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【 CASE REPORT 】

Pulmonary Hypertension and Hereditary Hemorrhagic
Telangiectasia Related to an ACVRL1 Mutation
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Abstract:
Pulmonary hypertension and hereditary hemorrhagic telangiectasia (HHT) have an association mediated by

activin A receptor type II-like 1 (ACVRL1) gene pathogenic variants. A 30-year-old woman was previously

admitted to a hospital due to lung hemorrhage, and was diagnosed with pulmonary hypertension, but stopped

follow-up visits. At 48 years of age, she was admitted to our hospital and was diagnosed with HHT. Genetic

testing revealed an ACVRL1 pathogenic variant. After the initiation of pulmonary vasodilator treatment, the

patient’s mean pulmonary artery pressure started to decrease from 43 mmHg, declining to 37 mmHg when

she was 58 years of age. This is the first report describing the 28-year follow-up of an HHT and pulmonary

hypertension patient with an ACVRL1 mutation.
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Introduction

Hereditary hemorrhagic telangiectasia (HHT) is an

autosomal dominant inherited vascular disease that occurs in

approximately 1 in 10,000 people worldwide (1-3); and 85-

95% of cases are caused by pathogenic variants of activin A
receptor type II-like 1 (ACVRL1) and endoglin (ENG) (1, 4).

The ACVRL1 and ENG genes encode members of the trans-

forming growth factor (TGF)-β receptor family, and play

important roles in different cellular processes, including pro-

liferation, migration, and apoptosis (5). HHT is character-

ized by arteriovenous malformation in the lung, liver, and

brain, and recurrent epistaxis due to telangiectasia.

Patients with HHT are reported to have lower life expec-

tancy than the general population (6-8). There are no differ-

ences regarding the survival rate between HHT patients with

ACVRL1 mutations and those with ENG mutations (8).

However, one study reported that HHT patients with

ACVRL1 mutations had a normal life expectancy (9). Pul-

monary hypertension and HHT have an association mediated

by pathogenic variants of either ACVRL1 or ENG (10-12).

The pathology of HHT is mainly characterized by dilated

vessels; however, the presence of HHT and pulmonary hy-

pertension in patients with ACVRL1 mutations is associated

with the occlusion of small pulmonary vessels (10). Pulmo-

nary hypertension was detected as a complication in 8-23%

of patients with HHT, and was associated with a poor prog-

nosis (6, 13, 14). HHT patients with pulmonary hyperten-

sion are also reported to have a lower survival rate in com-

parison to those without (15, 16). However, the long-term

prognosis in patients with pulmonary hypertension and HHT

who have ACVRL1 mutations remains unknown. This case

report illustrates the 28-year clinical course of a woman

with an ACVRL1 mutation who had HHT and pulmonary

hypertension.
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Table　1.　The Laboratory Findings on Admission.

Parameters Value Parameters Value

Blood count Troponin I <0.04 ng/mL

White cell count 6,500 /μL BNP 15 pg/mL

RBC 418×104 /μL Triglyceride 27 mg/dL

Hemoglobin 12.5 g/dL HDL-C 105 mg/dL

Hematocrit 37.6 % LDL-C 108 mg/dL

Platelet count 28.1×104 /μL CRP 0.03 mg/dL

Biochemistry FT3 2.51 pg/mL

AST 24 IU/L FT4 1.05 ng/mL

ALT 16 IU/L TSH 1.186 U/mL

LDH 209 IU/L Glucose 86 mg/dL

ALP 228 IU/L HbA1c (NGSP) 5.4 %

Total bilirubin 1.5 mg/dL ANA Negative

Direct bilirubin 0.1 mg/dL Anti-DNA Ab Negative

BUN 16 mg/dL Anti-U1 RNP Ab Negative

Creatinine 0.78 mg/dL Anti-SSA Ab Negative

eGFR 91 mL/min/1.73 m2 Anti-Scl70 Ab Negative

Sodium 139 mEq/L C3 114 mg/dL

Potassium 4.0 mEq/L C4 22 mg/dL

Chlorine 105 mEq/L CH50 47 U/mL

Total protein 7.2 g/dL

Albumin 3.8 g/dL

Uric acid 4.4 mg/dL

Creatine kinase 187 IU/L

CK-MB <0.5 IU/L

Ab: antibody, ALP: alkaline phosphatase, ALT: alanine aminotransferase, ANA: antinuclear anti-

body, AST: aspartate transaminase, BNP: B-type natriuretic peptide, BUN: blood urea nitrogen, 

CK-MB: creatine kinase MB, CH50: 50% hemolytic complement activities, CRP: C-reactive pro-

tein, C3: complement component 3, C4: complement component 4, eGFR: estimate glomerular 

filtration rate, FT3: free triiodothyronine, FT4: free thyroxine, HbA1c: hemoglobin A1c, HDL-C: 

high-density lipoprotein, LDH: lactate dehydrogenase, LDL-C: low-density lipoprotein, NGSP: 

national glycohemoglobin standardization program, RBC: red blood cell count, RNP: ribonucleo-

protein, Scl70: topoisomerase, SSA: Sjögren’s syndrome-related antigen A, TSH: thyroid stimu-

lating hormone

Case Report

A 30-year-old woman was admitted to a hospital due to

lung hemorrhage, and underwent right heart catheterization.

