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Original Article
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Evaluation of respiratory center function in congenital central hypoven-
tilation syndrome by monitoring electrical activity of the diaphragm

Yosuke Yamada, Ha
Kodera, Todhinari Kouyama asd Kensoke Kumazawa
Department of Neonatology, Tokye Womer
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A novel case of pacing implanted into the diaphragm
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In severe cases of congenital central hypoventilation syndrome
(CCHS), hypoventilation is observed not only during sleep but
also during wakefulness. Patients with hypoventilation during
wakeulness need mechanical ventilation 1o prevent possible
progression o pulmonary hypertension (PH) or cor pul-

nale.' Diaphragm pacing (DP) is one of the respiratory
cares used with CCHS. The DP is more portable than the
iome ventilator, o it is easy to ventilate during wakefulness.
It includes pacing implanted into the diaphragm (DP-ID) and
pacing implanted into the phrenic nerve (DP-IP) (Fig. 1a).>*
In 2019, the NeuRx DP system (Synapse Biomedical Inc..
Oberlin, OH, USA) DP-ID was approved 1o be covered by
‘medical insurance in Japan. Here, we report the first case of
implanting this system for CCHS in Japan. To the best of our
knowledge, there are only a few reports of DP-ID being
implanted for CCHS with PHOX2B gene mutation in and out-
side of Japan.

‘The patient, a 33-year-old woman, presented with hypoven
ion soon afler birth and was diagnosed with CCHS with
PHOX2B gene mutation of 27 polyalanine repeat expansion
mutation. Although she had hypoventilation during wakeful-
ness, she was ventilated via tracheostomy only during sleep
because it was difficult to carry and use the home ventilator
outside home. She decided o rec nplanting DP-ID.
because the cor pulmonale due to progressive PH (tricuspid
regurgitation pressure  gradient: TRPG 106 mmHg) was
observed when she had a cold at the age of 32. After control-
ling PH by using mec
laparoscopic DP implant surgery was performed at Juntendo
University Hospital. It was under general, epidural, and spinal
anesthesia, without using muscle relaxant. The diaphragm was
exposed and four electrodes were implanted into the dia-
phragm  where the strongest contraction to electrical

I venilation during wakefulness,
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stimulation occurred. The postoperative course was uneventful,
and the patient was transferred (o Tokyo Women's Medical
University Medical Center East (TWMU-MCE) on postopera-
tive-day (POD) 3 for conditioning DP; adjusting the setiing
and pacing time. Before beginning DP, the average transcuta-
peots O: satrion (3902 and rsetaneos partl prsire
of €O, chPco») doring_wakshless 1% and
ectively (Fig. 1b). We W,gmmu the set-
tng and. enics e pacing time gradually, day by day. She
could be ventilated with DP for over 12 consceutive hours
without severe complainis by the time of discharge. on POD
19. Her hypovenilation during wakefulness improved with
DP, the average SpO; and TcPeo, during DP was 97.8% and
468 mmHe, respectively (Fig. 16). The tidal volume with DP
was 381 mL, 7.4 mL/kg (the setting: Amplitude 16 mA, pulse
widih 130 s, respiratory rate 16/min, inspiration time 1.1 s,
pulse frequency 10 Hz, pulse ramp 10). Her PH also improved
and the TRPG was 48 mmHg. Now, she is being followed at
TWMU-MCE and Yokohama City University Medical Cent
and has maintained good respiratory condition during DP for
nihs afier surgery.

Congenial conl bypovntaion syndrome patens e
usually ventilated with the home ventilator via i
or via nasal masks. It i not easy (o use the home vei rier
while going out or during daytime activities in the house,
because these methods need not only the ventilator but also
accessories (e.g. circuits and humidifiers). It has therefore
been difficult to treat hypoventilation during wakefulness for
many CCHS patients like our case, even if they wanted this
We can now treat hypoventilation during wakefulness appro-
priately by using DP. Afier conditioning DP, hypoventilation
during wakefulness and PH improved in our case. Diaphragm
pacing can improve the quality of life during wakefulness and
we will also try to wean patients from the ventilator during
night-time by extending the pacing tin

PP had been mainly slcied n CCHS, because DPIP
was developed earler than DP-ID and local infection occurred
less because the electrodes were not exposed subeutancously.
However, it takes several weeks to begin pacing, and several

Diaphragm pacing for congenital central hypoventilation syndrome: A novel case of pacing
implanted into the diaphragm. Pediatr Int. 2021; (in press) doi:10.1111/ped.14915
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The clinical characteristics, treatment,
and survival of portopulmonary hypertension
in Japan

Yukiko Takahashi"", Keiko Yamamoto', Seiichiro Sakao', Takao Takeuchi?, Rika Suda', Nobuhiro Tanabe'?
and Koichiro Tatsumi

Abstract
Portopulmonary hypertension (PoPH) refers to the simutt presentation of pulmonary arterial
ve ncluded the characteristics and treatments for patients with
inical characteristics, reatment, and survival of these patients in

POPH of Asian population; thus, we investigated

aJapanese cohort

Methods: Pulmonary ar

Japan; therefor

t from 2012 to 201

n=46 updated for
/H

3 ohor at
ompared the characteristics between patiel i Popttand those rhc

higher cardiac outputs (COS) and cardiac inde pulmonary vascular
ination therapy i patients with PoPH than those with I/H-PAH. In Study 2,
veen PoPH and I/H-PAH were similar. Conversely, many patients (45%) had
use of adverse effects,

tocl T’aﬂ ge their PAH-
Condlusion: s seen n western countres Japanese patients ith POPH showed hgher COs and Cis better exercise
tolerance, and lower PVRs than patients with /H-PAH. Further studies are needed to improve PoPH treatments,

Keywords: Portopulmenary hyp Portal hypertension, Pulmonary arterial PoPH

Introduction vasodilation, and their initial PVR is not very high [1]
Portopulmonary hypertension (PoPH) is a state of simul- PV The
taneous pulmonary arterial and portal hypertension.  se iver disease an 0PH are not nec-
PoPH diagnosis requires portal hypertension (not nec-

essarly the presence of cirthosis) and pulmonary arte-  In the process, shear stress on the pulmonary vessels

rial hypertension (PAH). Patients with PoPH often have  gradually increases, resulting in endothelial proliferation
high cardiac output (CO) ovwing to shunts and systemic. and remodeling of the pulmonary artry in PoPH. Vaso-
ance imbalances also affect pulmonary circu-
lation owing to portosystemic shunts or defective hepatic
‘metabo ulting in pathological pulmonary vascu-

Fullis of author information s avaiable a

Takahashi Y, Yamamoto K, Sakao S, Takeuchi T, Suda R, Tanabe N, Tatsumi K. The clinical
characteristics, treatment, and survival of portopulmonary hypertension in Japan. Bmc Pulm Med

2021;21:89.

2-3-2. HRXPH LA NUEFREBE(CHITDIEEERAIT
HAPH LXK (JAPHR) E#FBEH(CDULT. French
risk stratification score Z@R U3# L. JAPHR iS5
PAH 108 fflZ34r L1z, Score0~4 (CDWLT 21.3%.
31.5%. 32.4%. 13.0%. 1.9%FEL. JA0-7vS
BE DI FRENARE (MPAP) & mPAP DEREE D Score thiE
(CHFS5ULTL

MPAP OtiEZ/AEERICEEL TLDDEFERTIEFAR
DFHTH DIz, BARTHEL TCVWDIEEDOZIMN &R
ET1RD. AIREIT French risk 7338MeE & mPAP DiiE
(CIIHBREANSD D Z ENFRD S, MPAP 8BS KUFE
EBEEVUTHRT S EnZHE N RSN,

Tamura Y, Kumamaru H, Abe K, Satoh T, Miyata H, Ogawa A, Tanabe N, Hatano M, Yao A, Tsujino

Tamura etal, BMCPulm Med  (2021)2128
hitps:/doi org/10.1186/512890-021-01398-6

RESEARCH ARTICLE Open Access

Improvements in French risk stratification £
score were correlated with reductions in mean
pulmonary artery pressure in pulmonary
arterial hypertension: a subanalysis of the Japan
Pulmonary Hypertension Registry (JAPHR)

Yuichi Tamura'”, Hiraku Kumamaru?, Kohtaro Abe?, Toru Satoh?, Hiroaki Miyata®’, Aiko Ogawa®,

Nobuhiro Tanabe’, Masaru Hatano®, Atsushi Yao®, Ichizo Tsujino'®, Keiichi Fukuda'", Hiroshi Kimura'?,

Masataka Kuwana'?, Hiromi Matsubara® and Koichiro Tatsumi'* on behalf of the Japan Pulmonary
Hypertension Registry (JAPHR) Network

Abstract
Background: Since there was no previous report, we analyzed the relationship between French Risk Stratification

parameters in puimonaryarterial hypertension (PAH) and mean pulmonary arterial pressures (mPAP)using apan PH

4, 139% ot folow- Ip, respectiv ;\y The improvements inthe number ofctera met
atfollow-up (p=003) and with the improvements in mPAP (p<0.001).

Con Their improvements in French Risk Stratfication may become a marker of improved hemaodynamics
including mPAP,
Keywords: Pulmonary arterial hypertension, Registry, Rk sratification, Mean pulmonary arterlal pressures

Background s PAH progresses and the right ve dilates an
In the ESC/ERS pulmonary hypertension (PH) guide- fals, the mean. pulmonary artera pressure. (mPAP)
lines, right atrial pressure (RAP) and cardiac index (CI)  declines, resulting in the poor survival of patients with
have been proposed as hemodynamic parameters for ~PAH. Therefore, past guidelines for PAH treatment rec-
pulmonary arterial (PAH) risk ommended of right ventricular function as
[1]. Before the advent of current pulmonary vasodilators, treatment g lefined as RAP <8 mmHg and

cu 25 Limin ull,mlM has been exclude d

featton marker. Rec ently, the French regis
proposed the French Risk Stratification for PAH, w
includes RAP and Cl as risk stratification markers at the

I, Fukuda K, Kimura H, Kuwana M, Matsubara H, Tatsumi K, Network JPHR (JAPHR).
Improvements in French risk stratification score were correlated with reductions in mean
pulmonary artery pressure in pulmonary arterial hypertension: a subanalysis of the Japan
Pulmonary Hypertension Registry (JAPHR). Bmc Pulm Med 2021;21:28.
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Abstract

Rationale: There i a growing need to acourately estimate the
prognosis of idiopathic pulmonary fibrosis (IPF) in clinical
practice, given the development of effective drugs for treating IPF.

Objectives: To deveop artificial intdligence-based image
analysis software to detect parenchymal and airway abnormalities
an computed tomographic (CT) imaging of the chest and to
explore their prognostic importance in patients with 1PF.

Methods: A novel artificial intelligence-based quantitative CT
image analysis software (AIQCT) was developed by applying 304
high-resolution CT (HRCT) scans from patients with diffuse ung
diseases as the training set. ANCT automatically categorized and
quantified 10 types of parenchymal patterns as well as airways,
expressing the volumes as percentages of the total lung volume. To
validate the software, the area peroentages of cach lesion quantified
by AIQCT were compared with those of the visual scores using 30
plain high-resolution CT images with lung diseases. In addition,
three-dimensional analysis for similarity with ground truth was
performed using HRCT images from 10 patients with IFF. AIQCT
was then applied to 120 patients with [FF who underwent HRCT

scanning of the chest at our institute. Associations between the
measured volumes and survival were analyzed.

Results: The correlations between AIQCT and the visual scores
were moderate to strong (corrdation coeffident 0.44-095)
depending on the parenchymal pattern. The Dice indices for
similarity between AIQCT data and ground truth were 067, 076,
and 064 for reticulation, honeycombing, and bronchi,
respectively. During a median follow-up period of 2,184 days, 66
patients died, and 1 underwent lung transplantation. In
multivariahle Cox regression analysis, bronchial volumes
(adjusted hazard ratio [HR], 1.33; 95% confidence interval [CI],
1.16-1.53) and normal lung volumes (adjusted HE, 0.97; 95% CI,
0.94-0.99) were independently assodated with survival after
adjusting for the gender-age-lung physiology stage of IPF.
Conclusions: Our newly developed artificial intelligence-based
image analysis software successtully quantified parenchymal
lesions and airway volumes. Bronchial and normal lung volumes
on HRCT imaging of the chest may provide additional prognostic
information on the gender-age-lung physiology stage of IFF.
Keywords: airway; deep learning; interstitial lung disecase;
prognosis; traction bronchiectasis
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Abstract

a Japanese cohort.

opathic/heritable PAH (I/H-PAH).

Background: Portopulmonary hypertension (PoPH) refers to the simultaneous presentation of pulmonary arterial
and portal hypertension. However, few reports have included the characteristics and treatments for patients with
PoPH of Asian population; thus, we investigated the clinical characteristics, treatment, and survival of these patients in

Methods: Pulmonary arterial hypertension (PAH) has been included in the National Research Project on Intractable
Disease in Japan; therefore, we extracted data of patients with PoPH from the forms of newly registered cases of the
project from 2012 to 2013 (for 2 years), and updated cases of the project in 2013 (Study 1, n =36 newly registered

forms, n =46 updated forms). Additionally, for Study 2, we performed a retrospective, observational cohort study at
Chiba University Hospital (n=11). We compared the characteristics between patients with PoPH and those with idi-

Results: Both studies showed higher cardiac outputs (COs) and cardiac indexes (Cls), lower pulmonary vascular
resistance (PVR), and less treated with combination therapy in patients with PoPH than those with I/H-PAH. In Study 2,
the overall and disease-specific survival between PoPH and I/H-PAH were similar. Conversely, many patients (45%) had
to change their PAH-specific medicine because of adverse effects.

Conclusion: As seen in western countries, Japanese patients with PoPH showed higher COs and Cls, better exercise
tolerance, and lower PVRs than patients with I/H-PAH. Further studies are needed to improve PoPH treatments.

Keywords: Portopulmonary hypertension, Portal hypertension, Pulmonary arterial hypertension, PoPH

Introduction

Portopulmonary hypertension (PoPH) is a state of simul-
taneous pulmonary arterial and portal hypertension.
PoPH diagnosis requires portal hypertension (not nec-
essarily the presence of cirrhosis) and pulmonary arte-
rial hypertension (PAH). Patients with PoPH often have
high cardiac output (CO) owing to shunts and systemic

hiba 260-8670, Japan
Full list of author information is available at the end of the article

vasodilation, and their initial PVR is not very high [1].
PVR gradually increases with disease progression. The
severities of liver disease and those of PoPH are not nec-
essarily correlated with each other [2, 3].

In the process, shear stress on the pulmonary vessels
gradually increases, resulting in endothelial proliferation
and remodeling of the pulmonary artery in PoPH. Vaso-
active substance imbalances also affect pulmonary circu-
lation owing to portosystemic shunts or defective hepatic
metabolism, resulting in pathological pulmonary vascu-
lar lesions [4—6].

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Pulmonary Hypertension

Woezo Yowmasaks, MIY, PEIDY 5 Kolrtaro Albe, M), PED + Taleeshi Kamitarei, MO, PED = Foji Sagiparma, MIE, PREY =

Tomoynlsi Hida, MD, PED =

Hosaleraa, MD, PRD o Fioko Matsunra, MD » Kezwbvite Hioki, RT +

Michinebsu Nagao, MD, PhIY & Hidetake Yabearcls, MY, PhIY ¢ Kowsei Ilvigami, MDD, PHD

From the Depaetstenns of Clinkal Radmbsgy 08 ¥, TE. B5 TH., Y8, K1) Casdivvasciiks Medicine (B, K Mosokawad, and Health Sodences (WY Grasdiiaes

Sckoa| of Medkcal Scimen, Ky Univeraiy; 511 Maidwhi Higashi-la, Fubusks 812-8583, Japan; Divman of Radial [

af Medical Technalegy, Ky-

wishin Unibvesiiny Hoipied, Puliieka, Japaa (K. HiekD. and Depammet of [Hagiaic ||h.ﬁ||; anad Mudear Medicie, Takyvo 'W‘\.ll'l'\uli Medical Univesiing. Toboyo. lepan

#hl.MLE Recered Sepremnber 11, 2000 rewition sequenied Olesoher U4 revmos recereed W ber 9; d M it

vt vatelial el e i, ol

14, Addrem coarapendence g VY. {e-rail

Fpparted by the Jspan Sociay foe the Promoien of Sacnce (1585) KAKENHI (grane 285067 28) and) the rescarch graas of the [apsmes Radalogical Secicry Som Bayer

LEJ-2019:21,

Coasflicn of inscren are lined ar the end of this smick.
e b thee edioaitil by Sansdfon asd Bhicimke in ohis sie

Radiolegy 20210818 #  lpse\dolang 18] 1498 radisl 000371 & thlul:m-.-:-dnlEl

Barkgromad;  Ritght venericstar (BY] exzracellisdar valuemes (ECVs), @ a susrogare for histologic fibeosis, have nor been safidently

tm.-uﬂpmd.

