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Summary. Purpose: Haemoptysis (Hp) is a potentially life-threatening medical condition. We investigated

the safety, efficacy and usability of bronchial artery embolization using a new anti-reflux microcatheter in
patients with haemoptysis. Materials and methods: 'The study was held as a single-center retrospective study.
Four patients underwent bronchial arterial embolization, using the new microcatheter. Then, we evalueted

technical success, immediate clinical success, haemoptysis recurrance rate and safety in reducing reflux com-

plications. Conclusion Bronchial artery embolization for hemoptysis with the new microcatheter is a safe and
effective method with high technical and clinical success rates. Short and medium-term results are excellent.

(www.actabiomedica.it).
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Introduction

Haemoptysis (Hp) is a potentially life-threaten-
ing medical condition (1-3).

Its aetiology and epidemiology vary a lot among
studies according to geographic locations, time of
publication and epidemiological design (1,2,4-8). The
most common causes of life-threatening Hp include
bronchiectasis from infectious and non-infectious ae-
tiologies, bronchogenic carcinoma, and various lung
infections such as tuberculosis (TB), depending on
geographical location (1,9-14).

In Italy, malignancies and bronchiectasis were
most common causes of moderate (20-500 mL in 24 h)

and severe (> 500 mL in 24 h) Hp (3); there are also

other aetiologies described in the literature include
mycetomas, necrotizing pneumonia, and cryptogenic
Hp (1,9-14).

No consensus has been determined about Hp
severity throughout the literature; however, more and
more agree to divide Hp into two categories: massive
and non-massive, rather than “mild, moderate and se-
vere”. There is no precise cut-off in relation to which
it is decided whether to subject a patient to emboliza-
tion.

It is estimated that 5-14% of patients present-
ing with Hp will have life-threatening Hp (1,15,16).
Life-threatening Hp, also called massive Hp, has been
variably defined based upon criteria such as the vol-
ume per hour of bleeding, the total volume of bleeding
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per 24h, or the presence of abnormal gas exchange or
hemodynamic instability (1,9,15). Hp fatality is much
more frequently associated with asphyxiation rather
than exsanguination.

Although over 90% of Hp are self-limiting (17),
both diagnosis and treatment of massive Hp are chal-
lenging (18).

The optimal diagnostic approach to Hp has not
been determined. The most frequently used modali-
ties for studying Hp include chest radiography (CXR),
bronchoscopy (FOB) and multidetector computed to-
mography (MDCT) angiography, useful to determine
the bleeding site and they can be used alone or in com-
bination.

In the absence of guidelines on the treatment
of Hp, there are essentially four treatment options
for haemoptysis with respiratory and haemodynamic
supports: drug therapy, catheter intervention, such as
bronchial artery embolization (BAE), bronchoscopic
intervention and surgery (lung resection) (19-24).

Mild or moderate Hp can often be managed by
conservative treatment of the underlying pathology.

On the other hand, there are several modalities
to treat life-threatening Hp, but there are no existing
guidelines on how to best manage it.

Following initial stabilization and localization of
the bleeding site, bronchial artery embolization (BAE)
via the transfemoral approach has become the first-
line therapy for treating massive and recurrent Hp
(22,25-27,28).

BAE, which controls the bleeding by angiogra-
phy-guided injection of embolic substance into patho-
logic bronchial arteries, has largely replaced emergent
surgery for the management of life-threatening Hp,
due to the availability of safe and effective endovascu-
lar embolization techniques (29).

Sopko et al. described that a surgical lung resec-
tion has a 40% of mortality when executed in emer-
gency, instead of 18% of mortality when an election
procedure is performed. Therefore, there are vary indi-
cations to surgical intervention in patients with mas-
sive Hp, such as technical failure of BAE or recurrent
Hp despite multiple BAE intervention. (30)

Microcatheters are commonly used during several
arterial embolization procedures. SeQure® is a new
microcatheter for peripheral embolization procedures,

which is a reflux-control microcatheter that uses flow
dynamics to create a fluid barrier designed to deliver
more treatment to the target vessel and reduce the risk
of non-target embolization for less potential damage
to surrounding tissue. The device has side slits through
which contrast media can’t exit, putting up a barrier
that prevents embolic agents from going where they
shouldn’t. It means that SeQure® microcatheter helps
interventional radiologists to deliver a high quality of
care during image-guided BAEs.

