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Management of pulmonary arteriovenous @i

malformations involves additional factors
aside from the diameter of feeding arteries:
a 3-year case-case retrospective analysis

Xu Ma', Ling-Ling Li', Dong Yu, Bing Jie and Sen Jiang

Abstract

Background: Pulmonary arteriovenous malformations (PAVMs) are rare but cause various manifestations. Although
the diameter of feeding arteries has been linked to treatment decisions, relationships among the characteristics of
PAVMs, clinical symptoms, and treatment effect remain unclear. The present study was performed to investigate how
collective characteristics of PAVMs relate to clinical symptoms and to provide proper treatment recommendations for
patients with PAVMs.

Methods: We retrospectively analysed 838,447 patients' radiographic data and medical records from January 2018
to December 2020. Patients were included if a PAVM was radiographically detected for the first time in our hospital.
Ordered multivariable logistic regression and hierarchical multiple regression were performed to analyse the relation-
ships between characteristics of PAVMs and various clinical symptoms. We investigated the management of PAVMs in
four tertiary university hospitals.

Results: Detection rate of PAVMs was 0.025% (207/838,447), and 37.6% of patients (78/207) also had hereditary
haemorrhagic telangiectasia. Eight patients were diagnosed with bilateral diffuse PAVMs. Two hundred thirty-six
lesions were detected in 199 patients, and the mean diameter of the feeding artery was 4.13 +1.92 mm. Most PAVMs
were the simple type and located in the peripheral pulmonary area. In total, 34.3% of patients (71/207) were symp-
tom-free; remaining patients showed various manifestations, and respiratory symptoms were most common (dysp-
noea on exertion, 47.8%). The diameter of the feeding artery and the type and the number of PAVMs were correlated
with hypoxaemia (P <0.001, P<0.001, and P=0.037, respectively). The collective characteristics of PAVMs were not
related to the severity of central nervous system symptoms (largest diameter of feeding artery, P=0.8; largest diam-
eter of sac, P=0.42; number of PAVMs, P =0.35; type of PAVMs, P =0.99). Various symptoms were greatly relieved after
treatment. The hospital investigation showed that management of PAVMs was not generally appreciated in clinical
practice.

Conclusions: Our study revealed a low detection rate of PAVMs and a low degree of association with heredi-
tary haemorrhagic telangiectasia in the general population. Considering the connection between collective
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characteristics of PAVMs and various clinical symptoms, clinicians should consider the type and number of PAVMs, the
largest diameter of the feeding artery, and clinical symptoms when managing patients with PAVMs.

Keywords: Pulmonary arteriovenous malformation, Hereditary haemorrhagic telangiectasia, Hypoxia, Transient

ischaemic attack, Embolisation

Background

Pulmonary arteriovenous malformations (PAVMs) are
characterised by the presence of a direct pulmonary
artery—vein shunt [1]. Most PAVMs are congenital and
are closely associated with hereditary haemorrhagic tel-
angiectasia (HHT) [2-4]. PAVMs have a low incidence
worldwide and usually produce no obvious clinical mani-
festations [5—7]. However, serious complications such as
stroke, brain abscesses, haemoptysis, haemothorax, and
hypoxaemia sometimes occur because of the absence of
a capillary bed [8—12]. Endovascular embolisation is rec-
ommended as the first-line treatment for PAVMs with a
feeding artery of > 3 mm in diameter [13, 14].

Recent research has mainly focused on the correla-
tion between PAVMs and HHT and on treatment meth-
ods. Serious complications of PAVMs have also been
described in some case reports [15-17]. However, the
populations of previous studies comprised patients with
HHT, and the correlation between the characteristics of
PAVMs and associated clinical symptoms has not been
specifically analysed.

The present study was performed to identify the char-
acteristics of PAVMs in a large general population-based
study cohort. By assessing multiple characteristics of
PAVMs that influence various clinical symptoms, we
aimed to provide proper suggestions for the management
of PAVMs.

