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Abstract

Pulmonary Arteriovenous Malformations (PAVMs) are
rare aberrant connections between the lung’s arterial and
venous vascular systems. Although uncommon, PAVMs
are associated with significant disease burden attributed
to their high mortality and difficult management. PAVMs
present with non-specific pulmonary and cardiac symptoms
with radiographic findings similar to other common pulmo-
nary diseases such as pneumonia and tumors. This has led
to significant underrepresentation of this entity. Herein, we
present a comprehensive review of the current literature
to better describe this entity and help guide diagnostic and
treatment options. We also report a case of a 9-year-old boy
that presented to the American University of Beirut Medi-
cal Center with dyspnea and cyanosis in the setting of dif-
fuse microscopic PAVMs. Contrast-enhanced transthoracic
echocardiography plays a vital role in accurately diagnos-
ing PAVMs and offers better sensitivity and specificity com-
pared to routinely ordered chest radiography. Furthermore,
first-line management of this disease includes surgical treat-
ments such as transcatheter embolization, ligation, local
excision, segmentectomy, lobectomy, and pneumonectomy.
Non-surgical candidates on the other hand may benefit
from nifedipine, propranolol, and nighttime oxygen therapy;
however, disease recurrence and progression remain com-
mon. In short, PAVM is an uncommon and underrepresent-
ed lung pathology that requires high clinical suspicion and
prompt surgical or medical management to improve patient
prognosis.
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Introduction

Pulmonary Arteriovenous Malformations (PAVMs) are aber-
rant connections between the arterial and venous vasculature
in the lungs that allow direct communication by bypassing the
capillary bed [1]. PAVMs are uncommon, with a reported inci-
dence rate of 1-38 in 100,000 [1-9] individuals and a 2:1 female
predominance [4]. Ten percent of cases are diagnosed in infan-
cy; however, disease incidence increases in the fifth and sixth
decades of life [10]. This led to a gross underrepresentation of
the entity in medical curricula and respiratory specialty training
programs across the US and the UK [11]. PAVMs were first de-
scribed in 1897 by Churton et al. in a postmortem investigation
on a 12-year-old boy who complained of recurrent epistaxis,
hemoptysis, and a pulmonary systolic bruit [4]. The following
decades proved to be pivotal for defining, diagnosing, and treat-
ing PAVMs. Rhodes et al. first reported their association with
telangiectasia in 1938 [4]. Hepburn and Dauphine performed
the first successful pneumonectomy for treating PAVM and re-
ported symptomatic improvement in the patient in 1942 [4].
Nevertheless, the direct pathogenetic connection has not yet
been elucidated. Suggested theories include embryological de-
fects in the terminal arterial loops causing the dilatation of the
thin-walled capillary sacs, incomplete resorption of the vascular
septae separating the vascular plexuses, or failure of capillary
development in the fetus [12].

Figure 1: lllustration depicting a normal capillary bed (left) and a
capillary bed arteriovenous malformation (right) in the lung.

PAVMs are classified based on the number and complexity
of the aberrant feeding arteries; simple malformations involve
one feeding segmental artery while complex malformations in-
volve multiple [1]. Most cases (83%) appear in the lower lung
segments, whereas upper lung segment involvement accounts
for only 17% of cases. Moreover, a rare subcategory of PAVMs
known as diffuse PAVM (5%) [2] exists and is characterized by
aberrant segmental and sub-segmental arterial malformations
involving the entire lung lobe [2, 5].

Unlike other systemic AVMs, PAVMs do not alter cardiac
hemodynamics; cardiac output, index, heart rate, blood pres-
sure, and pulmonary capillary wedge pressure are all usually
preserved [10]. In addition, Rotenberg et. al demonstrated that
PAVMs do not affect most mechanical properties of the lung,
wherein the presence and size of PAVMs did not influence to-
tal lung capacity (TLC), residual volume (RV), vital capacity (VC),
forced expiratory volume at 1 second (FEV,), or FEF_.. However,
the low resistance pathway supplied by the aberrant arterial-

venous connections in PAVMs allow right-to-left blood shunt-
ing across the heart, resulting in an increased A-a gradient [13].
Shunting allows for the mixing of deoxygenated and oxygenated
blood, which leads to systemic hypoxemia that cannot be cor-
rected by 100% Oxygen administration [10].

Complications of PAVMs are severe; they range from hy-
poxemia and cyanosis to paradoxical strokes, brain abscesses,
and hemorrhage during pregnancy [7]. This led to significant
morbidity and mortality rates of 50% and 55% [4], respectively.
Thus, properly diagnosing PAVM becomes crucial as prompt
surgical and medical therapy can greatly improve patient out-
comes and prognosis. In this review, we highlight the main clini-
cal features and characteristics associated with PAVMs and offer
the most up-to-date therapies used to treat this disorder.

Methods

We searched Pubmed, Medline, and Embase using standard-
ized MESH terms and keywords for “Pulmonary arteriovenous
malformation”, “diagnosis”, and “management”. We identified
heterogeneous studies with a predominance of case reports. In
consensus, we selected the relevant studies and case reports to
be included.

