted, improving results and lowering the likelihood of problems.
CLINICAL CHARACTERISTICS:
Telangiectasias, or dilated blood vessels, and arteriovenous malformations (AVMs), or improper connections between arteries and veins, are major contributors to the basic clinical symptoms of HHT. An explanation of the main and prevalent clinical signs of HHT is provided below.
1.Telangiectasias associated with the mucocutaneous layer:

 Especially around the nose, lips, and cheeks, facial telangiectasias are among the most prevalent signs of HHT. Although they might not produce any symptoms, these can manifest as tiny, noticeable patches that are frequently observed by the patient or doctor. [1],[16].Telangiectasias are also frequently observed in the mouth and on the tongue. These lesions can occasionally be confused for other illnesses, such as oral malignancies, and can cause bleeding when eating or brushing teeth.[1],[17].One of the main characteristics of HHT is the development of frequent nosebleeds, or epistaxis, which is frequently caused by telangiectasias in the nasal mucosa. These frequently begin in childhood and can be severe, recurrent, and challenging to manage.[16],[17].

2.Epistaxis (bleeding of the nose) :

HHT is characterised by frequent, spontaneous nosebleeds (epistaxis), which are among its earliest symptoms. The reason is nasal mucosal telangiectasias, which are brittle and prone to rupturing. Although they may begin in childhood, nosebleeds gradually increase in frequency and severity as people age. [16],[17].
They can happen on their own or after minor trauma (like blowing your nose).
Some people's nosebleeds are the main symptom that prompts an HHT diagnosis.
Frequent epistaxis can cause anaemia in extreme circumstances and call for medical attention.[18]

3.Arteriovenous Malformations (AVMs)
Abnormal connections between arteries and veins that avoid the capillary bed are known as arteriovenous malformations. Numerous organs may experience AVMs, which can result in a number of dangerous side effects. They can be categorised according to where they are:

Lung AVMs, or pulmonary AVMs:

The most prevalent visceral AVMs in HHT are pulmonary AVMs, which can lead to serious consequences. Its Signs and symptoms includes:
Dyspnoea or shortness of breath, cyanosis the possibility of paradoxical embolism, in which blood clots or emboli move from the venous to the arterial system and reach the brain, resulting in stroke or brain abscesses, is the most serious side effect of pulmonary AVMs. Neurological symptoms including abrupt weakness, trouble speaking, or confusion may arise from this.[19],[20].

Brain AVMs, or cerebral AVMs:

Abnormal blood vessels called cerebral AVMs bypass the normal capillary network and connect arteries to veins directly. Symptoms includes headaches, seizures, stroke and neurologic deficits.[21]

Hepatic AVMs (Liver AVMs)

Hepatic AVMs can lead to abnormal blood flow in the liver, causing complications such as high-output heart failure or portal hypertension.[21]



Gastrointestinal AVMs (GI Tract AVMs)

Telangiectasias in the gastrointestinal tract (stomach, small intestine, and colon) can lead to chronic gastrointestinal bleeding, often resulting in iron-deficiency anemia.[21]

Iron Deficiency Anemia:

Chronic blood loss from epistaxis or gastrointestinal bleeding often leads to iron deficiency anemia. The anemia may present with symptoms such as:
fatigue, paleness, shortness of breath, dizziness headaches. [22],[23].

COMPLICATIONS OF HTT [24],[25],[26]
Some of the serious complications of HHT include:

· Stroke or brain abscesses due to paradoxical embolism or bleeding from cerebral AVMs.
· High-output heart failure from hepatic AVMs.
· Severe anemia from recurrent bleeding, often requiring blood transfusions.
· Death can occur in severe cases, especially with brain hemorrhage, pulmonary AVMs, or heart failure due to hepatic AVMs.