Papesn: T evaluare and compare RY and left venricaler {IV) ECY5 obained with dwal-layer specral devecioe CT (DLCT) in

chronde thromboembalic pul v hyp &

{CTEPH} and investigare the clinkea Imparrance of BY ECV.

Waterials oo Merbade  Plerreapective analysis wis performad on dara from 31 paciens wirh CTEPH (17 were not treared wich pulmsa-

nary endamerecramy [FEA] ar hall I phopl

[BPA&] and 14 were) and elghr conrol subjecrs whoe underwent myo.

cardial delayed emhancement (MDE) D].L'Tﬁ'mhlm:.ryiﬂ!{l o June 2020, The ECVi bn che BY and LV walls were caloulared
By nuing loadine densicy a0 derived froen specrral dars pensdnleg ro MDE. Sraclsdesl analyees were perfarmed with oaeway repeated
analyils of varlence with the Tukey pest ho rest ar the Kruskal-%allis reir with the Siecl-Diwass rest and linear regression analysis

Resmite:  The PEA- and BPA-nalve group showed significamdy higher BCVS than the PEA- ar BPA-weated group end cosnral

group bn the sepram (28.2% * 2.9 v 24.3% = 5.6, P = 005, ancerbor righs venoioslar insertan

o (VTP (32 9% £ 4.6

ws 25.9% = 36, P < 001}, pasrerior RVTP {35.2% & 5.2 v 27 5% & 4.2, P <2 000}, mean BVIP {34.0% = 4.2 vs 26.9%
+ 5.4, Pec 000}, BV Free wall (29.5% = 5.3 v 2508 & 4.1, P = 036), and meean BY wall (29.1% = 3.0 vs 26.1% + 3.1,
= [F20). Thers were na signdficass differences berween che PEA- or BPA-rreared group and conrol subfects bn chess segments
{seprum, i = 93 enrerbor BVIE, P = 38 posterior EVIE P = 52 mean BVTP, P = 36; BV free wall, P = 97; and mean BV, P =

B3, There were signlfcent coarrelatbans berwess ECY and meen p

| ¥ ArLery p {PAP} air brale narriuzenis

{BNF] in che meam BVIP (mean PAT: & = {166, P < 001, BNP‘-R I}-HP 1014) and the mean BV (mean PAP: £ = 049, F=

00 BNP: R= 044, P = 013).

Caacharina; F.ihl: ventrioslar end righa w:nu'h:u]u in.lu'r.lr.tl 'pm: r.n'rﬂcﬂ.u]- '.rnll.u'n.u could 'hennamuulveu'miue markers af

disesie severiry and asue R im

EREMA, 2021

rlz evaluation of rjE]'l'l: ventricular [BV) function is es-
sential in pulmonary hypertension. BV decompensa-
tion is smongly related o 2 worsening, clinical condition
and morality {1,2). In the left ventricle (L), myocardial
fibrosis, as assessed with extracellular volume (ECV} by
using T1 mapping, is associated with vencricular func-
tion, hemodynamics, and dinical severity {3.4). There-
fare, tissue evaluation in the RV, especially myocardial
fibrosis, is of great interest to clinicians. In pulmonary hy-
pertension, an increased rate of myocardial fibrosis may
initially help the myocardium withstand high pressures
and support wentricular :]\:Pe. However, fibrosis eventu-

ﬂl}' leads to noumn-mplimu, cardiac d.]'sﬁ:nuinn, and

I Iu

disenze progression [5,6). Increased pressure averload,
such as in pulmonary hypertension, results in mosthy re-
active interstitial fibrosis (78], which is characterized by
an increase in collagen synthesis wich little or no loss of
viable myocardium and may be {at least pandy) revers-
ible (5,8.9). Yochida et al (10) mcnm:l]l demonstrated char
reactive myocardial fibrosis in the BV could be reversed
through inhibition of nuclear factor kKB in pulmonary
artery banded rats. Furthermore, several studies hawe
demonstrared that the amelioration of BV pressure by
pulmonary vasedilators or vagal nerve stimulation over-
lead resulted in a reducticn of fibrosis in animal medels
with Flul.mnru.r:,r h}rpemmiun and BV failure (11=14).
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Successful epoprostenol withdrawal and termination with an aid of the exercise stress test
in pulmonary arterial hypertension
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ARTICLE INFO ABSTRACT

Keywords: Continuous infusion of intravenous epoprostenol (EPO) improves exercise capacity and survival in pulmonary
Pulmonary hypertension arterial hypertension (PAH); however, it is associated with side effects. This study aimed to describe our expe-
EP.OP“’S"E“"] rience on safe EPO withdrawal with the aid of an exercise stress test.

‘é‘;‘;‘g::wal This retrospective review included patients with PAH who were successfully withdrawn from EPO. Haemo-

dynamic data were obtained before EPO administration, at withdrawal, and after discontinuation. After the mean
pulmonary arterial pressure (mPAP) decreased to <25 mmHg for at least 1 year, an exercise test under right
heart catheterisation was performed. If exercise pulmonary hypertension was not record (mPAP - cardiac output
slope < 3), EPO was withdrawn.

Of the 99 patients who received EPO, ten were identified as having undergone withdrawal or termination.
mPAP decreased from 61 (54-71) mmHg before treatment to 19 (17-21) mmHg before withdrawal and remained
unchanged, at 19 (14-23) mmHg, 1 year after EPO discontinuation. After a median follow-up of 32 months, all
the patients survived.

Patients with PAH who recovered their normal haemodynamic function were safely withdrawn from EPO with
the aid of an exercise stress test.

1. Introduction

Epoprostenol (EPO) was the first therapy to be approved for the
treatment of pulmonary arterial hypertension (PAH). In 20 years since
the introduction of EPO, which was approved in 1999 in Japan, the
survival of patients with PAH has greatly improved compared to the era
before the development of this disease-specific treatment [1]. Several
effective oral PAH-specific drugs are currently available. Furthermore,
upfront triple combination therapy has dramatically improved the
prognosis of PAH [2]. There have been some cases in which haemody-
namics normalised for a certain period under EPO infusion.

There is a paucity of published data on how to safely transit patients
on ambulatory EPO drip infusion to oral therapy in the event of com-
plications and problems during parenteral administration of prostacy-
clins, including frequent bloodstream infections, inability to set an
adequate dosage of EPO or intolerable side effects such as severe thyroid
disorder and unpleasant vasodilatory symptoms. EPO withdrawal and
transition to subcutaneous or oral prostacyclin alternatives in selected

patients with PAH have also been reported. However, the criteria for
withdrawal or decrease in the amount of EPO remain unclear [3,4].

In contrast, exercise pulmonary hypertension (pH) is considered to
reflect early pulmonary vascular disorder and may be used to evaluate
the degree of pulmonary vascular abnormality in patients with very mild
PH [5]. In patients with PAH who recovered near-normal haemody-
namics and were eligible for EPO withdrawal, a near-normal exercise
response would signify an achievement of reverse remodelling of the
pulmonary arteries and healed vascular dysfunction.

We report our experience with patients who achieved normalised
haemodynamics at rest and succeeded in weaning the EPO dosage to
termination using the exercise stress test.

2. Methods
A retrospective review was performed on consecutive patients with

PAH treated at our hospital (2009-2019) who were successfully weaned
off EPO. This study complied with the Declaration of Helsinki and was

* Corresponding author at: Department of Cardiovascular Medicine, Kyorin University Hospital, 6-20-2 Shinkawa, Mitaka, Tokyo 181-8611, Japan.

E-mail address: ayumigoda@ks.kyorin-u.ac.jp (A. Goda).
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FTENETN 180 H. 90 HULBMBLU TWBAZ EZE M4 E L. MR P DOEIT 2R IE LT,
AL, E FTOMRZEE T 2MERZE R (SHfERE (IS TERENSL) MNEEE UMREREE &
LS FEE (LD TEESNIZ. sERTH 1 > (&, KEE%D IRB (CFERGR SNz, AERIBH ANBICIRTD
wWERENSOXE(CCREZRIE UL,
AEBR(L. 26 111 4H. ZHERHRE. —E5R. JTStRE, MTERILEERER ThD. HAAN CTEPH BE
EIREULIELLFI/INTDT SRR _EERE [ HHRBOERN S, L F/\JBEHCH TS PVRD
Z{t8 (mean SD) -104+191 dyn-s/cm’, TSTz/REEHCH(FS PVR DZLE 26 + 180 dyn-s/cm” %
U\, BEKEmAI 5%. #&EI 80% & Uz&EE. Wilcoxon IEIARE CEREZ RE I 2O CHNERNFIRE
HiE. 188H12D 34 . B5168HITHD. FFENEIEZN 5% EREL CEEEMEE 72610, BE
FELF )\ TS8R ETSERESEICENTN 1 1 (CERIEAICEIDSIFSN.
tZLF2)(J 138200 ug %= 1 H 2 EESHMSHIAL. BEEZEIRUGNS 1,600 ug/BIETHIE U,
EEMRIE 200 ug/El& L. BERRBEZEAEESE 3 HEU EE U, 12 BRAMAICEEBORANMAZEZ A
EU. €D, 8EBIIEFRAETIRSZMEEUz=(Figure 1), AbMMiTEIRE(L. HEEAICTRDOH WY HFT—
FIVAIC KD TERUZ. DHREE(CO)DEH (CIE. BHIREN (L indirect Fick ‘EZZ U CHRERREARIP (XF
EBICAUSETERUR,

B EBTHURIES (3T PVR DNR—X 51 > h 515 20 BRFTOERLEL Uc. BREEIKEHEIE
B(Z PVR St iTENRE. EQ-5D-5L Di%5 20 BEMDZEILE. 6 DRIZFITIERE(6MWD). Borg MIREEE
1828, NT-proBNP O Visit BDZE 2. NYHA/WHO #EED33EO S A D Visit BOHR & UTz. BIHEREREN
SHIIE R ($1%5 20 B E TOBRAREIROE( (BET-. CTEPH BEDAR) & UMz, Z2MFHBER (&, Visit
BORWEA. RKRIEAME. \1FILDa> . LEBRE U, KiEEzRT T UILBEE. REESHERICSHE
fECdo Iz,

B EHmIER DEFMT(E Full Analysis Set (FAS)(EMZX15kE L. PVR. PVRI. BE&ERIRIMELREIFIE
(SvO,). Borg MFIREIZEHEZRT NT-pro-BNP DZ{LE%. Wilcoxon IEffIt&EZRAWTELF2)/\(Jik5
BT SURIGSEF T Uz, mPAP. CI. FHHEERE(MRAP). £Afiikin (TRP). 6MWD, EQ-5D-5L (C
DNWTIEHIEDIRN t HRTE THE LTz, NYHA/WHO #EE53480 S XD Visit BOHERS (S Fisher DEIEHERET
EATHER Uz, £ (CREBBEP THIE U2 BENZE I DM %5 20 B DFT — I W KA LTzBE (& BOCF,

LOCF X (IREfME FETLIIHZES) THIEL. BTRDT—45 & UMz, BRIRERDEL(Z log rank #&E(CKD
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SRR 71T o . T2 IHMEIER (E Safety analysis set (SAF)ERZMNREULTEFTLIZ. B
BZE(X. p<0.05 &EEEU(BANRTE). I NTOFEM(E. SAS (version 9.4)ZFLV/E,

C. THRER

2016~2019 £ (ICREEYS UT=#ERE 104 HIH' 61 hsg THAANSN. DS 5 78 (B4 20 41,
7% 58 B)MERREZIS NIz, EEDFEDD L. J/EALUMIENKRIEI(C/BTET D128 (C PEA REEEH
BN BENRBZEMN o, $1 60%DEBEENUAS T T hZIENTH D, AREKSHRT. BAEE
TEINRH DI,
TLF2 )WL 5E 39 flnS5 5 413 4, BESBHRORR. 24|, BERRL). TSth&5E 396055
4 (4 B, BESBHROFER)MNPIELUZ,.
NR—=RS5A4 515 20 B0 PVR DZE)% Figure 3 (C. ABINITEIRE) (S X —F RUZDMDB RN 4T
IBEHOZEDE % Table 3 (C. 2L T NYHA/WHO #EED$EIS XD T hF—T )% Table 4 (TR UTZ.
TZEHFPVRONR—X S U 5DE{LE(Mean+SD) (3. %5 20:B& TEIeL+2)J%58f -98.2+111.3
dyn-s/cm5. TStRES5EE -4.6+163.6 dyn-s/cm’ Tholz. LEFEE PVR DI%5 20 B%FE THOE(LE
DT SRS ELE DFEIEDZE (95%EFEX M) (£-93.5(-156.8, -30.3)dyn-s/cm5 TH O, wLF+3/)(0
S5 T T SRR SR S B U TRERs PVR MERICIRT L7z (P=0.006. Wilcoxon IBAIFIA&TE). PVR
[CDUWT. MBI, &Fis. HEEDIE. PEA. BPA BITEDER., UAS I 7 hXI(E ERA HEADEHE., X—X5
1 2BD PVR ODWITNDOYITIIL—TEIFICHBNTE., CLFI/I\JREETET SSRGS EHEART
PVR WMEF 3 2HtEENRDH SNz, MMEINEREZHA LU TLRVWEEICBVTIE. LFI/I\JikE58
(n=13)D#%5 20 BED PVR DR—IXS5A >h'5DZE{LE(Mean+SD)(d. -113.2+140.7 dyn-s/cm>. =
StRES5EE(n=13)Tld 29.1£26.8 dyn-s/cm°> ThHD. TNSDEHNSEE UL+ (%5 2058
BOBEBESDR[EEDZE (95%EFEXE)](E-140.1 (-264.7, -15.4) dyn-s/cm® T&H > f=(P=0.026.
Wilcoxon IBRIAIMRTE). TLF+ /D DiFHAERMACE. #HIFRENEVEBEICHBUNT. £D PVR HME
T RMERMNRDSNI,
CI (CDWTIE %5 20 B FE TOZILED T SRIGSEE & DFIBEDZE (95%SFEX M) (d 0.487(0.262,
0.711)L/min/m?TH D, LLF/)\UREETETSURESE B U TERICER UZ(P<0.001, X
JGDIRN t IRTE ). SVO, (CDWTIE. %5 20 BRFETOEILEDT STRIGSEE & DFIEDE(95%IEHE
Xf)(E 2.58(0.30, 4.87)% T D. CLFI/\IBESETEITISUREKSEHEEE U TERICERUE
(P=0.029. Wilcoxon IEAIFIA&RTE). Borg MIREE#IEE(CDULTIE. &5 20 BERFEFTOEILED T SR
B DFIEDE (95%EFEXM) (& -0.85(-1.58, -0.11)TH D, LLF/N\IKEETEITSRIES
BFL LR U THERICIET L7Z(P=0.036. Wilcoxon IEAIFIH&TE ). —73. mRAP. mPAP, 6MWD. NT-proBNP
KU EQ-5D-5L MAR—RX 54 >Hh5#%5 20 BEETOE{LECDVTIE. B THERESROSNIEH D
1o WHO BEREDFEOI S RICDWVTIE. KEDIEFINES 20 BEFXTARE CTH oIz, BHRIEIROELFZL
FIINTKEEET 1B, TSEREET 1 RSN,
CLFI )\ DESENRUTSERESECHNT 10%UEICHRIBUEEWEB(RREZRAULER <)% Table
5 (CRUTz. BIERE. L+ /U585 T 39 fith 35 #1(89.7%). TSt/ 5ET 39 fidh 20 4l
(51.3%)(C3RH SN2, 10%L EICRB UEIWER (G L+ ) U 58T 5855 (53.8%). T#1(41.0%).
B0(33.3%). BER(23.1%). FEMUEBAHIE(20.5%). fHPIEAUIEM(15.4%). BEEIE(10.3%)T
Holz. CNSDRIERIE—HREVIC PGI2 #EIZRWERICHSNDEDTH D, ZL (IWEBEEZEHRT D
CETHIEF BT ERKBRI (EEIE L.
BERBEBR(FCLF2)/)UKRSETUEER. GZEAENE 1 61(2.6%). TSREETOUMELE. &5
. BIAE 1 61(2.6%):RH5NTz. CLFS /TSR TRIRUUEBRIETEE T, AREEODRR
BRIEEESINDIMN DIz, AEAREHDEET. BREEORRBZREIEEINC.
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D. &