Our patient

A 9-year-old male patient presented to the Emergency Room
at our institution with severe dyspnea of four days duration
and was found to have an oxygen saturation of around 70%.
His previous medical history was positive for thrombocytope-
nia diagnosed at three years of age. History was taken from the
parents who reported persistent exertional dyspnea that began
when the boy was playing basketball 1 year before presenta-
tion; the patient’s symptoms would often persist at rest as well.
Six months before presentation, the patient contracted a rela-
tively uncomplicated case of COVID-19; however, the parents
reported severe worsening of his dyspnea and desaturation.
Four days before presentation, the patient visited another hos-
pital for a similar complaint of dyspnea and desaturation. Rou-
tine complete blood count and metabolic panels with hepatic
function tests were taken and were unremarkable except for
thrombocytopenia. Echocardiography, chest CT and chest CT
angiography were also unrevealing. The patient was then dis-
charged on supplemental oxygen via nasal cannula; however,
his oxygen saturation levels never recovered beyond 89%.

In the emergency room, the patient was given supplemen-
tal oxygen via facemask 10Lpm, and his saturation improved to
83%. His vitals were otherwise normal. Physical examination
revealed central and peripheral cyanosis with digital clubbing,
and arterial blood gases showed hypoxemia. The patient was
then admitted for further investigation. Echocardiography with
bubble testing was done and suggested a clinical picture of pul-
monary arteriovenous malformations. The patient underwent
chest CT angiography which did not demonstrate PAVMs Car-
diac catheterization in addition to the echocardiography find-
ings revealed structurally normal heart. There was no shunting
at atrial, ventricular, or arterial levels. LPA and RPA angiography
revealed severe diffuse bilateral microscopic pulmonary arte-
riovenous malformations. Pressure measurements revealed
normal PA pressure with a mean PA pressure of 15 mm Hg and
mean RA pressure of 11 mm Hg. During his hospital stay, the
patient received prednisone and IVIG for presumed immune
thrombocytopenic purpura, and supplemental oxygen via face-
mask was weaned down to 6Lpm. SpO2 levels reached >94%
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on facemask which decreased to 88%-90% on room air with no
complaints. The patient was then discharged on facemask oxy-
gen supplementation.

Discussion
Etiology

Previous studies have shown that 80% of PAVM cases are
congenital [14]. PAVMs are also tightly associated with Heredi-
tary Hemorrhagic Telangiectasia (HHT) (or Osler-Weber-Rendu
disease), wherein 80-90% of PAVMs occur in the setting of ac-
tive or not yet diagnosed HHT [1-4, 13, 14]. Recent genetic HHT
analyses have reported that the two main germline mutations,
endoglin (ENG) and activin A receptor type ll-like 1 (ACVRL1)
play critical roles in developing abnormal connections between
pulmonary arteries and veins. These genes belong to the trans-
forming growth factor-beta pathway in HHT [1, 3]. 62% of pa-
tients with ENG mutation, also known as the HHT1 gene, and
approximately 10% of patients with ACVRL1 mutation, known
as the HHT2 gene, develop PAVMs [1,3,13,15]. Moreover, muta-
tions in the SMAD4 (Mothers against decapentaplegic homolog
4) gene, commonly seen in juvenile-polyposis-HHT syndrome,
are thought to also be associated with PAVMs [5, 13, 16].

Recently, single nucleotide variants (SNVs) of Growth Differ-
entiation Factor 2 (GDF2) gene were identified. GDF2 encodes
various ligands that bind TGF-B that subsequently activate the
SMAD-family transcription factors [16]. GDF2-SNVs play a role
in PAVMs pathogenesis by triggering aberrant angiogenesis.
Topiwala et al described a case of PAVMSs with underlying GDF2-
SNV; however, the patient had isolated PAVMs with no reported
arteriovenous malformations elsewhere.

Acquired PAVMs are less common than their congenital
counterparts. Causes of secondary PAVMs include chest sur-
gery, trauma, schistosomiasis, actinomycosis, metastatic car-
cinoma, and hepatopulmonary syndrome. Of note, secondary
PAVMs have been reported in up to 25% of patients who under-
go the Glenn procedure, where the superior vena cava is con-
nected directly to the pulmonary artery. Furthermore, studies
have shown that PAVMs occur in lung tissue deprived of hepatic
venous blood [7]. This may be explained by the lack of hepatic
factors that inhibit the formation of the PAVM connections [17].
PAVMs secondary to polysplenia syndrome, periportal fibrosis,
and dyskeratosis congenita with ataxia also exist [18].

Clinical presentation

Most patients (13-55%) with PAVMSs are asymptomatic [2];
however, patients with multiple or large PAVMs most common-
ly present with dyspnea [10]. Cyanosis may also be present.
Orthodeoxia and platypnea also occur as most PAVMs are local-
ized to the lower lung segments. Rarer manifestations include
hemoptysis, chest pain, cough, migraines, dizziness, vertigo,
diplopia, dysarthria, and syncope, the cause of which remain
unclear; however, they may be partly explained by hypoxemia,
polycythemia, or paradoxical embolization [10].

