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Abstract 

Hereditary hemorrhagic telangiectasia (HHT) is a rare autosomal dominant disorder characterized by vascular 

dysplasia. Research in the field of genetics and regulation of angiogenesis has made a significant contribution 

to understanding the etiology and pathogenesis of HHT. Screening examination for HHT includes: physical 

examination, determination of hemoglobin and ferritin levels in the blood, radiology and endoscopic methods 

- the choice of method depends on the area of the suspected lesion. Treatment of HHT requires a 

multidisciplinary approach. 

A clinical case of a 69-year-old patient who was diagnosed with Rendu-Osler-Weber disease for 15 years is 

presented. No surgical interventions were performed during this time, dynamic observation was carried out. 

Currently, she noted an attack of pain in the right hypochondrium radiating to the back. The examination 

revealed the following changes: Arteriovenous malformations (AVMs) of the liver (Rendu-Osler-Weber 

disease). Variant of development of the celiac-mesenteric basin. Aneurysms of the common hepatic and splenic 

arteries. Thrombosis of the superior mesenteric vein. Hypervascular areas in the tail of the pancreas should be 

differentiated between the bypass zone and neuroendocrine tumors. Signs of liver cirrhosis. 

Hepatosplenomegaly. Portal hypertension. Moderate intrahepatic biliary hypertension. Varicose veins of the 

esophagus, abdominal cavity and small pelvis. Spleen hemangioma. Lateral abdominal hernia. Diverticulosis 

of the colon. Compression atelectasis of the basal segments of both lungs. Cardiomegaly. 

The following treatment tactics were determined. The first stage is endovascular occlusion of arteriovenous 

intrahepatic aneurysms, the second stage is surgical treatment for hepatic artery aneurysm. Celiacography, 

superior mesentericography, endovascular occlusion of the branches of the phrenic artery and the right and 

left hepatic arteries were performed. Control angiograms showed that the blood flow in the left and right hepatic 

arteries was slow, all hepatic arteries were contrasted in the antegrade direction. Control echocardiography 

showed positive dynamics. The sizes of the heart cavities and the pulmonary artery trunk decreased. The patient 

was discharged in a satisfactory condition. A follow-up examination at the Center's outpatient clinic in 3 months 

to decide on a repeat session of the endovascular occlusion. 

The tactics of treating liver AVMs, unlike AVMs of other organs, remains insufficiently defined. A radical 

method of treating liver AVMs is liver transplantation, but it is associated with a shortage of donor organs. 

Endovascular occlusion of AVMs seems to be a promising and pathogenetically justified method of treating 

liver AVMs, but requires further multicenter studies. 

Keywords: Rendu-Osler-Weber disease, hereditary hemorrhagic telangiectasia, arteriovenous malformations 

(AVMs) of the liver, hepatic artery aneurysm, diagnostics, treatment, endovascular occlusion, literature review. 
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1. INTRODUCTION 

Rendu-Osler disease (Rendu-Osler-Weber), 

Osler syndrome, familial hereditary 

telangiectasia, hereditary hemorrhagic 

telangiectasia (HHT), hemorrhagic 

angiomatosis is a rare familial hereditary 

disease, which is based on the inferiority of the 

vascular endothelium, as a result of which 

multiple angiomas and telangiectasias (vascular 

anomalies) are formed in different areas of the 

skin and mucous membranes of the lips, mouth, 

and internal organs, which bleed [1-4]. It is 

named after Sir William Osler, Henri Jules Louis 

Marie Rendu and Frederick Parkes Weber, who 

described it in the late 19th - early 20th centuries [5]. 

Several 19th-century English physicians, 

beginning with Henry Gawen Sutton (1836–

1891) [6], then Benjamin Guy Babington (1794–

1866) [7] and John Wickham Legg (1843–1921) 

[8, 9], described the most common features of 

HHT, particularly recurrent epistaxis and the 

hereditary nature of the disease. The French 

physician Henri Jules Louis Marie Rendu (1844–

1902) observed lesions of the skin and mucous 

membranes and distinguished the condition from 

haemophilia [10]. Canadian-born Sir William 

Osler (1849–1919), then at Johns Hopkins 

Hospital and then at Oxford University, made an 

additional contribution with a 1901 report in 

which he described the characteristic lesions of 

the alimentary tract [11]. The English physician 

Frederick Parkes Weber (1863–1962) reported 

this disease in a series of cases in 1907 [12]. The 

term "hereditary hemorrhagic telangiectasia" was 

first used by the American physician Frederick 

M. Haynes (1883–1946) in a 1909 article about 

this disease [13]. 

Studies of populations from many regions of the 

world have shown that HHT occurs at roughly 

the same frequency in almost all populations: 

somewhere between 1 in 5,000 and 8,000 [2, 14]. 

In some regions, it is much more common; for 

example, in the French region of Haut Jura, the 

rate is 1 in 2,351 – twice as common as in other 

populations. This is explained by a founder 

effect, in which a population descended from a 

small number of ancestors has high levels of a 

particular genetic trait because one of those 

ancestors had that trait.[15] In the Haut Jura, this 

has been shown to result from a specific 

ACVRL1 mutation (called c.1112dupG or 

c.1112_1113insG). [16] The highest incidence of 

HHT is 1:1331, reported in Bonaire and Curaçao, 

two Caribbean islands in the Netherlands Antilles 

[2]. 

HHT is a genetic disorder with an autosomal 

dominant inheritance pattern. People with 

symptoms of HHT who have no relatives with the 

disorder may have a new mutation [17]. 

Homozygosity is fatal in utero [18]. Five genetic 

types of HHT have been proven. Of these, three 

are associated with specific genes, and the 

remaining two are currently associated only with 

a specific locus. More than 80% of all cases of 

HHT are associated with mutations in ENG or 

ACVRL1 [2]. In total, more than 600 different 

mutations are known. It is likely that one type or 

another predominates in certain populations, but 

the data are contradictory. As already mentioned, 

the leading role in the pathogenesis of HHT is 

played by anatomical and functional changes in 

the vessels - dysplasia of the vascular wall, its 

thinning with a tendency to recurrent bleeding. In 

the overwhelming majority of cases, the wall of 

small vessels consists of only endothelium. In 

this regard, even minor mechanical and thermal 

damage can disrupt its integrity and lead to 

profuse bleeding [19]. As a result of mutation of 

the gene encoding the endothelial cell protein 

endoglin, the transforming growth factor β is 

bound. This leads to a defect in the muscular and 

elastic layers of the vessels, destruction of 

contacts between endothelial cells, dilation and 

fragility of the capillaries, and loss of the 

supporting properties of the vessels [20-22]. As a 

result, multiple saccular dilations of the capillary 

vessels appear in the upper layers of the mucous 

membrane (or dermis), the walls of which consist 

of only endothelium and are surrounded by loose 

connective tissue [1-23]. 

