Heart, Lung and Circulation (2019) 28, 655-659

1443-9506/04/$36.00

BRIEF COMMUNICATION

https://doi.org/10.1016/j.h1c.2018.08.008

Angioscopic Evaluation During Balloon
Pulmonary Angioplasty in Chronic

®

CrossMark

Thromboembolic Pulmonary Hypertension

Naohiko Nakanishi, MD, PhD °, Kuniyoshi Fukai, MD, PhD,

Hideo Tsubata, MD, Takehiro Ogata, MD, PhD, Kan Zen, MD, PhD,
Takeshi Nakamura, MD, PhD, Tetsuhiro Yamano, MD, PhD,
Hirokazu Shiraishi, MD, PhD, Takeshi Shirayama, MD, PhD,
Satoaki Matoba, MD, PhD

Department of Cardiovascular Medicine, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan

Received 2 December 2017; received in revised form 20 April 2018; accepted 17 August 2018; online published-ahead-of-print 8 September 2018

Background

Keywords

Chronic thromboembolic pulmonary hypertension (CTEPH) is a progressive disorder with a poor prog-
nosis. Recently, balloon pulmonary angioplasty (BPA) has been reported to be an effective treatment for
inoperable patients with CTEPH. However, this catheter-based treatment has potentially life-threatening
vascular complications. To improve the efficacy and safety of BPA, we assessed the morphological evalua-
tion of organised thrombus and the vascular injury by BPA procedure.

In this study, we assessed the morphology of organised thrombi and the vascular injury observed by
angioscopy during BPA in 28 lesions from nine CTEPH patients.

Angioscopy visualised various forms of organised thrombi such as ‘Mesh’, ‘Slit’, ‘Flap’ and ‘Mass’ and
allowed for a detailed evaluation of organised thrombus that was difficult to do by conventional contrast
angiography. In addition, after balloon dilation for BPA, angioscopy revealed a haemorrhage due to a vessel
wall injury caused by wiring and/or ballooning.

Assessment of organised thrombus and vascular injury by angioscopy might contribute to improving the
treatment of the patients with CTEPH.

Chronic thromboembolic pulmonary hypertension ® Angioscopy ® Balloon pulmonary angioplasty

Introduction

Chronic  thromboembolic ~ pulmonary  hypertension
(CTEPH) is defined as the elevation of the pulmonary arte-
rial pressure and pulmonary vascular resistance, caused by
persistent unresolved pulmonary vascular obstruction.
Patients with surgically accessible obstructions can undergo
pulmonary endarterectomy, which is a potentially curative
treatment with improvement of functional outcome and a

high survival rate [1-4]. Recently, balloon pulmonary angio-
plasty (BPA) was reported to improve the haemodynamics,
exercise capacity, and symptoms of patients with inoperable
CTEPH [5-8]. Despite a lack of long-term data, BPA has
spread worldwide as an alternative intervention for inop-
erable CTEPH. However, this catheter-based treatment has
potentially life-threatening vascular complications. To
improve the efficacy and safety of BPA, accurate assessment
of thrombotic lesions and vascular injury related to BPA
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procedure are required. In this study, we assessed the mor-
phological evaluation of organised thrombus and the vas-
cular injury observed by angioscopy during BPA.

Methods

We performed a non-obstructive angioscopy to directly
observe lesion morphology and vascular injury during
BPA. To obtain the angioscopic images, a 4-Fr probing cath-
eter was advanced to the distal segment of the pulmonary
artery under the guidance of a 0.014 inch guidewire sup-
ported with a 2.6-Fr micro-catheter. An imaging fibre (VISI-
BLE, FiberTech Co., Ltd., Tokyo, Japan) was inserted into the
probing catheter and advanced to the tip. To remove the
blood from the visual field during image acquisition, low-
molecular-weight dextran was infused from both of the 4-Fr
probing catheter and the 6-Fr guiding catheter [9]. Subse-
quently, BPA was performed using the guide of intravascular
ultrasonography (IVUS) to decide the correct balloon size.

We evaluated the morphological features of an organised
thrombus and the vascular injury in nine patients with
CTEPH (28 lesions) who underwent blood flow-maintaining
angioscopy during BPA. Our institutional review board
approved this study.

Results

Angioscopy could directly visualise the organised thrombus
that was difficult to observe by angiography. Angioscopy
revealed various types of organised thrombi (Figure 1). Red-
coloured mural thrombi were observed even on anticoagu-
lant therapy. The most frequently observed type was the
‘mesh’ organised white thrombus. The ‘Slit’ thrombi had
similar morphology to ‘mesh’ lesions. Angioscopy clearly
visualised these filamentous thrombi, although pulmonary
angiography and IVUS sometimes failed to detect ‘slit’
lesions due to their small size. ‘Flap’ thrombi almost
completely occupied the vessel lumen and blocked blood
flow. Angioscopy revealed that this type of lesion was
formed by a membrane of an organised thrombus that only
occupied a small volume. ‘Mesh’, ‘slit’, and ‘flap” thrombi
appear to be good indications for balloon angioplasty
because these thrombi can be easily compressed against
the vessel wall by balloon dilation due to their small size.
We also detected ‘mass’-like thrombi that formed a solid
mass. Since these lesions seem to be composed of a massive
organised thrombus, balloon dilation alone is less likely to be
effective.