Most PAVMs are reported in the adult population; howev-
er pediatric and neonatal cases have also been documented.
Trivedi et al. reported a neonate who had persistent central
cyanosis with an otherwise normal examination and normal
echocardiography findings. However, eight days after birth, a
persistent murmur was detected over the right lower chest and
a large PAVM involving the right middle and lower lobes was
detected on pulmonary arterial angiography [19].

Other pediatric cases have been reported with the classical
triad of cyanosis, dyspnea, and digital clubbing. Of note, Do-
kumcu et al. described a PAVM case wherein the patient initially
presented with unresolving pneumonia [12].

Jiang et al. reported an ischemic stroke in a 17-year-old fe-
male. She presented with sudden speech failure accompanied
by right limb weakness for 1.5 hours [15]. Upon further inves-
tigation, a left middle cerebral artery embolism was revealed,
suggesting the presence of vascular malformation. A subse-
quent pulmonary artery CT angiography showed bilateral dif-
fuse PAVM s of varying sizes [15].

Even though PAVMs are uncommon, their natural course is
not benign. PAVMs progressively enlarge with age and lead to a
plethora of life-threatening complications, including heart fail-
ure, stroke, cerebral abscesses, pulmonary hemorrhage, hemo-
thorax, and rupture [12]. Myocardial infarction and increased
pregnancy-related deaths have also been reported [7].

Diagnosis

Symptoms associated with PAVMs are ubiquitously present
in other common pulmonary pathologies, and their appearance
on chest radiographs is uncharacteristic. They classically appear
as round or oval sharply defined masses with uniform densities
which make them resemble, and thus misdiagnosed as, pneu-
monia or tumors [12].

Nevertheless, chest radiography with frontal and lateral pro-
jections provides rapid, easily available, and inexpensive imag-
ing modalities to screen for PAVMs [17]; however, they have a
low sensitivity of approximately 66% [2] and their findings are
nonspecific. Simple PAVMs may appear as nodules since chest
radiography fails to demonstrate the feeding and draining ves-
sels. Complex PAVMs are more ill-defined and can appear as
generalized areas of opacities. Therefore, chest radiography
fails to exclude other common diagnoses [17]. A more sensitive
screening tool is contrast-enhanced transthoracic echocardiog-
raphy which offers a sensitivity of 98.6% [2]. Agitated saline or
contrast is injected peripherally while the patient is undergoing
TTE. The presence of the agitated saline or contrast in the left
heart within three to eight heart cycles (known as a positive
bubble test) indicates the existence of right-to-left shunting [20].

Figure 2: Contrast-enhanced transthoracic echocardiography
performed on our patient showing a positive bubble test. Bubbles
of agitated saline visible in all chambers of the heart. RA: Right
Atrium, RV: Right Ventricle, LA: Left Atrium, LV: Left Ventricle.
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In 1998, Wang et al. found that using the then-advent Dop-
pler ultrasound was reliable for diagnosing PAVMs. Using Dop-
pler ultrasound, they were able to verify the vascular nature of
PAVMs and avoid bleeding associated with biopsies of misin-
terpreted PAVMs [21]. Doppler ultrasonography has also been
shown to be beneficial in the antenatal detection of PAVMSs [20].

Nevertheless, pulmonary angiography remains the gold
standard for diagnosing PAVMs [20]. It allows for detecting and
illustrating the angioarchitecture of the pulmonary tree. Pul-
monary angiography also offers a superior assessment of the
PAVMs, their feeding and draining vessels, and any aneurysmal
dilatations that may be present.

Normeal Capillary Bed = 4 Capillary Bed AVM

Figure 3: Image of right and left cardiac catheterization done on
our patient showing the right lung after pulmonary angiography.
Contrast forms a ground glass appearance typical of diffuse micro-
vascular PAVMs.

Magnetic resonance imaging (MRI) and angiography (MRA)
detect PAVMs effectively without the use of ionizing radiation.
Currently, these techniques are recommended as pre-emboliza-
tion planning adjunct modalities [17].

Management

Between 1942 and 1977 surgery was the only curative treat-
ment for PAVMs while conservative treatment was offered to as-
ymptomatic patients [22]. Surgical treatments include ligation,
local excision, segmentectomy, lobectomy, and pneumonec-
tomy. In 1978, Taylor et. al reported a successful percutaneous
transcatheter embolization, thus introducing a new treatment
modality [9]. Current practice largely favors embolization of
PAVMs; the type of which varies based on the number and size
of present PAVMs. A single embolization session is sufficient to
treat four or fewer PAVMs. However, multiple lesions require
several sessions.

Current guidelines recommend treating symptomatic and
asymptomatic adults as well as symptomatic children. Cases of
asymptomatic children must be judged based on clinical sense
and deliberation [23]. In principle, embolotherapy works by oc-
cluding the feeding artery as close as possible to the commu-
nicating fistula to maintain maximal lung perfusion [23]. Mul-
tiple studies reported favorable results and have highlighted
its safety and efficacy. Embolotherapy has also been shown to
decrease shunt fractions and increase oxygen saturation [24,
25], which led to success rates of over 99%. Symptomatic re-
lief can be immediate in many cases, and the risk of neurologi-
cal complications decreases considerably (0-2% vs. 2.6-25%).
Recanalization and reperfusion of embolized PAVMs may occur
in 17-20% of cases; however, repeat embolization has demon-
strated favorable outcomes as well [26].