Telangiectasias (small vascular malformations) 

can occur on the skin and mucous membranes of 

the nose and gastrointestinal tract. The most 

common problem is nosebleeds, which often 

occur in childhood and occur in about 90–95% of 

people with HHT. Lesions on the skin and mouth 

are less likely to bleed but may be considered 

cosmetically unsightly; they affect about 80% of 

patients. Skin lesions typically occur on the lips, 

nose, and fingers, as well as on the skin of the 

face in sun-exposed areas. They appear suddenly 

and increase in number over time [4, 16–18]. 

Gastrointestinal bleeding is the most common 

symptom after epistaxis; it occurs in about 13–

30% of patients with HHT and most often begins 

after age 50 [24]. There are numerous case 

reports and case series published in the literature 

describing patients with overt or occult 

gastrointestinal bleeding, however, there are still 

no specific data regarding the occurrence of 

gastrointestinal bleeding associated with HHT 
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[25, 26]. The article by C. Canzonieri et al. 

describes a cohort of 22 patients with HHT who 

underwent gastroduodenoscopy, capsule 

endoscopy and colonoscopy. The aim of the 

study was to evaluate the distribution, number, 

size and type of telangiectasias depending on the 

HHT genotype (ENG or ACVRL1 mutation). 

They showed that gastrointestinal lesions in 

patients with HHT are more common in the 

duodenum [27]. M. Ingrosso et al. performed 

gastroscopy and capsule endoscopy in patients 

with HHT and found telangiectasia of the small 

intestine in 56% of patients [25]. Currently, most 

of the data accumulated in the literature are 

clinical casdes or case series. To date, no large 

multicenter randomized trials have been 

conducted on the treatment of this special group. 

Gastrointestinal bleeding is rarely significant 

enough to be noticed (as hematemesis or black 

stools), more often the vascular lesions bleed 

intermittently, but this may eventually lead to 

depletion of iron stores in the body, leading to 

iron deficiency anemia [4, 16-18]. 

Arteriovenous malformations (AVMs, larger 

vascular malformations) occur in large organs, 

predominantly the lungs (pulmonary AVMs) 

(50%), liver (30-70%) and brain (cerebral 

AVMs, 10%), and rarely (<1%) AVMs in the 

spinal cord [4, 16-18]. 

Many patients with diagnosed or undiagnosed 

HHT may have anemia without evidence of overt 

bleeding, and in these cases other sites of 

bleeding such as the gastrointestinal tract should 

be sought. Other manifestations, again in 

diagnosed or undiagnosed HHT, may result from 

hepatic AVMs with clinical manifestations of 

portal hypertension, splenomegaly, ascites, and 

encephalopathy. For these reasons, the role of the 

gastroenterologist is very important in the 

management of patients with HHT [28]. 

A very small proportion of patients (those with 

SMAD4 (MADH4) mutations) have multiple 

benign polyps in the colon, which may bleed or 

progress to colorectal cancer. An equally small 

proportion have pulmonary hypertension, a 

condition in which the pressure in the pulmonary 

arteries increases, putting pressure on the right 

side of the heart and causing peripheral edema 

(swelling of the legs), fainting, and attacks of 

chest pain. It has been noted that the risk of 

thrombosis (especially venous thrombosis in the 

form of deep vein thrombosis or pulmonary 

embolism) may be increased. It is suspected that 

people with HHT may have mild 

immunodeficiency and therefore be at slightly 

increased risk of infections [18]. 

Guidelines have been developed for the 

diagnosis, screening, and treatment of people 

living with HHT. The initial guidelines were 

published in 2011 and covered the diagnosis of 

HHT, nosebleeds, cerebral vascular 

malformations, pulmonary AVMs, 

gastrointestinal bleeding, and hepatic vascular 

malformations [4]. The second edition of these 

principles was published in 2020 with updated 

data on epistaxis, gastrointestinal bleeding, and 

hepatic vascular malformations, as well as new 

guidelines on anemia and anticoagulation, 

pediatrics, pregnancy, and childbirth [17]. 

Accordance to the international 

recommendations, as well as the result of the 

analysis of the largest HHT cases series, 

examination of patients with suspected HHT 

includes the following diagnostic methods: 

physical examination, determination of the level 

of hemoglobin, blood ferritin, radiology methods 

of examination - the choice of method depends 

on the area of the suspected lesion 

(echocardiography and ultrasound duplex 

scanning of the liver, MSCT of the lungs, MRI of 

the brain), endoscopic methods 

(esophagogastroduodenoscopy, nasopharyngeal 

endoscopy or laryngoscopy, capsule endoscopy). 

The use of genetic diagnostic methods is 

indicated in children with no clinical 

manifestations of the disease if the parents have 

HHT [29]. 

Diagnostic tests can be performed for various 

reasons. Some tests are needed to confirm or 

refute the diagnosis. Others - to identify possible 

complications [4]. 

Due to the rarity of HHT in general and liver 

damage, we present a clinical case of a 69-year-

old woman, who was treated at A.V. Vishnevsky 

National Medical Research Center of Surgery 

with a diagnosis of Rendu-Osler-Weber disease 

and the presence of AVMs of the visceral vessels. 

Complaints: moderate pain in the right 

hypochondrium. 

2. ANAMNESIS 

Rendu-Osler-Weber disease was diagnosed 

about 15 years ago. No surgical interventions 

were performed during this time, dynamic 

observation was carried out. In March, she noted 

an attack of pain in the right hypochondrium 

radiating to the back. She was hospitalized. An 

ultrasound scan revealed an aneurysm of the right 

hepatic artery. A course of therapy with 
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antispasmodics was administered, after the attack 

was relieved, she was discharged. 

Esophagogastroscopy: varicose veins of the 

esophagus stage 1-2, chronic gastritis, 

duodenitis. 

After 3 months, an outpatient examination was 

performed at A.V. Vishnevsky National Medical 

Research Center of Surgery. 

3. MSCT 

Free fluid in the abdominal cavity is not detected. 

A minimal amount of delimited fluid is traced 

along the posterior surface of the spleen. 

