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a b s t r a c t 

Cystic fibrosis is an autosomal recessive genetic disorder that damages the exocrine func- 

tion of the body, resulting in alterations of multiple organs. In the respiratory system, it 

is known to cause bronchiectasis, recurrent bronchitis, and pneumonia; however, to the 

best of our knowledge, there are no reported cases of pulmonary arteriovenous malforma- 

tions associated with this disease. Herein, we report a case of cystic fibrosis with multi- 

ple pulmonary arteriovenous malformations. A 16-year-old girl, who has been monitored 

since childhood for pancreatitis of unknown cause, experienced respiratory symptoms and 

hypoxemia (PaO2 = 57 mmHg). At 13 years of age, chest computed tomography revealed 

bronchiectasis, bronchial wall thickening, and tree-in-bud sign. Genetic testing was per- 

formed, and the patient was diagnosed with cystic fibrosis. However, the computed tomog- 

raphy scan also showed incidental nodular lesions in the left superior and both the inferior 

pulmonary lobes, suggesting multiple arteriovenous malformations. Dynamic computed to- 

mography was performed which, confirmed the presence of 3 pulmonary arteriovenous 

malformations. Coil embolization was performed on all lesions, and the hypoxemia was 

corrected. Marked hypoxemia in a patient with cystic fibrosis may not be explained only by 

the presence of bronchiectasis and/or bronchial wall thickening; in such cases, it may be 

necessary to examine possible additional findings on computed tomography images, such 

as arteriovenous malformations. 
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Introduction 

Cystic fibrosis is caused by an autosomal recessive mutation,
impairing the passage of chloride ions (Cl −) through the mem-
branes of epithelial cells in the ductal lumen of various or-
gans. Mucus and secretions in the lumens of the airways, in-
testinal tract, pancreatic ducts, bile ducts, sweat ducts, and in-
fusion ducts become excessively viscous, causing the lumens
to become obstructed and susceptible to infection [1] . In typi-
cal cystic fibrosis, the patient develops a fetid ileus after birth,
dyspepsia due to pancreatic exocrine insufficiency, and recur-
rent respiratory tract infections. It is associated with a high
rate of sinusitis and male infertility due to congenital tubal
defects. The frequency of cystic fibrosis varies widely by race.
While Caucasians are commonly affected with an incidence
of approximately 1 in 3000 births, the incidence in Japan and
other Asian countries is extremely low [2] . 
Fig. 1 – Axial CT scans of the chest. (A) Bronchiectasis is present 
arrow). (B) Bronchiectasis, mucoid impaction in the bronchi (whi
the right superior pulmonary lobe. (C-E) Nodular shadows in the
Repeated infections and bronchiectasis are associated with
decreased airway clearance. Other complications, such as
pneumonia, pulmonary hemorrhage, and pneumothorax, are
known to occur in these patients; in contrast, there are no
previous reports of pulmonary arteriovenous malformations
(AVMs) associated with cystic fibrosis. Here, we describe a
case of cystic fibrosis with marked hypoxemia; the patient
presented with multiple pulmonary AVMs, in addition to
bronchiectasis, and bronchial wall thickening. 

Case report 

A 4-year-old girl was initially presented with fever, abdominal
pain, and vomiting. No alterations were detected on abdom-
inal ultrasound and computed tomography (CT) scans; how-
ever, the patient was suspected to have pancreatitis because
predominantly in the superior right pulmonary lobe (white 
te arrow), and tree-in-bud sign (yellow arrow) are visible in 

 left superior and both the inferior lobes (white arrows). 
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of hyperamylasemia. She was subsequently followed up for
pancreatitis of unknown cause. At 10 years of age, she devel-
oped febrile convulsions and was diagnosed with Chiari type I
malformation based on magnetic resonance imaging. Respira-
tory symptoms began to appear approximately at 13 years of
age, and chest radiography revealed a lung opacity. Chest CT
showed bronchiectasis, bronchial wall thickening, and tree-
in-bud sign, predominantly in the right superior pulmonary
lobe ( Figs. 1 A and B). Cystic fibrosis was suspected based on
the history of pancreatitis and chest CT findings, and a sweat
test was performed; the Cl − concentration in the sweat was
higher than normal. Genetic analysis revealed mutations in
dele16-17b and R347H, confirming the diagnosis of cystic fi-
brosis. The aforementioned chest CT scan coincidentally also
showed some nodular lesions in the left superior and both in-
ferior pulmonary lobes ( Figs. 1 C-E). These lesions were sus-
pected to be AVMs as the patient’s hypoxemia (PaO2 = 57
mmHg) could not be explained entirely by the bronchiectasis
from cystic fibrosis. A dynamic CT confirmed the diagnosis of
multiple pulmonary AVMs in 3 locations ( Figs. 2 A-E). Coil em-
bolization was first performed on the AVMs in the left lung.
Since hypoxemia was not completely resolved, coil emboliza-
tion was also performed on the AVM in the inferior lobe of the
right lung, and hypoxemia resolved. At present, at the age of
16 years, she is doing well with no worsening of hypoxemia
and no new AVMs. 
Fig. 2 – Coronal maximum intensity projection (MIP) CT images a
images clearly show the multiple contiguous vascular structures
inflow arteries, sac, and outflow veins of each lesion (white arrow
Discussion 