Methods

Clinical characteristics of patients with PAVMs

In this retrospective observational study, we reviewed the
radiographic reports of 838,447 patients who presented
to our hospital from January 2018 to December 2020.
The review group consists of five radiologists with expe-
rience in radiodiagnosis and embolisation. Firstly, two
radiologists with over 7 years of experience (X.M., L.L.L.)
carried out the reports review process, and all the reports
regarding PAVMs and pulmonary vascular abnormalities
were included for further review. Then three radiologists
with over 15 years of experience (D.Y., B.J., S.J.) per-
formed the imaging review. PAVMs were confirmed by
multi-slice spiral computed tomography (MSCT) (slice
thickness, 1 mm; slice gap, 1 mm) or multi-slice spiral
CT angiography (CTA) (slice thickness, 0.625 mm; slice
gap, 0.625 mm). All detected PAVMs were classified as
the simple type or the complex type based on the MSCT

or CTA findings as described in previous studies [2, 18,
19]. The complex type included the following two sub-
types: the diffuse subtype (involvement of a large part of
the parenchyma) and the telangiectatic subtype (multi-
ple microscopic vascular networks) [20, 21]. All enrolled
patients were divided into different groups according to
the number of PAVMs, and all detected PAVMs were
grouped based on their location in the lung. The largest
diameter of the feeding artery and the largest diameter of
the sac of each PAVM was recorded based on the MSCT
or CTA findings.

The clinical data, respiratory symptoms, central nerv-
ous system symptoms, and treatment regimens of all
enrolled patients were obtained from the medical records
and telephone follow-ups. The clinical diagnosis of HHT
was confirmed according to the Curagao criteria: (1)
spontaneous epistaxis; (2) multiple telangiectasias of the
body surface; (3) visceral lesions in the gastrointestinal
mucosa, liver, or brain; and (4) first-degree relatives with
HHT. Patients who met two criteria had a possible clini-
cal diagnosis of HHT, and those who met three criteria
had a definite diagnosis of HHT [8, 22]. Among patients
who underwent embolisation, CTA was performed in the
first month after embolisation, and MSCT scans were
regularly performed if there was no evidence of PAVM
recurrence as shown by MSCT.

Current treatment status of PAVMs in clinical practice

We performed a questionnaire-based investigation in
four tertiary university hospitals. This investigation
involved the pathogenesis, related complications, and
treatment strategy of PAVMs. The results were obtained
from 121 doctors in the departments of respiration,
thoracic surgery, radiology, oncology, intervention, and
emergency in 4 different tertiary university hospitals.

Statistical analysis

All results are expressed as mean + standard deviation or
frequency (percentage). The statistical analysis was per-
formed using SPSS version 19.0 (IBM Corp., Armonk,
NY, USA). A P-value of <0.05 was considered statistically
significant.

Valid results of blood gas analyses (exclusion crite-
ria: blood samples obtained during oxygen therapy or
massive haemoptysis) were obtained from 64 enrolled
patients, and hierarchical multiple regression analysis
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was used to determine the relationship of multiple fac-
tors (collective characteristics of PAVMs, age, sex, and
other lung diseases) with the oxygen pressure. Simple lin-
ear regression and variable correlation scatter plots were
used to analyse the correlation between the diameter of
the feeding artery and oxygen pressure. Paired-sample
t-tests were applied to compare the results of the blood
gas analysis before and after treatment of PAVMs in 24
enrolled patients.

The severity of central nervous system symptoms was
classified on a scale of 1 to 4 (level 1, none; level 2, head-
ache or dizziness; level 3, transient ischaemic attack
[TIA]; and level 4, stroke or brain abscess). Ordered mul-
tivariable logistic regression analysis was performed to
analyse the relationship between multiple factors (collec-
tive characteristics of PAVMs, age, and sex) and central
nervous system symptoms in all enrolled patients. Dif-
ferences of the largest diameter of the feeding artery in
different levels were compared with One-way ANOVA
analysis.

Results

Baseline characteristics of patients and detected PAVMs
Among 838,447 patients, 207 patients were enrolled
in the present study, and the detection rate of PAVMs
was 0.025%. The baseline characteristics of all enrolled
patients are shown in Table 1. In total, 77.78% of the
enrolled patients were female. The patients’ mean age
was 53+ 14.2 years (range 14—87 years). A clinical diag-
nosis of definite or possible HHT was made in 37.7% of
patients (78/207), and 73.1% of these 78 patients were
female. Eight patients with HHT had bilateral diffuse
multiple PAVMs (n>10), including multiple telangiec-
tatic lesions, simple lesions, and complex lesions. One
hundred twenty-eight patients chose to undergo regular
follow-up. Endovascular embolisation was performed in
76 patients, and 4 patients chose video-assisted thora-
coscopic surgery. One patient diagnosed with a diffuse
PAVM received embolisation because of intermittent
haemoptysis. Massive haemoptysis recurred 2 days after
embolisation, and the patient then underwent video-
assisted thoracoscopic surgery.