The liver is enlarged, measuring 20.6 x 12.6 x 

15.5 cm, with a density of 57 HU, and with 

distinct tuberous contours. Hypertrophy of 

segments I, II, and IV of the liver is noted. When 

contrasting in the arterial phase, diffuse 

heterogeneous enhancement of the parenchyma 

is noted, against which multiple tortuous dilated 

vessels are contrasted. Arteriovenous shunts are 

determined in the liver between the portal vein 

system and the hepatic arteries (Fig. 1 a, b). The 

changes are more pronounced in the right lobe. In 

the delayed phase, the parenchyma is contrasted 

uniformly, the vessels are isodense to the 

parenchyma. The portal vein is dilated to 20 mm. 

In the superior mesenteric vein, a parietal 

thrombus is determined over a length of 40 mm 

to the level of confluence with the splenic vein 

(Fig. 1c). Splenic vein up to 13 mm in diameter. 

Varicose tortuous veins up to 14 mm in diameter 

are found in the abdominal cavity, along the 

posterior wall of the esophagus, in the pelvic 

cavity. The inferior vena cava is intact. 

The superior mesenteric artery (SMA) is dilated 

to 13 mm. The celiac trunk is represented by the 

left gastric, splenic and gastroduodenal arteries 

GDA. The common hepatic artery departs from 

the superior mesenteric artery at a distance of 40 

mm from the orifice of SMA, with a diameter of 

12 mm. At a distance of 11 mm from the orifice 

of the common hepatic artery (CHA), an 

aneurysm is determined (Fig. 2), measuring 

63x54 mm, walls up to 3 mm, adjacent tissue is 

compacted, distally the lumen of the CHA is 17 

mm in diameter. 

Intrahepatic bile ducts with a diameter of up to 4 

mm, common bile duct up to 10 mm. The 

transverse size of the gallbladder is 37 mm, a 

kink is determined in the neck area. The walls are 

not thickened, the contents are homogeneous. 

The splenic artery is up to 9 mm in diameter; in 

the distal part of the splenic artery, two 

aneurysms with calcified walls are determined: 

proximally, a fusiform aneurysm up to 17 mm in 

diameter (Fig. 3a) and distally, a saccular 

aneurysm 10 mm in diameter (Fig. 3b). 

The spleen has smooth, clear contours, is 

enlarged, and measures 133x70x190 mm. 

Contrast parameters are normal. On the medial 

surface at the level of the sinus, a round 

hypodense lesion with a density of 30 HU, 13 

mm in diameter, is determined in the splenic 

parenchyma, centripetally accumulating the 

contrast agent more in the delayed phase. The 

spleen somewhat compresses the left kidney. The 

pancreas is correctly located, the head is 

somewhat compressed by an aneurysm of the 

inferior pancreaticoduodenal artery. Dimensions: 

head 20 mm, body 17 mm, tail 11 mm, density is 

unchanged: 51 HU in the native phase. The 

contours of the gland are clear and uneven. In the 

arterial and venous phases, hypervascular areas 

measuring 11x6 mm and 2 mm are determined in 

the tail of the pancreas (Fig. 4). In the delayed 

phase, the density of these areas is similar to the 

density of the pancreatic parenchyma. The 

pancreatic duct is not dilated. The parapancreatic 

tissue is not infiltrated. The parapancreatic lymph 

nodes are not enlarged. 

The adrenal glands are usually located, 

unchanged. The kidneys are of normal shape, 

size, location, the contours are clear, smooth. 

Radiopaque stones are not determined. The 

calyceal-pelvic system, the upper sections of the 

ureters are not dilated. The excretory phase is 

unchanged. 

Along the left lateral surface, there is a 

divergence of the abdominal wall muscles, the 

width of the hernial orifice is 42 mm. The 

contents of the hernial sac are fatty tissue and 

varicose veins. 

In the walls of the large intestine, diverticula up 

to 10 mm in diameter are determined along the 

entire length. 

On the scans included in the study area, 

compression of the posterobasal segments of 

both lungs is noted (more on the left). 

Calcifications are detected against the 

background of hypoventilation zones and in the 

bronchial walls. The heart is significantly 

enlarged (CTI=0.67) (Fig. 5). 

Conclusion. AVMs of the liver (Rendu-Osler-

Weber disease). Variant of the celiac-mesenteric 

basin. Aneurysms of the common hepatic and 

splenic arteries. Thrombosis of the superior 

mesenteric vein. Hypervascular areas in the tail 
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of the pancreas should be differentiated between 

the bypass zone and neuroendocrine tumors. 

Signs of liver cirrhosis. Hepatosplenomegaly. 

Portal hypertension. Moderate intrahepatic 

biliary hypertension. Varicose veins of the 

esophagus, abdomen and pelvis. Hemangioma of 

the spleen. Lateral abdominal hernia. 

Diverticulosis of the colon. Compression 

atelectasis of the basal segments of both lungs. 

Cardiomegaly. 

4. ECHOCARDIOGRAPHY 

Increased size of all heart cavities. Left 

ventricular myocardial hypertrophy. Impaired 

diastolic function of the left ventricle, type 1. 

Aneurysmal dilation of the trunk and branches of 

the pulmonary artery. Slightly increased pressure 

gradient on the mitral valve due to remodeling of 

the left cavities. No blood shunts. Minor mitral, 

aortic and tricuspid regurgitation. Contractile 

function of the left ventricle is moderately 

reduced. No data on pulmonary hypertension. 

The patient was hospitalized at A.V. Vishnevsky 

National Medical Research Center of Surgery for 

further examination and treatment. 

Anamnesis of life: bronchial asthma since 30 

years of age (?). 

5. ULTRASOUND WITH DUPLEX SCANNING 

 Free fluid in the abdominal cavity is not 

detected. 

The liver is enlarged in size: the size of the right 

lobe is 170x165 mm, the left lobe is 120x96 mm. 

The contours of the liver are smooth, clear, the 

parenchyma is of increased echogenicity, 

heterogeneous structure. The vascular pattern of 

the liver is changed, the branches of the portal 

vein and hepatic artery at all levels are dilated, 

tortuous, multiple small cystic cavities are 

determined - arteriovenous shunts (Fig. 6). 

Against this background, data on the presence of 

additional focal changes in the liver parenchyma 

were not obtained. 

In the projection of the liver hilum, there is an 

aneurysm of the common hepatic artery 

measuring up to 70 mm. 

In the projection of the confluence, a parietal 

thrombus (Fig. 7) up to 12 mm thick is 

determined in the lumen of the vein, the passable 

lumen is up to 7 mm. 

Intra- and extrahepatic bile ducts are not dilated, 

the hepaticocholedoch is 5.7 mm in diameter, the 

lumen is free. The gallbladder is enlarged, its 

dimensions are 78x34 mm, the walls are 1.2 mm, 

the contents are homogeneous. 

