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CA S E REPORT

Ruptured pulmonary arteriovenous fistula causing
hemothorax in a patient with hereditary hemorrhagic
telangiectasia: A case report
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A 56‐year‐old male patient was admitted to our hospital
with respiratory distress persisting for half a month as the
chief complaint. The patient developed dyspnea following
a heated argument, and his symptoms progressively
worsened over time. Upon admission, he was unable to
tolerate light physical activity due to shallow breathing.
Vital signs revealed a blood pressure of 103/68mmHg,
heart rate of 85 bpm, and oxygen saturation level of 87%
with 3 L/min of oxygen inhalation. Pulmonary computed
tomography (CT) displayed massive pleural effusion on
the left side, while computed tomography angiography
(CTA) of the pulmonary identified a large pulmonary
arteriovenous fistula in the lower lobe of the left lung
and a small arteriovenous fistula in the upper lobe of the
right lung (Figure 1). Diagnostic thoracentesis suggested
hemorrhagic pleural effusion (pleural fluid routine: total
erythrocyte count: 42,200 106/L).

A medical diagnosis of a ruptured arteriovenous fistula
resulting in a hemothorax was considered. The patient's
medical history revealed a previous episode of epistaxis.

Coagulation parameters and platelet function were within
the normal range. He did not undergo an electronic
nasopharyngoscope examination or receive treatment. Her
father died of a cerebral hemorrhage, the etiology of which
could not be definitively determined upon retrospective
review. According to Curacao's diagnostic criteria, the
patient exhibited recurrent spontaneous rhinorrhea and
visceral involvement, manifesting as pulmonary arterio-
venous malformation, and a diagnosis of hereditary
hemorrhagic telangiectasia (HHT) was suspected. Subse-
quent genetic testing identified mutations in the ENG
gene, thereby validating this diagnosis. The patient's family
was advised to undergo further family lineage verification.

Following this, the patient underwent a head‐enhanced
magnetic resonance imaging (MRI) scan and whole
abdomen‐enhanced CT to evaluate the potential involve-
ment of other internal organs. Head MRI illustrated
evidence of subacute lacunar cerebral infarction, while
the abdominal CT did not reveal any additional internal
organ involvement.
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During an in‐hospital MDT consultation, the inter-
ventional department described the patient had a large
pulmonary arteriovenous fistula associated with massive
bleeding. However, DSA did not identify the bleeding
source. Given the significant size of the arteriovenous
fistula, achieving effective hemostasis via embolization
was considered challenging.

Notably, the thoracic surgery department determined
that the risk linked to surgical intervention was
extremely high. The patient was currently hemodynami-
cally stable with no ongoing signs of active bleeding,
ascribed to the large amount of pleural fluid compressing
the ruptured opening, resulting in temporary dynamic
equilibrium. Of note, thoracotomy could have resulted in
intraoperative hemodynamic instability or circulatory
failure. While ECMO was regarded as a viable alterna-
tive to maintain circulatory stability during surgery,
postoperative weaning from ECMO was challenging for
this patient.

The patient's vital signs remained stable, and consider-
ing the risk of surgery and the possible economic burden, a
decision was made to proceed with interventional embo-
lization to seal the bleeding rupture.

The patient underwent blocker implantation under DSA
on February 28, 2022, followed by closed chest drainage for
8 days after surgery. Postoperative chest X‐ray depicted poor
pulmonary reopening. On March 22, 2022, the patient was
subjected to thoracoscopy‐assisted removal of the accumu-
lated blood and clots. During the procedure, active bleeding
from the ruptured cystic mass in the lower lobe of the left
lung was observed. Consequently, a left lower lung
lobectomy was performed, lasting 3.5 h. Importantly, there
were no postoperative complications. The patient satisfacto-
rily recovered after surgery, and a dynamic review of the
chest radiograph indicated good pulmonary reopening -
(Figure 2). The patient was prepared for elective interven-
tional pulmonary artery malformation embolization of the
right upper lobe, with regular follow‐up visits scheduled.

