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a b s t r a c t 

Coil embolization is widely performed for pulmonary arteriovenous malformations (PAVMs). 

We describe herein 2 cases of hemoptysis during long-term follow-up after coil emboliza- 

tion for PAVMs. For both cases, lobectomy was performed and histopathological examina- 

tions revealed chronic inflammation and bronchial epithelium extension into the sac of the 

PAVM. In addition, we performed a systematic review of previous reports of hemoptysis after 

embolization for PAVMs. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

Introduction 

Pulmonary arteriovenous malformations (PAVMs) are abnor-
mal vascular structures that most often connect a pulmonary
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artery to a pulmonary vein, bypassing the normal pulmonary
capillary bed, and resulting in intrapulmonary right-to-left
shunt [1] . With this pathology, the lung loses its ability to fil-
ter emboli and bacteria, which can then pass directly into
the systemic circulation and cause stroke or cerebral abscess
[2] . Treatment is thus required even for asymptomatic cases,
and coil embolization is widely performed for PAVMs. How-
ever, recanalization of embolized PAVM is known as a long-
niversity of Washington. This is an open access article under the 
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Fig. 1 – A 53-year-old woman presented with PAVM of the left lower lobe. (A) CT showing PAVM of the left lower lobe 
(arrows). (B) Coil embolization has been performed successfully, although one coil is protruding to the pulmonary artery of 
the left lower lobe. Chest radiography after embolization shows the placed coils. (C) Chest radiography following 
hemoptysis after 4 years shows coil deformation (arrows). (D) CT shows ground-glass opacity around coils in the embolized 

PAVM (arrows). (E) Left pulmonary artery angiography shows no recanalization. (F) Left bronchial artery angiography shows 
hypervascular parenchyma around the coils (arrows). (G) Histopathological investigation (hematoxylin and eosin staining) of 
the specimen from lobectomy of the left lower lobe. (H) It shows inflammatory cell infiltration and formation of granulation 

tissue in the pulmonary artery wall and the presence of epithelial cells the sac of the PAVM (arrows). 

 

 

 

 

 

 

 

 

 

 

term issue [ 3 ,4 ]. Hemoptysis has been reported as another
long-term problem of coil embolization [5–7] . However, the
mechanisms underlying hemoptysis have not been clarified
from histopathological examinations. We present herein 2
cases in which the patients complained of hemoptysis after
coil embolization for PAVM and underwent lobectomy and
histopathological examination. We also undertook a system-
atic review of previous reports of this complication. 
Case 1 

A 53-year-old woman underwent screening computed tomog-
raphy of the chest because of a family history of hereditary
hemorrhagic telangiectasia, and a PAVM of the left lower lobe
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Fig. 2 – A 71-year-old woman presented with PAVM of the right lower lobe. (A) CT shows PAVM of the right lower lobe 
(arrows). (B) Embolization using coils has been successfully performed. Chest radiography after embolization shows the 
placed coils. (C) Chest radiography following hemoptysis after 5 years shows coil deformation (arrows). (D) CT shows 
ground-glass opacity around coils in the PAVM (arrows). (E) Angiography of the right pulmonary artery shows no 

recanalization. (F) Angiography of the right inferior phrenic artery shows dilated small branches of the right inferior phrenic 
artery around the coils (arrow) and a shunt to the right pulmonary artery (arrow head). (G) Histopathological investigation 

(hematoxylin and eosin staining) of the specimen from lobectomy of the right lower lobe shows chronic inflammation of the 
wall of the sac of the PAVM and bronchial epithelium extension into the sac of the PAVM. (H) Keratin staining reveals 
epithelium surrounding the sac of the PAVM (arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was identified ( Fig. 1A ). Coil embolization was performed from
the sac to the feeding artery of the PAVM. Although one coil
protruded to the pulmonary artery of the left lower lobe, ces-
sation of blood flow for the PAVM was acquired, and em-
bolization was accomplished successfully ( Fig. 1B ). After em-
bolization, the patient did well, and no recanalization was
confirmed on time-resolved magnetic resonance angiogra-
phy with a follow-up of 4 years. However, the patient subse-
quently complained of hemoptysis. Radiography of the chest
showed deformation of coils in the PAVM ( Fig.1C ), and CT
showed ground-glass opacity around the coils in the PAVM
( Fig. 1D ). Angiography of both the left bronchial artery and pul-
monary artery was performed. No recanalization was iden-
tified on angiography of the left pulmonary artery ( Fig. 1E ).
Angiography of the left bronchial artery showed hypervascu-
lar parenchyma around the coils ( Fig. 1F ), and embolization
was subsequently performed using gelatin sponge. However,
hemoptysis remained even after this embolization, so lobec-
tomy of the left lower lobe was performed. Histopathological
examination of the resected specimen showed inflammatory
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cell infiltration and formation of granulation tissue in the pul-
monary artery wall of the sac of the PAVM and presence of
epithelial cells in the sac of the PAVM ( Figs.1G and H ). These
findings represented chronic inflammation and bronchial ep-
ithelium extension. Hemoptysis disappeared during the sub-
sequent 18 months of follow-up. 

