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ABSTRACT

Background: Pulmonary arterial venous mal-
formation (PAVM) is an abnormal vascular
malformation between pulmonary arteries and
veins characterized by varying degrees of right-
to-left shunts (RLS). Cryptogenic stroke (CS) due

to paradoxical embolism (PE) caused by PAVM
is relatively rare in the clinic.
Case Presentation: We report the case of a
54-year-old right-handed womanwho presented
with sudden-onset left-sided limb weakness for
2 h. A physical examination revealed normal
vital signs but weakness in her left upper and
lower limbs, graded as 1/5 using the Medical
Research Council scale. Her National Institutes
of Health Stroke Scale (NIHSS) score was 8, and
her modified Rankin scale (mRS) was 4. Brain
diffusion-weighted imaging showed acute
infarction in the right basal ganglia and the
radiation crown but brain magnetic resonance
angiography found no obvious abnormality. A
transcranial Doppler ultrasound with bubble
study (TCD-b) found the rain curtain sign of
microbubbles in the left middle cerebral artery,
reflecting significant RLS. Transesophageal
echocardiography (TEE) and transthoracic
echocardiography (TTE) were conducted to dis-
tinguish between intra- and extracardiac shunts.
A pulmonary computerized tomography angio-
gram (CTA) demonstrated a PAVM. We consid-
ered the patient had CS due to PE caused by
PAVM. Thrombolytic therapy within the time
window was performed. Then, transcatheter
device occlusion of the arteriovenous fistula was
successfully undertaken, and the patient carried
on with rehabilitation training. At a 15-month
follow-up, there were no catheter-related com-
plications or recurrent stroke, and her NIHSS
and mRS scores were both 0.
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Conclusions: PAVM is an important risk factor
for PE and CS and should not be ignored as a
possible etiology in stroke patients without any
other risk factors. CTA of the pulmonary artery
is the recommended gold standard for diag-
nosing and locating a PAVM. Thrombolytic
therapy within the time window combined
with transcatheter device occlusion of arteri-
ovenous malformation and rehabilitation
training may benefit the recovery of patients
with CS caused by PE resulting from PAVM.

Keywords: Pulmonary arterial venous
malformation; Cryptogenic stroke; Paradoxical
embolism; Right-to-left shunt; Case report

Key Summary Points

Pulmonary arterial venous malformation
(PAVM) is a risk factor for paradoxical
embolism (PE) and cryptogenic stroke
(CS).

CS caused by PE through PAVM with limb
weakness as the first symptom is relatively
rare in the clinic, and PAVM should be
screened as an etiology in stroke patients
without any other risk factors.

Transcranial Doppler ultrasound with
bubble study (TCD-b) is non-invasive and
sensitive in detecting right-to-left shunts;
if TCD-b is positive, transesophageal
echocardiography or transthoracic
echocardiography should be conducted to
distinguish between intra- and
extracardiac shunts.

Computerized tomography angiogram or
digital subtraction angiography of the
pulmonary artery is the recommended
gold standard for diagnosing and locating
a PAVM.

Our case indicated that thrombolytic
therapy within the time window
combined with transcatheter
embolotherapy and rehabilitation
training may be a benefit for the recovery
of patients with CS caused by PE resulting
from PAVM.

DIGITAL FEATURES

This article is published with digital features,
including a video, to facilitate understanding of
the article. To view digital features for this
article go to https://doi.org/10.6084/m9.
figshare.15179661.