AR T, TEBMMHIER THDEEHF PVR DI%5 20 BERF TORILEDT SURIEEEFEDFIEDZE
(95%1E88X [)(£-93.5(-156.8, -30.3)dyn-s/cm’> T D, LLF/WURSETEITSRIESEE S HE
L CLEEEE PVR EEICIE T L7Z(P=0.006. Wilcoxon IEAIFIIRTE). BIXEHEIEE T3S PVRI, CI. TPR,
SvO, U Borg MUIRREHESEERICHELE, £fo. CLF/WERAT 1@ 1600 pug. 1 H 2 @%sS
UTeRDRE NN RO SN,

PEA (& CTEPH DM—DARAESE TH BN, CTEPH BED S5, PEA PR ERX (XBEDOFMHIERH(ICLD
PEA JEHETHIN® PEA & (CATS MEENRE U BEBENMEHLRZETHFRES 2T ENRESTNTUS 10-12),
CDRDIRFBHECHUTIE, FMEIRERE(CKDEEE. F/2lE BPA ([CKRDBEMNMTONTNS 1). K
;HER (& BPA D AT S NUIBH TH S DYIDEYEED S >4 MEERREER TH D . BPA BEEDH DEEHAU
FMENREZHA LU CVWDIEEEBAANTER G ZIEA UKD TH D,

AHERT(d PVR ZEXEEHMAIEE & Ufe. CTEPH BEADBEBENAICELD PVR DR THAFEONE(CEND
TEETBUIRIREFIZE <, (T, PVR&Z 500 dyn-s/cm’ KiEGICIE TS B3 EEFEEN DD EEZZBND
27, 28). ARRBDOTLF /RSB TIEIN—AS4 2K 523.4+£132.8 dyn-s/cm® h'5#%5 20 5885 (C (&
500 dyn-s/cm’ ki Cdp B 425.3£158.6 dyn-s/cm’> T TETF Uz, Ml ELD. CTEPH & (CtzLF+3/¢0
IH%5F 2T EE PVR DIRTFZEN U TFEOWEIC DR DAIEEEN DD . ZD PVR KT DRIR (FERRM
BETEIDEEZIBND.

o MENRE L LT /O RHAUEREE RO TELFS )\ TERIDBEBLE > EEBICBNT
PVR DIETF(FAE <. BEIIEKT ULZ(P=0.026. Wilcoxon IBIFIMRTE). CDZEMNS. UASIT T hER
#k. CTEPH & (CX 3 DFEMBEEDE —EIR(C/RDATREMNRIE S NIz, =5(C. PEA. BPA fEfTEEDE .
UAS 7 hX(d ERA HHEADEE. OY T J)IL—THEIOERNINICHENTSE., CLF/)JRS5EETE
TS558 £ AT PVR (FEEERZR U, IREORKRIAS(CHWLT. PEA. BPA AfEiTan. UA
27 NEDRMEBILEENE S ENS CTEPH BENZUVLN. 5 UIEEBEFEDEEREEML TL\S CTEPH
BECHLTEELFS/\U%Z add-on B2 ET. EiXD PVR DR T ICENBAIEEEN RE SN/,

—7. BIREHEIEE T3S MPAP KU 6WMD (&, TS URESEE LR U TELF2/\URSEHCHBIT3E
BRMEERDSNEN O, COBERELT. HRENTODRSNICEAE TH > E. KRR T,
BPA ABEEZDBERVUU AT M. ERA XU PDES BERIZHBA T IEBEDSMNAEE TH D IElzsd.
MPAP W3 TICHDIEEMRT U EEMAREN LEENRIENTVDIEBENSH D e ENEBZ SN ERRIC,
AFHERD mMPAP R U 6MWD MDAR—XX S > DT EZ D CTEPH Zx15R & U TZERREHER & LEE U CTHAEIR
NEREBENTLEFINS <HHHFANSNTZZ ENBESHIZD Tz (online supplementary Table S2) 29-31).
Ffz. KRR T, LLF/WURS(CKBMBABOZELEZFEA ERDSNIIN DT EMNS. CILOBER
EFEBEDIBNC KD EDTIFRLS, —EHREEDIEINCLDIEDEEZISNZ. UL > T, mPAP (C
BVWTIE CLF2/)WJHB5(C Lo TRHERFEEHMNMEL PVR MMET LA, ZNICER U TALOETRE
MR L. —EHRHEMENUEC EETSERICH T 2B ERT CENRE THO E—REHEI TN,
6MWD (CHWTI(E. ESC/ERS HA RSAZICBVNWTABEBIEN> 440m THBITE R—ASAUBICH
WT MWD MEWVWEBE(CHBWVWTIERHDEND D ENBESNTVDIZENSE. TSERICHT DEE
MWRZRI CEFRE TH Oz EHERENTE, BB, KEETD 6MWD B TRICHITDFHIEFOETINKRT
IO RIE#DFHI D=8 (CEME L/ Borg IFIRFE#IELIBRICKT Uiz/zsd. 6MWD DIER(FERsH SNiah
DIEEDD, WIREHMER U IR TEREEDIEERZ 51T D EN TSN RE SNz,
ZRMHCHBNT(E, PGI2 BE(CHENRBEEBRORAXRNET . T2HTOT7ILILPAH ZHRE U
DR B Th o Ic. ERRBESERIIVIRL. BN BEEXIPEE THoIc. HIRKASSSRIEEMT(C
KD 400~800 ng/H TREBESFHRORRAENE L. BESBROZHHAEFASHPBIICRIALIZEDIED
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fz. BE5E80EINICH# S TRIREN LRI IEESRE/N 2. RIMECEET ZEESROFRBERIEL
FINTEEET 7.7%RDESNTEN. WINEBETELF/I\JDIES5ZZEEET (CEIELUZ. BIRARE
REEB(CEAEULAESBEREBOHSNLGMN DIz, BlELD, ELF2)\J(E CTEPH BE(ICH UV TEAX 1600
Hg/E% 5 FTEZEHERUTDIRBEMENRD SN,

AER(E. SHART 20 B & —ARDERKRIG S B U TSR E <. BHAAEE 78 HlDHDRAE &R
2. Ffe. EEOAEMMEERIDREMESR. OERUERERITE. 15(C 6 DESHTHRICKZES/RD
EREZEHUTVWIEE, PEEULOBREZRERUFESES. HRERN U, MIREEZDLDRE
B(CBREEINB3OEEN S DINT - RV Zz8. Study limitations E&EX 53,

E. f&m

TLF2) D EREERUREE(CRIRER <. PEA REELFItic/z CTEPH BE> PEA & (Chvm IMEE
WX (FEFE Uz CTEPH BEDIIMITEREZNE Uiz, N ELF2/TDKRE(CKD CTEPH B&
DFEE(CDRNDEEENGD . BRINERZEIDLEEASND.
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EEFSERFRREME EaRBEERATNESR)
DIBARIRES

EESRIR A (SIS 1 M4 Z|AL TGS 0 FEAEAE 5 DBbE) AR 2 BRI (CILRT D

AzxRoiEE NIEF
ETmbetstdi L EFRtT > 5 — - BRRIATED - D FRREARER

RREE

figrEmicEeMEREIELE (CTEPH) (CX9 D/ VUL— > AhEiRAZEkl (BPA) MEHHE ChDMEEE.
EEFMENARE (MPAP)NEWEBL T EMFEITHIR THIAL TULVD, Z< DR T mPAP ZE TS
BT BPA i TR (CEEZRIE S MTON TV, BEZRIE SN CTEPH SEAIDINITEIRE(C S5 X D& (FBAS M
(CTEDTLVRUN,

AT TIE. 52 Hlod CTEPH fEFIZ xR & LT, #[E] BPA BIDAL LT —FT)URER(C. ERGRATE
RS (5L/min. 10 fE) T CoMmiTEIREZ i Uiz, TDFMER. BERIES(CKD mPAP (3.8 £ 3.2
mmHg (p<0.001) . FHMEIEILE 0.8 £ 1.8 Wood units (p<0.001). BEITET Uiz, AKIMEIRFLIC
X9 DAMMEIRITOLE(E 13.5%%A Uz (p < 0.001). ZE=EFEDTIE. ZEAK TDmMPAP 2. mPAP
KT OM—DFARFTHolz (B=-0.427. p=0.006),

AIRAFMEN D, CNFTRERN (TITON TS IZEEFEIRS(E. BPA BIOMPAP NS UVERI T, 1ZEIRAV/RAH
BIARDILIRICEK D MPAP ZBER(CIR T &, MEEE T I 2R Z2E I DulfeEN RSNz,

HEMRFRE :
ERENR. BRHE. BAR. FIEBA. REFE. FEE. RERLS

A. FARE®N
12 MmitZER MRS IAERE (CTEPH) (& FBIROKE(CLDAOARR(CEDIBEHFHROVEDTHD.
SABROBE(CIETFERRT. M SNITRAEA SIE RIS NEREER T CH D, /UL— > BhEhinfs
Bt (BPA) (&, FAIAEEIR CTEPH OREBED—DT. J/UL—>HhF—F)LaRNTHEROMEEL %=
WL5R I DEDTHD. 2001 F(CHIHT BPA DEMHENIRESNIZEDD. BIEHIREHE CHDMMEZS D
FHECLD., BERICEFESRNDIZ, 2012 FLIF. HRESOEHOMEN S, BPA DFEZWMR Ui
RBEUT, B ZBRHOEHEZRZET SBIRBENRRE, BIETIEBPA FERKETITONTS
D, BHFDHA RS> Tld CTEPH OBEEREBEO—DICAIBMITBSNTND. UNURNS. RIZ(CH
BEDORE AT ZFTRICIEIFHRTET TUVR. FLDFEITHITICLD. BPA EOIMEE LTI AhBHARE
(MPAP) W& VB TEAEL T BT EHHIBALTLVS. BPARIIC mPAP 2T E3Z &(E. FEED
FBICER THDEEZSBND. CTEPHIEHITIE, ECBR - MRIAI Y FICKDEBFHN AN
THDREREMMEIIENE C DO (RBERINE /2D, L - ZlH DEERERIESICLD DR
SEHESNNE. MPAP WMETU. EEDELZFH L. BPA OZEMMEICESITDIENTSE
3. TDI=HFH L (L. BPA DLELUEBHDIHIED—DE UTHERERSHEITO TS, MBIRIERmSMmE
FEREBIT (. BERIGS (TR D mPAP MMETF LiIMEEIMBIN T D ENTRESN TS, LM LRNS
CTEPH fEf(CX I DEERIESORMNRICET DT —FIEZ UL\, I T. AAKTIE. BPA KBITHID
CTEPH fEAI(CHWNT. BRIESHMITHREICESZDEERASHNCIDZEEBNE LTRSS RITO 2.
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B. HARAE

ARFR(E. ERFAEER L ERT > 5 — ORI GIEEEZE S DHEE (H26-RINKEN-55) Z32(7,
ZREFINSXERBEREF&ICITo /7 (UMIN 51B% ID : UMIN000026882) . ENI/Rbeitdi LIERTz >4
—T 201545 AH'S 2017 & 5 HDRI(CHIE BPA Z = L7z A CTEPH fEAI%Z&E#: L TER U,

BPA hEfTRI AL DT —F ) LIRE TEARIRA T COMITENREZFHE L /cR. BR%S (5 L/min. 105
) TTHWAELZ. BEE. mPAP, METEAE. BREERMEREEZRAEL. BHRECLKDOA
HEEAELUZ, €D%. YRXOZHAWTS L/min DBzR%E 10 S ERS5 L. miT8REERE Uiz, B
BiEHT (PVR) SAMEESL (SVR) (&, LETRIE UZMITEIRE/ (S A —F(CEDVWTEH L. MEHLSRIE
FomER4Z RI1ERE U TPVR/SVR EEZBH LTz,

MPAP DZAL EBERIGSHINT —4F EDEGREAND Iz (CHESIFHEIFM#EITZ. £z, mPAP ETI(C
W DEREHDHEEZRANRDIZHICEEEMTEITOIE. T5IC. MBIREREIGSH EIERSHIDOEEE —
T EBERERE DB CHER Uz, HatFE/MRET (&, IBM SPSS 25 (IBM, Armonk, NY, USA) ZFBU\T
107

C. THR#ER

X¥5k CTEPH fEH(E 52 Il (194 65.2+11.3 5. &M 41 HI[79%]) Tdholz. 254 (48%) (X WHO
HEREDHE TTI/IV T o Iz,

BRIGSDESTHIRF CTH Dz, MPAP (FERAKX T T 40.4 = 8.8 mmHg ToHhoeh. BHRIKS(CKD
36.6 £ 8.1 mmHg A& 3.843.2 mmHg (p<0.001). 9.2%BRE(CIET Uiz, [MRE(L 2.51 (2.17-2.99)
L/min/m?h5 2.37 (2.09-2.71) L/min/m> AEEEEKTF L. PVRI(L8.5 + 3.7 Wood units 5 7.8 +
3.2 Wood units \ 0.8+1.8 Wood units BE(CiEA* Uz (p<0.001), SVR (FEERIGS(CRIDEE LR U,
PVR/SVR (& 13.5%B=RE(CHA Uiz (p<0.001).

HZSRTEIRAITTIE. ERKTD mPAP (B= -0.382. p = 0.005) &ERK T PVR (B= -0.297.
p = 0.032) NEEFEHS(CLD MPAP DR EBRICHE L Tz, ZZEMEMMTIE. EAKTD mPAP D
HNEERIGS(C LD mMPAP K TFTOBRGFRRFCThoic (B=-0.427. p=0.006),

52 Bld>%5 23 il (44%) (C 1 FEFELL LR ENERENA RS TN Tz, MEBHERFELSEF CME S SVR
PNERICEVNC EZRVT. RS EER U TERNR[ CTOMITHRRICE(FIRMN D 2. MPAP (XilEf & BEE
FSCEXDBRICET UA. MEILRERSEFEIFSSEFDOM T mMPAP (CX 3 RO RICERE (L
Bl alay gRAANY it

D. EE

BPA (CKD. CTEPH fEBIDAEIR. MITENRE. Ao FRNNET D ENSEIRESNTLVD, —FH T BPA
([CLBIMEE(E. 9.6~60%DEEPICFKET D, T DIATHIR TIE. MPAP H' 40 mmHg L EDFEFIT
FMEENELEL UATHIRNANE SR> TULVETzs. BPA K{TRIIC MPAP Z T3 ENEETH D, i
FICI/ARTIORST ) =I5 Z T2 N mPAPR T (& 3 mmHg (CiEFE> e, T/RTJORST ) —ILEDER
7R A=7277 b CTEPH SEBITODE 3 #5RERT(E. MmPAP HY 4.7 mmHg iR LIeh', IR5ExAEE
FTHEIDIDIC8BEAMZET D, =5(C. . HFELV., KIMEREDEWER(ICKD., RXIKS=E(CELE
TERVEFEHD. AAFR(E. CTEPH FERFICH I DEERIGESOREMRZHHTHSMNC Uz, 10 723fE
D 5 L/min B3R A T, EIRFBENARILIRICEK D mPAP Z 3.8 mmHg BRE(CIE T3 ENTET,
COR (FMEILERERDOFERADOERICHNNDS IR SN,

E. %&sm
CTEPHYEMICHEULT, 5 L/min DEESRIRA L, il ENSRERSOBECHNMDST . BIRNIQHHEIARD
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HERICEKD MPAP ZER(CIE TS B3 ENESMNERD T, TNETREREBRIICITON TS LBERES

(&, BPA BIDMPAP IS VEESI T ICAMEEZ FB L. IBBROZEMZEHDICHICERTHDEERS
niz.
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Background: Pulmonary injury is a major complication of balloon pulmonary angioplasty (BPA) for
chronic thromboembolic pulmonary hypertension (CTEPH). Lung injury after BPA can be exacerbated by
a high mean pulmonary arterial pressure (PAP). Although oxygen inhalation is expected to lower mean
PAP in patients with CTEPH, no relevant investigation has been conducted.
Methods: Consecutive patients with CTEPH who underwent BPA were enrolled in this study. We evalu-
ated the hemodynamics using right heart catheterization while breathing ambient air and with adminis-
tration of 5 L/min oxygen for 10 min.
Results: This study included 52 consecutive patients with CTEPH, of whom 23 (44%) were treated with
specific pulmonary vasodilators. Exposure to oxygen was well tolerated. Oxygen administration signifi-
cantly decreased mean PAP by 3.8 + 3.2 mmHg (p<0.001) and pulmonary vascular resistance by 0.8 +
1.8 Wood units (p<0.001). Moreover, the ratio of pulmonary vascular resistance to systemic vascular re-
sistance was significantly reduced by 13.5% (p<0.001). Multivariate regression analysis identified baseline
mean PAP (B = -0.427, p = 0.006) as the only significant predictor of decreased mean PAP under oxygen
administration. No significant difference in oxygen effect on mean PAP was found between patients with
and without vasodilators.
Conclusions: In patients with CTEPH, 5 L/min supplemental oxygen inhalation could decrease mean PAP
significantly by selective pulmonary artery dilatation, regardless of the usage of vasodilators, and thus
could be helpful to maximize the safety of BPA.
Clinical trial registration: UMIN Clinical Trials Registry (No.: UMIN000026882); URL: https://www.
umin.ac.jp/ctr/index.htm.

