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Abstract

Chronic thromboembolic pulmonary hypertension (CTEPH) is designated as an intractable disease
by the Ministry of Health, Labour and Welfare of Japan, and has an extremely poor prognosis if un-
treated. Surgical pulmonary endarterectomy is the curative treatment for cases in which the orga-
nized thrombi are located in the central part of the pulmonary artery, but there had been no effective
treatment for cases in which the thrombi are located in the peripheral part of the pulmonary ar-
tery. Recently, balloon pulmonary angioplasty (BPA), a transcatheter procedure to dilate stenotic or
occluded lesions in the peripheral pulmonary artery, has been rapidly developed. Although BPA
was once a globally abandoned procedure due to hemorrhagic complications, Japanese experts have
improved the technique, and its safety and efficacy have been enhanced. As a result, BPA is now
being reevaluated worldwide. This review describes the history and development of BPA in the
treatment of CTEPH, as well as the status of this treatment in Fukushima Prefecture.
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organized thrombi. While pulmonary endarterecto-
my (PEA) has been established as a treatment for
the central type'?, until recently there have been no

Introduction

Chronic thromboembolic pulmonary hyperten-

sion (CTEPH) is a serious disease in which blood
flow is obstructed by organized thrombi in the pul-
monary artery, resulting in increased pulmonary
vascular resistance, elevated pulmonary artery pres-
sure, and decreased cardiac output, leading to severe
right heart failure in the terminal stage".

It is one of the government-designated intrac-
table diseases, and the prognosis for patients with
untreated CTEPH has been very poor?. Annual
trends of the number of patients with CTEPH in Ja-
pan show a gradual increase, and the number of pa-
tients in 2021 exceeded 4,800°.

This disease is classified into “central” and “pe-
ripheral” types according to the main location of the
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effective therapeutic interventions for the peripheral
type of CTEPH. However, since three papers were
reported from Japan in 2012, catheter-based balloon
pulmonary angioplasty (BPA) has become increas-
ingly popular worldwide*®. In the meantime, two
pulmonary vasodilators, riociguat and celexipag,
have been approved for use in the treatment of this
disease”, and the treatment strategy of CTEPH has
undergone a major transformation”. This review
will outline the diagnosis and treatment of CTEPH
with a focus on BPA. We will also discuss our ef-
forts to manage a rare disease such as CTEPH in
sparsely populated areas such as Fukushima Prefec-
ture.

E-mail : nakazato@fmu.ac.jp

This article is licensed under a Creative Commons [Attribu-
tion-NonCommercial-ShareAlike 4.0 International] license.

167



168 K. Nakazato et al.

Pathophysiology and clinical diagnosis
of CTEPH

CTEPH is defined as chronic persistent pulmo-
nary hypertension resulting from stenosis or ob-
struction of the pulmonary arteries caused by orga-
nized thrombi. The duration of “chronic
persistent” used to be defined as 6 months, but re-
cently it is often defined as 3 months'”. Acute pul-
monary thromboembolism (APTE) secondary to
deep vein thrombosis is widely known as a throm-
botic disease of the lungs. The transition from
APTE to CTEPH has been reported to be 0.97% at
2 years'”, and 0.56% in a meta-analysis'®. The as-
sociation between APTE and CTEPH is not as
strong as we might imagine. Early diagnosis of
CTEPH is not easy, since the initial symptoms of
this disease are nonspecific, such as shortness of
breath and fatigue on exertion. Therefore, it is
very important for physicians to suspect the disease
based on those common symptoms. Ventilation/
perfusion (V/Q) lung scintigraphy is very useful in
differential diagnosis™. As shown in Figure 1, this
examination reveals multiple perfusion defects in ar-
eas where ventilation is preserved (ventilation-per-
fusion mismatch). Pulmonary arteriography shows
findings such as bands and webs, which are charac-
teristic of CTEPH (Figure 2). The terms “band”
and “web” have been used by pathologists for a long
time in their publications, showing spiderweb-like
networks macroscopically and lotus root-like cross-
sectional images histopathologically'”. Figure 3
shows optical coherence tomography images of a
pulmonary artery web lesion. This type of orga-

nized thrombi obstructs the blood flow in the pulmo-
nary arteries. A plain CT image of the lung field
shows a mosaic pattern of high-density areas with
rich blood flow and low-density areas with poor
blood flow (Figure 4). The presence of those condi-
tions and pulmonary hypertension (currently defined
as a mean pulmonary arterial pressure of 25 mmHg
or greater) on right heart catheterization is the de-
finitive diagnosis of CTEPH?.