Her mean pulmonary artery pressure, mean pulmonary ar-

tery wedge pressure, cardiac index, and pulmonary vascular

resistance were 47 mmHg, 10 mmHg, 4.22 L/min/m2, and

5.7 Wood units, respectively. She was therefore diagnosed

with pulmonary arterial hypertension. After discharge, she

was treated in an outpatient clinic; however, she stopped at-

tending the clinic at 31 years of age. At 48 years of age, she

was diagnosed with bronchial asthma, and underwent echo-

cardiography, which showed that her transtricuspid pressure

gradient was 60 mmHg. She was therefore referred to our

hospital for examination of pulmonary hypertension.

On admission, the patient had frequent epistaxis. Her

blood pressure, heart rate, and percutaneous oxygen satura-

tion (room air) were 110/60 mmHg, 70 ppm, and 99%, re-

spectively, and a physical examination showed no sign of

systemic edema or skin disease. A laboratory analysis re-

vealed a B-type natriuretic peptide level of 15 pg/mL, and

no sign of collagen disease (Table 1). On room air, her arte-

rial oxygen saturation was 96.3%. Chest X-ray showed di-

lated pulmonary arteries, and electrocardiography revealed

no sign of right ventricular hypertrophy (Fig. 1). Transtho-

racic echocardiography detected right heart chamber dilata-

tion with distortion of the left ventricle, as well as a transtri-

cuspid pressure gradient of 63 mmHg. Transesophageal

echocardiography did not reveal any intra-cardiac shunt, and

lung perfusion scintigraphy revealed no sign of pulmonary

embolism. Spirometry showed that the percentages of the

predicted values of vital capacity and forced vital capacity

were 80.5%, and 74.1%, respectively. Right heart catheteri-

zation demonstrated that the patient’s mean pulmonary ar-

tery pressure, mean pulmonary artery wedge pressure, car-

diac index, and pulmonary vascular resistance were 43

mmHg, 12 mmHg, 4.05 L/min/m2, and 5.2 Wood units, re-

spectively. An evaluation of oxygen saturation during car-

diac catheterization revealed that the pulmonary to systemic

blood flow ratio (Qp/Qs) was 1.24 with increased oxygen

saturation from the inferior vena cava to the right atrium. In-
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Figure　1.　a: Chest X-ray. The cardiothoracic ratio was 52%. A prominent left central pulmonary 
artery and dilated right descending pulmonary artery were detected. b: Electrocardiogram. The 
heart rate was 60 bpm with sinus rhythm. There was no sign of right ventricular hypertrophy.

a. b.

Figure　2.　Abdominal dynamic computed tomography. a: Arterial phase. b: Venous phase. White 
arrows show the hepatic vein at an early stage of the arterial phase. Intrahepatic shunts were visual-
ized.

b.a.

trahepatic shunts were visualized by dynamic contrast-

enhanced computed tomography (Fig. 2). Computed to-

mography angiography revealed intrahepatic arteriovenous

shunts, and upper gastrointestinal endoscopy and colono-

scopy showed gastrointestinal telangiectasia (Fig. 3). Mag-

netic resonance angiography did not suggest arteriovenous

malformations in the brain. Contrast transthoracic echocar-

diography did not reveal any intra-pulmonary shunt. Genetic

testing for HHT, including ENG and ACVRL1 genes, identi-

fied an ACVRL-1 variant, NM 000020.2: c.1451G>T (p.Arg

484Leu), in both the patient and her father. Her sister and

nieces did not have the variant (Fig. 4). Her father also had

frequent epistaxis. We diagnosed the patient with HHT, and

initiated pulmonary vasodilator treatment for her pulmonary

hypertension. The clinical course and hemodynamics meas-

ured by right heart catheterization are described in Table 2.

Beraprost was initially administered as a pulmonary vasodi-

lator. This was later changed to an endothelin-receptor an-

tagonist. After initiating follow up at our hospital, her mean

pulmonary artery pressure started to decrease from 43

mmHg, and declined to 37 mmHg over a period of 10

years. During this time she did not require hospitalization

due to worsening heart failure. Pulmonary vasodilators

might cause vasodilatation of the nasal arteries and increase

the risk of epistaxis. The patient is still taking an

endothelin-receptor antagonist.