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Balloon pulmonary angioplasty (BPA) is an alternative treatment
for inoperable CTEPH, which uses balloon catheters for dilatation

Chronic thromboembolic pulmonary hypertension (CTEPH) is a
rare, progressive pulmonary vascular disease which usually begins
with persistent obstruction of a large and/or middle-sized pul-
monary artery following acute pulmonary embolism, and microan-
giopathy could contribute to the progression of the disease [1]. Pa-
tients with CTEPH have poor prognosis if untreated [2], and the
only established and potentially curative treatment is pulmonary
endarterectomy, which is considered the gold standard therapy.

* Corresponding author.
E-mail address: matsubara.hiromi@gmail.com (H. Matsubara).

https://doi.org/10.1016/j.jjcc.2021.09.003

of pulmonary artery stenosis. In 2001, Feinstein et al. reported the
efficacy of BPA in a series of patients with CTEPH [3]; however,
the procedure was not widely adopted because of the high inci-
dence of lung injury, which is a potentially lethal complication. Re-
cently, some institutions, including ours, refined BPA to overcome
the low efficacy and high complication rates [4,5]. Although BPA
is now performed worldwide and has been described as a thera-
peutic option in the latest guideline [6], the refined BPA procedure
has not fully overcome the risk of onset of lung injury. We previ-
ously reported that the severity of lung injury after BPA could be
exacerbated by a high mean pulmonary arterial pressure (PAP) [7].

0914-5087/© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Background: Pulmonary hypertension (PH) influences mortality in patients with interstitial
lung disease (ILD). Almost all studies on patients with ILD, have focused on the clinical
impact of pre-capillary PH on survival. Therefore, little is known about the influence of
post-capillary PH. We aimed to assess the prevalence of post-capillary PH and its clinical
impact on survival in patients with ILD, followed by comparison with pre-capillary PH.
Methods: This retrospective study enrolled 1152 patients with ILD who were diagnosed with
PH using right heart catheterization between May 2007 and December 2015. We analyzed
the demographics and composite outcomes (defined as death from any cause or lung
transplantation) of patients with post-capillary PH and compared them with patients with
pre-capillary PH.

Results: Thirty-two (20%) of the 157 patients with ILD-PH were diagnosed with post-
capillary PH. Patients with post-capillary PH had significantly lower modified Medical
Research Council scores, higher diffusion capacity for carbon monoxide, higher resting
Pa0,, lower pulmonary vascular resistance (PVR), and higher lowest oxygen saturation
during the 6-min walk test compared to those with pre-capillary PH. Cardiovascular dis-
eases were associated with a higher risk of mortality in patients with post-capillary PH.
Multivariate Cox proportional hazards analysis demonstrated no significant difference

Abbreviations: ILD, interstitial lung disease; PH, pulmonary hypertension; MPAP, mean pulmonary arterial pressure; PAWP, pulmo-
nary artery wedge pressure; IPF, idiopathic pulmonary fibrosis; HFpEF, heart failure with preserved ejection fraction; PAH, pulmonary
arterial hypertension; RHC, right heart catheterization; CTD, connective tissue disease; mMRC, modified Medical Research Council;
6MWT, 6-min walk test; ATS, American Thoracic Society; Ipc-PH, isolated post-capillary pulmonary hypertension; DPG, diastolic
pressure gradient; PVR, pulmonary vascular resistance; WU, Wood units; Cpc-PH, combined post-capillary and pre-capillary PH; GAP,
Gender-Age-Physiology; HR, hazard ratio; CI, confidence intervals; FVC, forced vital capacity; DLco, diffusion capacity for carbon
monoxide: LVEDP. left ventricular end-diastolic pressure.

© 2021 Published by Elsevier B.V. on behalf of The Japanese Respiratory Society.
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Metabolic remodeling in the right ventricle of rats
with severe pulmonary arterial hypertension
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Abstract. It is generally considered that there is an increase
in ghycolysis in the hypertrophied right ventricle (RV) during
pulmonary hypertension (PH), which leads to a decrease in
glocose oxidation through the tricarboxylic acid (TCA) cyde.
Although recent studies have demonstrated that fatty acid
(FA) and glucose accumulated in the RV of patients with
PH, the details of this remain to be elucidated. The purpose
of the current study was to assess the metabolic remodeling
in the RV of rats with PH using a metabolic analysis. Male
rats were treated with the vascular endothelial growth factor
receptor blocker SU5416 followed by 3 weeks of hypoxic
conditions and 5 weeks of normoxic conditions (Su/Hx rats).
Hemodynamic measurements were conducted, and the RV
was harvested for the measurement of metabolites. A metabo-
lomics analysis revealed a decreasing trend in the levels of
alanine, arginmosuccinic acid and downstream TCA cycle
intermediates, including fumaric and malic acid and an
increasing trend in branched-chain ammo acids (BCA As) in
Suw/Hx rats compared with the controls; however, no trends
in glycolysis were indicated The FA metabolomics analysis
also revealed a decreasing trend in the levds of long-chain
acylcamitines, which transport FA from the cytosol to the
mitochondria and are essential for beta-oxidation. The current
study demonstrated that the TCA cycle was less activated
becanse of a decreasing trend in the expression of fumaric

Correspondence to: Professor Seiichiro Sakan, Department of
Respirology (B2), Graduate School of Medicine, Chiba University,
1-8-1 Inohana, Chuo-ku, Chiba 260-8670, Japan

E-mail: sakaos@faculty. chiba-njp

Abbreviations: BCAAs, branched-chain amino acidss BMIPP,
Bl-p-methyl iodophenyl pentadecancic acid; CTEPH, chronic
thrombombolic pulmonary hypertemsion; FA, fatty acid; HCA,
Hierarchical clister analysis; PA, pnlmonary arterial, PAH,
pulmonary arterial hypertension; PCA, principal component
analysis; PH, pulmonary hypertension; RV, right ventricle, RVSP,
RV systolic pressure; TCA cycle, the tricarboxylic acid cyde

Key words: metabolic remodeling, right ventride, pulmonary
hypertension, SU5416

acid and malic acid, which might be attributable to the expres-
sion of adenylosuccinic acid and argininosuccinic acid. These
results suggest that dysregulated BCAA metabolism and a
decrease in FA oxidation might contribute to the reduction of
the TCA cyde reactions.

Imtroduction

Various factors, such as the genetic background and biolog-
ical environment, are suggested to induce vasoconstriction
of the pulmonary arteries and cell proliferation in pulmo-
nary vasculature in many forms of pulmonary hypertension
(PH) (1-3). This leads to stenosis and obstruction of the
vascular lumen, resulting in an increase in the pulmonary
arterial (PA) pressure (4). In accordance with the increase in
pressure, the right heart function decreases, leading to right
heart failure, which eventually becomes a prognostic factor
in these patients (5,6).

Metabolic remodeling has been described not only in
pulmonary artery vascular cells but also in the right ventricle
cardiomyocytes of pulmonary arterial hypertension (PAH) (7).
The metabolic alterations include mitochondrial mactivation,
which leads to the suppression of ghicose oxidation through the
tricarboxylic acid (TCA) cyde and upregulation of normaoxic
glycolysis (8.9).

Fatty acid (FA) oxidation is suggested to be the major
source of energy production, especially in the left ventride.
Indeed, it is responsible for 60-90% of ATP synthesis (10).
Although the details of FA metabolism in the hypertrophied
RV in PH remain unclear, our recent studies using positron
emission tomography (PET) and '*1-p-methyl iodophenyl
pentadecanoic acid (BMIPP) uptake imaging have revealed
the accumulation of not only ghicose but also FA in the RV of
patients with chronic thromboembolic pulmonary hyperten-
sion (CTEPH) (11,12). However, these stndies only showed the
accumulation of FA in the cytoplasm, and whether or not FA
oxidation actnally occurs through the TCA cycle m mitochon-
dria has remained unclear.

FA oxidation in the hyperttophied RV in PH is still
controversial. An increase in FA oxidation in the RV was
shown in the PA banding model (13). However, a reduction
in FA oxidation was noted in both the adaptive and maladap-
tive RV in the monocrotaline rat model and the PA banding
maodel (14-16). In addition, impaired FA transport into the
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Nice 2018 DOrIEH M EMME MEREDERZAVZBRDOMBSMERE L > 5 —TOKEIF IR

WRDIBE H FE
FEAFARZREFA AT FREGARF FHESIR

MRES

% 6 BffmIMEET—IL RS >2/RT DA (Nice 2018) Tld. miEHMEMMSMELEDH UWVEERNLT
DESICIREENZ, FHIMBIRE (MPAP) > 20mmHg. MBIMREAE (PAWP) < 15mmHg. AhMmER
#i (PAR) > 3Wood Units (WU)., ULHL. COFHEE(CED < BIEMIME 4 MMEE 55 DIERIVIFEL.
FIFASH TR, FIEEDRILIRBABEDEETH D, €T, TEAFMSMEELEZ> Y — ORI
EEEFEXNRE LT, EROERBFEMMEUMSIELE (25 > mPAP > 20mmHg) B&EDEEBIFHE
ZIRF UTc. TERZETYEORLADT—TIUEEZRZ(TZ 683 FEfZEMNSRE UTBSRANMARZEIT O/,
TDH T, 489 HI(FHEED (conventional PH) RIFEMME4EMSMMELE (MPAP> 25mmHg) OEEZHEIC
UTz. 22 BINERDIER BRI EMMEEMSIMELE (25 > mPAP > 20mmHg) OE#EZFEZUIZ. E5I(C
16 fEAI(E 25 > mPAP > 20mmHg T3&%D. HDPAR 2~3WU THo e, CNSDIEHIBF TDIRFTEITD
fz. BREBEMMEMEMBMELE (25 > mPAP > 20mmHg) (&, 24&DHRD 4.3% Th oz, TDEEH!
BDEFEAEIE3EE (40.9%) & 48 (I2MEMARERSE 45.5%) Thole. CNSERBFIEMME 4TS
MEREREGIDF%(E. KD (conventional PH) RIEMIMEMATSMEEEEL D ERIFMEMZRDIZ, 3
B PH B2EOFA (L. BEREFIEHONEEMSMEEOT TEREEN DIz, BEREFIEMME 4N IEAE
B T(E. PVR 2~3WU EBICHWTIFAELALRIEFERHT . PVR=3WU & PVR 2~3WU DEFCTFEIC
BREFRDIRN D 2. AAFLIE. Nice 2018 DEEZZEE L1277 g OME AT > 5 —TIE#HT
DFIEMME S MEEDIRRIMIFEZASHNCUEAR THD. FeINETA(E. BERAFIEMME 4
BIMEEE. 2ERDTPD 4.3% THIE, TOEHIBIDFEAE (LI BEE 4B ThO e, FRISERRECEE
EZITTNDEHFESNIZ. PVR D cut-off fEZSDFTULY Nice 2018 EENBAN E SO DREIBEHTTH
EECWBEBEEEZ BN,

HEMRFRE :
IIAETY. BE8EL SEHRAT. NS, BREMRxE. BHES. ENE1T. ERXTF. REH—EDS.
g —Rp

A. TREREN

% 6 EffisMEED—IL RS 2/RT DA (Nice 2018) Tl RIEMME M= MAELEDH UWERN L
ToOLSCIREENZ, FIfMEIRE (MPAP) > 20mmHg. AhEIREAE (PAWP) < 15mmHg. A
BiEH (PAR) = 3Wood Units (WU). ULNDU. COFEE(CED < giEH MM E S MR E DERKRE
. FREASH TR, FEEDIRILIFPFEOXXTHD. €T FEAFMSMEELEZ>HY—T
DOFfRMEEZREZNRE U T, EROEFEFEMMEMMSIMEALE (25 > mPAP > 20mmHg) F&®0
RBAFIEZ IR LT,

B. HARGE
FERF TYILDOAELNT —TIUREZRITTZ 683 EflZRE UILBHARARZITOE. TDHRT,

071




489 fl(FHEED (conventional PH) BIEMMEMAMEIMERE (MPAP> 25mmHg) OEEZEFIZUIZ. 22
BN EROERBFEMMEEMSMEL (25 > mMPAP > 20mmHg) OEEERmZ Uz, =5(C 16 AEH)
(& 25 > mPAP > 20mmHg T&D. HD PAR 2~3WU TdDlz. CHNSDEEFIBFCORETZITD I,

C. HARER

IERAFIEMMEMMSMELE (25 > mPAP > 20mmHg) (&, £&DHD 4.3% TH oz, TDAEFIEE
DEFEAEF3EF (40.9%) & 43 (BHEMREARAE 45.5%) Tholz. CNSEREFIEMRME NS
MEFEEBIDF#% (. KD (conventional PH) BIEMIMEMEATEMEEER K D ERIFRMERZRDZ. 3
£f PH BEDOFEL. BEREFIEHNEMEMSMEEDT TEIEEEN DI, BRAGIEMME M IME
FERFDHTI(E. PVR 2~3WU FEHICHWTIFHAELALIEFFEHT . PVR=3WU & PVR 2~3WU DEFTF#%
([CBERE(ERDIRIMN DI,

D. EF

AIAF(E. Nice 2018 DEEZZERE U127 > 7HEOE MEE T > 5 —T3¥H TORIFBMME M=
[EREDERREVFIEZBASMNC UEAFR TH D, L INERA(E, BREMEMIME S MELE . 240
D 4.3% THIE, TOAEFBIDEFEALF 3BFE 4B THOE. FRIEABEREICHEZRITTND LM
E=Nniz.

E. %5
PVR D cut-offfEZ S FT L LY Nice 2018 BEENFRANE S HORIEESHATRA TS ICHBE LEEZ SN,

F. BRRFER
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Characteristics of patients meeting i

the new definition of pre-capillary pulmonary
hypertension (Nice 2018) in a single Japanese
pulmonary hypertension center

Keiko Yamamoto'?", Nobuhiro Tanabe'?, Yukiko Takahashi', Akira Naito', Ayumi Sekine', Rika Suda’,
Takayuki Jujo Sanada'*, Toshihiko Sugiura', Ayako Shigeta', Seiichiro Sakao' and Koichiro Tatsumi'

Abstract

Background: The 6th World Symposium on Pulmonary Hypertension (Nice 2018) proposed a new definition of
pre-capillary pulmonary hypertension (PH) as a condition with mean pulmonary artery pressure (mPAP) >20 mmHg,
pulmonary artery wedge pressure <15 mmHg, and pulmonary vascular resistance (PVR) > 3 Wood units (WU). The
characteristics and prognosis of patients with pre-capillary PH, according to this new definition, is unclear. Therefore,
we determined the characteristics and survival of patients with borderline pre-capillary PH.

Methods: We retrospectively enrolled 683 patients who underwent their first right heart catheterization at Chiba
University, Japan. Among them, 489 patients met the pre-capillary PH requirement with mPAP > 25 mmHg (conven-
tional pre-capillary PH group), while 22 patients met the borderline pre-capillary PH criteria (borderline pre-capillary
PH group). Additionally, 16 patients with a mean PAP of 20-25 and PVR of 2-3 WU were also examined.

Results: The borderline pre-capillary PH group comprised 4.3% of the total patients with pre-capillary PH, and the
majority was in Group 3 (40.9%) or 4 (45.5%). The survival of the borderline pre-capillary PH group tended to be better
than that of the conventional pre-capillary PH group. The prognosis of Group3 PH was the worst among the patients
with borderline precapillary PH. There was no significant difference in survival between the borderline pre-capillary
PH group with PVR > 3 WU and that with PVR of 2-3 2WU, although none of the patients in the latter group died due
to right heart failure.