History and development of BPA

BPA, as the name implies, is a balloon-assisted
dilatation of stenotic lesions in the pulmonary ar-
tery. In practice, the only devices used are guiding
catheters, guidewires, and classic balloons. There-
fore, it has been technically feasible for a long time,
with the first published case report in 1988,
However, BPA’s efficacy and safety have been ques-
tioned since 2001, when Feinstein ef al. reported a
series of cases'®. The efficacy of BPA in lowering
mean pulmonary artery pressure did not match the
efficacy of PEA, and there were cases of pulmonary
hemorrhage following balloon dilation that required
ventilation, resulting in the death of one patient'®.
Since then, BPA had not been widely accept-
ed. However, patients with “peripheral” CTEPH
who are not eligible for PEA account for about half of
all patients, and the percentage is even higher in Ja-
pan than in Western countries'”. As the only treat-
ment for these patients, BPA has been gradually im-
plemented at a limited number of facilities in Japan
since the mid-2000s. In 2012, three Japanese insti-
tutions reported on the results of BPA treat-

Ventilation-perfusion mismatch

Ventilation scintigraphy
(B1mKr)

Perfusion scintigraphy
(99mTc-MAA)

Fig. 1. Ventilation and perfusion scintigraphy in patient with CTEPH
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' Total occlusion
(Pouching defect)

Ring-like stenosis
(Bands)

Fig. 2. Selective pulmonary angiography and various lesion morphologies

OCT finding

Fig. 3. Optical coherence tomography image of a web lesion of the pulmonary artery
OCT : optical coherence tomography.

ment*®. Since the publication of those papers

came at a time when the BPA procedure was gener-
ally considered contraindicated, it had a significant
impact worldwide. However, a small number of pa-
tients still died from treatment-related complica-
tions, mainly pulmonary bleeding, so that further
safety improvements were needed™®'?.

Practical techniques of BPA

The femoral vein is the basic approach site be-

cause of its superior location to the X-ray system
and ease of catheter manipulation by the opera-
tors. After puncturing the femoral vein with an
8-French introducer sheath, a 6-French, 75 cm-long
guiding sheath (Parent Plus 60. Medikit Co., Ltd.,
Tokyo, Japan) is advanced to the main pulmonary ar-
tery using a 0.035-inch guidewire. A 6-French,
100 cm guiding catheter (e.g., Mach1™, Boston Sci-
entific, Marlborough, MA) is then advanced into ei-
ther the left or right pulmonary artery to be treat-
ed?’. The shape of this guiding catheter is basically
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Fig. 4. Plain CT image of the lung field in a patient with CTEPH

the Judkins Right type for coronary arteries. Be-
cause CTEPH involves multiple branches of the pul-
monary artery, it is necessary to decide which
branch to start treating and how many branches to
treat in a single session of BPA. It is helpful to ob-
tain useful images of the distribution of the lesions
and the branching pattern of the vessels by perform-
ing 3D imaging of the entire pulmonary artery in ad-
vance (Figure 5). For acquiring detailed lesion
morphology, nothing is better than selective angiog-
raphy from a guiding catheter. As shown in Figure

2, typical lesions are classified as ring-like stenosis
(band), web, subtotal occlusion, and total occlusion
(pouching defect), each with different degrees of dif-
ficulty in treatment techniques®”. In general, ring-
like stenosis (band) < web < subtotal occlusion <
total occlusion are progressively more difficult for
passing the guidewire, and the risk of complications
after balloon dilation increases in that order. Total
occlusion lesions of the pouching type are often lo-
cated in proximal portions of the pulmonary artery,
and are generally considered to be an indication for