Table 2 shows the patients’ clinical manifestations.
Seventy-one (34.3%) of 207 patients were asympto-
matic. Ninety-nine (47.8%) enrolled patients exhib-
ited dyspnoea on exertion. Forty-three patients (20.8%)
exhibited serious central nervous system manifestations
(TIA, stroke, or brain abscess), and their mean age was
45.58 +15.23 years (range 14—83 years; median 47 years).

Two hundred thirty-six PAVMs were detected in 199
patients, excluding 8 patients with bilateral diffuse mul-
tiple PAVMs (n>10). Of the 236 lesions, 209 (88.6%)
were located in the peripheral pulmonary area. The
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Table 1 Baseline characteristics of patients diagnosed with

PAVMs
Parameter Value
Sex
Male 46(22.22%)
Female 161(77.78%)
Age
Average 53+142
Range 14-87
HHT(F/M)
Negative 129(105/24)
Possible 29(23/6)
Definite 49(34/15)
Methods of examination
MSCT 103
CTA 104
Type of number (HHT/None)
Solitary 181 (59/122)
Unilateral multiple 5(3/2)
Bilateral multiple (< 10) 13 (8/5)
Bilateral diffuse multiple (> 10) 8 (8/0)
Treatment of PAVMs
Follow-up observations 128 (61.8%)
Embolization 76 (36.7%)
Thoracoscope 4 (2%)
Embolization and thoracoscope 1 (0.5%)

Data are presented as mean =+ standard deviation or frequency (percentage).
PAVMs pulmonary arteriovenous malformations, HHT hereditary haemorrhagic
telangiectasia, M male, F female, MSCT multi-slice spiral computed tomography,
CTA computed tomography angiography

simple type was the most common type among these 236
PAVMs (88.6%). Two diffuse PAVMs were detected in two
patients, and all six telangiectatic PAVMs were detected
in a single patient with HHT (Fig. 1). The mean largest
diameter of the feeding artery and mean largest diame-
ter of the sac was 4.13+1.92 mm and 10.31 £7.48 mm,
respectively (Table 3).

Most of the enrolled patients visited the department of
respiration (40.5%) or thoracic surgery (21.3%) (Fig. 2A).
One hundred eleven patients (53.6%) were first diag-
nosed with PAVMs during a health check-up. The chief
complaint in 44 patients (21.3%) was various degrees of
dyspnoea at their first visit, and the main causes of hospi-
tal visits were different respiratory manifestations (44.9%,
93/207) (Fig. 2B).

Associations between collective characteristics of PAVMs
and hypoxaemia

The results of the hierarchical multiple regression
analysis of the relationship between multiple factors
and hypoxaemia are shown in Table 4. The largest
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Table 2 Clinical manifestations of patients with PAVMs

Respiratory system related n (%) Central nervous system related n (%) Other complains n (%)
Chest distress 84 (40.6) Headache 42 (203) Symptom-free 71(34.3)
Chest pain 39(18.8) Dizziness 33(15.9)

Dyspnoea 66 (31.9) TIA 34 (164)

Dyspnoea on exertion 99 (47.8) Stroke 8(3.9)

Cyanosis 24(11.6) Brain abscess 1(0.5)

Clubbing finger 16 (7.7)

Hemoptysis 28 (13.5)

Data are presented as frequency (percentage). PAVMs pulmonary arteriovenous malformations, TIA transient ischaemic attack

Fig. 1 All types of PAVMs were detected by MSCT and CTA. A The simple type of PAVM consisted of one feeding artery (white arrow) and one
draining vein (black arrow). B Three feeding arteries (white arrows) and one enlarged draining vein (black arrow) were detected in one complex
PAVM. € One diffuse PAVM had multiple feeding arteries involving a large part of the parenchyma (black arrow) and one enlarged draining vein
(white arrow). D Telangiectatic PAVMs with one feeding artery (white arrows) and one draining vein (black arrows) were detected by MSCT. PAVMs
pulmonary arteriovenous malformations, MSCT multi-slice spiral computed tomography, CTA computed tomography angiography

diameter of the feeding artery, type and number of
PAVMs, and other lung diseases were closely associ-
ated with hypoxaemia (P<0.001, P<0.001, P=0.037,
and P=0.03, respectively; R?=0.65). In the final mul-
tivariable model, the diameter of the feeding artery had
the strongest correlation with hypoxaemia (R*=0.43).
The diameter of the feeding artery had a significant
linear correlation with the oxygen pressure prior to

any treatments (P <0.0001) (Fig. 2C). According to the
linear correlative model and the scatter plot graph,
the oxygen pressure was<80 mmHg when the diam-
eter of the feeding artery was>4.1 mm. The results
of the blood gas analysis before and after embolisa-
tion were available in 24 patients and showed signifi-
cant differences (before, 69.08+13.14 mmHg; after,
96.98 £+ 25.89 mmHg; P <0.0001).
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Table 3 Characteristics of PAVMs in 199 patients