The pancreas is not enlarged in size: the head is 

20 mm, the body is 14 mm, the tail is 21 mm. The 

contours of the gland are smooth and clear, the 

parenchyma is of increased echogenicity, the 

structure is homogeneous. The pancreatic duct is 

not dilated. 

The spleen is not enlarged, measuring 146 x 48 

mm, S = 72 cm2, contours are smooth, clear, the 

structure of the parenchyma is heterogeneous due 

to the presence of a rounded lesion of slightly 

reduced echogenicity in the gate, measuring mm, 

blood flow in the structure is not localized (most 

likely due to the insignificant size of the lesion). 

Conclusion. Ultrasound signs of multiple AVMs 

of the liver (Rendu-Osler-Weber disease), portal 

hypertension, mural thrombosis in the projection 

of the portal vein confluence. 

Duplex scanning of the brachiocephalic arteries 

Conclusion. Bilateral deformation of the 

anatomical course of the ICA. 

Duplex scanning of the arteries of the lower 

extremities  

Conclusion. Atherosclerosis of the arteries of the 

lower extremities. 

Duplex scanning of the veins of the lower 

extremities 

Conclusion. The examined superficial and deep 

veins of both lower extremities are passable. 

Based on the examination data, a consultation 

was held. The patient has Rendu-Osler-Weber 

disease with multiple intrahepatic portoarterial 

fistulas, a large aneurysm of the hepatic artery 

(branching from the SMA). Cardiomegaly with 

dilation of the right and left cavities of the heart 

(the cause of which is arteriovenous intrahepatic 

shunting of blood). There are no signs of 

pulmonary hypertension. The patient requires the 

first stage of endovascular occlusion of 

arteriovenous intrahepatic aneurysms, the second 

stage is surgical treatment for the hepatic artery 

aneurysm. The identified hypervascular areas in 

the tail of the pancreas should be differentiated 

between the bypass zone and neuroendocrine 

tumors (most likely AV-shunts), dynamic 

observation is advisable. Previously diagnosed 

bronchial asthma may be (?) a manifestation of 

pulmonary hypertension. 

The Patient Underwent Surgery: 

Celiacography, Superior Mesentericography, 

Endovascular Occlusion of the Branches of 

the Phrenic Artery and the Right and Left 

Hepatic Arteries 

Under combined anesthesia, the left brachial 

artery was punctured and catheterized, a TR 5F 
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introducer was installed, angiography of the 

celiac trunk and superior mesenteric artery was 

performed using a 0.035” hydrophilic guidewire 

and a 5F multipurpose catheter. A 5F 

multipurpose catheter was inserted alternately 

through the phrenic artery, then into the hepatic 

arteries branching off from the superior 

mesenteric artery. Angiography was performed. 

endovascular occlusion of the afferent branches 

was performed using cylindrical emboli of 0.6 

mm - 3 fl. (90 pcs.) and 0.75 mm - 2 fl. (60 pcs.), 

as well as spherical emboli Contour (PVA) 1000-

1180 microns - 3 bottles and Contour (PVA) 710-

1000 microns - 2 bottles. 

During the endovascular occlusion, the patient 

complained of difficulty breathing, after which 

verbal contact was not available - intensive 

therapy was started, it was decided to complete 

the intervention. Control angiography was 

performed. Catheters and introducer were 

removed. Hemostasis with the TR-Band device. 

On the angiograms, the celiac trunk (CT) has 

uneven contours, homogeneous contrast, the 

branches of the celiac trunk are dilated. The CT 

is divided into the splenic and GDA. The proper 

hepatic artery originates from SMA, is dilated to 

2.5 cm, tortuous, and divides into the left and 

right hepatic arteries. The branches of the left and 

right hepatic arteries are highly tortuous and 

dilated. At a distance of 1 cm from the mouth of 

the proper hepatic artery, an aneurysm with a 

diameter of up to 7 cm is determined; distal to the 

aneurysm, the artery can be traced with a 

diameter of up to 2 cm. In the projection of the 

left and right lobes of the liver, hypervascular 

lesions with a discharge of contrast into the portal 

vein for 2-3 sec are determined (Fig. 8a). The 

lesions are also contrasted from the 

diaphragmatic arteries and overflows from the 

GDA basin (Fig. 8b). On control angiograms, the 

blood flow in the left and right hepatic arteries is 

slowed (Fig. 9), all hepatic arteries are contrasted 

in the antegrade direction. There are no signs of 

intimal dissection and distal embolism. SMA and 

its branches have smooth contours and are 

contrasted homogeneously. 

Conclusion. AVMs of the liver. Direct 

arteriovenous fistulas of the hepatic arteries. 

Condition after endovascular occlusion of the 

right and left hepatic arteries branches. 

Intraoperatively, transient loss of consciousness 

and hemodynamic instability were noted, due to 

which the patient was transferred to the intensive 

care unit. Consciousness was restored on its own 

against the background of non-invasive 

ventilation. According to control studies, no data 

for pulmonary embolism were found. 

The further course of the postoperative period is 

uneventful. 

Control Echocardiography showed positive 

dynamics. The sizes of the heart cavities and the 

pulmonary artery trunk have decreased. Left 

ventricular myocardial hypertrophy. There are no 

local contractility disorders. Hemodynamically 

insignificant transvalvular regurgitations. 

Pulmonary hypertension of 1-2 degrees. No 

blood shunts. The contractile function of the left 

ventricle is normal. 

Laboratory parameters are within normal limits. 

The patient is discharged from the department in 

satisfactory condition for outpatient observation 

(surgeon, gastroenterologist, cardiologist). 

Follow-up examination at the Center's outpatient 

clinic in 3 months to decide on a repeat session 

of the endovascular occlusion. 

6. DISCUSSION  

The most common symptom of HHT is recurrent 

nosebleeds, which often lead to severe anemia. 

Laboratory examination does not reveal any 

changes in blood coagulation parameters, 

platelets, clot retraction, or bleeding time [30, 

31]. The first symptoms of the disease may 

appear during the first 12 months after birth, but 

the manifestation of the disease can occur at any 

age [23, 32]. Among patients who have reached 

the age of 16, signs of the disease appear in 71%, 

and among individuals aged 40 years - in more 

than 90% of patients [33]. The diagnosis of HHT 

remained clinical until a research group at Duke 

University Medical Center identified the genetic 

defects causing the pathology in 1994 and 1996, 

respectively [34, 35]. In 2000, the International 

Scientific Advisory Committee on the Treatment 

of HHT, formerly known as the HHT Foundation 

International, published the currently widely 

used Curaçao criteria [30]. 