Fig. 5. Three-dimensional image of the entire pulmonary artery
Red : right pulmonary artery, Blue : left pulmonary artery.
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surgery (PEA) in terms of the large amount of
thrombus. A 0.014-inch peripheral guidewire is
usually used for BPA. At our institution, the first
choice is a wire with a 0.6 g tip load (B-pahm 0.6, Ja-
pan Lifeline, Tokyo, Japan), modified specifically for
BPA. This guidewire intentionally lacks a hydro-
philic coating at the tip to reduce the risk of vascular
perforation. However, some lesions are difficult to
pass with it and heavier tip loads or plastic jacket
wires with high sliding performance may be select-
ed, but the risk of vascular injury at the guidewire
tip is higher. It has become clear in recent years
that the size selection of the balloon used for lesion
dilation is extremely important'”. While percuta-
neous coronary intervention (PCI) and endovascular
treatment (EVT) of peripheral arteries often warrant
a balloon size that matches the diameter of the dis-
eased artery (balloon : vessel diameter ratio =
1: 1), this is not always suitable for BPA. In partic-
ular, an undersized balloon is preferentially selected
for treatment of high pulmonary artery pressure
conditions, which have increased risk of pulmonary
hemorrhage. When treated according to these
principles, the immediate post-dilatation angio-
graphic findings are often not so beautiful, and when
examined with a pressure wire, the procedure ends
up leaving a pressure gradient between the proximal

Sub-occluded lesions of right A8

Dilated with 2.0 mm balloon
(First session)

Fig. 6. Example of BPA for sub-total occluded lesions

and distal portions of the lesion””. Although not an
acceptable endpoint in PCI, in BPA the possibility of
chronic phase occlusion is very low. Conversely,
once blood flow is restored, the vessel diameter is
often wider in the chronic phase than it was immedi-
ately after dilation. If this is still considered inade-
quate, additional dilation with a bigger balloon should
be performed at a time (after several BPA sessions)
when pulmonary artery pressure has decreased.

Complications of BPA and preventive
countermeasures

The most significant complication of BPA is in-
traoperative and postoperative pulmonary hemor-
rhage**®*¥,  The more severe the case, with hy-
poxemia and/or right heart failure, the more adverse
the complications are when they occur. When pul-
monary arteries, which are low-pressure vessels by
nature, are exposed to high pressure due to “pulmo-
nary hypertension,” even minor vascular injuries
that would be negligible in the case of coronary ar-
teries or peripheral arteries can result in hemor-
rhagic complications. Preventive countermeasures
can be summarized in three points : 1) pay close at-
tention to guidewire selection and manipulation to
prevent vessel perforation, 2) carefully select the

After dilation with 4.0 mm balloon
(2nd session)

A : Sub-total occluded lesions of right A8. B : Angiography of post dilation with 2.0 mm balloon (upper pan-
el). Pressure gradients between the distal (green) and proximal (red) points of the lesion (lower pan-
el). C: Angiography of post dilation with 4.0 mm balloon.
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balloon size, and 3) treat stepwise rather than dilat-
ing all pulmonary arteries at one time. Regarding
2), higher pulmonary artery pressures call for corre-
spondingly smaller balloon sizes and more attention
to lesion morphology®**.

Figure 6 shows an example of initial treatment.
Sub-totally occluded branches of A8 in the right in-
ferior lobe (A) were dilated with a balloon catheter
about half the size (2.5 mm in diameter) of the lesion
vessel, which was 5.0 mm in diameter. Measure-
ment of intravascular pressure at the distal and
proximal portions of the lesion after balloon dilata-
tion left a significant pressure gradient (Figure
6B). This would be a very poor endpoint for coro-
nary artery intervention, but in contrast, as the first
BPA (with still high pulmonary artery pressure), this
is safer. If the lesion is typical, there is very little
risk of restenosis. Since there are many pulmonary
artery branches with lesions, treating many branch-
es at once with a small balloon is more effective in
lowering overall pulmonary artery pressure than
treating only one or two branches. In cases where
the pulmonary artery pressure has decreased after
several sessions of BPA, the risk of pulmonary hem-
orrhage is reduced even if the lesion is dilated with a
bigger size (close to the vessel diameter) balloon
(Figure 6C).

If bleeding occurs that adversely affects the pa-
tient’s general condition, hemostasis should be
achieved by transcatheter hemostatic coiling®® or
using gelatin sponges®. Hemostasis with freeze-
dried porous gelatin sponges (Sponzel®, Astellas
Pharma Inc., Tokyo, Japan) is a particularly useful

technique to learn, as it allows for recanalization of
the occluded vessel at a later date. Although ex-
tremely rare, there have been reports of acute hem-
orrhage caused by a vessel wall rupture treated with
covered stents?”*®,  We have experienced such a
complication and its bailout, and were the first in the
world to report intravascular ultrasound images of
ruptured pulmonary artery caused by BPA%”,