DIAGNOSIS OF HEREDITARY HEMORRHAGIC TELANGIECTASIA (HHT)

A comprehensive approach is used to diagnose HHT, Integrating Imaging Techniques ( Echocardiography, Pulmonary angiography, Endoscopy, MRI Brain , Abdominal ultrasound), [1] Genetic Testing ( ENG, ACVRL1, SMAD4 and GDF2 genes mutation testing) and Clinical Symptoms based on the Curacao Criteria ( Recurrent Epistaxis (Nosebleeds), Telangiectasias, Arteriovenous Malformations (AVMs), Positive family history of HHT). [17],[27].Effective management of the illness, monitoring for complications such as AVMs, and offering genetic counselling to impacted families all depend on early identification. The capacity to detect and treat HHT has significantly increased due to developments in genetic testing and imaging methods, which also lowers the risk of serious consequences and guarantees better results.

MANAGEMENT AND TREATMENT OF HEREDITARY HEMORRHAGIC TELANGIECTASIA (HHT)
The severity of the disease, organ involvement, and unique symptoms of each patient all influence the therapy regimen. To treat the vascular irregularities and associated consequences, HHT is usually managed with both symptomatic treatment and preventive measures.


Treatment objectives include:
1.Minimising bleeding incidents, particularly nosebleeds, or epistaxis.
2.Controlling arteriovenous malformations (AVMs), which can impact the liver, brain, gastrointestinal tract, and lungs.
3.Providing treatment for iron-deficiency anaemia brought on by prolonged blood loss.
4.Keeping an eye out for and avoiding issues including heart failure, stroke, and bleeding in the stomach.
Symptomatic Treatment:
1.Epistaxis, or nosebleeds :
The most prevalent and problematic symptom of HHT is recurrent epistaxis, or nosebleeds, which can begin in childhood and worsen over time.