Nevertheless, the defect size poses a challenge for embolo-
therapy. Previous studies recommend embolization of PAVMs
with feeding arteries with diameters greater than 3mm; how-
ever, paradoxical emboli and strokes can still occur when the
feeding arteries are smaller than 3mm [27]. Thus, appropriate
materials and techniques are required to treat small defects
safely and effectively. Mahdjoub et al. showed that microvas-
cular plugs are safe and effective treatments for small PAVMs
[27]. Large defects pose different challenges such as incomplete
occlusion, recanalization, detachment, and coil migration. Kong
et al. demonstrated that Amplatzer Vascular Plugs are effica-
cious and safe modalities for treating large defects [14]. Diffuse
PAVMs on the other hand require coil packing with endovascu-
lar technique to eliminate blood flow through the PAVMs [28].

Surgery is a viable option in cases where embolotherapy is
not possible [9]. Surgical approaches include wedge resection,
segmentectomy, lobectomy, and pneumonectomy. Neverthe-
less, the surgical approach is not devoid of complications as all
surgical approaches carry risks; however, when properly per-
formed on well-selected patients, minimal morbidity and mor-
tality rates have been reported [22].

Of note, despite the overwhelming evidence pointing to the
favorable outcomes following endovascular PAVM repair, no
randomized control trials (RCTs) have assessed the exact role of
embolization in treating PAVMs. Currently, most available data
on the topic is derived from retrospective observational studies

[5].

In cases of failure of embolotherapy and classical surgical
procedures, lung transplantation becomes a viable approach.
Two case reports described successful unilateral and bilat-
eral lung transplantation procedures for managing and curing
PAVMs [29,30]. Patient survival was documented 3 years post-
procedure [29].

Another promising interventional modality is radiofrequency
ablation. It was shown to be efficacious in treating and control-
ling life-threatening hemorrhages in complex diffuse PAVM
cases [31].

On the other hand, medical management has a limited role
in treating pulmonary AVMs. Nevertheless, Sands et. al de-
scribed cases of diffuse microvascular PAVMs whereby surgical
and transcatheter interventions were impractical. Nifedipine
was administered to induce pulmonary vasodilation and in-
crease blood flow through physiologic capillary beds. These tri-
als were successful at decreasing cyanosis and increasing rest-
ing O, saturation (>90%) [32]. In cases of combined polysplenia
and PAVMs, nighttime oxygen therapy was found to decrease
cyanosis and return oxygen saturation levels to normal. Oxygen-
ation remained at normal levels years after discontinuation of
therapy [unpublished observation]. It is theorized that oxygen-
ation caused blood to pool in the physiologic vasculature away
from the anomalous AVMs [18].

Sildenafil and inhaled nitrous oxide have also been utilized
in cases of PAVMs. A 6-year-old patient presented with multiple
PAVMs and oxygen saturation levels (Sa0O,) between 30% and
60%. His breathing status greatly improved following inhaled
nitrous oxide was used wherein his SaO, stabilized at 90%. He
was gradually weaned off nitrous oxide and was eventually dis-
charged on oral sildenafil therapy with a stable oxygen satura-
tion between 86% and 93% [33].
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Propranolol has also been explored for arteriovenous mal-
formations in organs other than the lung. Propranolol was ef-
fective in treating right lower limb arteriovenous malformation,
whereby its administration induced significant remission and
growth regression. The therapy was well tolerated and reported
to be effective at the 5-month follow-up. Nevertheless, recur-
rence was reported after discontinuation of propranolol [34],
and thus the use of propranolol in the setting of PAVMs needs
to be further explored.

No current study has accurately described bronchodilator
therapy efficacy in treating PAVMs and associated hypoxemia.
However, a 2013 case report described PAVM as difficult-to-
treat asthma. In this report, an 11-year-old boy presented with
asthma and hypoxemia refractory to fluticasone and salmeterol
250ug/50ug twice daily, montelukast

five mg once daily, and salbutamol [35]. This case highlights
the futility of bronchodilator therapy in treating PAVM; how-
ever, larger studies are needed before making definitive clinical
decisions.

Future studies aimed at investigating the relationship be-
tween COVID-19, PAVMs, illness severity, and progression will
prove vital in understanding the underlying pathophysiological
mechanisms of this disease. Our patient’s condition reportedly
began deteriorating shortly after COVID-19 infection as the in-
fection might have affected the pulmonary physiology leading
to the worsening of the patient’s condition.