INTRODUCTION

Pulmonary arterial venous malformation
(PAVM), characterized by various degrees of
right-to-left shunts (RLS), is an abnormal vas-
cular malformation between pulmonary arteries
and veins. A recent study revealed that patients
with PAVM have an estimated incidence of 1
per 2600 [1]. Paradoxical embolism (PE) refers to
arterial embolism caused by venous thrombosis
into the systemic circulation through an RLS
[2]. RLS can be divided into two types: intra-
and extracardiac shunts. The causes of an
intracardiac shunt include patent foramen
ovale (PFO) and atrial septal defect (ASD),
among others, while the causes of an extracar-
diac shunt include PAVM and aortic arch-pul-
monary vein fistula, among others [3].
Although PFO is probably responsible for PE,
PAVM is another less common cause of RLS
resulting in stroke. PAVM can cause variously
life-threatening complications, of which stroke
accounts for 2.6–25.0% [4]. Cryptogenic stroke
(CS) accounts for 30.0–40.0% of ischemic stroke
[5]. PFO is the most common cause of CS
patients \ 60 years of age [6]. However, retro-
spective studies indicate that CS caused by PE
due to a PAVM is relatively rare in the clinic
[7, 8]. We report a case of CS secondary to PE
from PAVM with high-flow RLS.

CASE PRESENTATION

A 54-year-old right-handed woman presented to
our Emergency Department after experiencing
sudden onset left-sided limb weakness. She
described a 2-h episode of left upper and lower
limb weakness. She had smoked for[ 20 years,
20 cigarettes daily. She had no history of
drinking alcohol, thrombotic vascular diseases,
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hypertension, hyperlipidemia, infectious dis-
eases, heart diseases, or family hereditary dis-
eases (e.g., hereditary hemorrhagic
telangiectasia).

On initial physical examination, her vital
signs were normal but she had left upper and
lower limb weakness (grade 1/5 using the Med-
ical Research Council scale). Her National
Institutes of Health Stroke Scale (NIHSS) score
was 8. She was infused a standard dose of
intravenous recombinant tissue plasminogen
activator. However, the next day’s physical
examination yielded six points on the NIHSS,
left upper and lower limb weakness (grade 2/5
and 3/5, respectively), and a modified Rankin
scale (mRS) of 4 points.

Laboratory findings revealed no obvious
abnormalities in immunity, endocrine system,
hypercoagulability, and infectiousness. A head
computed tomography (CT) screening without
contrast found no lesions (Fig. 1A). A brain dif-
fusion-weighted imaging indicated changes on
the right basal ganglia and radiation crown with

acute infarction stroke (Fig. 1B and C). No
obvious abnormality was found in the brain
magnetic resonance angiography (Fig. 1D and
E). The chest x-ray (CXR) showed no abnormal
manifestations of cardiopulmonary structure.
Following thrombolytic therapy, a repeat head
CT demonstrated a lower signal lesion with a
mild space-occupying effect in her right basal
ganglia and radiation crown. We considered the
possibility of cardiogenic embolism. A 24-h
ambulatory electrocardiograph and echocar-
diography revealed no obvious abnormality
(eFig.1 in Supplementary Material). However,
the patient refused to undergo coronary
angiography. The ultrasonography found no
signs of thrombosis in the arteries and veins of
her upper and lower extremities. A transcranial
Doppler ultrasound with bubble study (TCD-b)
found significant right-to-left shunts (RLS)
(eFig.2 in Supplementary Material). According
to the results of contrast transesophageal
echocardiography (TEE) with Valsalva maneu-
ver, PFO and ASD were excluded (eFig.3 in

Fig. 1 Initial head computed tomography screening
without contrast found no lesions (A). Brain diffusion-
weighted imaging indicated plaque-like hyperintensity on
the right basal ganglia and radiation crown (B). Apparent
diffusion coefficient imaging showed low signal in the same

location (C). Brain magnetic resonance angiography found
no obvious abnormality (D, E)
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Supplementary Material). Contrast transtho-
racic echocardiography (TTE) revealed RLS gra-
ded as 3 (eFig.3 in Supplementary Material). A
pulmonary CT angiogram (CTA) demonstrated
a 1.5 9 0.8 cm PAVM in the basal segment of
the right lower lobe (Fig. 2). We thus considered
the patient had CS caused by PE due to PAVM.