No studies have been conducted to assess the 

sensitivity and specificity of the Curasao criteria, 

but experts believe that they have a greater 

diagnostic value than genetic testing. The use of 

genetic diagnostic methods is indicated in 

children with no clinical manifestations of the 

disease if their parents have HHT [29]. 

The diagnosis can be made depending on the 

presence of four criteria from the Curaçao criteria 

[30]. If three or four criteria are met, the patient 

has "definite HHT", and two give "possible 

HHT", less than two criteria - "doubtful HHT": 
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 recurrent spontaneous nosebleeds; 

 multiple telangiectasias on the skin and 

mucous membranes; 

 arteriovenous aneurysms of internal organs 

(lungs, brain and spinal cord, liver, 

gastrointestinal tract); 

 the presence of a first-degree relative who 

meets the first three criteria. 

Despite the "possible" designation, someone with 

a visceral AVMs and a family history but no 

nosebleeds or telangiectasias is still highly likely 

to have HHT, as these AVMs are very rare in the 

general population. However, the same cannot be 

said for nosebleeds and rare telangiectasias, 

which occur in people without HHT in the 

absence of an AVMs. Over the course of one's 

life, one's diagnostic status may change, as young 

children may not yet exhibit all the symptoms; at 

age 16, thirteen percent are still uncertain, while 

at age 60, the vast majority (99%) have a definite 

diagnostic classification. Thus, children of 

patients with confirmed HHT may be labeled 

"possible HHT", as up to 50% may develop HHT 

during their lifetime [36]. Treatment of HHT is 

symptomatic (treats symptoms, not the disease 

itself), since there is no therapy that would 

directly stop the development of telangiectasias 

and AVMs. In the treatment of HHT, two main 

principles are followed. 

 control of local and general symptoms 

(bleeding of various localizations and their 

consequences); 

 prevention of complications associated with 

the presence of AVMs in various organs. 

Treatment of HHT requires an interdisciplinary 

approach involving a hematologist, 

otolaryngologist, pulmonologist, interventional 

surgeon, neurologist, neurosurgeon, geneticist, 

cardiologist. 

With the discovery of the genetic basis of HHT, 

the attention of researchers focused on drug 

therapy aimed at angiogenesis. Bevacizumab is 

one of such drugs. It inhibits the biological 

activity of vascular endothelial growth factor 

(VEGF) and is currently used as a 

chemotherapeutic drug [37]. However, despite 

the ongoing research in the field of conservative 

treatment of the disease, preference is currently 

given to surgical methods of treatment, including 

minimally invasive ones. 

In the above clinical case, the patient's liver was 

predominantly affected. In case of liver damage, 

the differential diagnosis of HHT should be made 

with telangiectasias in cirrhosis, as well as with 

hemophilia, thrombocytopenic purpura, and 

diffuse angiokeratoma of the Fabry trunk. 

Currently, there is no effective therapy for HHT 

manifestations in the liver. According to a 

number of authors, the indication for transarterial 

embolization of AVMs is a combination of liver 

AVMs with severe heart failure. According to 

international recommendations, AVMs 

embolization is performed in the presence of 

contraindications to liver transplantation and is 

associated with a high level of postoperative 

complications and mortality. However, 

according to A. Chavan et al., mortality after liver 

AVMs embolization is comparable to mortality 

after liver transplantation, but is associated with 

fewer complications [38-40]. A radical method 

of treating hepatic AVMs is liver transplantation, 

and the main indications for it are severe heart 

failure, biliary ischemia, portal hypertension, and 

lack of effect from embolization. Postoperative 

mortality is 10% [41-43]. 

According to Z.-C. Liu et al., ligation of the 

common hepatic artery and/or one of its branches 

provides correction of symptoms of heart failure 

and portal hypertension and improves the quality 

of life of patients. Indications for ligation of the 

hepatic artery are resistant heart failure (stages 

III-IV according to NYHA) and portal 

hypertension with ascites and/or bleeding from 

esophageal varices in patients with a dilated 

hepatic artery or its aneurysm with preserved 

liver function. However, these are data from a 

single-center retrospective study with a limited 

number of patients [44]. 

In our clinical case, in connection with multiple 

lesions of the liver vessels (both intra- and 

extrahepatic) and pronounced dilation of the 

heart cavities caused by arteriovenous 

intrahepatic blood flow in the liver, a decision 

was made to perform staged endovascular 

treatment. 

7. CONCLUSION  

HHT is a rare autosomal dominant disorder 

characterized by vascular dysplasia. Research in 

the field of genetics and regulation of 

angiogenesis has made a significant contribution 

to understanding the etiology and pathogenesis of 

HHT. Screening examination for HHT includes: 

physical examination, determination of 

hemoglobin and ferritin levels in the blood, 

radiology and endoscopic methods - the choice of 

method depends on the area of the suspected 

lesion. Treatment of HHT requires a 
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multidisciplinary approach. The tactics of 

treating liver AVMs, unlike AVMs of other 

organs, remains poorly defined. A radical method 

of treating liver AVMs is liver transplantation, 

but it is associated with a shortage of donor 

organs. Endovascular occlusion of AVMs seems 

to be a promising and pathogenetically justified 

method of treating liver AVMs, but requires 

further multicenter studies. 

a  b  

c  

Fig 1. MSCT images, arterial phase: a, b - arteriovenous shunts between the portal vein system and hepatic 

arteries at different levels; c - a mural thrombus is determined in the superior mesenteric vein (indicated by the arrow) 

 

Figure 2. MSCT image of a common hepatic artery aneurysm 

a  b 

Figure 3. MSCT images of splenic artery aneurysms (indicated by arrows): a - fusiform, b – saccular 
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a  b  
Figure 4. MSCT image of a hypervascular area in the pancreas tail (indicated by an arrow): a – arterial phase, 

b – venous phase 

 

Figure 5. MSCT image of an enlarged heart 

а  б  

в  

Figure 6. Ultrasound images of the liver in Color Doppler Imaging: a – left branch of the portal vein with 

multiple AV-shunts; b – right branch of the portal vein with multiple AV-shunts; c – AV-shunts on the liver periphery 

 

Figure 7. Ultrasound image of a mural thrombus in the superior mesenteric vein (indicated by the arrow) in 

Color Doppler Imaging 
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а  б  

Figure 8. Selective angiograms before endovascular occlusion: a - afferent branches of the GDA to the liver with 

AV-shunt; b - afferent branches from the phrenic artery with direct AV-shunt 

а  б  

Figure 9. Selective angiograms after endovascular occlusion: a - diaphragmatic artery; b - SMA, blood flow 

through the left and right hepatic arteries is slowed, significant decrease in AV-shunt 

REFERENCES 

[1] Kalamkaryan A.A., Mordovtsev V.N., 

Trofimova L.Ya. Clinical dermatology. Rare 

and atypical dermatoses. - Yerevan: Hay 

ASTAN, 1989; 456 p. 