Conclusions: This is the first study conducted in a PH center in an Asian country to reveal the characteristics of
patients with pre-capillary PH, according to the Nice 2018 definition. They comprised 4.3% of the total population
with pre-capillary PH, and the majority of the pre-capillary PH cases were in either Group3 or 4. The prognosis may be
affected by the patients' underlying diseases. Further prospective studies are needed to determine whether the new
definition, including the PVR cut-off, is beneficial in clinical practice.

Keywords: Pulmonary arterial hypertension, World Symposium on Pulmonary Hypertension (WSPH) 2018,
Pulmonary artery wedge pressure, Pulmonary vascular resistance

Background
The World Symposium on Pulmonary Hypertension
(WSPH) considered the scientific and clinical knowledge

nohana Chuou-ku, Chiba 260-8670, Japan ) A
P concerning pulmonary hypertension (PH) and proposed

Full list of author information is available at the end of the article

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
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RBhvofc (3HFELEHFEKT70.6% vs. 34.2%; p=0.01). BEEBJEFERFCE. 2 BBOFRICENTTDH SN
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T2HHTD R-PH LR MU —TIF BTEEEERE (PAH I/ 517) OEIENE . PAH JBFEEY)
HRmAIFRRIF C. MREEEERF OaBERIEHINEN o Tz,

HEATE :

PRAIG. HEftEE—. BOEZ. (IAZTR. LBEEC. AR ¥ —=. 26lg. ANEE. AR5EA
HEE— TREER. PESRA. LEM. EAESE. HTE. F87sh. A, REHFH BB ARATERE.
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A. HiZE®N
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B. HARAE

Japan Respiratory PH study (JRPHS) (&, BIMEERERSHAIN T, 2013 F 9 AMS 2017 F 12 ADRE]
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ftEEmZzRrUe (K1C). KREEEFCT. & 2 U BLNIC PAH BEEZRIA UICHIRAEGX. 3EVHEE
B (MREAZ/z (FEUEEA]) (CLEU T, MREEREH CEFRERIF CHOIEMN(K 2B). MKEESEET
(. FRICENHSNEH Dz (K2C), PAHBEERIGEIFHIE. RICABAKLDFERIFCHOIZ (K
2D). RICERIFHIE. MKEZEEEF T 60%. SEEF T 28% SIBTEEREEF (CZLV\T &, COPD(65%).
CTD-IP(84%) (C%<. CPFE(28%). IP(24%)TII o7z,
1

" ®
\, Log-rank p = 0.002 b g, Logrunk p = 0.49
R
T - - Mild form of PH
] X = —tats
£ i COPL
3 e 3
H LCPFE 2w Severe ferm of FH
] =
- Llg =
"
i
.....
m L i L] -» m L]
rink - Ad ik . +
Days from baseling RHC Days from baseline RIC
"

. =005 s
kpnho WHO-FC 1

£ — " WIHOFC T
E % - )
E : 5 b
£ s [ ..,
] e A WHO-FC I
E E
E Se il i i - .
3 atory impalrment g T—
Logerank p = 0.01
.
i "
! » ™ - i - ™ -
e Days frem baseline RHC Dharys firoam baseline RHC
2
w .
. Leg-rank p=0.11 ' Log-rank p = 8.01
B i
£ “ Initially £
H 5
E* H
Fi . 3
Es — £
(a1 Non-imitially 2
L Mkt ventilatory impairment
......................
- w L] e L] - = L]
A ik = At vk i .
Days from baseline RHC Days from baseline RHC
"
Log-rank = 038 Log-rank p = (002
]
£ 5w Responder
3 H !
T =l
H R
i Severe ventilatory impairment 3 Non resy
B
......... cvpaniir
A - - e ' - ™ -
s Days from baseline RHC cobn Days from baselime RHC

076



D. EF

AAFRE,. BRTERYDOFRSFEZRICHD PH ZRREUVZAIAE LA NI —-THOD, UTILT—-ILR
S—HZEASMNCUEZ. 3BEPH LA RMY—EULTERSNTVDN . SHHE (43%) (FEERKEER
T. 1 8¥ PAH [CHMSNDEEMUN G DEF TH D ENASHNER DTz, BEMKEERTIE. PAHBE
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mEENfz. —7A. BRIEESEOHML 38 PH TEZOMRGESH TR, EERKEELICHITD
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Multi-Institutional Prospective Cohort Study of Patients
With Pulmonary Hypertension Associated
With Respiratory Diseases

Nobuhiro Tanabe, MD; Hiraku Kumamaru, MD; Yuichi Tamura, MD; Hiroyuki Taniguchi, MD;
Noriaki Emoto, MD; Yoshihito Yamada, MD; Osamu Nishiyama, MD; Ichizo Tsujino, MD;
Hiroshi Kuraishi, MD; Y oshihiro Nishimura, MD; Hiroshi Kimura, MD; Yoshikazu Inoue, MD;
Yoshiteru Morio, MD; Yasuto Nakatsumi, MD; Toru Satoh, MD; Masayuki Hanaoka, MD;
Kei Kusaka, MD; Mitsuhiro Sumitani, MD; Tomohiro Handa, MD; Seiicihiro Sakao, MD;
Tomoki Kimura, MD; Yasuhiro Kondoh, MD; Kazuhiko Nakayama, MD;

Kensuke Tanaka, MD; Hiroshi Ohira, MD; Masaharu Nishimura, MD;

Hiroaki Miyata, PhD; Koichiro Tatsumi, MD for the JRPHS Group

Background: There is limited evidence for pulmonary arterial hypertension (PAH)-targeted therapy in patients with pulmonary
hypertension associated with respiratory disease (R-PH). Therefore, we conducted a multicenter prospective study of patients with
R-PH to examine real-world characteristics of responders by evaluating demographics, treatment backgrounds, and prognosis.

Methods and Results: Among the 281 patients with R-PH included in this study, there was a treatment-naive cohort of 183 patients
with normal pulmonary arterial wedge pressure and 1 of 4 major diseases (chronic obstructive pulmonary diseases, interstitial pneu-
monia [IP], IP with connective tissue disease, or combined pulmonary fibrosis with emphysema); 43% of patients had mild ventilatory
impairment (MVI), whereas 52% had a severe form of PH. 68% received PAH-targeted therapies (mainly phosphodiesterase-5
inhibitors). Among patients with MVI, those treated initially (i.e., within 2 months of the first right heart catheterization) had better
survival than patients not treated initially (3-year survival 70.6% vs. 34.2%; P=0.01); there was no significant difference in survival in
the group with severe ventilatory impairment (49.6% vs. 32.1%; P=0.38). Responders to PAH-targeted therapy were more prevalent
in the group with MVI.

Conclusions: This first Japanese registry of R-PH showed that a high proportion of patients with MVI (PAH phenotype) had better
survival if they received initial treatment with PAH-targeted therapies. Responders were predominant in the group with MVI.

Key Words: Chronic obstructive pulmonary disease (COPD); Interstitial pneumonia; Pulmonary hypertension; Registry

n patients with respiratory disease, the frequency of
I pulmonary hypertension (PH) could increase with the Editorial p343

degree of hypoxemia and ventilatory impairment,
although there are some patients who have severe PH therapy has not been approved for PH associated with
regardless of ventilatory impairment or hypoxemia.! The respiratory disease (R-PH), despite the existence of PAH
use of pulmonary arterial hypertension (PAH)-targeted phenotypes and the fact that it is permissible to treat these
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BMPR2-Targeted MinION Sequencing as a Tool for Genetic Analysis
in Patients With Pulmonary Arterial Hypertension

WIRHIEE BN
EFREREILAY EFEMERSEAR 8%

MRES

BMPR2 BzFOZER(L, MBIREMSIMEE (PAH) OFXFBMBLMERTHD. PAH OIEETFEZRIIC
ARIRT&HD. MINION FIR7ZS—4>H—(F, BIX bTcO>TYU— RS- H—%AJEE(CT BR—
BIT)VRE 3 DR S —o > B —&iliTh D, AHAFKT(E. BMPR2 (CERZEHTZ PAH 2FDEIR
FREMNTICEHITD MInION RS —o > B —EROZE DRI ZIT DI &2 5. PAH BED BMPR2 &
EECRETEDCEZRUZ. MINION RS =0 > —(d, $F I/ NFIEIRAREDRT T IL—
T(CHUNT. BMPR2 DEEER D) -0 DIzHDBLERY —)LERD T ENEFEIND.

A. TRRBHN
FhEhpRIEARIERE (PAH) (&, MBDUEFT D EMNBIRODEEZHDS. ENTEERETHERR
T3»D. PAH DR TEEEM PAH DFEALEF. FSORTA—ZITRERF B (TGF-B) X—/\—=TJ 7
SU-DRBRTHDIBKRST )\ VBEZER 2 BERT (BMPR2) DERE(CK>TEIFRIEND.
BMPR2 DZE (L. FKIEFEDHDADH 80%. HFM PAH BED 11~40% CREEND, TDIZ&H.
BMPR2 DEEXYFEI DT (L. PAH DEBELGFEWICBVWTIERICERTHD. ERLEBRDELGH D>
U ICERET D, BRIV H—>—0UI R EZRBLTHD., —STEIRERS—45>2 >0
(NGS) EffizFWTWLWBDA, OX MNEYERERE COFEEN G DI,
IRE, F/R7ZFoOO0S—2AWEE 3RS - > D ORMNEHZ L. F/RPZDNAS -S> >
JELUTHBNTWVWS, EOX MTHRER MInNION R—ZXDF JRTS—T > ElE. FOUOSHYA XDE
BOAETETTHIICEMMNDST ., EERRVNVS -4 >R — RERHIDIFMELTERLUZ. €TTA
AR TIE. DRY LBEFINA TS+ > &R L T MInION #ifiZiRA UsRIMNBLFFETEE R U,
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SATJSU—FARE MINION 70O M JLITHAD TITL. = —2O I > X (L MinION 5/ (-« X & FLO-MIN106
JO—)LEANTITO . MinION F/\1 R, 24 BREIDS >4 LAH,. MinKNOW VI RITF7ICKD
THifFENZ. R—XO—U>J(EMInKNOW VI MO PZ=BNTITO I,

MIinION = —4 > 2 20 TESNIET —FZRT312H(1C. INATS5A > Z28BRIICHERE U I\XSTF)L
([CHFEESNTZEDERIES(E. MINKNOW VI I T 7ZBUT FASTQ FeDEDY — RICE#ENT,
FASTQC ZHWTHHU - RREZRELE. MBEY—-—RORS(CEDWVWTNSA=FDTI1ILIID
47U\, Nanofilt ZEWT MU 2 J%1T2/z. 50 UL AFREDYU— R%ZE 5'Imhs NUZ>2J 0. mE
EU—RRICEDWT I LAY OEERUIEDS. Minimap2 0054 (v2.13-r850) ZHWT. &
N~ BMPR2 %818, (GRCh38/hg38, chr2: 202371789-202568449) (CXwvE>J U, cnNsnIvITEn
feU— Rz U, Varscan ZBWT, —BEZRE (SNV) BRNEEA - R (Indels) ZRE U,
JNUT7> RO=IUE RDINSGA—=FZBWNT I ILFU S TENFE U &/ /\Ly=h' 2,000 U— R,
MBI FOSEEND R B 10%. p B<0.05. BEXARSY RMSDU—RDEIE (ISR /Y1 FR)
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M 0.1-10 DEERNTHDZ &,

RICTa I TENINU T b, BRADERS ) LABRFIRE(CK D> TREESNZS ) AZREDEFHS
—A5~R—X (https://jmorp.megabank.tohoku.ac.jp) BKLUV LY KF DRI SEEAND BMPR2 /(U 7>
rDF—HIR—Z &R UTE.

C. HRER

D — REDDHREEK) 3.4kb ThHofc. 5 BDWERFICH T D 5 DS > THESNIEZY— REDSHZTO
v RTBE U—REDEHES -T2 RXSATSUDYIRN Y X E—E U, 77>TYU 2> H1X(E 430bp
S 9kb DEEFEI T D e ENMER TSI,

NR—=)lEnfzy — Ro#EE. EFITHE—THs D, 2,268,263 U—RKM5 3,126,718 U — RODEEH
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DIt PSAAY ROERNR—XD—-)LENzYU— RDFT 51% (42~59%) ISR AICIVE>D
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EHH)I\Ly 2(EE—7., BEHIEDDOY— RBEITO—-tILEAET 80,375~135,603 EEREE THD
oo VoA A RENEU—-RDDIE, FETOVY (TOV IHMBSIOV 13 FT) ([CBIDETSNE
U— RDOLERE, EFIBT—ELTLE,

VarScan DI« )LFYUZTINSA—=FZFANT/INUT7 > hO—=)LEITOIeECS. (FEAEN SNV T Indels
[FPRhofe. NSOV MME T/ LEDME (TFV>Y. ATSA4S2>20/)NUFP2 N 4> hOZ
w), PZ)BEEREMAESH. BRARAEFFT—IR—-XE BMPR2 KU P> hF—IR-AWSESNET
—HEDENHDIMNCEDVWTEIRESNIZ. FEAED/INUT > MEIA > MOMEEICESO SN, XTS5
>IN 7> B2 Indels (-5« > BEFIARICEFFELRMN D 2. SHTidD/z8dD Sanger Sequencing T
(& Indel variant DFEZMHRI D ENTET . BBRIETHDICEMDM >IN, ZDEBAEUVUTEEDE
BT J LAEFIZERANRIEE S, #EOIRUEHNERREINZEH. TS5 —(PRERUY—MEIRICEARLTND
ZENDMo T,

E#&(C. MIinION = —4 > X(CKD 5 fFid 4 BT 3 &P BMPR2 ZE & 2 DOLEINFER TN, CNSD
ZEREIIRNTHH—>—0T>ATN\UF—=> 3> SNl

D. 8

AIAFR TlE. PAH BFOY > T )ILERRICS—T AU, BENRY > H—>—0 > AOEREERUTE
BICMAXSB3/I\ATSA>ZMAFEUIz. T IR R(E Z<DE (T1ILR. I\OF U7, ).
1Y), ANE) o) LAS—T 2 RICKRIIULTWDA, BBRIRIETOMEAICEUTIEESNIEEREDT -5 L
MEEEY . PAH ZCERSINIZRYIDIKRE TH D,

RERS —T > —(F— BN CZREORIBIREZVNE S L. BBIMBIEZ VD, INRRIRARETEZ
DEANFIRENTLD., FLEBRDTSY T A—Ald. 150~300bp EWLVSFEWI—-RETHD
B, KERVUT LA bz RRITOIEEEEREBEINTND. E3HRDTSY NIA—-LATHDF /R
72— H—E U—RODERSHERL, =52 TOCZANUT7ILEA LATITHN. SERVE
MinION + J/R7 S —o 2P —(&, NETIERELYL I K., [ EF I3z, 1 BIDEEETHE GB HED>—
TS ORITDITENTED. FIR—FIILREEBTHDICEH. KRR —5 > ARBEDREN AT
BRIV RZEIAR 1 =Y R THES -T2 R ZTDIENTEDS,

SEDEAE U TIE Indel variant calling BED TS -2 &, W DHDFEMMI EDTIRI RE[NE D> TH
D, KDZBLDT—ACBIFDFNTIRIET DHNENSD D,
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MinION = —& > X (&, PAH FBED BMPR2 ZEDIRH (CERATE D ZEMNBASHNEEDZ, MInION XE
FENWVPT L RO T2 —RIMEENDTZH. Ry RYA RICHNT BMPR2 DZERZER T —Z
SOITBIZDDELERY—ILTHDZ ENHFEND.
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Case Report: BMPR2-Targeted

MinlON Sequencing as a Tool for
Genetic Analysis in Patients With
Pulmonary Arterial Hypertension

Tomoya Takashima', Sophie Brisset ">°, Asuka Furukawa', Hirohisa Taniguchi*,
Rika Takeyasu', Akio Kawamura* and Yuichi Tamura*

! Pulmonary Hypertension Center, International University of Health and Welfare, Mita Hospital, Tokyo, Japan, ? Faculty of
Medicine, Université Paris-Saclay, Le Kremlin-Bicétre, France, ° Service d’Histologie, Embryologie et Cytogénétique,
Assistance Publique Hopitaux de Paris (AP-HP), Hdpital Antoine Béclére, Clamart, France, * Department of Cardiology,
International University of Health and Welfare School of Medicine, Narita, Japan

Background: Mutations in the bone morphogenetic protein receptor type 2 gene
(BMPR2) represent a major genetic cause of pulmonary arterial hypertension (PAH).
Identification of BMPR2 mutations is crucial for the genetic diagnosis of PAH. MinION
nanopore sequencer is a portable third-generation technology that enables long-read
sequencing at a low-cost. This nanopore technology-based device has not been
used previously for PAH diagnosis. This study aimed to determine the feasibility of
using MiInION nanopore sequencing for the genetic analysis of PAH patients, focused
on BMPR2.