Non-target embolization is a complication of em-
bolization procedures, which can also be very serious,
arising upon unintentional reflux of embolic beads to
adjacent vessels, above all after occlusion of the target
vessel. In particular one of the worst complications of
BAE is the inadvertent embolization of anterior spinal
arteries, with possible severe neurological consequent
(e.g. paraplegia).

The aim of our study was to evaluate the effective-
ness, the safety and the short and medium-term results
of BAE performed using the new SeQure® microcath-
eter (Guerbet, France).

Material and methods
Patients

The study was held as a single-center retrospec-
tive study. Written informed consent was taken from
all patients before the procedure, and the local ethical
committee approved the study.

This case series includes 4 patients who under-
went BAE using SeQure® microcatheter (Guerbet,
France) for Hp. From March 2019 to February 2020, a
total of 4 patients (3 men and 1 woman) with a mean
age of 38 years were treated.

All patients had massive Hp with a bleeding of
100- 500 ml in the 24h (9) causing desaturation, so an
interventional radiology (IR) procedure was indicated.

The patients’ characteristics are shown in Table 1.

Imaging

All patients were evaluated with a MDCT
angiography before the procedure (Fig. 1)
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Table 1. The patients’ characteristics

Patients Age | Sex Cause Grade Pre-procedure Time since embalization
Diagnaostic Workup (manths)
(CTA/FOB)
1 40 Il Bronchiectasis Massive CTA 3
(Kartagener
Syndrame)
2 30 Il Bronchiectasis Maszive CTa 4
3 37 F Bronchiectasis Massive CTA 5
4 45 I Bronchiectasis Massive CTA &
CTA=Computed-Tomography Angiography
MDCT angiography was carried out to: Technique

Localize the site of the bleeding and estab-
lish if there was a mono or bilateral bleeding

Find the origin of the bronchial artery “in-
criminated” and measure its calibre

Establish if there was an “active bleeding”
Decide the type of the treatment and the
choice of the catheter.

After that, we performed the procedure using a
SeQure® microcatheter, that let us perform a super-
selective and target embolization.

After local anaesthesia (lidocaine 2%), a 5French
sheath is inserted into the right common femoral ar-
tery. Using a S5F diagnostic catheter (Cobra or Sim-
mons) on a Terumo (0.035 inch) guidewire, cath-
eterization of the bronchial artery is performed. Once
catheterized the right artery, angiography is performed
in PA and oblique projections (Fig. 2). That is to study
the pathological vessels, collateral arteries (intercostal
a., costo-cervical a.) and the potential presence of AV

Figure 1. A) coronal section of a MDCT angiography. B) 3D reconstruction of a MDCT angiography.
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Figure 2. A) PA projection of an intraprocedural angiography. B) oblique projection of the angiography.

fistula or malformation. Moreover, it is important to
exclude the presence of anteriors spinal arteries per-
forming a lateral projection too.

In fact, the accidental embolization of this artery
can lead to paraplegia which is one of the worst com-
plications related to this intervention.

Once studied the angiographies, the 2.8Fr
SeQure® microcatheter is advanced on a 0.016 guide-
wire into the bronchial artery, beyond the collateral
arteries to avoid non-target embolization (eg costal
arteries). Another angiography is performed from
the microcatheter to better study the vessel. Then
the embolization is performed using microparticles
Embozene (Boston Scientific Corporation) 500 or
700 micrometers, prepared with contrast media and
saline solution (1:1). The injection is performed slowly.
Only the contrast media exits from the lateral holes
at the tip of the SeQure®, creating a turbulence that
avoids reflux and non-target embolization. The injec-
tion is performed avoiding reflux of contrast beyond
the proximal marker of the SeQure®, preventing non-
target embolization. Injection is stopped when the
blood flow in the vessel is nearly to stop.

Final angiography demonstrates good result of
the embolization.

Outcomes

After performing the BAE, for each patient we

evaluated the parameters below:

- Technical success (TS): was defined as the
possibility to arise the bleeding vessel and
carry out a target embolization.

- Immediate clinical success (ICS): was de-
fined as the cessation of bleeding within 24 h
of BAE or within the same admission.

- Hp recurrence rate (HRR): was defined as
a significant Hp occurring after discharge,
requiring either hospital admission, medical
management, or repeat intervention of BAE
in the time of two month.

- Safety in reducing reflux complications

All complications were recorded and classified as
minor and major; they were assessed according to SIR
Criteria (31).