[2] Abdalla S.A., Letarte M. Hereditary 

haemorrhagic telangiectasia: current views on 

genetics and mechanisms of disease. Med Genet. 

2006 Feb; 43(2): 97-110. doi: 10.1136/jmg. 

2005.030833. 

[3] Buscarini E., Plauchu H., Garcia Tsao G., White 

R.I. Jr, Sabbà C., Miller F., Saurin J.C., Pelage 

J.P., Lesca G., Marion M.J., Perna A., Faughnan 

M.E. Liver involvement in hereditary 

hemorrhagic telangiectasia: consensus 

recommendations. Liver Int. 2006 Nov; 26(9): 

1040–1046. doi: 10.1111/j.1478-3231.2006. 

01340.x 

[4] Faughnan M.E., Palda V.A., Garcia-Tsao G., 

Geisthoff U.W., McDonald J., Proctor D.D., 

Spears J., Brown D.H., Buscarini E., Chesnutt 

M.S., Cottin V., Ganguly A., Gossage J.R., 

Guttmacher A.E., Hyland R.H., Kennedy S.J., 

Korzenik J., Mager J.J., Ozanne A.P., Piccirillo 

J.F., Picus D., Plauchu H., Porteous M.E., 

Pyeritz R.E., Ross D.A., Sabba C., Swanson K., 

Terry P., Wallace M.C., Westermann C.J., 

White R.I., Young L.H., Zarrabeitia R.; HHT 

Foundation International - Guidelines Working 

Group. International guidelines for the diagnosis 

and management of hereditary haemorrhagic 

telangiectasia. J Med Genet. 2011 Feb; 48(2): 

73-87. doi: 10.1136/jmg.2009.069013. 

[5] Fuchizaki U., Miyamori H., Kitagawa S., 

Kaneko S., Kobayashi K. Hereditary 

haemorrhagic telangiectasia (Rendu-Osler-

Weber disease). Lancet. 2003 Nov 1; 362(9394): 

1490-1494. doi: 10.1016/S0140-6736(03)1469 6-X. 

[6] Sutton H.G. Epistaxis as an indication of 

impaired nutrition, and of degeneration of the 

vascular system. Med Mirror. 1864; 769–781. 

[7] Russell Reynolds J., Babington B.G. Hereditary 

epistaxis. The Lancet. 1865; 2: 353-362. 

[8] The Royal Medical and Chirurgical Society. 

Med Q Rev. 1835 Jan 1; 3(6): 496-498. 

[9] Legg W. A case of haemophilia complicated 

with multiple naevi. Lancet. 1876; 2(2781): 

856–857. 

[10] Rendu H.J. Épistaxis répétées chez un sujet 

porteur de petits angiomes cutanés et muqueux. 

Gaz. Hop. 1896: 1322–1323. 

[11] Osler W. On a family form of recurring 

epistaxis, associated with multiple 

telangiectases of the skin and mucous 

membranes. Bull. Johns Hopkins Hosp. 1901; 

12: 333–337. 

[12] Weber F.P. Multiple hereditary developmental 

angiomata (telangiectases) of the skin and 

mucous membranes associated with recurring 

haemorrhages. Lancet. 1907; 2(4377): 160–162. 

doi: 10.1016/S0140-6736(00)32590-9. 

https://doi.org/10.1111%2Fj.1478-3231.2006.01340.x
https://doi.org/10.1111%2Fj.1478-3231.2006.01340.x
https://doi.org/10.1111%2Fj.1478-3231.2006.01340.x
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1111%2Fj.1478-3231.2006.01340.x
https://doi.org/10.1111%2Fj.1478-3231.2006.01340.x
https://www.sciencedirect.com/journal/the-lancet
https://zenodo.org/record/1606622
https://zenodo.org/record/1606622
https://zenodo.org/record/1606622
https://zenodo.org/record/1606622
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0140-6736%2800%2932590-9


Rendu-Osler-Weber Syndrome: Literature Review and Clinical Case

 

ARC Journal of Surgery                               Page | 26 

[13] Hanes F.M. Multiple hereditary telangiectasis 

causing hemorrhage (hereditary hemorrhagic 

telangiectasia). Bull. Johns Hopkins Hosp. 1909; 

20: 63–73. 

[14] Kjeldsen AD., Vase P., Green A. Hereditary 

haemorrhagic telangiectasia: a population-based 

study of prevalence and mortality in Danish 

patients. J Intern Med. 1999; 245: 31–39. 

[15] Bideau A., Brunet G., Heyer E., Plauchu H., 

Robert J.M. An abnormal concentration of cases 

of Rendu-Osler disease in the Valserine valley 

of the French Jura: a geneological and 

demographic study. Ann Hum Biol. 1992; 19: 

233–247. 

[16] Dupuis-Girod S., Bailly S., Plauchu H. 

Hereditary hemorrhagic telangiectasia: from 

molecular biology to patient care. J Thromb 

Haemost. 2010 Jul; 8(7): 1447-1456. doi: 

10.1111/j.1538-7836.2010.03860.x. 

[17] Faughnan M.E., Mager J.J., Hetts S.W., Palda 

V.A., Lang-Robertson K., Buscarini E., 

Deslandres E., Kasthuri R.S., Lausman A., 

Poetker D., Ratjen F., Chesnutt M.S., Clancy M., 

Whitehead K.J., Al-Samkari H., Chakinala M., 

Conrad M., Cortes D., Crocione C., Darling J., 

de Gussem E., Derksen C., Dupuis-Girod S., 

Foy P., Geisthoff U., Gossage J.R., Hammill A., 

Heimdal K., Henderson K., Iyer V.N., Kjeldsen 

A.D., Komiyama M., Korenblatt K., McDonald 

J., McMahon J., McWilliams J., Meek M.E., 

Mei-Zahav M., Olitsky S., Palmer S., Pantalone 

R., Piccirillo J.F., Plahn B., Porteous M.E.M., 

Post M.C., Radovanovic I., Rochon P.J., 

Rodriguez-Lopez J., Sabba C., Serra M., Shovlin 

C., Sprecher D., White A.J., Winship I., 

Zarrabeitia R. Second International Guidelines 

for the Diagnosis and Management of 

Hereditary Hemorrhagic Telangiectasia. Ann 

Intern Med. 2020 Dec 15; 173(12): 989-1001. 

doi: 10.7326/M20-1443. 