Methods: We developed a protocol for the custom bioinformatics pipeline analysis of
long reads generated by long-PCR. To evaluate the potential of using MinlON sequencing
in PAH, we analyzed five samples, including those of two idiopathic PAH patients and
a family of three members with one affected patient. Sanger sequencing analysis was
performed to validate the variants.

Results: The median read length was around 3.4kb and a good mean quality
score of approximately 19 was obtained. The total number of reads generated was
uniform among the cases and ranged from 2,268,263 to 3,126,719. The coverage was
consistent across flow cells in which the average number of reads per base ranged from
80,375 to 135,603. We identified two polymorphic variants and three mutations in four
out of five patients. Certain indel variant calling-related errors were observed, mostly
outside coding sequences.

Conclusion: We have shown the ability of this portable nanopore sequencer to
detect BMPR2 mutations in patients with PAH. The MIinION nanopore sequencer is
a promising tool for screening BMPR2 mutations, especially in small laboratories and
research groups.

Keywords: nanopore sequencing, MinlON, BMPR2, PAH, next generation sequencing
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PH DEZEX bLA 2HXUR bL—> L — MSREEN G EUNNE/HLSRAEZ IEHE (CRIR T DHVEIREE LT,
AZEUE - ILRMEEDT —ILRR S AHF - RELTT LY S v —DF—FILICKDBH UEIIERIATS X
SR (Ees) EAEMIEIFEL (tau) ZETNTNRAVZ. KAFRTEFAIEMENE PH Eft 19 ME(COE
MRI EEUHDT—FTIUREZITO 2. X8 19 EFIT (L 0HE MRI DT DTz, IERAERI S LEE L. PH fESH!
TERE#HSEOE-TX LA > & SR BIIEREH SR MEL F(SLEHHLRE SR (@ o7z, F
BR(C PH ¥ C(IXAEM SR (ML LEMHILIRE SR (FEM 2 /2. PHIEFIDAZEURHERE T (u0ME MRI #81R &
HF—FIVEREOR (CEREIRN D et AEILRETERESEDOEEILR]N SR (r=-0.61). K
B (r=0.75). REHSMEOURHE - HL5REFREILE (r=0.59). EHAHLREA SR (r=-0.5). FAAEM% OB MLRER
SR (r=-0.52). JAuEEsfE (r=0.62) ' tau CBER(CHE U, MRS MELE(CH VL THEEDHLRA
A SLA T SIHREER TH DIE QA EILREEERRIT A CTH .

A. HREAEN
Ol MRIZZAWZA LA 2B XA RLA>L—b (SR) ###f(CK> ThEREMSIERE (PAH) &
BOREUNNEHEE SHGREEEZ [EFE(CFHMI CE DN EDIHERAND &

B. HARAE

—2013 & 1 AHM5 2016 & 3 AETICALAT—FTIURA EEIH(T0ME MRI Z1T 2 IZEFIDS I EMI
% PH ERZBIESNITERIZE IR E UTe. LEERDTZ8(C MESA FAFTEDIVEES KU/ £z (FMHINSEEZFIC
RVWEE EHRIZY Y FEETERREZWBE U, X=X > ORERIIFHIEEAFED PH 7—FX—2X
ZERWVE,

—i0fil MRI A X—=>2

BURES EELHDT—FIVRED 5 BEURICIT O E. SREIEFFETICKDEE - EENRESEZET U
Jeo ERERIVFEAS U« BIBIFY J D177 Ver.6.0 (Toshiba, Tokyo, Japan) ZHWTAZEDI Ll
q>& SR BT UTE, ARLA D BiRE S E(CAZEDOIRIE - ML >, UNHERA SRR S K
U2t (S:D k). UNEHAE —727 SR (SRs). #LEFRHAE—77 SR (SRe). [LEMHLEEAE—27 SR (SRa).
SRe DiRREF[E (DT) Z3RebdTz,

—Pressure-Volume (PV) 23

Valsalva i£28 2 B CRIBRmEZ 2L T B —&ED)L—TITHh SIGEREBSENRT > MEREL. RIE
LTV hZRAWCEBRIFICKD T+ v bSHUNERA PV BROtEE (INERIAZS X5 > X, Ees)
wEH U, BIL—TEgZERVCUFERRA PV B&D x ) (V0). Ea. Ees/Ea. Tau Z&EH U1,

—HREtFE

XTERA¥ & PH B¥RIDAITEEMDZE (S Fisher's exact test. Student's t test. Wilcoxon test TFHMiL/z. &
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R EROERRIR (& Pearson BB REZ AWV TEHEL 2.

C. IARHER

—PAH £ 16 & EERESHBIEMMERE (SSc-ILD) &4 PH3 RMDEET 19 2D PH fEFIZ#FT LTz,
16 &M PAH FB&EH 6 &(FHFFM. 10 &(d SSc BEZ >z, MESA HAFN'S 19 ADEEMBRENSIU
2o 19 220 PH BEOFMMEARE (L 33 mmHg. AhMmE#EYLE 5.5 Wood Units 2o 7.

—2> bO—)LEEE PH B¥DiLliE MRI $EIEDLEER

PH B&(I3IIBBE S LEER LU T, RV RHEBLSREAEHE. RV REANMEEASIE. KU RV BENERICAETHD
Jeo ARNLABATIEEZEDORMABE - N>, REABEOIMERE —2 SR, REABOILERR
FAE—27 SR. RV OHAABOYEEIE —2 SR H' PH EE THBEL(CLENBERCE,I 2 2. —A. BED
R#rsEnLBEEE—2 SR EABEABDLEEE—72 SR (& PH BEOANWHBE LD EEN >z, RE#S
mEMAEAmED S:D thiE PH BEOANWEBREI LD EEMN DTz,

—HRILEDREEN /S A—4 &0 MRI 1EZROHEBEMEIC DT

Ees & /z(d Ees/Ea &0 MRI (C LB KEhdS KU MBS EDURGEEETEE & O (CB R/ (SR o 1z,
Log Ea (X RV ORE#AEDIFEEAR ~L - > EBRIRMEEN d >z (r=0.46, P=0.0498). RV DR/ [E
DT, FD(E RV OEEABEODE—2 SRa (r=0.61, P=0.006). DT @ RV OE#AEODE—27 SRe

(r=0.75, P=0.0002). E#iAm®d S:D tk (r=0.59, P=0.0083) &BEELMMBREN G > 2. HEABOERT
Tl&. #9(& RV E—2HAAE® SRe (r=-0.5, P=0.027). RV E—2HAAME® SRa (r=-0.52,
P=0.0257). RV E—2ZMAEABE® DT @ SRe (r=0.62, P=0.0058) &BE(CHEBELTLV/E,

D. EF
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RTESNEERAMREE, (1) O MRI TESNZA ML A BEHED/ (S A—5(F, PHEFEXREFED
T, REBEEAFARENINTERET KEEDTUVE, (2) PHEECHWNT, RV UNHEHEED DE
MRI/\S A =% EREN(SHESNTER OB (CERELMBERBERN D72, (3) RV ILRMEEED DE MRI
INSA=FPFHFTEMEEL. LE-HRMDOE—2T SR & DT AA&RE#UMEREZ/RUZ. (4) [0fE MRI TS
SNz S:D LEFA D EBELTWZAY, Ees &IFHEBEIL TV DTz,

PH Z&(CHWLT RV HEEFEBRLTFRMERFTH D, UNHERA SHLSREADM 7T DHEEEN RV HEEEICEE
RGEIZRZUTVD. UL, INFTDREREAEDHAFKTI(E RV URKEHBEZ TR E U, HLERHEEER

BHEPHRBEBLOBMTARELERD L, SSCEBOIGREREYOEBRICHEI DS L ZRUT.
INSDME(E. (Ol MRI ZRWZR ML 2EETICEK D PHIAERID RV HI5RERE. $5(CHD(CHRERSN
DR AEZ IHREEN (CFHl TS S e Rt 2R Ui,

E. #55

AAFRICEL D THIREEL PH BEEDREIT, X KL 242 SR ZEOHRA T0IE MRI /(S X =5 (TEWHED
BDTENASHCIRD Tz, UINHEEESHMEDT —)L RRY>H — RTHD Ees &Ml MRI ([CKD RV URHEH
BEDA ML A 2SS A= EDORICIFERIAER (Mo A &0 &0l MRI (CKDELEDI 1>
BIETHDRES MO SRe, K5 MEAESMO SRa. SRe @ DT, RE#AMOD S:D H(C(E. BERQME
BNRHSNTE. NSO EMNS. PAH OILREEEZ NS B (&, (Ol MRI ZRWEZR L
MEYITHD EER SN,
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Right ventricular function as assessed by cardiac m agnetic
resonance imaging-derived strain param eters compared to
high-fidelity microm anom eter catheter m easurements

Takahiro Sato', Bharath Ambale-Venkatesh?, Stefan L. Zimm erman®, Ryan J Tedford?,
Steven Hsu? Ela Chamera®, Tom oki Fujii* ®, Christopher J Mullin®, Valentina Mercurio’,
Rubina Khair!, Gelia P. Gorona-Villalobos®?, Gatherine E. Simpson' ®, Rachel L. Damico',
Todd M. Kolb', Stephen G. Mathai', bao A.C. Lima®, David A. Kass®, Ichizo Tsujino®® and

Paul M. Hassoun'

"Division of Pulmonary and Critical Gare Medicine, Department of Medicine, Jhns Hopkins University School of Medicine, Baltimore, MD, USA; zI?lepa'tn’lenl; of
Radiology and Radiological Science, J4hns Hopkins University School of Medicine, Baltimore, MD, USA; Division of Cardiology, D epartment. of Medicine, Medical
U niversity of South Carolina, Charleston, SC, USA; Division of Cardiology, Department of Medicine, J4hns Hopkins U niversity School of Medicine, Baltimore, MD,
USA; SBrown University W arren Alpert Medica School, Providence, BRI USA; ®First D epartment of Medicine, Hokkaido University Hospital, Sapporo, <hpan

Abstract

Right ventricular function has prognosgtic significance in patients with pulmonary hypertension. We evaluated whether cardiac
magnetic resonance-derived strain and strain rate parameters could relisbly reflect right ventricular systolic and diastolic function
in precapillary pulmonary hypertension. End-systolic elastance and the time constant of right ventricular relaxation tau, both
derived from invasive high-fidelity micromanometer catheter measurements, were used as gold standards for assessing systolic and
diastolic right ventricular function, respectively. Nineteen consecutive precapillary pulmonary hypertension patients underwent
cardiac magnetic resonance and right heart catheterization prospectively. Cardiac magnetic resonance data were compared with
those of 19 control subjects. In pulmonary hypertension patients, associations between strain—and strain rate-related parameters
and invasive hemodynamic parameters were evauated. Longitudina peak systolic strain, strain rate, and early diastolic strain rate
were lower in PAH patients than in controls;, peak atriadiastolic strain rate was higher in pulmonary hypertension patients
Smilarly, circumferential peak systolic strain rate was lower and peak atria-diastolic strain rate was higher in pulmonary hyper—
tension. In pulmonary hypertension, no correlations existed between cardiac magnetic resonance-derived and hemodynamically
derived measures of systolic right vertricular function. Regarding diastolic parameters, tau was significantly correlated with peak
longjtudinal atrial-diastolic strain rate (r% —0.61), deceleration time (r% 0.75), longitudina systolic to diastolic time ratio
(r'% 0.99), early diastolic strain rate (r% 0.5), drcumferential pesk atrial-diastolic strain rate (r'4 0.52), and deceleration
time (r% 0.62). Strain analysis of the right ventricular diastolic phase is a relidble non-invasive method for detecting right ven—
tricular diastolic dysfunction in PAH.

Keywords
pulmonary arterial hypertension, strain and strain rate, right ventricular failure, pressure volume loop, tau
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Introduction

In pulmonary arterial hypertenson (PAH), a chronic eleva—
tion of pulmonary arterial pressure causes progressive right
. . . . -1 Corresponding author:
Yentnw'ar (RV) dysfuno1t|zon Ieadmg to sgn.lficant morbid Paul M. Hassoun, Division of Pulmonary and Critical Care Medicine, 1830 E.
ity and premature death. -~ Accurate evaluation of RV mor— .. wont Sreet. Ballimore, MD 21205, USA.
phology and function is critical in the management of PAH  Emait phassoun® jhmi.edu
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EMRFZAMAFR I EFREFE ARFE—HE iR

RREE

— R ICTHIRESMNTUL\D density mask technique ZRWLWZY T bD 17 ToHSD INTAGE Station
LungVision® Version3.0 ([C&> TREMZELERET DERISEAEEI S (LAV®)B LU E SRS S
R D ERINRAIEEIS (HAVY ) Z ERF (C BB DEERN (CFHE L. TOBERAMICDVWTRET Uz,

fOEB CT B KXUIMFIRMEEIRE Z 1T Lz COPD B#&E 40 fl. 41FFMEMIRMEE (IPF) BE 40 fld KUIFEL
BREEE 11 flEMRICAMES(TARIT Uz, VI NI T PICKDEEHNTHIE S BEDRCEDVWZRE
HEHIEEDERZ LR Uiz, FIEERENFHIEDRIER EIFIRMEEEDREZ AN,

SUEMZA LS XFUHEBEMERER (X 9 2 FEHHE SRR FHMEOR (CENENEVEBREZ DIz, KR
IUHAIEEIS (LAV%) DHY hATEZ 1.5%ETDE. BUE 86.8% - I5RE 84.2% CRIEUHZELZRE
TEz, BRPNEAIEEIS (HAV%) DAY hATEZ 12%ETDE. BE 87.5% - 1F2E 96.1% CHE
4R BZRIE TS/, RWMEEES (DLV%=LAV% + HAV%) &RBILERRE &DBICHEV VBN RS S
nr

f9ER CT (CHULVT. density mask technique (CEDWEY DI NI T 7BV TEERMN(CH DR ICKAE
HZES KUOBEMEMEEZFT T D EFBRATHDCENRE SN, $5(C. COPD HKU IPF BHEI(C
ST DLVYoh ittLEREDFHE (CB A TH o 1z,

HEMAFRE :
FEORR. £WE. MEFH, ZREEE

A. THRBE®N

CT (B TMEHE EBEEMERBDOFRICH T DY T MO T 7 ICKDEEHENBENNELCL <4Th
N, BAREFBRFEZRBWVEY I RO 7HEETD. B4 FFHENE - ZE!ME(CEBNE density mask
technique [CEDWTH N, —MRICHIRESNTLBY J T 7 T3HD INTAGE Station LungVision®
Version3.0 ZHAWTCESRNENTZIT Do, JUEMZE(LZRIE T DIRIIVHAFEEIS (low attenuation
volume % : LAV%) S XU EMEIEEZ R 9 DRI AFEEIS (high attenuation volume % : HAV
%)%z [ERF (CEHBMNH DEERICTHEL . TDBERAMICDVLTIRET Uiz,

B. HARAE

(X5RE] 2016 F4 HLD 2019 £ 10 AF TICHRAKEZZZ UTZRTERD COPD B% 40 . Rt
FARAEE (IPF) BE 40 HlZRICHIME (CHRET LTz, MIRZFEZBOBEN /R < IOEP CT Z 1R (CEHE L
FSUBES KFUORIBE MR REFEDOEEFIRZ DRV FFEUERES 11 fl SR Uz,

(A= CT i) ORENEHEE ; BEDNHCEDVWTHER CT (CHIFDTIEUZELDIEE (LAA X
77) [Goddard PR et al. Clin Radiol. 1982; 33: 379-387]. SXUMEMAMEEDIZEE [Kurashima K et
al. Respirology 2010; 15: 843-8481& TNENHEM (CFHE L =,

QEHMIFHIE ; FEP CT (CHIFDEMDRY 1 — AT —FZBEEFENTY T D177 TéH S INTAGE Station
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LungVision® Version3.0 ZFU\T. #FHZE (total lung volume) . LAV%3 KT HAV% & 247 L 7z, LAV%
+ HAV%ZiRMIAhES 23S (diseased lung volume % : DLV%) &EEZE U,