Fifteen days after intravenous thrombolysis,
transcatheter device occlusion of PAVM was
successfully undertaken with three coils (1 piece
of 10.0 mm, 2 pieces of 8.0 mm) after 2.0%
lidocaine local infiltration anesthesia (see video
1 in the online/HTML version of the manu-
script). Subsequently, the patient underwent a
comprehensive rehabilitation program for 2 h

each day. She was discharged from the hospital
on day 29 with significant improvement of her
neurological deficits. At 15-month follow-up,
there were no catheter-related complications or
recurrent stroke, and her scores on the NIHSS
and mRS were both 0. The process of the diag-
nosis and treatment is illustrated in eFig.4 in
Supplementary Material.

Informed consent and consent for publica-
tion were provided by the patient. The study
was approved by the Ethics Committee of
Guangdong Provincial Hospital of Chinese
Medicine (no. AF/04–07.0/10.0) and was per-
formed in accordance with the Helsinki Decla-
ration of 1964 and its later amendments.

Fig. 2 Pulmonary computerized tomography angiogram
demonstrated a 1.5 9 0.8 cm PAVM in the basal segment
of the right lower lobe, revealing communication between

the basal segmental feeding artery of the right inferior lobe
and the draining vein of the right lower lobe
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DISCUSSION

Mechanisms of Cryptogenic Stroke Caused
by Paradoxical Embolism Through PAVM

To the best of our knowledge, the main mech-
anisms of CS caused by PE through a PAVM
include embolism caused by thrombosis in the
fistula or peripheral venous system; embolism
caused by thrombosis resulting from pulmonary
artery blood directly flowing into the pul-
monary vein without oxygenation; bacteria and
air embolism not filtered by alveolar capillaries;
and embolism caused by polycythemia [9, 10].
Moreover, the number of PAVMs and the
diameter of the feeding artery are key risk fac-
tors of ischemic stroke induced by PAVM. The
risk of CS is higher in patients with multiple
PAVM, diffuse type of PAVM, and a feeding
arterial diameter [ 3.0 mm [11]. While the
mortality of untreated PAVM may reach 50.0%,
it can be reduced to 3.0% after treatment [12].

Clinical Presentation of Cryptogenic
Stroke Resulting from PAVM

More than 80.0% of PAVMs are congenital
because of defects in the development of pul-
monary capillaries during the embryonic period
(e.g., hereditary hemorrhagic telangiectasia),
while acquired PAVM, which is associated with
trauma, liver cirrhosis, fungi, tuberculosis, par-
asites, tumors, and surgery, is rare [13, 14]. Over
55.0% of PAVM is asymptomatic, and most of
the clinical manifestations are not specific,
which is related to the size and RLS of the
arteriovenous fistula [15]. A previous study
demonstrated that patients aged 40 to 60 years
with multiple and large arteriovenous fistulae
always have symptoms but PAVM with less RLS
may not have any clinical symptoms [15].
Because PAVM does not affect cardiac hemo-
dynamics, most patients remain asymptomatic
and are easily misdiagnosed. Unless the shunt
flow of PAVM is[ 20.0% of the total systemic
circulation, it may show asymptomatic hypox-
emia, dyspnea, hemoptysis, chest pain, short-
ness of breath after activity, clubbing fingers,
cyanosis, dizziness, ischemic stroke, TIA, and so

on [16–18]. However, CS as a result of PE caused
by PAVM is relatively rare in the clinic, as pre-
vious studies reported [7, 8]. Several studies
have reported stroke caused by PAVM with limb
hypoesthesia, aphasia, dysarthria, thalamic
esotropia, and facial droop as the first symp-
toms [19–21].

Investigation and Diagnosis
of Cryptogenic Stroke Associated
with PAVM

Laboratory examination, including immunity,
endocrine system, hypercoagulability state,
infectiousness, arterial blood gas measurements,
and finger oximetry, is important in screening
stroke patients with suspected PAVM. The CXR
has an acceptable sensitivity in detecting PAVM
with a diameter of 1.0–2.0 mm [22, 23]. The
typical performance of PAVM on CXR is a lob-
ular or circular soft tissue mass which some-
times is linked to dilated vascular channels.
TCD-b has been widely used in the screening of
RLS, which has the advantages of non-inva-
siveness, good patient compliance, and 100.0%
sensitivity in detecting RLS [24].