Conclusion

PAVM is a rare lung parenchymal disorder associated with
significant health burden due to its high morbidity and mortal-
ity rates. High clinical suspicion of this entity is required as it
is commonly misdiagnosed as pneumonia or tumors [12] due
to their resemblance on chest radiography. Thus, other imaging
modalities are preferred, such as contrast-enhanced transtho-
racic echocardiography, or MRI and MRA for pre-embolization
planning [17]. Surgical treatment modalities include ligation,
local excision, segmentectomy, lobectomy, and pneumonec-
tomy; however, transcatheter embolization is preferred due to
its high success rate and low recanalization rates. Nevertheless,
medical therapy may be used to prevent PAVM progression in
non-surgical candidates. Current effective medical treatments
include Nifedipine, propranolol, and nighttime oxygen therapy.
Trials analyzing their efficacy noted markedly improved resting
oxygen saturation and an improved clinical profile. In the case
of our patient, oxygen therapy showed some efficacy in recov-
ering oxygen saturation levels. Long-term outcomes remain un-
der observation as the patient’s clinical progress has not fully
unfolded. Close follow-up for any arising changes is needed.
Moreover, the patient’s history suggests a possible interplay
between PAVMs and COVID-19 infection which warrants future
investigation.

Table 1: Summarizing select case reports of pulmonary arteriovenous malformation in the pediatric population, interventions performed,

and reported outcomes.

Author(s) Case

Intervention Outcome

Jiang et. al 2021

17-year-old female presenting for sudden speech failure and right limb
weakness. Cerebral artery CT showed left middle cerebral artery embolism.
[15] MRI showed acute cerebral infarction beside the left ventricle body and left
external capsule. Pulmonary CT angiography showed diffuse PAVMs.

Mechanical thrombec- | Patient recovered well. discharged
tomy. Coil embolizai-

ton of PAVMs

after 3 days and followed up in
3 months with CTA showing no
abnormal vessels.

England and Weiss
2020 [38]

14-year-old male presenting for well-visit found to have blue nails, finger club-
bing, low 02 saturation (75%). CT chest showed multiple PAVMs.

At 2-year follow-up patient had
10 embolotherapy procedures.
full resolution of symptoms and
saturation went back up to 97%

Embolotherapy with
Amplatzer plugs

Dokumcu et. al

I. 15-month-old boy treated for misdiagnosed pneumonia with no clinical
improvement. Serial X-rays detected an unchanged infiltrative lesion. Patient
presented with cyanosis and 93-97% saturation with supplemental oxygen
therapy. Echocardiogram showed cardiac failure and CT angiography detected
a giant PAVM extending from the upper to the middle lobe of the right lung.

1. Right thoracotomy
with right upper
lobectomy and lateral
segmentectomy of the
middle lobe.

|. Postoperative course was un-
eventful. Child was acyanotic and
thriving at 6 months follow-up

2015 [12]

II. 17-month-old boy with history of cyanosis and clubbing. Mucous mem-
branes showed telangiectasias. Pulse oximetry saturations showed 70-75%.
Chest Xray showed a soft tissue mass in the middle lobe of the right lung.
Chest CT angiography showed PAVM of the middle lobe of the right lung.

II. Right thoracotomy
with middle lobec-

II. Uneventful postoperative
period. No recurrence at 4 months

tomy follow-up.

. saturation 75-90%. Normal clinical exam.
Cirstoveanu 2013

[36] .
angiography.

20 days of age girl presenting with cyanosis at three days of age. Oxygen

PAVM suspicion due to positive "bubble test". Diagnosis was made with CT

After ligation of the left pulmonary
saturation increased from 80% to
100%.
Complications: Pulmonary HTN re-
quiring NO and sildenafil. Eventual

Inhaled NO with little
improvement. Left
pneumonectomy.

right ventricular dysfunction and

death at 48th day of life

Navratil et. al 2013

[35] revealed two PAVMs, one on each side of the lungs.

Saturation 92% at rest

11-year-old boy with history of difficult-to-treat asthma. Asthma was refrac-
tory to systemic steroids and bronchodilator therapy. Chest CT angiography

No residual flow in the PAVMs.
Percutaneous tran- Pulse oximetry increased to 97%
schateter emboliza-

tion of both AVMs

on room air.
Follow-up in 6 months revealed an
increase in exercise tolerance.
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Pantaleoni et. al
2013 [33]

6-year-old boy presenting with hemangioma of the upper lip and maxilla.
Cardiac examination revealed a grade Il murmur and Sa02 of low to mid 90s.
While undergoing sclerotherapy for the hemangioma, SaO2 dropped to 85%.
Chest CT demonstrated numerous soft tissue densities consistent with PAVMs

Failed coil embo-
lization with Sa02
dropping to 50-60%.
Inhaled NO and oral
sildenafil.

Increase of Sa02 to 90% on oxygen
therapy 2 Lpm and eventually 92%
on room air.

Sharifah et. al 2009
[20]

12-year-old female presenting with intermittent breathlessness, clubbing,
marfanoid features and cyanosis. Pulse oximetry 73%. CT chest showed large
PAVM of the right lower lobe.

Normalization of Sa02 94% on RA,
resolution of breathlessness.

Coil occlusion

Bhate et al. 2008

I. 41-month-old girl presenting with cyanosis and 02 saturations of 82-89%.
Cardiac catheterization demonstrated PAVF. after cavopulmonary shunting
saturation dropped to 36-69%.