(FEEIFIRMEEERE] /1O 35 L. NUDABIREIC K DHEENERKEDRIE. 1 BIFRGE(C K Dbk
BREEDAITE . Ny W\ UBBRR(C KD o0O—> >R 21— ADRIEZ 1T D 1= Composite physiologic index
(CPI)%Z IPF B2 (CHBLWTEH U,
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(Pearson DIEXMEEDHT) . [UBEZELS KRUBEEMMER(CDULVT. ROC BHRICKDEMZALNTHY
RADEZFZREL. BE - FREEZBH UL, BENFHUES KOEEBITIREREIRBEORIERZ LLEIRFT Uc
(Tukey-Kramer i&) . #istZRIBRTOBRUKE(L 5%FKiEmE LTz,

C. TRRHER
SIEMZ{bZRIE T D LAVY% SRR (LAA X 77) DfE (58 B & Rs 7= (r=0.865, p<0.001).

LAV%DAY hATEZ 1.5%ETDE. BHE 86.8% - FFEE 84.2% CRENE(LEZRETE. BEMY
REZ R T D HAV% SR EMFHMODRE (T8 U VERSZ R E (r=0.840, p<0.001). HAV%®D AW A
JiEZ 12% &3 E. BUE 87.5% - 15E2E 96. 1% CHEIBEMMEEZRE CE/z. COPD 8. IPFEH LU
COPD Bf+IPF B¥DZNENICHULT. DLV% & AHLENBED R (LR UVWVEBN R SNz (r=-0.7922,
p<0.0001; r=-0.7257, p<0.0001; r=-0.7570, p<0.0001, respectively)., IPF&£(CHSL\T. DLV% &
CPI & DR(C&UVMERZ R8Tz (r=0.8254, p<0.0001),

D. %

Density histogram, density mask technique, texture classification method (C&23 CT FTRDEEH
HiiE. TNENERKRICBVWTERTH D ESNTUL\B[Respir Investig. 2018; 56: 5-13]. Density
histogram (If&fEd 2 U\ (IR E MR EDIEE % kurtosis score KU skewness score Z AU\ T 9
BDENTEZN. CNSDIBIZRIFERKRICH LT not “user friendly” T B[J Comput Assist Tomogr.
2011; 35: 266-271]., Texture classification method (I g RIE AR BDFRIEFNEL 7 R BRI
U[Acad Radiol. 2006; 13: 969-978]. RULTFERMNS SN D &SN TL\SB[Respir Investig. 2018;
56: 5-13] . LM L. texture classification method (IEERFEHZEL. AN BEDEERY T
DI VEHRESNTE ST AFRE T, BRARTRAL I TS EFARTIEETHSD. —F. density mask
technique (FZDFUEN - TRIENSREBIL < BULSNTULS[Respir Investig. 2012; 50: 78-87]. 4
DR (&, DAY 1 —AFT—F%ZANT LAV% E HAV%Z R (CEHE 9 2 & T, density mask
technique ZAWEY I MO T V7 OBRAMZESS(CEHDICENTETDZEERU

E. &R

f@ER CT (CHBUVT. density mask technique (CEDUWWEY I MO T 7BV TEEN(ICH DEE (CKIESE
ZEB LUHEEEMREZFENTT D EOBRAMNRE SNz, $5(C. COPD KU IPF BEHICHLTDLY
Yo AL EBEDFHE (CB A TS D 12,
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Automated Diseased Lung Volume Percentage Calculation in
Quantitative CT Evaluation of Chronic Obstructive Pulmonary
Disease and Idiopathic Pulmonary Fibrosis

Yoshiaki Kitaguchi, MD,* Keisaku Fujimoto, MD, 1 Yunden Droma, MD,* Masanori Yasuo, MD,*
Yosuke Wada, MD,* Fumika Ueno, MD,* Takumi Kinjo, MD,* Satoshi Kawakami, MD,}
Kiyoyasu Fukushima, MD,§ and Masayuki Hanaoka, MD*

Objective: Several software-based quantitative computed tomography
(CT) analysis methods have been developed for assessing emphysema
and interstitial lung disease. Although the texture classification method ap-
peared to be more successful than the other methods, the software pro-
grams are not commercially available, to our knowledge. Therefore, this
study aimed to investigate the usefulness of a commercially available soft-
ware program for quantitative CT analyses.

Methods: This prospective cohort study included 80 patients with chronic
obstructive pulmonary disease (COPD) or idiopathic pulmonary fibrosis (IPF).
Results: The percentage of low attenuation volume and high attenuation
volume had high sensitivity and high specificity for detecting emphysema
and pulmonary fibrosis, respectively. The percentage of diseased lung vol-
ume (DLV%) was significantly correlated with the lung diffusion capacity
for carbon monoxide in all patients with COPD and IPF patients.
Conclusions: The quantitative CT analysis may improve the precision of
the assessment of DLV %, which itself could be a useful tool in predicting
lung diffusion capacity in patients with the clinical diagnosis of COPD
or IPF.

Key Words: quantitative CT, COPD, IPF, CPFE, LungVision
(J Comput Assist Tomogr 2021;45: 649-658)

uantitative computed tomography (CT) analysis is a rapidly

growing field of radiomics of practices of extracting, an-
alyzing, and interpreting quantitative data from medical images to
aid in disease diagnosis and prognosis. Quantitative analysis can
range from simple threshold measurements to texture metrics for
evaluations of changes in features over time. Quantitative CT
has been applied to various obstructive, infiltrative, and restrictive
pulmonary diseases including chronic obstructive pulmonary dis-
ease (COPD)/emphysema, cystic fibrosis, asthma, idiopathic pul-
monary fibrosis (IPF), hypersensitivity pneumonitis, connective
tissue—related interstitial lung disease (ILD), and combined pul-
monary fibrosis and emphysema (CPFE)."
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In history, the software-based quantification of emphysema
that was based on the lung density threshold in CT images was de-
veloped more than 3 decades ago.? After that, the quantitative CT
was applied to patients with COPD with increasingly ulilization.>
Some of software-based quantitative CT analysis methods are cur-
rently used in clinical practice at specialist centers.® Furthermore, it
has been reported that, in approximately 30% of patients, emphysema
complicated TPE”® Recently, this disease state was termed CPFE.
Emphysema and pulmonary fibrosis can sometimes be superimposed
on chest CTs, which makes it difficult to visually assess separately
the extents of emphysema and pulmonary fibrosis. Therefore, a
software-based quantitative CT analysis that simultaneously detects
emphysema and pulmonary fibrosis might be useful.

Several software-based quantitative CT analysis methods
have been developed for assessing emphysema and ILD, includ-
ing the density histogram analysis, the density mask technique,
and the texture classification method. Although the texture classi-
fication method appeared to be more successful than the other
methods,® the software programs are not commercially available,
to our knowledge. In contrast, the density mask technique is the
most widely used method. A threshold on the order of —950
Hounsfield units (HU) was identified for the quantification of em-
physema in patients with COPD.>*?"'? The density mask tech-
nique is also convenient for evaluating disease status in patients
with ILD.!31% A threshold value of =950 HU could distinguish
emphysema from normal lungs, and a threshold value of —700
or =750 HU could distinguish normal lungs from ground-glass
opacity.® Thus, the density mask technique has universal applicabil-
ity, and the results are highly consistent with visual assessments, be-
cause the CT values provide clear cutoff points.® A previous study
used semiautomatic software to evaluate simultaneously the per-
centage of low attenuation area (%LAA) and the percentage of high
attenuation area (%HAA) in 4 CT slices selected from CT images.
They showed that the %LAA and %HAA were independent con-
tributors to the lung diffusion capacity for carbon monoxide (D co)
in patients with CPFE. 'S Moreover, a longitudinal study highlighted
the usefulness of the percentage of destructed lung area, defined as
%LAA + %HAA."

The present study aimed to confirm the usefulness of a new
software program that applied the density mask technique. Previ-
ous reports showed that the texture classification was best for
quantitative CT analysis.® However, we aimed to demonstrate that
the density mask technique was also effective for quantitative CT
analyses. The software program we tested could perform auto-
matic, simultaneous assessments of the low attenuation volume
(LAV) and high attenuation volume (HAV), based on volumetric
image data from whole lungs of patients with the clinical diagno-
sis of COPD or IPF. In the first part of this study, we assessed the
validity of the quantitative assessment performed by the software
program, compared with a visual assessment. We determined
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Abstract

Recently, targeted therapy has been developed for idiopathic pulmonary arterial hypertension (IPAH). Studies evaluating the
prognosis of IPAH have been conducted in adults. However, there is no nationwide survey of pediatric patients with IPAH
regarding the long-term prognosis in Japan. Therefore, we investigated the clinical outcomes of Japanese pediatric patients
with IPAH and risk factors for a poor prognosis. This multi-center, retrospective cohort study included pediatric patients with
IPAH under the age of 15 years, who were gleaned from the nationwide network of Japanese Society of Pediatric Cardiology
and Cardiac Surgery (JSPCCS). The questionnaire was sent to members of JSPCCS in 2015. Patients who were diagnosed
with IPAH from 1994 to 2014 were included. The primary endpoint was death or lung transplantation. Ninety-five patients
were finally enrolled. Both the mean age at diagnosis and the mean follow-up duration were 7 years. Ninety-five percent of
patients had received targeted therapy for IPAH during follow-up. The overall 1, 3, 5, and 10-year event free rate, estimated
using Kaplan—Meier survival estimate, was 96, 91, 83, and 74%, respectively. The prognosis was significantly poorer in
patients with increased right ventricular systolic pressure (RVp), mean pulmonary artery pressure (mPAP) (>52 mmHg),
cardiothoracic ratio (>55%), and levels of B-type natriuretic peptide (BNP) during follow-up (=300 pg/mL) than in those
without these parameters. In conclusion, in Japanese children with IPAH, the event-free rate for death or lung transplanta-
tion was found to be good. Greater RVp, mPAP, BNP levels during follow-up, and cardiothoracic ratio may be predictive
indicators for a poor prognosis.

Keywords Pulmonary arterial hypertension - Pediatric - Mortality - Cohort - Japanese children

Introduction pulmonary vascular resistance (PVR). Its prognosis had been
poor, especially in children, until targeted therapies to reduce

Idiopathic pulmonary arterial hypertension (IPAH) is caused ~ pulmonary vascular resistance were developed [1, 2]. After

by progressive pulmonary vascular occlusion and is charac-  the introduction of several pulmonary vasodilators, includ-
terized by increased pulmonary artery pressure (PAP) and  ing prostacyclin, endothelin receptor antagonists (ERA), and

University of Health and Welfare, Narita Hospital, 852
Hatakeda, Narita, Chiba 286-8520, Japan

@ Springer

093



094



EEFSERFRREME EaRBEERATNESR)
DIBARIRES

S OARLE(AHF) TARPDFEEICHSTS SDB DFENADFE

AzoIEE SrafEsg
IERERFAFBFREZATR ERGAR HEHR

WREE

S OAR(AHR)R(ICARRIEREIFZEEEDR VR I ZBEIDIBEZRTEI D EFEETHD. AHF T
SHFEE SV \RIRMINMESE (SDB) & TN I BREMIR(PAP)EEL(IC K DERKRERIFADRE(CET 5T —
AR, UTeht> T AHF TABRROAEZERH R (LVEF)50%R B0 0 R e 85 (CHERR 'S J(PSG)
BRBZITVSDB ZEE L. HEIFRRIFIRISEN(AHL) > 15 OHFFEM LD SDB & PAP EEAICKDIFETHS KL
CIOAREBRARADHEZRB UTC. 24KT 241 EBIDFT—I =T U, 73%I(CHEEU LD SDB %52
29%0' PAP BEEZEA SN TN C &R U, FRE 1.7 FOBRRIT. 74 DA > MFELE 32
I, BARR 42 HHHREL TH D, LE=HTT(IIE SDB BF(AHI<15)(CX LT, PAPEEZEASINTL)
720\ SDB BE(E AR RREED XNV B — REE[HR]1.79, P=0.049), PAPEEZBAZIN TS
SDB B AR> MU XV L TLVB T ENRENTZ(HR 0.78, P=0.582). &5ICE> & PAP FEE
ZEASTNTLVSD SDB BTl HARKANKDRIFREFCTANRY MEEDU X IMEWLNC EWRENTz (HR
0.11, P=0.012), AHF BE(CHUT. ABEZIT TR SDB ([FARR/REEHRITIR CBEL TULVEH, PAP
BEDEA(CKLD THET BAIEEENRENE, U ULIANS,. PAP BEEDFERIKANATRETHDECDK
SINHESIEN RIS I DATEEEN D B,

A. TARRBHN

AHF (L9 DAEESFEEFZ UL, LWELEICRTYLBARDUXIAEWNC EMNREERD TLY
%, UIEM>T. AHF DESRERIFZINET D LT, URIDEWEFIZREET D X2, URTEF(CH
ITINALIEETHD. TEDHAFTHENS. AHF DFJ 75%(C SDB OEHZRS. FAZEMEIEIRIFHEITIR
(OSA). HX4ERARIFIFIR(CSA)DWLVITNENRDSNDZ ENESMNIRD TEE, OSA (FBME. &
FIVEE. DEMBFREDUXTIRFTHD., CN5ZNTULTAHF DRIECHEEHES5ID. —5 . CSA (&
AHF DFEE(CHITDEEFWED LR EARRETEBICKDMER. HIR - BIEITDIEDEEZI SN TS,
AHF (C#51+3 SDB DFEIFERKRIRIFDBICICRS I D EIMRESNTUVD., PAPBAILAZD SDB il
HICHNWTEREENREECHD. FROBECEDRMNBCENREETNTLVS, Khayat 5(E AHF D
SDB (CX19 D PAP BENRIITRZNE T DOIREEN DD 7. GHRUI ST (PG)IRET SDB %[
EURMRT —FTRUTWVD, —AT. DARED SDB DEMICH VN TIEERE & SNBERIC K> THER
RREZFHIM T D ENTE D PSG REBEZRHVWTEE Uiz SDB & AHF DERKRER)F & DEERMEZ RICiAZRIE
R\ UTERN D T PSGRREICELD TRE L SDB MR FEBILEREET DM, ABRHI(C SDB (X LT
BA U PAPEAFTRELEET DN, PAPEEAICH T TSA T ANFHENEEBET DH
ZEIRET LT,

B. HARGE

2012 £ 5 AM'5 2018 £ 4 A(C AHF TIEXZEERANABE &7 0D AHF O¥HEAEIER (C PSG RENMITHN
e AIEBIDS 5. LVEF<50%. BERIRANAE, B 4 HUAICREBIEMREENN OISR F MM TI0MN T
VRV FEBATAER, fHEFRE DS DMMEREN R0, T4 (CEIE I DE-RHERENR < SDB

095




ZMZEZ T TORWESIZSRE UL,
2H1T AHF DEEIRIKIEDFIEABIHENE SN DB LIAIC Alice PDX Z U\ &R PSG #&EMNTHONT
BD. AASM DROAT7 VIO I_aT7ILICEDTE AHI BAEFESHN. OSA & CSA EXFlenfz. AHI>15 %
SDB &f. AHI<15 %3F SDB &f. MR R> hDDSE250%HFHEA > bDED%E OSA B, >50%
WA RS hDED%E CSA BAEEE UTE,
PAPEAE LT, IHHAEEEBEBBSDHIMT CPAP £/2(X ASV MEAENTL ., 1 AU LE PAP AL
TEREBIE PAP BEEEEA SN TS SDBEEE L. PAPEEZEASINTULVRLSDB 8543 SDB 85D 3 8%
ZEER Uz, 5(C. PAP BEEZEBE A SN TULVS SDB % PAP BEEAD—IZ 1z D OFE{HE AR D RYE
TR TSA TV ARFEIEI T SA VO ARRR E UL,
PSG B EDT —FZER—AS51 2T —FEUTHILTERRENSINE LTz, FRRERIF(CR L TREM)
WERTEIAO—SNTULEZSD., TESERAILTIERNS 2019 F 4 BETORE EODARE(LICK
DAROREICET BIEHRZINELI.
AR MRECBULTHT SO NA V- EREOIS > IREZH IR d> 2. Cox ) \H— RO
T SDB MDIREE(PAP BEEEEA SN TL\D SDB. PAP BEEFZEA STV SDB. JE SDB £F) & F D
BRE@fL. BEEERFDOIEFEEDOBRT P<0.1 DEDEEDELEEMMZEIT O, OSA B
H CSA BN U TIIRBEERDEEEHER Uz, PAPEEZEAIN TS SDB (CEALTIE. PAPE
SEOERINR & FEROBGBRZERRICHETUIZ. C55([CHBNTIE. 1 MAT & PAP EEDE IR 2 B Rk
FEHEE & UTEBRMRTFIE Cox EFTILICKB@EABITO 2.