Improvement of the BPA techniques and
its dissemination to the world

As mentioned above, BPA had been considered
contraindicated since around 2001, but in Japan, this
treatment has been applied to peripheral type
CTEPH since about 2004, mainly at Okayama Medi-
cal Center. In 2012, publications from Japan
brought BPA to the world's attention again*®.
From 2013 to 2014, experts in this field from all over
the world visited Japan to observe actual BPA proce-
dures at specialized facilities. Subsequently, Japa-
nese physicians were invited to other countries to
teach BPA techniques. In this way, BPA has im-
proved in efficacy and safety, and has spread
throughout the world (Table 1)*%21232430:38) " The
CTEPH treatment algorithm published by WHO in
2018 finally placed BPA in the same line of treat-
ment as PEAY. This means that BPA is recom-
mended for patients with inoperable CTEPH.

We also started this treatment for eligible pa-
tients in Fukushima Prefecture in 2011 and per-
formed a total of 223 sessions of BPA on 58 patients
through the end of 2022 (Table 2). The average

Table 1. Major BPA reports on CTEPH worldwide
Year Author PL. Sessions sessions  Mean PAP (mmHg:=5D) Survival ~ Country Reference
number /Pt. Pre Post
2012 Mizoguchi 68 255 4 45.4%+9.6 24.0+64  97.1% Japan 4
2012  Kataoka 29 51 1.8 45.3+9.6 31.8+10 96.6% Japan 5
2013  Anderssen 20 73 3.7 45+11 33x10 85% Norway 19
2016 Kawakami 97 500 5.2 45.1+10.8  23.3x6.4 95% Japan 22
2017  Kurzyna 31 117 3.8 50.7+10.8  35.6+£9.3  94.6% Poland 23
2017 Ogo 80 385 4.8 42+11 23+5 100% Japan 28
2017 Olsson 56 266 4.8 40+12 33+11 98.2%  Germany 29
2017 Aoki 84 424 5.0 41+10 23+6 98.4% Japan 30
2017 Ogawa 308 1,408 4.6 432+11.0 24.3*6.4  94.5% Japan 31
2019  Veldzquez 46 156 3.4 49.5+12 37.8+9 97.8% Spain 32
2019 Bernot 184 1,006 5.5 43.9+£9.5 31.6+x9.0  96.2% France 33
2019 Anand 31 75 2.4 40 29 96.8% USA 34
2022 Kawakami 31 (not listed) 4.7 38.1+7.9 21.4+4.7 100% Japan 35
2022 Jais 52 400 77 46584 37EI3 4500 France 36

(change)
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Table 2. List of patients treated with BPA at Fukushima Medical University Hospital

No. Sex Age Admission (mPrﬁfIg) WHO-FC Sessions  No. Sex Age Admission (ml;ﬁlljlg) WHO-FC Sessions
1 M 50s 2011. 7 88/36(55) I 6 30 F 40’s 2019. 5 70/24 (40) III 7
2 F 40's 2011.11 47/18 (30) I 3 31 F 60s 2019. 2 72/36 (51) III 1
3 F 50s 2012 .3 103/32(62) I 10 32 F 70s 2019. 6 67/24 (40) III 4
4 F 60's 2012. 9 77/29 (46) I 4 33 F 70s 2019. 9 86/26 (48) III 5
5 F 70's 2012.10 74/17 (40) I 3 34 F 70s 2018. 9 63/21(36) 1I 4
6 M 50's 2012.12 105/57 (75) v 3 35 F 80s 2019. 7 74/25 (44) I 3
7 F 60s 2013.3 85/29 (46) 111 7 36 F 50s 2019.11 75/31(45) 111 4
8 F 70's 2013. 8 94/28 (56) I 3 37 F 50s 2019.12 77/34 (48) 1I 4
9 F 50's 2013.10 98/30 (56) II 2 38 F 70s 2020. 2 51/19(31) I 5

10 F 50's 2014. 1 85/35(55) III 4 39 M 70s 2020. 4 68/24 (41) I 5

11 F 70's 2014. 9 78/22 (40) III 4 40 F 70s 2020. 5 75/26 (41) I 2

12 F 40s 2014.10 98/50 (65) 1I 5 41 F 60’s 2020. 5 53/20 (34) I 3

13 F 60's 2014.12 87/43 (59) v 3 42 F 30s 2016. 6 89/37 (57) 111 2
14 F 50s 2015. 1 74/21 (40) 1I 8 43 F 60’s 2019.11 54/23 (36) I 4
15 F 60s 2015.1 51/18(31) 1I 2 44 F 60’s 2020. 7 82/19 (46) I 3
16 F 70's 2015. 4 64/20 (37) I 2 45 F 70s  2020. 8 56/17 (32) I 1
17 F 70's 2015. 4 67/22 (38) I 1 46 M 40s 2021. 1 84/33(53) I 6
18 F 60's 2015.9 78/25(44) I 4 47 F 80s 2021. 2 73/16 (38) III 3
19 F 60s 201510 79/31 (49) I 1 48 F 40’s  2021. 6 63/30 (41) 11 7