Characters Value(%)
Total number of PAVM 236
Location
Subpleural 77(75%)
Outer1/3 32 (13.6%)
Inner 27 (11.4%)
Type of PAVM
Simple type 209 (88.6%)
Complex type 19 (8.1%)
Diffuse subtype 2 (0.8%)
Telangiectatic subtype 6 (2.5%)
Largest diameter of the feeding artery (mm) 4.13+£192
Largest diameter of the sac (mm) 1031+£748

Data are presented as mean =+ standard deviation or frequency (percentage).

PAVMs pulmonary arteriovenous malformations
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Type of PAVMs: 1 for simple type, 2 for complex type,
3 for diffuse type, 4 for mixed types. Other lung diseases:
bronchiectasis was present in two patients, lobectomy
in two, chronic bronchitis in four, pulmonary fibrosis
in one, pneumonectasis in two, tuberculosis in one, and
pulmonary arterial hypertension in two. PAVMs, pulmo-
nary arteriovenous malformations.

Associations between collective characteristics of PAVMs
and central nervous system manifestations

The results of the ordered multivariable logistic regres-
sion analysis showed no association of the largest diam-
eter of the feeding artery and sac of the PAVMs, the type
and number of PAVMs, sex, and age with the severity of
central nervous system manifestations (P=0.8, P=0.42,
P=0.99, P=0.35, P=0.17, and P=0.68, respectively).
These results are shown in Table 5. There were no sig-
nificant differences in the largest diameter of the feed-
ing artery among patients with different levels of central
nervous system symptoms (P =0.44) (Fig. 2D). The range

Respiration

Thoracic Surgery N
Radiology

Oncology

Intervention
Emergency

ooommn

n =207

1004 _
J 2 120
£
1 E 100
1 e
S 80
50+ 2
i o 60+
o
4 g 40
(=
I o
oLl MCOm._. s e

*\‘Q “oe g dr,\ ,‘0(\ 0\)() ?es] \‘O“\

‘<\° Q' O
C *a“¢

c.\‘eg

E

2 4 6
Largest diameter of afferent artery (mm)

90-
124 n=121
L= 1
8 o —
. E ; 70
5T 3 = 94 5
£ 2 ]
3Es ES ] g
2> S£ ] £ 50
s£ 4 T & 6 S
o c -
552 25 3 2 30
. "t ]I |
’ Level1 Level2 Level3 Level4 0 T T T T 10-
evel eve evel eve
Central nervous system related Level 1 Level 2 Level 3 Level 4 \‘o 'd“:’ o(a «\e‘
Central nervous system related jif i S ‘09 Q '{“ 9
ea\(\ V\G W

Fig. 2 A Distribution of the departments that patients with PAVMs visited for consultation. B Different reasons for the 207 patients'first visit to the
hospital: health check-up (53.6%), dyspnoea (21.3%), haemoptysis (8.2%), chest discomfort (5.8%), cough (5.8%), fever (3.9%), and stroke (1.4%). C
The diameter of the feeding artery had a significant linear correlation with the oxygen pressure prior to any treatments (P < 0.0001, R> =0.4308,
y=—3.639x+ 94.988). D There were no significant differences in the largest diameter of the feeding artery among patients with different levels of
central nervous system symptoms (P =0.44). E The range of the largest diameter of the feeding artery was similar among all levels (°P=0.95). F The
graph shows the survey results of PAVM-related serious complications as reported by the investigated doctors; 31.4% of doctors (38/121) did not
fully understand all the serious complications. PAVMs pulmonary arteriovenous malformations