1. gradual increase in saturation
until stabilization at 97%. Sildenafil
was ceased

1. Sildenafil

[37]

Il. Neonate presenting with double inlet left ventricle, L-transposition of the
great vessels and aortic coarctation with hypoplastic transverse arch, Cardiac

Il. Inhaled NO and II. Significant increase in oxygen-

catheterization demonstrated PAVM. Post Fontan procedure saturation was sildenafil ation with saturation levels reach-
70% which improved on high-flow oxygen. Eventually saturation dropped ing 95% at 14 months follow-up
significantly necessitating intubation.
9-month-old female delivered by C section presenting for unprovoked fetal
. distress with cyanosis that is exacerbated with crying and SpO2 65-75%
Zain 2004 [39] NA NA

CT chest showed diffuse AVMs with no anomalous vascular involvement of
other organs.

Trivedi and
Sreeram 1996 [19]

Neonate at 30 minutes of age with persistent central cyanosis despite normal
structure of the heart. Failure of oxygenation led to mechanical ventilation.
Pulmonary angiography revealed large PAVM of the right middle and lower
lobes.

Right middle and
lower lobectomy

Patient was well at 9 months
follow-up

Table 2: Summarizing select case reports of pulmonary arteriovenous malformation in the adult population, interventions performed, and

reported outcom

es.

Author(s)

Case

Intervention

Outcome

Sueyoshi et al. 2021
[28]

31-year-old male presenting for hemosputum, hypoxemia
(SpO2 70-80%) and secondary polycythemia.
Contrast enhanced chest CT revealed multiple PAVMs of the
right lower lobe.

Coil embolization of the
diffuse PAVMs. A total
of 46 coils used.

Resolution of hemosputum, hypoxemia (SpO2
rose to 90%), and polycythemia.

Topiwala et al. 2020
[16]

43-year-old female presenting for right-arm numbness,
weakness and transcortical motor aphasia. History is nega-
tive for epistaxis, Gl bleed, visceral AVMs, or family with
HHT. Positive bubble test. MRI brain showed acute infarction
of the left frontoparietal and insular cortices. Cardiac MRI
showed PAVM in the medial right upper lobe.

coil-embolization.

Follow up at 12 months no residual shunting
follow up at 18 months no further TIA

Takao et. al 2019
[40]

I. 65-year-old woman presented previously with brain
abscess. Diagnosed to have PAVM of left lower lobe of the
lung by CT scan.

I. Coil embolization in
2004

|. Recanalization of the embolized PAVM 13
years later, in 2017. Presented as aphasia and
right frontal cortical infarction. Diagnosed by

contrast CT with shunt flow present in the pre-
viously embolized PAVM. repeat embolization
was successful.

Il. 75-year-old woman presented previously with cerebral
infarction

1. Coil embolization in
1987

II. Recanalization of embolized PAVMs 30 years
later. Presented in 2017 with left hemiparesis
and 50% blindness. Contrast CT showed shunt
flow in the previously embolized PAVMs.
Repeat embolization of recanalized PAVMs was
successful.

Sandal et. al 2019[41]

34-year-old male otherwise healthy presenting for recurrent
headaches and shortness of breath. He was found to have
digital clubbing. Sp02 82%. Pulmonary CT angiography
showed bilateral lower lung PAVMs.

Planned lower lobe
lobectomy

Did not undergo procedure. Loss to follow up.
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Gunawardene and
Galvin 2018 [42]

52-year-old female previously healthy presenting for
biliary colic incidentally found to have saturation of 90%.
Chest Xray found an enlarged inferior right hilum. CT chest
detected PAVM in the anterior segment of the right upper
lobe. Case was complicated by right hemiparesis thought to
be due to paradoxical emboli to the cerebral circulation.

Right upper and middle

Recovery was uneventful.
lobectomy.

Svetliza et. al 2002
[29]

39-year-old female known to have HHT who presented with
functional dyspnea, cyanosis and digital clubbing. She had
been previously diagnosed with multiple PAVMs and had
undergone left upper lobectomy and lower left lobe PAVM
embolization. Catheterization revealed PAVMs of the right
upper and lower lung lobes.

Post-operative period is only significant for mild
upper respiratory infections.
The patient was alive and active at 2 year and
10 months follow up.

Single right lung trans-
plantation

Reynaud-Gaubert et.