Results

Patient’s results are showed in Table 2.
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Table 2. Patient’s results

Patients Age Sex T5 IC5 RR Major
complication

1 40 MWl Yes Yes Mo a

2 30 MWl Yes Yes Mo a

3 37 F Yes Yes Mo a

4 46 MWl Yes Yes Mo 0

In this study, 4 consecutive patients who under-
went BAE were retrospectively analysed. The median
patient age was 38 years and 75% were men.

All BAEs were carried out with SeQure® micro-
catheter using transfemoral access.

Technical success (T'S) rate was 100% since every
embolization was carried out targetly and a super
selective injection of embolization material was per-
formed. The immediate clinical success (ICS) rate
of preventing massive Hp was 100%. There was no
procedure-related mortality or morbidities. No major
complication occurred during or after the procedure.
Minor complications such as chest pain were observed
in 1 patient (25%).

These patients showed good response after em-
bolization with SeQure® microcatheter: recurrent Hp
rate was observed in none of four patients (0%) within
2 months, and no repeat BAE is required.

In none patients (0%) a reflux complication was
observed.

All the underlying pathologies for recurrent Hp
were bronchiectasis (100%), in a case related to Karta-
gener Syndrome.

Discussion
The results of this study demonstrated that BAE

with SeQure® microcatheter is a safe, effective treat-
ment method for massive Hp with excellent short

and medium-term outcomes. Hp is a potentially life-
threatening occurrence, which requires prompt inter-
vention.

Earlier, before the advent of BAE, the best meth-
od of controlling bleeding was surgery. It required pa-
tients many preparations such as chest C'T, pulmonary
function, even bronchoscopy to evaluate the patient’s
physical condition and determine the range of surgery;
however, some preparations were impossible for the
patients in emergency conditions (32).

BAE is a well-established procedure used to
control Hp since it first performed in 1974 (33-35).
Nowadays this procedure is widely used as a first-line
management of Hp, because non-operable patients
could be treated and other patients could be stabilized
prior to surgery (36).

The use of certain complementary examinations is
indispensable in patients with Hp.

The diagnostic workup for massive Hp should be
undertaken as soon as possible and after the patient
has been stabilized. Sometimes, the association of
FOB and MDCT angiography, may be more effective
than either alone.

However, the role of FOB is currently highly de-
bated, in particular since the continuous evolution of
CT. Several studies have compared MDCT with FOB
(36-39). Revel and colleagues reported the comparison
between MDCT and FOB in determining the site and
the cause of life-threatening Hp. MDCT may be com-
parable to FOB for identifying the site of bleeding (70%
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vs. 73% respectively), however MDCT has been found
to be more efficient than FOB in identifying the cause
of bleeding (77% vs. 8%, respectively, P<0.001) (37).

The MDCT angiography not only allows the
study of pulmonary vascularization, but, at the same
time, it allows an exhaustive study of the mediastinum
and the parenchyma during the same acquisition (40).
The MDCT identifies all of the catheterizable bron-
chial arteries in angiography, that are the source of the
bleeding; as well as detects pulmonary arterial anoma-
lies, avoiding useless bronchial angiographies and cor-
rectly indicating the therapeutic attitude (41,42).

Evertheless, the MDCT does not identify certain
collateral bronchial arteries, in particular the anterior
median spinal artery. Only the anterior lumbar spinal
artery can be detected at this time (42).

While MDCT appears to have the highest di-
agnostic yield for life-threatening Hp, FOB remains
invaluable for patients needing airway control.

A small parenthesis concerns Chest X-Ray
(CXR), the latter represents one of the imaging mo-
dalities pertinent to the evaluation of massive Hp. De-
pending on the hospital, CXR could be still considered
the initial imaging modality for evaluating a patient
with Hp. It can assist in lateralizing bleeding and re-
veal a focal or diffuse lung involvement. Nevertheless,
the sensitivity of CXR in this context is not high; CXR
identified the bleeding site in 46% of cases, and the
underlying bleeding cause in 35% (37).

In our series, all the patients underwent pre-
procedural MDCT, which localized the likely site of
bleeding, so FOB was not performed. After perform-
ing MDCT, our patients were ready to begin the pro-
cedure. BAE should be performed as soon as possible
after contrast-enhanced MDCT (and/or bronchos-
copy).

The goal of BAE is reduction of the systemic arte-
rial perfusion pressure in the bronchial arteries of the
affected area in order to stop bleeding (43).

There are no absolute contraindications to BAE
for the treatment of massive Hp. Coagulopathy, con-
trast allergy and renal failure are only relative contrain-
dications.