(2022) 23:107 Page 6 of 9

Ma et al. Respiratory Research

00—
800
700

910 —

€0—

L10—

S0 —

€00
8y
€00
{4’
590

S09 —
8lC
€00

60'¢ —

6t —

800 —

1S'C—

00

S00—

£00—

SC0—

00 —

870 —

80
800

956l
90

990

700 —

IS —

oce —

€00 —

Y9 —

900 —

L00—

SC0—

700 —

870 —

€50
70

9681
90

500 —

ol's —

6C¢ —

€00 —

€9C —

LE00
(394
€00

8¢t
290

SC0— LY —

SC0— oCe —

500 — 700 —

/A4 9c—

wo—

cro—

€0 —

1000 >
Leee
S0
98¢
650

65'S —

600 —

6£C —

600 —

190 —

Sv0
LS0
100

6S€C
70

00—

/A

990 —

anjea
100> 4V bIs
€69y anfeA 4/
[340) [45\v4
€691
340 4
Soseasip

bun|

1BYI0

Jopuan

anjeA 4

by

SINAYd JO
J_quINN

(w/€/2/1)
SINAVd

Jo adA|
(Ww)

oeS 9U3 Jo
Ja19Welp
159bue7
(Ww)
Kianie
1UaJ3Ye Jo
1919Welp

¥9'¢ — 15964p7

[SUETRITIEY )
pazipiepueis

[STIETRIITEY )

LISPOW

[SUETRITIET )
pazipiepueis

[SUETRITTET )

[SUTETRITIET )

pazipiepueis  sjudPLYR0)

[STETRIITEL )
pazipiepueis S0

9japo

SI9poW

vISPowW

[SUETRITIEY )
pazipiepueis

[STIETRIITEY )

[SUETRITIEY )
pazipiepueys

[STIETRIITEY )

[SUETRITIET )

pazipiepueis  SjuddLYYI0)

€19poN

CI9POW

LISPOW  s3jqenen

eluaexodAy pue sio1oey ajdinw usamiag diysuonie|al Jo siskjeue uoissaibal ajdninui [ed1ydiesslH + ajqeL



Ma et al. Respiratory Research (2022) 23:107

Table 5 Ordered multivariable logistic regression analysis of
relationship between multiple factors and central nervous
system symptoms

Variables X P value
Largest diameter of afferent artery (mm) 1.01 0.8
Largest diameter of the sac(mm) 499 042
Number of PAVMs 6.7 0.35
Type of PAVMs 0.32 0.99
Age 313 0.68
Gender 1.93 0.17

PAVMs pulmonary arteriovenous malformations

of the largest diameter of the feeding artery was similar
among all levels (IF value=0.11, P =0.95) (Fig. 2E).

Follow-up

Among 81 patients who received treatment, only 1
patient with a diffuse PAVM developed a relapse 2 days
after embolisation and underwent video-assisted thora-
coscopic surgery. No PAVMs recurred in the other
80 patients during follow-up. Before embolisation, 46
patients had dyspnoea on exertion, and this symptom
was greatly relieved in all 46 patients after embolisation
(mean age 50+ 15.55 years; range 16-76 years). In five
patients who underwent thoracoscopic surgery, dyspnoea
on exertion persisted because of lung lobe resection.
Before embolisation, 17 patients had serious central nerv-
ous system manifestations (TIA in 12, stroke in 4, and
a brain abscess in 1), and none of these patients devel-
oped relapse of symptoms during follow-up (median age
49 years; range 31-64 years).

Current treatment status

Fifty-nine doctors (48.76%) were unfamiliar with PAVMs
and rarely encountered patients with PAVMs. A total of
95.04% of doctors (115/121) knew that most PAVMs are
congenital, but 60.37% of doctors (73/121) did not link
PAVMs to HHT in clinical practice. Ninety-eight doc-
tors (80.99%) believed that PAVMs do not induce serious
manifestations. Most doctors (up to 86.68%) realised the
correlation between respiratory symptoms and PAVMs,
but only up to 28.93% of doctors (35/121) knew that
PAVMs induce central nervous system manifestations.
Thirty-eight doctors (31.4%) did not fully understand
all the serious complications of PAVMs (Fig. 2F). The
doctors were divided on the treatment of PAVMs, and
50.41% of doctors believed that PAVMs do not require
medical attention. One hundred eleven doctors (91.74%)
considered that embolisation is the best alternative for
treatment of PAVMs if necessary, but 64.46% of doctors
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(78/121) were unaware that the presence of feeding arter-
ies of>3 mm in diameter is the proper indication for
embolisation.