However, TCD-b cannot accurately distin-
guish between intra- and extracardiac shunts
[24]. Contrast TEE can directly display cardiac
anatomical structures such as ASD and PFO. The
sensitivity and specificity of TEE with Valsalva
maneuver (VM) in detecting PFO are very high
[25]. Given the partial invasiveness of TEE, it is
difficult for patients to cooperate to complete
VM. False-negative results may occur, and the
incidence of complications can reach 0.9% [26].
TTE with bubble study is recommended as a tool
for screening patients with high-risk PAVM [27].
If any bubbles are detected in the left atrium,
TTE is considered positive, indicating an
extracardiac shunt. Furthermore, CTA or digital
subtraction angiography of the pulmonary
artery can help accurately diagnose and locate
the PAVM. A chest CTA is a non-invasive
angiography technique, which can not only
find small lesions and measure the diameter of
the feeding artery but also be more accurate in
the diagnosis of peripheral and complex PAVM
[28]. However, this examination has some
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radiation, and patients need to be injected with
contrast agents. By far, digital subtraction
angiography of the pulmonary artery is con-
sidered the gold standard for the diagnosis of
PAVM and can locate and define various forms
of PAVM; additionally, this examination tech-
nology with certain complications is invasive
and expensive [29].

Treatment of Cryptogenic Stroke in PAVM
Patients

In terms of treatment, it is advocated that active
treatment should be provided to PAVM patients
who have a feeding artery diameter[3.0 mm; if
conditions permit, feeding arteries with [
1.5 mm diameter should also be actively treated
[11]. Some studies showed that patients with
PAVM have higher recurrence rates of ischemic
stroke and TIA than patients with PFO [30]. At
present, the clinical treatment methods include
conservative treatment, interventional therapy,
and surgical treatment [31]. Asymptomatic
patients can be treated conservatively, mainly
to prevent respiratory tract infection and severe
cough. Interventional therapy is less invasive
and repeatable and can retain more lung tissue.
However, multiple and extensive diffuse PAVMs
are contraindications for interventional ther-
apy. Surgery is a radical treatment, which has
the advantages of being associated with high
efficiency, relative safety, and low recurrence
rates, but it is only suitable for a large single
lesion or a single lobe of the lung [32].

Strengths and Implications

In this study, we reported a case of CS with limb
weakness as the first symptom, resulting from
an acute ischemic stroke. The limb weakness of
the patient is an atypical presentation of PAVM,
which should be cautiously considered given
that misdiagnosis may be associated with
greater rates of mortality and disability. TCD-b,
TEE, and TTE played an essential role in
detecting the RLS and ruling out PFO and ASD.
CTA helped to definitively diagnose and locate
of the PAVM. The patient was treated by
thrombolytic therapy and transcatheter device

occlusion of arteriovenous fistula, after which
she continued her rehabilitation training,
yielding good outcomes.

This study provides novel evidence that
thrombolytic therapy within the time window
combined with transcatheter device occlusion
of arteriovenous malformation and rehabilita-
tion training may be beneficial to the recovery
of patients with CS caused by PE resulting from
PAVM.

CONCLUSION

CS is a relatively rare neurological complication
of PAVM. The diagnosis for CS/PVAM starts by
first excluding common causes of stroke. RLS
should be considered when CS occurs with limb
weakness or other symptoms as the first symp-
tom. For the diagnostic process of RLS, CXR,
24-h ambulatory electrocardiograph, and
echocardiography are usually used as an office-
based alternative for the screening of PAVM.
TCD-b is often performed to assess RLS. If TCD-
b is positive, TEE and TTE should be conducted
to distinguish between intra- and extracardiac
shunts. A CTA or digital subtraction angiogra-
phy of the pulmonary artery is the recom-
mended gold standard for diagnosing and
locating a PAVM. Thrombolytic therapy within
the time window combined with transcatheter
device occlusion of arteriovenous fistula and
rehabilitation training may benefit the recovery
of patients with CS caused by PE due to PAVM.
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