A variety of agents have been used for bronchial
artery embolization. We performed 4 procedures of
BAE using the relatively new SeQure® microcatheter.

BAE must be carried out by an experienced inter-
ventional radiologist. The diameter of the bronchial ar-
teries increases to several millimeters in patients with
chronic inflammatory lung disease, especially cystic
fibrosis (44).

Active bleeding is demonstrated in only 3.6 to
10.8% of cases (45,46).

Bronchial artery diameter >2 mm, tortuosity of
the bronchial arteries, shunts, aneurysms, extravasa-
tion of contrast medium, and hypervascularized zones
of lung parenchyma represent some features of patho-
logical bronchial arteries that could be source of bleed-
ing (27, 45, 47). Pathological artery identification is
typically followed by embolization with the material of
choice, how it happens in all IR procedures.

The choice of the embolization material is impor-
tant to the success of the intervention and is depend-
ent upon the size and site of the bleeding vessel, the
ease of access and deployment of the occlusive mate-
rial to the vessel, the size of the catheter being used,
the durability of occlusion as well as the tendency for
recanalization (30, 48, 49).

Before the beginning of the procedure, we need to
evaluate the existence of branches supplying the spine
or the existence of shunts between the bronchial arter-
ies and the pulmonary arteries or pulmonary veins in
order, to avoid a systemic embolism.

According to this, our results are very confident
compared to literature which report an ICS of 70-99%
(50).

The results of this study demonstrated that BAE
performed using SeQure® microcatheter is a safe, ef-
fective treatment method for moderate or massive Hp
with excellent short and medium-term outcomes.

In our study bronchial arteriography and emboli-
zation were well-tolerated by all patients.

We obtained a 100% of TS, carrying out 4/4 in-
terventional procedures.

Of the 4 cases, an immediate control of bleeding
was achieved with embolization in all patients (100%),
with a full ICS. The procedural efficacy in controlling
Hp was comparable to other studies.

Our short-term success rates evaluated through
HRR was comparable to other studies, since HRR
was 0%.

The study showed the procedure to be very safe.
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In summary, Hp represents a significant clinical
entity with high morbidity and potential mortality.
Medical management (in terms of resuscitation and
bronchoscopic interventions) and surgery have severe
limitations in these patient populations. BAE proce-
dures represent the first-line treatment for Hp arising
from bronchial arterial source.

The most frequent side effects of BAE are transient
chest pain (24 to 91%) and dysphagia (0.7 to 18.2%)
(46). Nevertheless, one of the most severe complica-
tions is transverse myelitis. Unintended spinal cord is-
chemia, due to the embolization of spinal arteries (1.4
to 6.5%) (10, 46), leads to transient or persistent para-
paresis or paraplegia (50). The spinal artery originates
from a bronchial artery in 5% of patients. During the
procedure of BAE, when spinal artery is founding, it’s
usually advised to use super-selective BAE to prevent
the complication.

Another quite common complication is the re-
flux of embolic material into the artery. In this study,
this type of complication has proved in some way to
be avoidable thanks the use of SeQure® microcatheter.

The SeQure® microcatheter reduced the risk of
non-target embolization to help maximize selective
embolization, and above all, it seems to reduce sig-
nificantly the reflux of embolic material. This micro-
catheter has a novel distal tip filter with side slits,
allowing outflow of the embolic material, without
passage of embolization beads. These features reduce
non-target embolization and also reduce the risk of
beads reflux at higher injection rates, enabling the
injection of more embolic material until full stasis
is achieved.

Our study has important practical implications.
SeQure® microcatheter could represent a viable al-
ternative to usually used microcatheter. It could re-
duce the risk of non-target embolization and it flow
rate at reflux and bead accumulation in a flow model,
compared to a standard microcatheter. All these fea-
tures allow to reduce the risk of complication such
as spinal cord ischemia or other unintended artery
embolization.

The limitations of this study were its small patient
population, availability of only short-term follow-up,
its retrospective and observational nature, and it’s con-
ducted at single site.

A larger patient sample should be consid-
ered to ascertain a better efficacy and safety of this
microcatheter.

A more prolonged follow-up may also establish
long term prognosis in these patients.

Conclusion

This study demonstrates the safety and short/me-
dium-term efficacy of BAE using SeQure® microcath-
eter. SeQure® ensured safe target-vessel embolization:
it can reduce the risks of bleads reflux and, accordingly,
the risk of non-target embolization events. BAE using
SeQure® microcatheter can be a valuable therapeutic
option for treating patients with haemoptysis.
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