Discussion

This is the largest-sample study to describe the char-
acteristics of PAVMs in the general population. MSCT
and CTA (resolution: 1.0 x 1.0 mm or 0.625 x 0.625 mm
respectively) was conducive to the detection of very small
PAVMs in our study, and this noninvasive imaging tech-
nique can clearly reveal the construction of PAVMs. We
recommend that CT plays the largest role in diagnosis of
PAVMs [4-6, 23, 24]. The detection rate of PAVMs was
0.026%, which is lower than that reported by Nakay-
ama et al. [6] (0.038%). The hospitals in this survey are
top national research-oriented hospitals serving a large
nationwide population. Although the present study was
not a population study, the detection rate might indicate
a low incidence of PAVMs in the general population. In
total, 37.7% of the enrolled patients were diagnosed with
HHT, which is a lower rate than in Western popula-
tions [1, 25]. We considered that the correlation between
PAVMs and HHT is indeed much lower in Asian popula-
tions, which is in line with previous studies [22, 26]. The
present study also indicated that female patients repre-
sented the major group of patients with PAVMs [6, 27].
Because increasingly more idiopathic PAVMs are being
found in patients without HHT, we consider that PAVM
research should be performed in the general population,
not just in patients with HHT.

The relationships between the collective characteris-
tics of PAVMs and various clinical symptoms were spe-
cifically revealed in this study. Given the influence of
multiple factors of PAVMs on hypoxaemia, the largest
diameter of the feeding artery (>3 mm) should no longer
be the only reference standard for treatment. The num-
ber and type of PAVMs should also be taken into consid-
eration. For patients with multiple small PAVMs (<3 mm
diameter of feeding artery), the total right-left shunt
could also result in hypoxaemia. In our study, all multiple
telangiectatic PAVMs were found in teenagers or young
adults diagnosed with HHT, and the growth and devel-
opment of these patients were affected by hypoxaemia.
Complex or diffuse PAVMs are often accompanied by
hypoxaemia [28]. Especially in patients with other lung
diseases, PAVMs would exacerbate hypoxaemia.

The poor associations between the collective charac-
teristics of PAVMs and central nervous system manifes-
tations indicate that serious symptoms develop because
of the existence, not size, of a right—left shunt. A small
PAVM (<3-mm diameter of feeding artery) can also
result in serious symptoms such as TIA, stroke, or brain
abscess [29]. Therefore, treatment is recommended for
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PAVMs with a small-diameter feeding artery (<3 mm),
which differs from previous studies [14]. In our study,
timely treatment of PAVMs reduced the recurrence
rate of serious central nervous system manifestations in
patients who had once shown such symptoms. However,
whether early treatment of small PAVMs decreases the
rate of TIA, stroke, and brain abscesses in the younger
population remains unknown. This requires further
study.

According to our experience, embolisation should
still be the first-line treatment. In contrast to thoraco-
scopic surgery, embolisation eliminates the right-—left
shunt without impairing lung function. For small, distally
located PAVMs, we still consider embolisation to be the
first choice, which is inconsistent with a previous study
[22]. In our experience, such PAVMs can also be embo-
lised with micro-catheters and micro-coils after care-
ful performance of super-selective angiography. We also
consider embolisation to be the first choice for patients
with serious haemorrhagic complications because of the
high mortality rate of haemorrhagic anaemia and respira-
tory insufficiency during surgical resection [14, 30-32].
Diffuse PAVMs might recur after embolisation because
of untreated feeding arteries, and thoracoscopic surgery
should be the priority.

Inquiry into the patients’ first hospital visits in this
study revealed that the causes of the hospital visits were
quite different and that the distribution of the con-
sulting departments was extremely uneven. However,
at least half of the doctors could not give proper treat-
ment recommendations because of their lack of aware-
ness about PAVMs. Therefore, it is necessary to clarify
the associations between the collective characteristics of
PAVMs and various manifestations and clearly describe
the characteristics of PAVMs in the real-world clinical
setting. Pulmonologists, thoracic surgeons, and radiolo-
gists should be familiar with the diagnosis and treatment
of PAVMs.

This study had limitations because of its retrospective
nature. The medical records of some patients were lim-
ited, and telephone follow-ups could only provide the
patients’ medical data; such follow-ups were not helpful
for obtaining the family history of HHT. Furthermore,
we were unable to perform genetic testing for HHT in
all patients. Determination of the accurate incidence of
PAVMs in China requires further research given the pos-
sible selection bias in the present study.

Conclusions

The incidence of PAVMs is low in the general population.
PAVMs are much less associated with HHT than previ-
ous reported. MSCT and CTA should be convention-
ally used for diagnosis of PAVMs. Given the connection
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between the collective characteristics of PAVMs and
various manifestations, the number and type of PAVMs
should be taken into consideration in addition to the
diameter of the feeding artery. Small PAVMs should be
treated in patients who develop serious manifestations.
Transvascular embolisation should still be the first treat-
ment choice.
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