Angioscopy performed after balloon dilatation revealed
that the organised thrombus was disrupted and pushed
against the vessel wall by balloon dilatation. This resulted
in an enlargement of the lumen. However, we also found a
haemorrhage due to balloon injury, guiding catheter injury,
or dissection of the pulmonary artery (Figure 2A). After
balloon dilation for BPA, angioscopy revealed a haemor-
rhage at the target lesion site due to a vessel wall injury.

Detection of vascular injury with a haemorrhage after BPA
suggests that wiring and/or ballooning during this proce-
dure can cause vessel wall damage or detach a strongly
adherent organised thrombus. This presents the potential
for bleeding complications such as parenchymal haemor-
rhage and haemoptysis.

Discussion

In this study, we demonstrated that various forms of organ-
ised thrombi in CTEPH can be observed by angioscopy
which was difficult by angiography or IVUS in detail
Chronic thromboembolic pulmonary hypertension is a pro-
gressive disorder with a poor prognosis despite the recent
progress of medical therapy such as soluble guanylate
cyclase stimulators [10]. Balloon pulmonary angioplasty
for inoperable CTEPH is now widely practiced, thus
improvement in the safety of the BPA procedure is needed.
Angioscopy might provide new insights into the detection of
organised thrombus and the BPA procedure.

It was reported that the outcome and complication rates of
BPA were dependent on the vascular lesion characteristics
[11]. Cone-beam computed tomography (CT) can clearly
depict thrombotic lesions and morphology of a thrombus
in patients with CTEPH [12,13]. However, CT cannot evalu-
ate the vascular complications during BPA. It is sometimes
difficult to perform the detailed evaluation of organised
thrombus and vascular injury only by conventional contrast
angiography. Currently, several additional techniques such
as IVUS and optical coherence tomography (OCT) are used to
improve the management of BPA [14-16]. Although these
imaging techniques are useful for the detection of thrombus
as occupancy in the vessel, these devices are not enough to
elucidate the vascular injury related to the BPA procedure.

Non-obstructive angioscopy is the only technique that
directly and clearly visualises the vessel lumen and biological
phenomena during BPA [9,17,18]. Pulmonary angiography
only shows shadows of thrombus that appear as contrast
defect. Assessment of the morphology of organised thrombi
by angioscopy during BPA can accurately identify the throm-
bus, which is difficult in angiography and can assist to reduce
unnecessary balloon dilatation to minimise vascular compli-
cations of BPA. Moreover, the detection of minor vascular
injury by angioscopy during BPA might be able to avoid risk
of further vessel damage due to additional balloon dilatation
(Figure 2B).

We have some study limitations. First, the sample size is
small and the association between the angioscopic observa-
tions and the efficacy of BPA was not evaluated. Second, the
rate of bleeding due to vascular injury or the relationship
between the vascular bleeding and reperfusion pulmonary
injury are not well known. Further investigation is required
to assess the utility of angioscopy for CTEPH.

In summary, we evaluated the morphological features of
an organised thrombus and the procedural balloon injury by
angioscopy in CTEPH patients undergoing BPA. Angioscopy
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Figure 1 Various types of organised thrombi observed by angioscopy.
(@) Red thrombus; (b) Mesh thrombus; (c) Slit thrombus; (d) Flap thrombus; and (e) Mass-like thrombus. Left line:
angiography, Middle line: scheme of organised thrombus, Right line: organised thrombi observed by angioscopy.
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Figure 2 Vascular injury observed by angioscopy.

A: (a) Bleeding from a lesion without an organised thrombus; (b) Bleeding from the target lesion; (c) Guiding catheter injury;

and (d) Dissection with bleeding.

B: Angiography and angioscopy before balloon pulmonary angioplasty (BPA) (a) and after BPA (b). Although angiography
before BPA revealed organised thrombus as the translucent of contrast, angioscopy can detect the thrombus directly. After
balloon dilation, we can see that, although slit-like translucent thrombus remains, blood flow is improved and no vascular
complication is seen in contrast angiography. However, angioscopy can demonstrate the bleeding at the target lesion site due

to a vessel wall injury.

directly revealed the morphology of various types of organ-
ised thrombus in detail that was difficult to evaluate by
conventional pulmonary angiography. Angioscopy revealed
a haemorrhage due to a balloon injury after BPA. Assessment
of organised thrombus and vascular injury by angioscopy
might contribute to improving the treatment of the patients
with CTEPH.
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