[18] Govani F.S., Shovlin C.L. Hereditary 

haemorrhagic telangiectasia: a clinical and 

scientific review. Eur J Hum Genet. 2009 Jul; 

17(7): 860-871. doi: 10.1038/ejhg.2009.35. 

[19] Zucco L., Zhang Q., Kuliszewski M.A., Kandic 

I., Faughnan M.E., Stewart D.J., Kutryk M.J. 

Circulating angiogenic cell dysfunction in 

patients with hereditary hemorrhagic 

telangiectasia. PLoS One. 2014; 9(2): e89927. 

[20] Prigoda N.L., Savas S., Abdalla S.A., Piovesan 

B., Rushlow D., Vandezande K., Zhang E., 

Ozcelik H., Gallie B.L., Letarte M. Hereditary 

haemorrhagic telangiectasia: mutation detection, 

test sensitivity and novel mutations. Journal of 

Medical Genetics. 2006; 43(9): 722-728. doi: 

10.1136/jmg.2006.042606 

[21] McDonald J., Bayrak-Toydemir P., DeMille D., 

Wooderchak-Donahue W., Whitehead K. 

Curaçao diagnostic criteria for hereditary 

hemorrhagic telangiectasia is highly predictive 

of a pathogenic variant in ENG or ACVRL1 

(HHT1 and HHT2). Genetics in Medicine. 2020; 

22(7): 1201-1205. doi: 10.1038/s41436-020-

0775-8 

[22] Hammill A.M., Wusik K., Kasthuri R.S. 

Hereditary hemorrhagic telangiectasia (HHT): a 

practical guide to management. Hematology Am 

Soc Hematol Educ Program. 2021 Dec 10; 

2021(1): 469-477. doi: 10.1182/ hematology. 

2021000281. 

[23] Tovmasyan A.S., Mosin V.V., Nosulya E.V., 

Aleksanyan T.A., Kolbanova I.G., Kishinevskiy 

A.E., Danilyuk L.I., Shvedov N.V., 

Arzumanyan A.A., Miroshnichenko S.A. 

Hereditary hemorrhagic telangiectasia (Rendu-

Osler syndrome). Bulletin of Otolaryngology. 

2022; 87(5): 86–91. doi: 10.17116/otorino202 

28705186 

[24] Garg N., Khunger M., Gupta A., Kumar N. 

Optimal management of hereditary hemorrhagic 

telangiectasia. J Blood Med. 2014 Oct 15; 5: 

191-206. doi: 10.2147/JBM.S45295. 

[25] Ingrosso M., Sabbà C., Pisani A., Principi M., 

Gallitelli M., Cirulli A., Francavilla A. Evidence 

of small-bowel involvement in hereditary 

hemorrhagic telangiectasia: a capsule-

endoscopic study. Endoscopy. 2004 Dec; 

36(12): 1074-1079. doi: 10.1055/s-2004-826045 

[26] Boza J.C., Dorn T.V., Oliveira F.B., Bakos R.M. 

Case for diagnosis. Hereditary Hemorrhagic 

Telangiectasia. An Bras Dermatol. 2014 Nov-

Dec; 89(6): 999-1001. doi: 10.1590/abd1806-

4841.20143232. 

[27] Canzonieri C., Centenara L., Ornati F., Pagella 

F., Matti E., Alvisi C., Danesino C., Perego M, 

Olivieri C. Endoscopic evaluation of 

gastrointestinal tract in patients with hereditary 

hemorrhagic telangiectasia and correlation with 

their genotypes. Genet Med. 2014 Jan;16(1): 3-

10. doi: 10.1038/gim.2013.62. 

[28] Tortora A., Riccioni M.E., Gaetani E., Ojetti V., 

Holleran G., Gasbarrini A. Rendu-Osler-Weber 

disease: a gastroenterologist's perspective. 

Orphanet J Rare Dis. 2019 Jun 7; 14(1): 130. doi: 

10.1186/s13023-019-1107-4. 

[29] Morgan T., McDonald J., Anderson C., Ismail 

M., Miller F., Mao R., Madan A., Barnes P., 

Hudgins L., Manning M. Intracranial 

hemorrhage in infants and children with 

hereditary hemorrhagic telangiectasia (Osler—

Weber—Rendu syndrome). Pediatrics. 2002; 

109(1): E12. 

[30] Shovlin C.L., Letarte M. Hereditary 

haemorrhagic telangiectasia and pulmonary 

arteriovenous malformations: issues in clinical 

management and review of pathogenic 

mechanisms. Thorax. 1999; 54(8): 714-729. 

[31] Clinical guidelines for the treatment of bleeding 

from varicose veins of the esophagus and 

stomach. (Adopted at the meeting of the All-

Russian Consensus Conference on the Adoption 

of National Clinical Guidelines "Bleeding of 

https://doi.org/10.1136/jmg.2006.042606
https://doi.org/10.1136/jmg.2006.042606


Rendu-Osler-Weber Syndrome: Literature Review and Clinical Case

 

ARC Journal of Surgery                               Page | 27 

Portal Genesis", June 6, 2014, Voronezh). 

Authors: Russian Society of Surgeons, 

Association of Hepatopancreatobiliary Surgeons 

of the CIS Countries. http://xn----

9sbdbejx7bdduahou3a5d.xn--p1ai/stranica-

pravlenija/unkr/urgentnaja-abdominalnaja-

hirurgija/klinicheskie-rekomendaci-po-

lecheniyu-krovotechenii-iz-varikozno-

rasshirenyh-ven-pischevoda-i-zheludka.html 

Ссылка активна на 25.09.24. 

[32] Komiyama M., Terada A., Ishiguro T., 

Watanabe Y., Nakajima H., Yamada O., 

Morisaki H. Neuroradiological Manifestations 

of Hereditary Hemorrhagic Telangiectasia in 

139 Japanese Patients. Neurol Med Chir 

(Tokyo). 2015; 55(6): 479-486. doi: 10.2176/ 

nmc.oa.2015-0040. 

[33] Cottin V., Dupuis-Girod S., Lesca G., Cordier 

J.F. Pulmonary vascular manifestations of 

hereditary hemorrhagic telangiectasia (Rendu—

Osler disease). Respiration. 2007;74:361-378. 