Options for Treating Epistaxis:
· Nasal Moisturization: Using humidifiers or saline nasal sprays might help keep the nasal passages moist and less likely to bleed.
The nasal mucosa can be kept moisturised by applying petroleum jelly or topical emollients.[1],[28],[29].
· Cauterisation: To halt bleeding, noticeable telangiectasias inside the nasal passages may occasionally be burned using a chemical or electrical cauterisation technique.
This can relieve localised bleeding areas and is usually performed under local anaesthesia. [2],[28],[29].
· Laser Therapy: Laser therapy utilising argon laser or diode laser is a non-invasive therapeutic option to treat nasal telangiectasias. To lessen bleeding and shrink the blood vessels, the laser is focused on them. Patients who experience severe or regular nosebleeds will find this especially helpful.  Oral telangiectasias can also be treated with laser therapy [28],[29].
2. MANAGING IRON DEFECIENCY ANAEMIA:
Iron deficiency anaemia can result from prolonged blood loss via gastrointestinal bleeding or epistaxis.
·  IRON SUPPLEMENTS:
The primary line of treatment for iron-deficiency anaemia is oral iron supplements. These supplements can raise haemoglobin levels and assist restore iron reserves.
If oral supplements are not well taken or if the anaemia is severe, intravenous iron may be required in certain situations[30].
· BLOOD TRANSFUSION:
Blood transfusions may be necessary for individuals with severe anaemia or refractory anaemia, which is anaemia that does not improve with iron supplements. This is particularly crucial when there are major bleeding episodes or after recovering from surgery [31].
· MANAGING GI BLEEDING:
Significant gastrointestinal bleeding brought on by intestinal or gastric telangiectasias may necessitate endoscopic therapy. The aberrant blood vessels may be closed using injectable sclerotherapy, laser therapy, or cauterisation [32].
3.TREATMENT FOR ARTERIOVENOUS MALFORMATIONS (AVMS):
 Involves Embolisation, Surgical resection, Oxygen therapy and Organ Transplantation [33].
4. LONG-TERM MONITORING AND PREVENTIVE CARE:
Early detection of AVMs through routine screening (e.g., echocardiography, CT scans, or MRI) is crucial for preventing serious complications like stroke and heart failure. Patients with HHT should receive regular screening for pulmonary, cerebral, and gastrointestinal AVMs, especially if they have a family history of the condition [1],[34].
Patients are advised to limit activities that could increase the risk of bleeding and to avoid trauma to areas prone to bleeding (e.g., nasal passages). Because HHT is autosomal dominant, family members of an affected individual should be offered genetic counselling and possibly genetic testing to find out if they carry the genetic mutation and are at risk of developing the disease. Vaccinations may be recommended for individuals with liver involvement or those at risk for infections (e.g., pneumococcal vaccine, especially in the case of pulmonary AVMs) [1],[17],[34].
DRUGS USED IN THE MANAGEMENT OF HEREDITARY HEMORRHAGIC TELANGIECTASIA (HHT):
While there is no cure for Hereditary Hemorrhagic Telangiectasia (HHT), several pharmacological treatments can help manage the symptoms and complications, especially bleeding and anemia, and reduce the risk of further complications like stroke or heart failure from arteriovenous malformations (AVMs). The drug therapy used is aimed at controlling symptoms, preventing complications, and improving the patient's quality of life. The specific drugs used depend on the severity and type of symptoms and the organ systems affected.
1. DRUGS FOR MANAGING EPISTAXIS (NOSEBLEEDS)
Epistaxis (recurrent nosebleeds) is one of the most common and troublesome symptoms of HHT. Several pharmacological approaches are used to manage and prevent bleeding episodes.
A. Topical Therapies
1. Topical Nasal Steroids (Corticosteroids):
· Fluticasone (Flonase) and mometasone (Nasonex) are common nasal corticosteroids used to reduce inflammation and vascularity in the nasal mucosa, which may help reduce the frequency and severity of nosebleeds.
· These steroids help prevent further vascular damage and may reduce the need for other interventions like cauterization or laser therapy [1], [35].
2. Topical Estrogen or Progestin Creams:
· Some studies have suggested that topical estrogen (e.g., estradiol) or progestin (e.g., medroxyprogesterone) applied directly to the nasal passages may help reduce vascular fragility and bleeding tendency in HHT.
· These hormonal treatments might help stabilize the blood vessels in the nasal mucosa [36].
3. Topical Vasoconstrictors:
· Oxymetazoline (Afrin) and other nasal decongestants may temporarily constrict blood vessels in the nasal passages, helping to control acute nosebleeds. However, they should only be used sparingly due to the risk of rebound congestion [37].
B. Oral Medications
1. Hormonal Therapy (Oral Estrogen):
· Estrogen therapy (oral estradiol) is sometimes prescribed for HHT patients, especially in cases of frequent nosebleeds. Estrogen is thought to promote the stabilization of blood vessel walls, potentially reducing the frequency and severity of epistaxis.
· However, this treatment should be carefully monitored, particularly in females, due to potential side effects and risks, such as blood clots [36].
2. Desmopressin (DDAVP):
· Desmopressin (a synthetic analogue of vasopressin) is sometimes used in HHT patients to enhance platelet aggregation, thus reducing the frequency and intensity of bleeding episodes. However, the efficacy of this treatment in HHT is variable and often not the first-line option [38],[39].
2. DRUGS FOR MANAGING IRON DEFICIENCY ANEMIA
Chronic iron deficiency anemia due to repeated bleeding (from epistaxis or gastrointestinal telangiectasias) is a common complication of HHT. Correcting anemia is essential for preventing fatigue and improving overall health.
A. Iron Supplements
1. Oral Iron Supplements:
· Ferrous sulfate, ferrous gluconate, or ferrous fumarate are commonly used oral iron supplements to replenish iron stores and treat iron-deficiency anemia. These are typically taken in combination with vitamin C to enhance iron absorption.Oral iron supplements are usually the first-line treatment for mild to moderate anemia [30].
2. Intravenous (IV) Iron:
· For patients who cannot tolerate oral iron, or those with severe anemia, intravenous iron preparations such as iron sucrose or ferric carboxymaltose may be used. These can rapidly improve iron levels and hemoglobin without gastrointestinal side effects.
· IV iron may also be indicated if the patient has malabsorption issues (e.g., gastrointestinal symptoms, which can interfere with the absorption of oral iron)[40].
B. Erythropoiesis-Stimulating Agents (ESAs)
· In cases of severe anemia, erythropoiesis-stimulating agents such as epoetin alfa or darbepoetin alfa may be considered to stimulate red blood cell production. These agents are typically used when iron supplementation alone is insufficient to manage the anemia [41],[42].
3. DRUGS FOR MANAGING PULMONARY AVMS AND OTHER ARTERIOVENOUS MALFORMATIONS (AVMS)
Pulmonary AVMs and AVMs in other organs (e.g., liver, brain) can lead to severe complications such as stroke and high-output heart failure. While embolization or surgical resection remains the primary treatment, medications may be used to manage the effects of these AVMs.
A. Drugs to Prevent Stroke and Paradoxical Embolism
1. Aspirin:
· Aspirin may be used for patients with pulmonary AVMs to reduce the risk of stroke caused by paradoxical embolism (when clots bypass the lungs and enter the brain). Low-dose aspirin is often recommended, but its use should be carefully considered, particularly in patients with a bleeding tendency[43],[44].
2. Anticoagulants:
· In some cases, anticoagulants such as warfarin or direct oral anticoagulants (DOACs) (e.g., dabigatran, rivaroxaban) may be used for patients with pulmonary AVMs who have experienced a stroke or are at high risk for embolic events. However, the use of anticoagulants is controversial in HHT due to the risk of bleeding [45].