Cystic fibrosis is caused by a dysfunction of the cystic fibro-
sis transmembrane conductance regulator (CFTR), a cAMP-
dependent Cl − channel, which maintains the pH and water
content of the luminal fluid at appropriate levels; when CFTR
function is lost, the lumen is obstructed by viscous secretions
with a low water content that tends toward acidity, result-
ing in a variety of clinical findings including repeated and in-
tractable airway infections, pancreatic exocrine insufficiency,
biliary stasis liver injury, ileus gravidarum, and electrolyte ab-
normalities. The diagnosis of cystic fibrosis is made by clinical
symptoms, sweat testing, and CFTR genetic testing, and even
in this patient, the final diagnosis was also made based on a
comprehensive evaluation all of these factors. 

On high-resolution CT, cystic fibrosis may present with dif-
fuse central and peripheral bronchiectasis initially with a pre-
dominant distribution to the superior lobes, particularly on
the right side in some patients [3] . Cylindrical bronchiecta-
sis is the most common type in patients with cystic fibrosis,
followed by the cystic form [4] . The bronchial wall and peri-
bronchial interstitium are often thickened [5] . Furthermore,
early findings reflecting peripheral bronchial obstruction in-
clude mucoid impaction in the bronchi, granular lesions, tree-
in-bud sign, mosaic perfusion, and air trapping [5–8] . This pa-
nd 3-dimensional (3D) reconstructions. (A-C) Coronal MIP 

 (white arrows). (D,E) 3D reconstructions visualizing the 
s). 
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tient had imaging findings suggestive of cystic fibrosis, associ-
ated with pulmonary lesions. This genetic disease may cause
several pulmonary complications, such as pneumonia, pneu-
mothorax, and hemorrhage; however, to the best of our knowl-
edge, an association with pulmonary AVMs has not been pre-
viously reported in the literature. This case may be the first
report of this association. 

Pulmonary AVMs are pathological anastomoses between
arterial and venous vessels in the lungs; they are classified as
simple, with a single inflow artery and outflow vein, or com-
plex, with 2 or more inflow arteries and outflow veins [9] . Dy-
namic CT in this patient clearly showed 2 or more inflow ar-
teries, a sac, and 2 or more outflow veins in all lesions; thus,
classified as complex-type pulmonary AVMs. These malfor-
mations may manifest with hypoxemia due to the reduced gas
exchange caused by intrapulmonary shunts. In this case, the
multiple AVMs were the likely cause of hypoxemia. 

Pulmonary AVMs are secondary to hereditary hemorrhagic
telangiectasia (HHT) in 47%-80% of cases [10] , and 15%-30%
of HHT patients have multiple AVMs [11] . Therefore, HHT was
also suspected in this case; however, a detailed systemic ex-
amination and family history showed no clinical features con-
sistent with HHT, and a genetic search for this disease was not
performed. 

Chronic inflammation associated with bronchiectasis and
liver cirrhosis is also a known cause of secondary pulmonary
AVMs [ 10 ,12 ]. In this case, the bronchiectasis was most promi-
nent in the right superior lobe, whereas the AVMs were lo-
cated in the left superior and both inferior lobes. Therefore,
bronchiectasis was unlikely to be the cause of the AVMs. Only
one case of cystic fibrosis with AVM has been previously re-
ported [13] , and the AVM was located in the pelvis. It was spec-
ulated that in that case the liver disease associated with cystic
fibrosis may have caused high estrogen levels and promoted
the AVM formation. However, it is difficult to consider estro-
gen involvement in this case because the liver function was
preserved. 

An association between Chiari I type malformation and
cystic fibrosis was found in the literature [14] ; however, no as-
sociation has ever been reported between this malformation
and pulmonary AVMs. 

In conclusion, this report describes a rare case of cystic fi-
brosis associated with multiple pulmonary AVMs. In cases of
severe hypoxemia in cystic fibrosis that cannot be explained
by bronchiectasis, it is necessary to consider the possibility of
a pulmonary AVM with careful CT examination. Perhaps, sim-
ilar cases occurred in the past and they were not recognized
due to imaging limitations. The pathological origin of the pul-
monary AVMs, in this case, is unclear; however, the possible
association of cystic fibrosis and pulmonary AVMs should be
investigated in the future. 

Patient consent 

The patient and her parents provided written informed con-
sent for the publication of this report. 
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