Discussion

This is the first report to demonstrate the long-term (28

years) follow-up of an HHT and pulmonary hypertension

patient with an ACVRL1 mutation.

To date, the long-term prognosis of HHT and pulmonary

hypertension in patients with ACVRL1 mutations has not yet

been fully described. Table 3 illustrates the reported cases of

HHT and pulmonary hypertension in patients with ACVRL1
mutations. Only three cases have been followed for more

than 15 years: a 36-year-old woman, whose mean pulmo-
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Figure　3.　a: Upper gastrointestinal endoscopy. Telangiectasia was detected in the duodenum, as 
shown in the white circle. b: Colonoscopy. Telangiectasia was detected in the descending colon, as 
shown in the white circle.

b.a.

Figure　4.　Pedigree and the results of genetic testing. Genetic 
testing was performed in I-1, II-1, II-2, III-1, and III-2. An 
ACVRL1 variant, NM 000020.2: c.1451G>t (p.Arg484Leu), 
was identified in I-1 and II-1. The black arrow shows the pro-
band. Cases with the ACVRL1 variant are shown as (+), and 
those without the mutation are shown as (-). Squares represent 
males, and circles represent females. HHT: hereditary hemor-
rhagic telangiectasia, PH: pulmonary hypertension

 (-) (+) 
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PH

I

1 2

1 2 3

1 2 (-)  (-)
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nary artery pressure was 38 mmHg, and who survived for

18.8 years (17); a 41-year-old man, whose mean pulmonary

artery pressure was 40 mmHg, and who survived for 18.4

years (17); and a woman in her thirties, whose mean pulmo-

nary artery pressure was 52 mmHg, and who died due to

right heart failure after 21 years of treatment with vasodila-

tor and thalidomide (18). The current case was followed for

28 years, which-to the best of our knowledge-is the longest

reported follow-up period among all reported cases of HHT

and pulmonary hypertension in patients with ACVRL1 muta-

tions.

A previous report described that HHT patients with

ACVRL1 mutations had a normal life expectancy; however,

that report did not examine pulmonary hypertension (9).

More cases of HHT and pulmonary hypertension were re-

ported among patients with ACVRL1 mutations than among

patients with ENG mutations (5). Previous studies, that did

not include genetic information about ACVRL1 mutations,

found that HHT and pulmonary hypertension patients had a

higher mortality, and died due to cardiac diseases associated

with pulmonary hypertension, sepsis, and major bleeding re-

lated to HHT (6, 14, 15). The prognostic information in Ta-

ble 3, which describes the reported cases of HHT and pul-

monary hypertension in patients with ACVRL1 mutations,

indicates that patients died due to right heart failure, sepsis,

bleeding, and rupture of arteriovenous malformation after

1.8 to 21 years’ follow-up (16-22). At the time of writing,

the patient of the current case report is still alive at 28 years

after the initial diagnosis of pulmonary hypertension, al-

though she has a history of frequent epistaxis and lung hem-

orrhage. Taking this case and previous reports into account,

we should remain aware of pulmonary hypertension, sepsis,

and major bleeding in the management of HHT and pulmo-

nary hypertension in patients with ACVRL1 mutations.

The present case had intrahepatic arteriovenous shunts,

which increased oxygen saturation from the inferior vena

cava to the right atrium and Qp/Qs during cardiac catheteri-

zation. However, the effect of the intrahepatic shunts on the

patient’s pulmonary hypertension was considered to be lim-

ited because of the slightly high cardiac index and high pul-

monary vascular resistance. We believe that the pulmonary

hypertension in our patient was mainly caused by pulmo-

nary artery lesions, such as idiopathic pulmonary hyperten-

sion.

Evidence on treatment for pulmonary hypertension associ-

ated with HHT is limited. Pulmonary vasodilators, which are

a well-known treatment for pulmonary arterial hypertension,

are challenging to administer when treating patients with

HHT and pulmonary hypertension. Pulmonary atrioventricu-
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Table　2.　Hemodynamic Parameters.

30 years 48 years 51 years 53 years 55 years 56 years 58 years

CI, L/min/m2 4.22 4.05 3.67 3.76 3.46 3.31 2.97

Mean PAP, mmHg 47 43 35 35 32 32 37

Mean PAWP, mmHg 10 12 10 12 8 10 14

Mean RAP, mmHg 9 9 8 10 5 6 11

PVR, Wood unit 5.7 5.2 4.6 4.1 4.7 3.31 5.09

Medication None None ERA ERA ERA ERA ERA

CI: cardiac index, ERA: endothelin-receptor antagonist, PAP: pulmonary artery pressure, PAWP: pulmonary artery 

wedge pressure, PVR: pulmonary vascular resistance, RAP: right atrial pressure

Table　3.　Prognosis of Hereditary Hemorrhagic Telangiectasia and Pulmonary Hypertension Patients with ACVRL1 
mutations in the Literature.