27-year-old diagnosed with diffuse PAVMs since the age of
25 years. Presented exertional dyspnea, epistaxis, neurologi-

Sequential bilateral lung

transplantation Patient was well at 8 months follow-up

Surgical treatment of pulmonary arteriovenous malformations.
Turk J Med Sci. 2017; 47: 161-166.

al 1999 [30] cal complications. Trial coil occlusion was not successful.
Sa02 was as low as 69%.
Limitations 10.  Martinez-Pitre PJ, Khan YS. Pulmonary Arteriovenous Malforma-
tion (AVMs). 2022 Jun 27. In: StatPearls. Treasure Island (FL):
PAVMs are rare entities and therefore not commonly en- StatPearls Publishing; 2022.
countered making them difficult to explore. PAVMs are also ' ' )
underreported, underdiagnosed, and neglected in the medical 11 ShovlinCL, Condliffe R, IIZ;onaIds_onJW, Kiely DfG' Wor:t SJHP;Imo—
curricula. Current studies describing this entity mostly involve nary arteriovenous malformations emerge from the shadows.
Thorax. 2017; 72: 1071-1073.
case reports. Large scale RCTs are needed to accurately explore
PAVMs and their treatment modalities 12.  Dokumcu Z, Ozcan C, Alper H, Erdener A. Pulmonary arteriove-
. nous malformation in children. Pediatr Int. 2015; 57: 708-711.
Funding
) ] ) " 13.  Rotenberg C, Bonay M, El Hajjam M, Blivet S, Beauchet A et al.
This research did not receive any specific grants from fund- Effect of pulmonary arteriovenous malformations on the me-
ing agencies in the public, commercial, or not-for-profit sectors chanical properties of the lungs. BMC Pulm Med. 2017; 17: 64.
Conflict of interests 14.  Kong JH, Oh TY, Kim JT, Baek KS, Chang WH. Transcatheter Em-
. bolization of Giant Pulmonary Arteriovenous Malformation with
There are no conflicts to declare. an Amplatzer Vascular Plug Il. Korean J Thorac Cardiovasc Surg.
2012; 45: 326-329.
References
1. Lee HN, Hyun D. Pulmonary Arteriovenous Malformation and Its 15. ilahg X, He L, Shlin B, '\n/'la H, IZthf B'_ Pl;lmqnarty rrllult?lfocal ar
Vascular Mimickers. Korean J Radiol. 2022; 23: 202-217. eriovenous mattorma ons. €ad to isc gmlc stroke |.n young
adults: a case report and literature review. Ann Palliat Med.
Kramdhari H, Valakkada J, Ayyappan A. Diagnosis and endovas- 2021; 10: 12034-12038.
| t of pulmo teri o Iformations.
cutar me?nagemen of primonary arteriovenous mattormations 16. Topiwala KK, Patel SD, Nouh AM, Alberts MJ. Novel GDF2 Gene
Br J Radiol. 2021; 94: 20200695. . . . .
Mutation Associated with Pulmonary Arteriovenous Malforma-
Bofarid S, Hosman AE, Mager JJ, Snijder RJ, Post MC. Pulmonary tion. J Stroke Cerebrovasc Dis. 2020; 29: 105301.
Vascular Complications in Hereditary H hagic Telangiecta-
.ascu ar tompiica F)ns in nered .ary emorrnagic .e anglecta 17.  Saboo SS, Chamarthy M, Bhalla S, Park H, Sutphin P, et al. Pulmo-
sia and the Underlying Pathophysiology. Int J Mol Sci. 2021; 22: ) . . . . .
3471 nary arteriovenous malformations: diagnosis. Cardiovasc Diagn
' Ther. 2018; 8: 325-337.
Khurshid I, Downie GH. Pulmonary arteriovenous malformation. . . . .
Postgrad Med J. 2002; 78: 191-197. 18.  Papagiannis J, Apostolopoulou S, Sarr|§ G, Rammos S. Dlagr.105|s
and management of pulmonary arteriovenous malformations.
Hsu CC, Kwan GN, Evans-Barns H, van Driel ML. Embolisation Images Paediatr Cardiol. 2002; 4: 33-49.
f | teri If tion. Coch Datab
Sog:):er\?c;rgalr;/.alr. fzgc(a)\(/)esr:)c;;s mattormation. Lochrane batabase 19. Trivedi K, Sreeram N. Neonatal pulmonary arteriovenous mal-
¥ ’ T ' formation. Arch Dis Child Fetal Neonatal Ed. 1996; 74: F80.
Nak M, N T,Ch T, Endo K, Morik S,etal.P - . . .
axayama awa .onan ndo 0”. awas, e .a reva 20.  Sharifah Al, Jasvinder K, Rus AA. Pulmonary arteriovenous mal-
lence of pulmonary arteriovenous malformations as estimated by formation: a rare cause of cyanosis in a child. Singapore Med J
low-d th icCT ing.InternMed.2012;51:1677-1681. ) ’ ’
ow-dosethoracicCTscreening. Intern Me ; 2009; 50: €127-9.
Shovlin CL. Pulmonary arteriovenous malformations. Am J . . .
Respir Crit Care Med. 2014; 190: 1217-1228. 21.  Wang HC, Kug PH, Liaw YS, Yu CJ, I.<uo SH et al. Diagnosis of pul-
monary arteriovenous malformations by colour Doppler ultra-
Shovlin CL, Buscarini E, Hughes JMB, Allison DJ, Jackson JE. Long- sound and amplitude ultrasound angiography. Thorax. 1998; 53:
term outcomes of patients with pulmonary arteriovenous mal- 372-376.
formations considered for lung transplantation, compared with . . .
. I . ung P . P Wi 22.  Gossage JR, Kanj G. Pulmonary arteriovenous malformations. A
similarly hypoxaemic cohorts. BMJ Open Respir Res. 2017; 4: . o
state of the art review. Am J Respir Crit Care Med. 1998; 158:
e000198.
643-661.
Bicakcioglu P, Gulhan SS, Sayilir E, Ertirk H, Agacki Y et al. . .
Icaxglosiu ulhan 55, Sayilir rur gackiran 1 et a 23.  Tellapuri S, Park HS, Kalva SP. Pulmonary arteriovenous malfor-

mations. Int J Cardiovasc Imaging. 2019; 35: 1421-1428.