FIGURE 1 Patients' computed tomography images during hospitalization. (a) Patient underwent contrast‐enhanced CT scans of the
abdomen, revealing tortuous vascular shadows in the lower lobe of the left lung, indicative of pulmonary arteriovenous fisstula; (b) chest CT
was performed following admission, exposing significant fluid accumulation in the thoracic cavities, compressing the pulmonary tissue and
promoting atelectasis; (c) (axial image), (d) (coronal image): CTA of pulmonary vessels delineated a tortuous course of the pulmonary artery
in the lower lobe of the left lung, with luminal thickening, and a restricted contrast shadow measuring approximately 3.9 × 3.1 cm was
visualized in the lower lobe of the left lung, communicating with the thickened pulmonary artery in the lower lobe of the left lung.
Additionally, a prominent draining vein was observed, which converged into the left lower pulmonary vein; (e) (axial image), (f) (coronal
image): Patient's CTA of the pulmonary artery was reviewed after interventional embolization, revealing a very dense visualisation of the
spring coils, as presented in E.1.
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DISCUSSION

HHT is an autosomal dominant disorder characterized
by abnormal capillary structure and endothelial cell
function, with a prevalence estimated at 1/5000.1,2 It
primarily manifests as vascular malformations of the
skin, nasal and gastrointestinal mucosa, brain, lung and
liver, and other internal organs.

The diagnosis of HHT is typically made using the
Curacao diagnostic criteria3: (1) rhinorrhea: presenting
spontaneously and recurrent; (2) capillary dilatation:
generally located in characteristic locations such as the
fingers, mouth, nasal cavity, and lips; (3) internal organ
involvement: arteriovenous malformations of the gastro-
intestinal system, lungs, brain, and spinal cord; (4) family
history: first‐degree relatives diagnosed with HHT based
on the aforementioned criteria. Patients meeting three or
more of the above‐mentioned criteria can receive a
definitive diagnosis; if only two criteria are fulfilled, the
diagnosis is deemed suspicious; if less than two criteria

are met, the diagnosis can be ruled out. However, when
applying these diagnostic criteria, the patient's age
should be taken into account, given that the signs and
symptoms of HHT steadily manifest over time, with the
majority of HHT patients meeting the diagnostic criteria
after the age of 40 years. Moreover, in the clinical setting,
the occurrence of missed diagnoses in adolescents and
children should be considered. Similarly, in this study,
patients were unable to be definitively diagnosed using
these criteria owing to the absence of characteristic
capillary dilation of the skin mucosa and a family history
of the disease. Therefore, these populations are recom-
mended to undergo genetic testing.4

HHT is associated with mutations in genes involved in
the transforming growth factor‐β (TGF‐β) pathway,
namely the endoglin‐binding gene (endoglin, ENG) and
the gene encoding the kinase 1‐like activator receptor
(active receptor, type II‐like 1, AVRL1), associated with
the occurrence of HHT type 1 and HHT type 2,
respectively.5 Less commonly mutated genes such as

FIGURE 2 Following surgical intervention, the patient underwent digital diagnostic chest examination. (a) 2 days postoperatively;
(b) 6 days postoperatively; (c) 12 days postoperatively; (d) 18 days postoperatively.
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SMAD4 and BMP9/GDF2 have also been reported to be
associated with rare subtypes of HHT.6

It is worthwhile pointing out that HHT is a disease
characterized by vascular dysplasia. Approximately 50% of
patients with HHT present with pulmonary arteriovenous
malformation (PAVM). A study performed in the United
Kingdom described that 67% of patients with PAVM have
confirmed HHT.4 Moreover, pulmonary arteriovenous
fistulas often present as hypoxia, hemoptysis, and other
symptoms due to the impact of right‐to‐left shunts. Life‐
threatening complications include stroke, brain abscess,
hemoptysis, and spontaneous hemothorax.

Spontaneous rupture of PAVM is rarely encountered
and usually occurs in pregnant women.7 The mechanisms
underlying ruptured bleeding from PAVM during preg-
nancy are increased blood volume, cardiac output, and
venous distensibility. These risk factors were not present
in this patient. Indeed, the patient had a verbal altercation
before the onset of the disease, potentially linked to
sympathetic excitation, elevated blood pressure, and
increased cardiac output following emotional distress.