References
Number 

of cases

Age at 

diagnosis, sex

Duration of 

survival (years)
Results

Cause of 

death
Types of mutation

(19) 1 36 years, 

a male

Unknown Dead PH Unknown

(25) 3 4 to 16 years, 

females

1 and 3 

(Two patient 

data was 

available)

Alive None L273P (c. T818C) 

A352D (c. C1055A)

(20) 1 29 years, 

a female

1.8 Dead Rupture of 

AVM

p.Asp427Val (c. 1280A>T)

(16) 9 One year to 40 

years, males 

and females

0.1 to 6.7 Alive 

(5 patients) 

Dead 

(4 patients)

RHF, 

Rupture of 

AVM

Unknown

(24) 1 37 years, 

a female

1 Alive None p.Gly309Val (c.926G>T)

(22) 8 15 to 63 years, 

a male and 

females

2 to 11 Alive 

(4 patents) 

Dead 

(4 patients)

RHF, 

bleeding

p.Val198Glu (c.593T>A) 

p.Arg67Trp (c.199C>T) 

p.Arg218Pro (c.653_654delinsCC) 

p.Arg374Gln (c.1121G>A) 

p.Tyr375Gln (c.1124A>G) 

p.Typ399Arg (c.1195T>C) 

p.Arg479X (c.1435C>T) 

p.Arg484Gln (c.1451G>A)

(23) 1 47 years, 

a female

0.8 Alive None His 328 Thr (928C>T)

(17) 22 4 to 70 years, 

males and 

females

0.2 to 18.8 Alive 

(15 patients) 

Dead 

(7 patients)

Sepsis, PH, 

car accident

Unknown

(18) 1 17 years, 

a female

21 Dead RHF Unknown

(21) 3 42 to 55 years, 

females

2 to 14 Alive 

(2 patients) 

Dead 

(One patient)

PH p.A199P (c.595G>C)

(28) 1 One year, 

a male

0.3 Alive None p.Arg484Trp (c.1450C>T)

(29) 1 51 years, 

a male

7 Alive None c.1451G>A

AVM: arteriovenous malformation, PH: pulmonary hypertension, RHF: right heart failure

lar fistula is common in HHT patients, and vasodilators are

associated with the risk of increased shunt flow. Ambrisen-

tan, tadalafil, and sildenafil have previously been used to

treat HHT and pulmonary hypertension in patients with

ACVRL1 mutations (18, 23). Bosentan treatment has also

been reported for pulmonary hypertension in several HHT

patients with ACVRL1 mutations (22, 24, 25). Among the

patients treated with bosentan, only one patient is reported

to have died due to right heart failure (22). In addition, only

two HHT and pulmonary hypertension patients with

ACVRL1 mutations are reported to have undergone intrave-

nous epoprostenol treatment (16). In the current case, the
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mean pulmonary artery pressure continued to decrease for

approximately 10 years under treatment with an endothelin-

receptor antagonist, as shown in Table 2.

The ACVRL1 variant in the current study, c.1451G>T (p.

Arg484Leu), was not archived in the ClinVar database. It

was previously described in two reports related to either

HHT or pulmonary hypertension (26, 27). Other ACVRL1
variants that affect the same amino acid as the ACVRL1
variant of c.1451G>T (p.Arg484Leu) [c.1450C>G (p.Arg484

Gly), c.1450C>T (p.Arg484Trp), and c.1451G>A (p.Arg484

Gln)] have been reported in the ClinVar database, and are

considered to be pathogenic variants related to pulmonary

hypertension and/or HHT. All in silico computational predic-

tion models (Polyphen2, SIFT, CADD, MutationTaster,

FATHMM) predict the pathogenicity of the ACVRL1 variant.

Moreover, the ACVRL1 variant, c.1451G>T (p.Arg484Leu)

is not included in the general population databases (Exome

Aggregation Consortium, 1000 Genomes Project, and

Genome Aggregation database). Thus, our ACVRL1 variant,

c.1451G>T (p.Arg484Leu) is considered to be pathogenic.

In conclusion, we describe the first case in which an HHT

and pulmonary hypertension patient with an ACVRL1 muta-

tion was followed for 28 years. Some HHT and pulmonary

hypertension patients with ACVRL1 mutations may require

long-term careful follow-up for pulmonary hypertension un-

der pulmonary vasodilator treatment.
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