20 F 50's 2015.12 76/25 (45) I 2 49 F 60’s 2021. 6 76/34 (47) 1I 3

21 M 70's 2016.10 75/25(41) I 6 50 F 70’s 2021.10 50/20/(34) III 3

22 M 60’s 2017.5 91/28 (55) I 2 51 F 70’s 2021.10 67/22 (41) III 1

23 M 70s 2017.10 76/21 (40) I 4 52 M 70’s 2021.11 72/17 (41) I 2

24 F 40s 2018. 4 71/29 (44) III 2 53 F 70’s 2022. 1 54/20(32) I 3

25 F 80s 2018.10 76/32 (46) III 2 54 F 40’s 2022. 1 78/18 (40) I 4

26 F 60s 2018. 8 35/17 (25) 1I 2 55 F 60's 2022. 4 67/27 (43) 1 3

27 M 40’s  2018. 7 74/34 (50) III 7 56 F 60’s 2022. 1 74/19 (37) 1 2

28 F 50's 2019. 2 97/30 (56) 1 6 57 F 30's 2022. 9 74/20 (43) III 3

29 M 70's 2019. 2 76/23 (42) 1 9 58 F 20’s 2022. 6 64/25(39) III 3

From 2011.7.15 to 2022.12.31

mean pulmonary arterial pressure and pulmonary
vascular resistance decreased from 44.2+8.1 mm
Hg to 23.8+6.1 mm Hg (Figure 7A) and from
9.7+3.8 WU to 3.8+1.0 WU (Figure 7B), respec-
tively, after treatment. In addition, clinical symp-
toms also improved significantly (Figure 7C). Data
collection and clinical follow-up of the patients were
approved by the ethics committee of Fukushima
Medical University (No. 2358 and No. 30022).

Establishment of a medical care system
for rare diseases in local areas

The number of registered CTEPH patients in
Fukushima Prefecture in 2021 was 87, which was far
fewer than the 930 patients with systemic lupus ery-
thematosus®, for example. In addition, the number
of registered patients increases by only 4 to 5 per

year, indicating that it is truly a rare disease. The
initial symptoms of pulmonary hypertension, includ-
ing CTEPH, are nonspecific, such as "shortness of
breath," and it is difficult to make a definitive diagno-
sis from the symptom alone if a physician is not fa-
miliar with the disease. Early diagnosis and early
initiation of treatment are very important to improve
prognosis, but due to the low frequency of the dis-
ease, few physicians are familiar with the manage-
ment of pulmonary hypertension, which is one of the
reasons why it takes a long time from the onset of
patient symptoms to definitive diagnosis. There-
fore, we have established the “Pulmonary Hyperten-
sion Clinic” at Fukushima Medical University Hospi-
tal since 2015 to enhance the healthcare of patients
with pulmonary hypertension. Since Fukushima is
the third-largest prefecture in Japan and some pa-
tients live too far away to visit our clinic, we have
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also opened pulmonary hypertension clinics once a
month at affiliated hospitals in Iwaki City and Shi-
rakawa City, and specialists from our university hos-
pital visit these clinics to provide specialized servic-
es. Since then, the number of patients referred
from those areas has increased. Figure 8 shows
the place of residence of patients who received
BPA. 1In 2019, we added a pulmonary hypertension
clinic in the (inland) Aizu area, where there had been

few referrals.

In Fukushima, the third largest of Japan’s 47
prefectures, professional travel can be time-consum-
ing for university physicians visiting local hospi-
tals. Our medical center is in a valley between
mountain ranges, so even 100 km commutes can be
a challenge. However, we believe that by connect-
ing with regional medical staff in this way, we can
disseminate knowledge and stir motivation for effec-
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tive interventional pulmonology in each region.
The novelty of this approach has attracted nation-
wide attention as the “Fukushima Model” for treat-
ing pulmonary hypertension in general, and CTEPH
in particular.
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