The clinical symptoms of HHT patients with comor-
bid PAVM vary and depend on the size and location of
the PAVM. Unlike other patients experiencing hypoxic
symptoms due to the right‐to‐left shunt of PAVM, the
primary cause of symptoms in this report was restrictive
ventilatory dysfunction resulting from left‐sided pulmo-
nary atelectasis caused by hemothorax.

Considering the prevalence and risk of PAVM in
patients with HHT, the current expert consensus recom-
mends routine screening for PAVM in patients with
HHT.1,2 Noninvasive screening using right heart acoustic
imaging is initially recommended,8 with the presence of a
left heart shadow after 3–4 or more cardiac cycles of right
heart shadowing indicative of pulmonary arteriovenous
fistula. CT can be performed for confirmation and staging
for PAVM to guide subsequent treatment and post-
treatment follow‐up. Besides, enhanced MR angiography
can also be used for diagnosis and staging, particularly
suitable for pregnant women and children due to the
absence of ionizing radiation.9

The current consensus is that PAVMs with feeding
arteries measuring 3mm in diameter or larger should be
treated, regardless of the clinically symptomatic nature of
the fistula.2 Interventional embolization has long been
considered the preferred treatment option, recommended
for all adults with PAVM and symptomatic children.
Although spring coils are frequently employed for feeding
arteries less than 5mm in diameter, the risk of spring coil
dislodgement is significantly higher for arteries exceeding
5mm in diameter, leading not only to recanalization but
also to a significantly higher risk of ectopic embolism.
Therefore, blockers remain the optimal treatment option

for larger arteriovenous fistulas. Indeed, these tools have
demonstrated high effectiveness and safety in a large
number of studies. Nonetheless, it is worth acknowledging
that these studies were retrospective in nature and prone
to biases. There is a lack of high‐quality randomized
controlled trial evidence to support the treatment options.10

Patients with a ruptured PAVM and active hemorrhage
have a higher mortality rate during surgical resection due
to hemorrhagic anemia, acute respiratory failure, and
hemodynamic instability. In addition, the time required to
prepare for thoracoscopic surgery is longer than emboliza-
tion therapy, and the risk of ongoing bleeding or re‐
rupture of the PAVM is present. In contrast, embolization
therapy is more convenient and enables timely hemosta-
sis.11 Following interventional embolization and occlusion
for a ruptured PAVM, the hemothorax should be
effectively managed. Delayed management can affect lung
tissue recovery and infection. Closed chest drainage is the
recommended initial approach for the management of
hemothorax, given its convenience and safety. For patients
experiencing heavy bleeding or prolonged disease, fibrin
deposition in the pleural cavity leads to compartmentali-
zation and the formation of encapsulated pleural effusions.
For such patients, drainage is often ineffective. Surgical
removal of the accumulated blood and confirmation of the
presence of active bleeding is necessary for patients with
hemothorax that cannot be completely resolved by
drainage. Studies have documented that thoracoscopic‐
assisted treatment is safer and more practical than
traditional open methods, yielding favorable treatment
outcomes and low subsequent recurrence rates, thereby
enhancing patient survival. Herein, after being subjected
to interventional embolization for 20 days, the patient
underwent surgery to remove the accumulated blood in
the chest cavity. Intraoperatively, active bleeding was
observed at the embolization site. Indeed, achieving
complete occlusion using a blocker in such a large
arteriovenous fistula proved difficult. Thus, a left lower
lung lobectomy was executed to achieve hemostasis.

In the current report, the management of this patient
with PAMV rupture and comorbid hemothorax generally
involves emergency surgery, which has been hypothe-
sized to significantly mitigate the risk of death and
recurrence. However, our patient was actively bleeding,
and direct surgical treatment may pose additional risks.
Therefore, the “staged” approach was adopted to initially
stop bleeding, followed by a second surgical intervention
to address pulmonary dilation and hemothorax. How-
ever, the likelihood of ruptured PAVM leading to
hemothorax is low, and the occurrence of ruptured giant
arteriovenous fistula combined with such a large
hemothorax is even rarer.12 Although this strategy has
achieved excellent results herein, its feasibility as the
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gold standard treatment for patients with ruptured
PAVM and a large hemothorax warrants further investi-
gation. Nevertheless, this approach offers a new perspec-
tive, implying that a “STAGED” approach may mitigate
surgical risks and concomitantly improve the clinical
outcomes of patients.
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