[34] McAllister K.A., Grogg K.M., Johnson D.W., 

Gallione C.J., Baldwin M.A., Jackson C.E., 

Helmbold E.A., Markel D.S., McKinnon W.C., 

Murrell J., McCormick M.K., Pericak-Vance 

M.A., Heutink P., Oostra B.A., Haitjema T., 

Westerman C.J.J., Porteous M.E., Guttmacher 

A.E., Letarte M., Marchuk D.A. Endoglin, a 

TGF-beta binding protein of endothelial cells, is 

the gene for hereditary haemorrhagic 

telangiectasia type 1. Nat. Genet. 1994 Dec; 

8(4): 345–351. doi: 10.1038/ng1294-345 

[35] Johnson D.W., Berg J.N., Baldwin M.A., 

Gallione C.J., Marondel I., Yoon S.J., Stenzel 

T.T., Speer M., Pericak-Vance M.A., Diamond 

A., Guttmacher A.E., Jackson C.E., Attisano L., 

Kucherlapati R., Porteous M.E., Marchuk D.A. 

Mutations in the activin receptor-like kinase 1 

gene in hereditary haemorrhagic telangiectasia 

type 2. Nat. Genet. 1996 June; 13(2): 189–195. 

doi: 10.1038/ng0696-189 

[36] Danesino C., Cantarini C., Olivieri C. 

Hereditary Hemorrhagic Telangiectasia in 

Pediatric Age: Focus on Genetics and Diagnosis. 

Pediatr Rep. 2023 Feb 10; 15(1): 129-142. doi: 

10.3390/pediatric15010011. 

[37] Dupuis-Girod S., Ginon I., Saurin J.C., Marion 

D., Guillot E., Decullier E., Roux A., Carette 

M.F., Gilbert-Dussardier B., Hatron P.Y., 

Lacombe P., Lorcerie B., Riviere S., Corre R., 

Giraud S., Bailly S., Paintaud G., Ternant D., 

Valette P.J., Plauchu H., Faure F. Bevacizumab 

in patients with hereditary hemorrhagic 

telangiectasia and severe hepatic vascular 

malformations and high cardiac output. JAMA. 

2012; 307: 948–955. doi: 10.1001/jama.2012. 

250. 

[38] Trotter J.F., Suhocki P.V., Lina J.R., Martin 

L.W., Parriah J.L., Swantkowski T. Hereditary 

hemorrhagic telangiectasia causing high output 

cardiac failure: treatment with transcatheter 

embolization. Am J Gastroenterol. 1998; 93(9): 

1569-1571. 

[39] Caselitz M., Wagner S., Chavan A., Gebel M., 

Bleck J.S., Wu A., Schlitt H.J., Galanski M., 

Manns M.P. Clinical outcome of transfemoral 

embolization in patients with arteriovenous 

malformations of the liver in hereditary 

haemorrhagic telangiectasia (Weber-Rendu-

Osler disease). Gut. 1998; 42(1): 123-126. 

[40] Chavan A., Luthe L., Gebel M., Barg-Hock H., 

Seifert H., Raab R., Kirchhoff T., Schmuck B. 

Complications and clinical outcome of hepatic 

artery embolisation in patients with hereditary 

haemorrhagic telangiectasia. European Journal 

of Radiology. 2013; 23(4): 951-957. 

[41] Bauer T., Britton P., Lomas D., Wight D.G., 

Freiend P.J., Alexander G.J. Liver 

transplantation for hepatic arteriovenous 

malformation in hereditary haemorrhagic 

telangiectasia. J Hepatol. 1995; 22(5): 586-590. 

[42] Boillot O., Bianco F., Viale J.P., Mion F., 

Mechet I., Gille D., Delaye J., Paliard P., 

Plauchu H. Liver transplantation resolves the 

hyperdynamic circulation in hereditary 

hemorrhagic telangiectasia with hepatic 

involvement. Gastroenterology. 1999; 116(1): 

187-192. 

[43] Pfitzmann R., Heise M., Langrehr J.M., Jonas S., 

Steinmüller T., Podrabsky P., Ewert R., 

Settmacher U., Neuhaus R., Neuhaus P. Liver 

transplantation for treatment of intrahepatic 

Osler’s disease: first experience. 

Transplantation. 2001; 72(2): 237-241.; Azoulay 

D., Precetti S., Emile J.F., Ichai P., Gillon M.C., 

DuclosVallée J.C., Visda S., Adam R., Castaing 

D., Samuel D., Bismuth H. Liver transplantation 

for intrahepatic Rendu-Osler-Weber’s disease: 

the Paul Brousse hospital experience. 

Gastroenterol Clin Biol. 2002; 26: 828-834. 

[44] Liu Z.C., Lu X.F., Yang H., Liu H.D., Song X., 

Ning S.L., Xu Y.F., Chen Y.X. Clinical 

Outcomes of Patients with Severe Hepatic 

Hereditary Hemorrhagic Telangiectasia After 

Banding of the Hepatic Artery and 

Banding/Ligation of Branches of the Hepatic 

Artery. Eur J Vasc Endovasc Surg. 2016; 51(4): 

594-601. doi:10.1016/j.ejvs.2015.12.020

 

 Citation: Stepanova Yu.A et al. Rendu-Osler-Weber Syndrome: Literature Review and Clinical Case. ARC 

Journal of Surgery. 2024; 10(2):16-27. DOI: https://doi.org/ 10.20431/2455-572X.1002005.. 

Copyright: © 2024 Authors. This is an open-access article distributed under the terms of the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

https://www.nature.com/articles/ng1294-345#auth-M_K_-McCormick-Aff5
https://www.nature.com/articles/ng1294-345#auth-M_A_-Pericak_Vance-Aff6
https://www.nature.com/articles/ng1294-345#auth-P_-Heutink-Aff7
https://www.nature.com/articles/ng1294-345#auth-B_A_-Oostra-Aff7
https://www.nature.com/articles/ng1294-345#auth-T_-Haitjema-Aff8
https://www.nature.com/articles/ng1294-345#auth-C_J_J_-Westerman-Aff8
https://www.nature.com/articles/ng1294-345#auth-M_E_-Porteous-Aff9
https://www.nature.com/articles/ng1294-345#auth-A_E_-Guttmacher-Aff4
https://www.nature.com/articles/ng1294-345#auth-M_-Letarte-Aff10
https://www.nature.com/articles/ng1294-345#auth-D_A_-Marchuk-Aff1
http://repub.eur.nl/pub/57953
http://repub.eur.nl/pub/57953
http://repub.eur.nl/pub/57953
http://repub.eur.nl/pub/57953
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fng1294-345
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fng0696-189