Case 2 

A 71-year-old woman presented with PAVM of the right lower
lobe that was incidentally found during treatment for breast
cancer ( Fig. 2 A). Coil embolization was successfully performed
from the sac to the feeding artery of the PAVM ( Fig. 2 B). There-
after, the patient showed good condition, and 4-dimensional
CT showed no recanalization during 5 years of follow-up.
However, hemoptysis occurred suddenly, and the patient was
transferred to emergency room. Coil deformation was ob-
served on chest radiographs ( Fig. 2 C) with ground-glass opac-
ity around coils in the PAVM on CT ( Fig. 2 D). Right pulmonary
artery angiography showed no recanalization ( Fig. 2 E). An-
giography of the right inferior phrenic artery showed dilated
small branches of the right inferior phrenic artery around the
coils and a shunt to the right pulmonary artery ( Fig. 2 F). To
ensure complete cure, surgical resection of the right lower
lobe was performed. Histopathological examination showed
chronic inflammation in the pulmonary artery wall of the
sac of the PAVM and bronchial epithelium extension into the
sac of the PAVM ( Figs. 2 G and H). Postoperatively, the patient
showed a good course with no recurrence of hemoptysis dur-
ing 15 months of follow-up. 

Discussion 

We encountered 2 cases of hemoptysis after coil emboliza-
tion for PAVMs during long-term follow-up. In both cases,
coil deformation was found on chest radiography. There was
ground-glass opacity probably representing pulmonary hem-
orrhage and inflammation around the coils in the PAVM on
CT. Histopathological examinations after lobectomy revealed
chronic inflammation and bronchial epithelium extension
into the sac of the PAVM. 

To clarify causes of hemoptysis, we reviewed articles ex-
tracted from PubMed using search terms “pulmonary arteri-
ovenous malformations” and “embolization” and “hemopty-
sis.” Four cases of hemoptysis after embolization for PAVMs
were identified [5–8] . In total, 6 cases including those 4 cases,
and our 2 cases are summarized in Table 1 . Embolic materials
in the 6 cases were coils in 5 cases and AMPLATZER Vascu-
lar Plug (St. Jude Medical, St Paul, MN) in 1 case. In all cases,
systemic supplies to the PAVMs were found, and were con-
sidered as the likely cause of hemoptysis. The cause of sys-
temic artery development appeared to be chronic inflamma-
tion around the embolized PAVM. It was hypothesized that
this chronic inflammation might have occurred as a result of
infection around the embolized PAVM [7] . The embolic ma-
terial appeared to act as a foreign material and prevented
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healing of the infection, resulting in chronic inflammation
around the coils. In addition, it was reported that the pres-
ence of non-tuberculous mycobacteria was confirmed by ex-
aminations after lobectomy performed for hemoptysis after
coil embolization of a PAVM [6] . In contrast, the present ar-
ticle is the first to describe histopathological results includ-
ing chronic inflammation, and bronchial epithelium exten-
sion into the sac of the PAVM. Namely, a connection was
identified between the pulmonary artery, and bronchus. Fur-
thermore, expectoration of coils after embolization of PAVMs
has been reported during long-term follow-up [9] . This is un-
derstandable considering the presence of a connection be-
tween the pulmonary artery and bronchus. This connection
represents a potentially dangerous situation, because recanal-
ization of the embolized PAVM would result in blood flow
from the recanalized PAVM into the bronchus and massive
hemoptysis. In 5 of the 6 cases identified in the present re-
view, hemoptysis occurred after a relatively long time, be-
tween 4, and 12 years. Long-term follow-up is thus neces-
sary, not only to evaluate recanalization, but also to assess
hemoptysis. In 3 of 5 cases of coil embolization, coil de-
formation was found on chest radiographs before the onset
of hemoptysis. Chest radiography should thus be performed
in follow-up to evaluate the deformation of coils. When
deformation is identified, the patient should be carefully
observed. 

In conclusion, from a histopathological perspective,
chronic inflammation and bronchial epithelium extension
into the sac of the PAVM may occur during long-term follow-
up, and may result in hemoptysis. 

Patient consent 

Written informed consent was obtained for the publication of
this article. 
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