Annals of Cardiology and Vascular Medicine



MedDocs Publishers

24,

25.

26.

27.

28.

29.

30.

31.

32.

Swanson KL, Prakash UB, Stanson AW. Pulmonary arteriovenous
fistulas: Mayo Clinic experience, 1982-1997. Mayo Clin Proc.
1999; 74: 671-680.

Dutton JA, Jackson JE, Hughes JM, Whyte MK, Peters AM et al.
Pulmonary arteriovenous malformations: results of treatment
with coil embolization in 53 patients. AJR Am J Roentgenol.
1995; 165: 1119-1125.

Chamarthy MR, Park H, Sutphin P, Kumar G, Lamus D et al. Pul-
monary arteriovenous malformations: endovascular therapy.
Cardiovasc Diagn Ther. 2018; 8: 338-349.

Mahdjoub E, Tavolaro S, Parrot A, Cornelis F, Khalil A et al. Pul-
monary Arteriovenous Malformations: Safety and Efficacy of Mi-
crovascular Plugs. AJR Am J Roentgenol. 2018; 211: 1135-1143.

Sueyoshi E, Koike H, Nagayama H, He X, Sakamoto | et al. En-
dovascular Repair of Diffuse Pulmonary Arteriovenous Malfor-
mations with Systemic Arterial Shunts. Vasc Endovascular Surg.
2021; 55: 642-644.

Svetliza G, De la Canal A, Beveraggi E, Giacoia A, Ruiz C et al.
Lung transplantation in a patient with arteriovenous malforma-
tions. J Heart Lung Transplant. 2002; 21: 506-508.

Reynaud-Gaubert M, Thomas P, Gaubert JY, Pietri P, Garbe L et
al. Pulmonary arteriovenous malformations: lung transplanta-
tion as a therapeutic option. Eur Respir J. 1999; 14: 1425-1428.

Ge CX, Tai MZ, Chen T, Li KL, Xu ZG et al. Analysis of 18 complex
diffuse arteriovenous malformation cases treated with percuta-
neous radiofrequency ablation. BMC Cardiovasc Disord. 2021;
21: 373.

Sands A, Dalzell E, Craig B, Shields M. Multiple intrapulmonary
arteriovenous fistulas in childhood. Pediatr Cardiol. 2000; 21:
493-496.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

Pantaleoni J, Parsapour K, Kon AA. Inhaled nitric oxide and silde-
nafil therapy for a pediatric patient with multiple pulmonary
arteriovenous malformations. J Pediatr Intensive Care. 2013; 2:
181-185.

LuJ, Anvari R, Wang J, Huang J, Pei S, Xiang Y et al. Propranolol as
a potentially novel treatment of arteriovenous malformations.
JAAD Case Rep. 2018; 4: 355-358.

Navratil M, Vidjak V, Rubi¢ F, Erceg D, Turkalj M. Pulmonary ar-
teriovenous malformations presenting as difficult-to-control
asthma: a case report. ) Med Case Rep. 2013; 7: 32.

Cirstoveanu C. Pulmonary Arteriovenous Malformation - A Rare
Case of Hypoxia. Chest. 2013; 144: 313A.

Bhate S, Rossiter-Thornton M, Cooper SG, Gillis J, Cole AD et al.
Use of sildenafil and nitric oxide in the management of hypox-
emia owing to pulmonary arteriovenous fistulas after total ca-
vopulmonary connection. J Thorac Cardiovasc Surg. 2008; 135:
446-448.

England RW, Weiss CR. Pulmonary arteriovenous malformation
in a pediatric patient with epistaxis and hypoxemia. Radiol Case
Rep. 2020; 15: 1759-1763.

Zain Z. Diffuse pulmonary arteriovenous malformation - a case
report. Images Paediatr Cardiol. 2004; 6: 13-36.

Takao S, Masuda T, Yamada T, Yamaguchi K, Sakamoto S et al.
Pulmonary arteriovenous malformation exhibiting recanaliza-
tion >10 years after coil embolization: Two case reports. Medi-
cine (Baltimore). 2020; 99: €18694.

Sandal R, Jandial A, Mishra K, Singhal M, Malhotra P. Pulmonary
arteriovenous malformations. QJM. 2019; 112: 141-142.

Gunawardene A, Galvin S. Large pulmonary arteriovenous mal-
formation with paradoxical cerebral infarction. ANZ J Surg. 2019;
89: E337-E338.

Annals of Cardiology and Vascular Medicine