B. Medications for Heart Failure Due to Hepatic AVMs
1. Diuretics:
· Diuretics like furosemide and spironolactone are used to manage fluid retention and congestion in patients with high-output heart failure due to hepatic AVMs [46],
2. ACE Inhibitors or Angiotensin Receptor Blockers (ARBs):
· In cases of heart failure or hypertension secondary to hepatic AVMs, medications like ACE inhibitors (e.g., lisinopril) or ARBs (e.g., losartan) may be used to reduce blood pressure and prevent further strain on the heart [47].
4. DRUGS FOR PREVENTING GASTROINTESTINAL BLEEDING:
 Proton Pump Inhibitors (PPIs) and H2 Antagonists
· For gastric telangiectasias, which may lead to gastrointestinal bleeding, proton pump inhibitors (PPIs) like omeprazole or esomeprazole may be used to reduce stomach acid and prevent further irritation of the gastric mucosa.H2 blockers like ranitidine or famotidine can also be used to reduce acid secretion, though PPIs are typically more effective [48],[49].
5. ANTIFIBROTIC AGENTS AND OTHER EXPERIMENTAL TREATMENTS:
Although not yet standard in clinical practice for HHT, there is growing interest in using antifibrotic agents and other targeted therapies to treat vascular abnormalities.
 Sirolimus (Rapamycin):
· Sirolimus is an immunosuppressant drug that has shown some promise in clinical studies as a potential treatment for vascular malformations. Sirolimus works by inhibiting vascular endothelial growth factor (VEGF), which plays a role in the development of new blood vessels. While more research is needed, sirolimus may help reduce the progression of vascular malformations in HHT[50].
· Bevacizumab is a vascular endothelial growth factor (VEGF) inhibitor and is used to reduce epistaxis, telangiectasis, and iron deficiency anemia in HHT. It would be very useful for readers to mention this patient who developed hepatic encephalopathy due to diffuse telangiectasis of the skin and tongue and hemorrhages due to HHT and whose telangiectasis, anemia, and encephalopathy were alleviated with bevacizumab.[51]


CONCLUSION:
HHT is a complex, genetic vascular disorder requiring a multi-disciplinary approach to diagnosis, management, and treatment. Advances in genetic testing and imaging have improved early detection and the ability to monitor and manage complications, significantly enhancing patient outcomes. Early intervention, regular monitoring, and symptom management are critical for improving quality of life and preventing severe complications.
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