C. THRER

2 241 FEBIDSE 177 FEBI(73.4%)(C SDB Z:R&. 52 AEHI(29.4%)(& PAP BEENEA TN TV
(ASV : 27 fiEfI[51.9%]. CPAP: 25 fEfI[40.1%]). AHF DFIHAEN S PSG MREFX TORIZHIYE 3.0
H(M5i&E 2.8 B) T oz, OB 1.7 S (UDAIEEE 2.3 )0 T, 74 H(31%)DAR>
(FET 32 51, BBABR 42 BNAEELTHD. 16 4 (22%)HFE SDB Bf. 8 14F(11%)H' PAP EEZEA TN
TUL\D SDB 2f. 50 14(68%)1' PAP EEZEAINTLVARAL SDB TRELTWZ, 3BBDHTS2 YA
V7 —4EFHIREIBREEND D (p < 0.001).PAPEEZEA SN TL\D SDB Bf(IIF SDB BFL D FERART.
PAP BEEZEA SN TL\D SDB B¥(d3F SDB Bf KD FENRBIFCTH oIz, LEEMEMTC(E. 3E SDB Af(Cxd
U T PAPESEEEA SN TULVRLSDB BHEA AR MREEU X INE LI\ — REE[HR]1.79, P=0.049).
PAP EEZEASINTL\D SDB B DA MREEVU X DV(FBRTIFERBRVWEDDERL TN EMREN
7=Z(HR 0.78, P=0.582), OSA {E4iIh* CSA BN IRZRBE/EANTR< . BE/R SDB D451 TDiELT SDB M
REEE P18 EDBRICE>RVEEZ S5SNIz, 52 FEFID PAP BEEAZEBA SN TS SDB BT, 8 fIT
PAP DEFRIRRDT —FNRELTHED. 44 FEFITHERMNITONIZ, —BR/z D DI PAP ERARFREOH
RMEK 4.2 B TH D (UDAEER 2.7 BRE). 22 N> TS5+ 7 > ARWF(CFIERIER 6.1+1.0 &
)T, 22EHN > TS5A4 7> AAB(FAERARGE 3.0+0.9 B (CHFEINE. SRR, 1 4o~
R MNBAR 1A DATSAT7ORABIFETREL. SHDANRY MNFETE S Hl. BARKR 3 /YA
SATVOARNBE TRE U, FRRRANKDBRIFRETANRY MREVUIITMEWNC EAVRENTE (HR
0.11, P=0.012), OSA B4Ih CSA BAIMIZE/ERAN R, BEMR SDB DI TDENTIATSA 7
SREFEEDOBRICER>IRVNEEZ SNz, =5(C CPAP i ASV EXRXBEAN AL PAP BEDSY AT
DENWTIASTSAT IR EFHREDBMRICEGFRVNEEZ SN, FHO—BRYTE D DfE R & B RIK
FEHEHZEHEUTHETLTE, FRRANBRE TOHNEFERERIFTCHDZENRSNIZ(HR 0.48, P =
0.012),

096



D. EE

AEBRIAZFT. LVEF DT LTz AHF Tld SDB #6938, ECEOUALBARDURINGEL12DE
DD, SDB ' PAP BEETHEIND EEDURIFERT DN, PAPEED I TSA T AICKDTHE
EZTDENREN. SBICED ETDLIRERIFMEAI/R SDB DIAT(CLDTEDSRVNT EN
ANy gV

OSA Y CSA &L\ D7z SDB I FRBIL ERET D C & (FUIIBALEB URE UREBHLALTRESINT
HBD. AHF TARUEBECBVWTERKRISTRESN TS, U URHS AHF (CHIF3FT—FICEALT
(&, LWI'NE SDB H' PG B THRHEIN TS, EMRIC AHF OFEHIT SDB Z4&H 9 2354, PGIRENE
BHTH3M. DARLE(CHUVT PGHREEVZ SDB DR GHEENTH ST, HRBEIC AHF ICHBITS
SDB OBEREZE R TIE. PGAERATIEOSANKINZ K, PSGHERATIECSANKDZNWEHRESNT
WD, EFRIC PSGIRAT SDB MMEHEN TVBIAARKICHWLTE CSANRELDZL, LIEA> T, SDB &
FEOBMRICEAL THE PG HRAETHRHE LTz SDB & PSG #RETHRH LTz SDB & TR BEEMN S D,
S[ol. PSG&RB TR SNz SDB N FERBAL ERAET D Z ENWO THER SNTZAM R (HMEEN DD .
SDB (& PAP BEA(C K> THIFIRIEE TH D (DAL T SDB £ilZ 3 EEDMERNERVWHEERIFITE
DEEZBNTUVBDN, DAREOZEEBEDTR(C SDB (CX 9 D PAPBEIIEENTULVRL, ZE0/IEE
D PAP A ICEA T DEIERLER TIREANIRMEEEDMENRE SN TH D, RIIFRZRIEBRMART
E PAPEEE AR CEFREIFCHIEDD., +RRMERENEE T IBEALHBR CTRIAFRIEN RS
NTULRW, EBICEDSE. PHEREDIRT UIZRE LIZOARICHB T, ASV (CKD CSABETFRE
MRZRICENTEY . ERTWOMEFRTI(CAALTIEFRZEBILIOREENREESNECEEHD. &
DESRRICIRD TS, AHF [CEALTIE. Khayat 5(C&k> T PAP (CKD SDB SABEDFEIENREN
PG #R&E(C KD T SDB WM& H SNZEHRAFTR TREINTULD. KRIAFL(E. PAP BEEIC KD FREIEZ PSG
RB(C K> THRE SNz SDB THRUIZEDHR5T,. SDB DA T (CLD> THEEZIFIRNWTEERLT
WD, COFERICEAUTIIETSRDIBEEBILHIRICK D THERINDZENEFE UL, FEAHAFT T,
PAP BEEDFERIRNROR U U ERIAFRICEMFEENDD. CNETOEEULZOARLE(CHITS. OSA (I
X9 D CPAPAENRIAFE EREEUERIRKAOR U U EEEEN S D C 2 RrUIEHRE EXREEDIK
BNERDIEDDFEUIRMERTH DIz, AHF BETERHIC PAPEEZEAT DI &(E. ABRHI(C PAP

BEDIRS TEDIDTIFRVLIMNEEZTSND,

AAFRDIRFRE LU TIE BRERAT T DRIDIHER FOZEN BRI TSRV, RREFRZAET D
ESRDARNMMBERT & PAPBEEDEANBERICEIDMITSNIZEDOTIFRLS. CPAP NNASV B

EHOTEIR) AT AN > TVBEEEENHD D T & LVEF DRIENZOAZ IR SNTHE D, 07
— A% FTNTD AHF ([GEIEZ T D EETERNC E AR ROREMN LR DR<KFCI> TS

PORADERUSH U EFREROBURICET DI85 TIIMERE D ICRAN DD E(TFRITIVENHD D,

E. #&:h

LVEF MMETF UTzi0AE2ZB U AHF TABRUTZBE TIIEEZZ (T TLVRL SDB (I &0 AEEBIBIC K
DBEARODEEUEAR MREURIDLEFEEELT DM, PAPEEDEATUXDZ BB TCEZD0]6EE
MhHD. 122U PAPEED IS T SA TR ZMIFIT D EEEE TH D,

F. BARRER

1. &

Ishiwata S, Kasai T, Sato A, Suda S, Matsumoto H, Shitara J, Yatsu S, Murata A, Shimizu M, Kato
T, Hiki M, Matsue Y, Naito R, Daida H, Minamino T. Prognostic effect of sleep-disordered breathing

097



on hospitalized patients following acute heart failure. Clin Res Cardiol. 2021 Nov 10;:1-10

Clinical Research in Cardiology
https://doi.org/10.1007/500392-021-01969-x

ORIGINAL PAPER q

Check for
updates

Prognostic effect of sleep-disordered breathing on hospitalized
patients following acute heart failure

Sayaki Ishiwata'?3 . Takatoshi Kasai'>3*® . Akihiro Sato’? - Shoko Suda'* - Hiroki Matsumoto’ - Jun Shitara’ -
Shoichiro Yatsu' - Azusa Murata' - Megumi Shimizu' - Takao Kato' - Masaru Hiki' - Yuya Matsue'? - Ryo Naito'>3.
Hiroyuki Daida'® - Tohru Minamino'~

Received: 17 May 2021 / Accepted: 2 November 2021
©The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2021

Abstract

Background Identifying patients at risk for poor clinical outcomes following acute heart failure (AHF) is essential. However,
data regarding the prognostic effect of sleep-disordered breathing (SDB) and treatment with positive airway pressure (PAP)
on clinical outcomes of hospitalized patients following AHF is lacking.

Objectives This study investigated the prognostic effect of SDB, PAP treatment, and compliance with PAP treatment on
patient clinical outcomes. Polysomnography was performed in hospitalized patients whose left ventricular ejection fraction
was < 50%. Patients were divided into groups based on whether SDB was defined as an apnea—hypopnea index > 15 and if
they had received PAP treatment. Furthermore, patients with SDB and PAP were subdivided into more and less compliant
groups. We assessed the incidences of deaths and rehospitalizations due to heart failure.

Results Overall, 241 patients were enrolled; 73% had SDB and 29% were initiated on PAP treatment. At a median follow-up
of 1.7 years, 74 clinical events (32 deaths, 42 rehospitalizations) occurred. In the multivariable analysis, compared with the
non-SDB group, SDB without PAP treatment was associated with an increased risk of clinical outcomes (hazard ratio [HR]
1.79, P=0.049), whereas SDB with PAP treatment was not (HR 0.78, P=0.582). Among patients with PAP treatment, a
more compliant group was also inversely associated with clinical events (HR 0.11, P=0.012).

Conclusions In hospitalized patients with AHF, untreated SDB was associated with worse clinical outcomes that might be
reversible by PAP treatment. However, this potential may be suppressed in less compliant patients.

Keywords Acute heart failure - Sleep-disordered breathing - Positive airway pressure

Introduction

Acute heart failure (AHF) is a major cause of mortality and
readmission, despite improvements in treatment options [1].
Identification of high-risk AHF patients and mitigation of
risk factors are crucial to improve clinical outcomes [2].

In recent studies, sleep-disordered breathing (SDB)
was often observed in patients with AHF (about 75%
cases), who develop either obstructive sleep apnea (OSA)
or central sleep apnea (CSA) [3]. OSA is a risk factor
for hypertension [4], coronary artery disease [5], and
atrial fibrillation (AF) [6], all of which contribute to AHF
pathogenesis. In contrast, CSA in patients hospitalized
with AHF might be a consequence of increased left ven-
tricular (LV) filling pressure and/or fluid retention [7]. The
relationship between the presence of SDB and long-term
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clinical outcomes has been reported in patients with AHF
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ONLINE CLINICAL INVESTIGATION

Age-Specific Dose Regimens of

Dexmedetomidine for Pediatric Patients in
Intensive Care Following Elective Surgery:
A Phase 3, Multicenter, Open-Label Clinical

Trial in Japan

OBJECTIVES: To demonstrate the efficacy, safety, and pharmacokinetics
of dexmedetomidine as a potential sedative for pediatric surgery patients
in the ICU.

DESIGN: Phase 3, multicenter, open-label study.
SETTING: This study included 61 patients at 13 tertiary hospitals in Japan.

PATIENTS: Pediatric patients (> 45wk corrected gestational age to < 17 yr)
undergoing intensive care treatment with mechanical ventilation requiring
greater than 6 hours estimated duration of sedation following elective cardiac
surgery.

INTERVENTIONS: Dexmedetomidine was IV administered without a
loading dose at age-specific dose regimens 0.2-1.4 (< 6 yr) and 0.2-1.0
ng/kg/hr (> 6 yr). The primary endpoint was the percentage of patients
who did not require a rescue sedative (midazolam) infusion during mechan-
ical ventilation or for the first 24 hours of a greater than 24 hours ventilation
following the commencement of dexmedetomidine administration.

MEASUREMENTS AND MAIN RESULTS: Overall, 47 of the 61 patients
(77.0%) did not require rescue midazolam. Adverse events were reported in
53 patients (86.9%). Frequently observed adverse events were hypotension
(47.5%), bradycardia (31.1%), and respiratory depression (26.2%). Most of
these adverse events were mild, a few moderate, and none severe. Although
serious adverse events occurred in four patients, including one cardiac tam-
ponade resulting in the withdrawal of dexmedetomidine, none of the adverse
events resulted in mortality or were directly related to dexmedetomidine. The
plasma dexmedetomidine concentration generally reached the target con-
centration of 0.3—1.25ng/mL at 1-2 hours prior to completion of administra-
tion or immediately prior to the commencement of tapering.

CONCLUSIONS: The age-specific dose regimens of dexmedetomidine
without an initial loading dose achieved an adequate sedation level during
mechanical ventilation and caused no clinically significant adverse events
in the intensive care pediatric patients. These effects were achieved within
the therapeutic range of dexmedetomidine plasma concentration and were
accompanied by minimal effects on hemodynamics and respiration.

KEY WORDS: age-specific regimen; dexmedetomidine; intensive care;
mechanical ventilation; pediatric patients; sedation
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Risk factors for acute exacerhation following bronchoalveolar
lavage in patients with suspected idiopathic pulmonary fibrosis:

A retrospective cohort study

Abstract

Introduction: Bronchoalveolar lavage (BAL) is useful for diagnosing diffuse lung disease and excluding other conditions. However,
acute exacerbations (AEs) are recognized as important complications of BAL in patients with idiopathic pulmonary fibrosis (IPF).
This study aimed to identify risk factors for BAL-induced AEs in patients with IPF.

Material and methods: We retrospectively analyzed the data of 155 patients with suspected IPF who had undergone BAL
between January 2013 and December 2018. BAL-related AE was defined as the development of AE within 30 days after the
procedure. We compared clinical features and parameters between patients with AE (AE group) and without AE (non-AE group).
We also reviewed the relevant reported literature.

Results: Among the 155 patients, 5 (3.2%) developed AE within 30 days after BAL. The average duration from BAL to AE onset
was 7.8 days (2—16 days). Results from the univariate analysis revealed Pa0, < 75 mm Hg (p = 0.036), neutrophil content in BAL
>7% (p = 0.0061), %D, < 50% (p = 0.019), Gender-Age-Physiology (GAP) stage Ill (p = 0.034), and BAL recovery rates <
30% (p < 0.001) as significant risk factors for post-BAL AE. All five patients who developed AE recovered and were discharged.
Conclusions: Disease severity, high neutrophil levels in BAL, and poor BAL recovery rates may be risk factors for BAL-induced AEs.

Key words: bronchoalveolar lavage, C-reactive protein, idiopathic pulmonary fibrosis, interstitial lung disease, risk factor

Introduction

Bronchoalveolar lavage (BAL) is a standard
tool for the diagnostic and prognostic evaluation
of diffuse lung diseases [1-3]. BAL is useful for
differentiating idiopathic pulmonary fibrosis
(IPF) from other fibrosing lung diseases, such
as non-specific interstitial pneumonia (NSIP),
chronic hypersensitivity pneumonia (CHP), and
interstitial pneumonia due to collagen and vascu-
litis disease. Ohshimo et al. [4] reported that 8% of
patients with a usual interstitial pneumonia (UIP)
pattern on high-resolution computed tomography
(HRCT) might have BAL findings suggestive of
such an alternative diagnosis.

Adv Respir Med. 2021; 89: 1-9

Clinical rationale for the study

The American Thoracic Society (ATS),
European Respiratory Society (ERS), Japanese
Respiratory Society (JRS), and Latin American
Thoracic Society (ALAT) 2011 guidelines ad-
vocated that the most important application of
BAL when evaluating patients with suspected
IPF is CHP exclusion; prominent lymphocy-
tosis (> 40%) should suggest CHP [5]. The
ATS/JRS/ALAT 2020 guidelines on CHP by Ra-
ghu et al. described the importance of BAL in
diagnosing CHP [6]. Per the ATS/ERS/JRS/ALAT
2018 guidelines [7], BAL is not recommended
for patients with a UIP pattern because of the
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Impact of sleep-disordered breathing on glucose metabolism among

individuals with a family history of diabetes: the Nagahama study
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Study Objectives: It is well known that a family history of diabetes (FHD) is a definitive risk factor for type 2 diabetes. It has not been known whether sleep-
disordered breathing (SDB) increases the prevalence of diabetes in those with an FHD.

Methods: We assessed SDB severity in 7,477 study participants by oximetry corrected by objective sleep duration determined by wrist actigraphy. Glycated
hemoglobin 26.5% and/or current medication for diabetes indicated the presence of diabetes. In addition to the overall prevalence, the prevalence of recent-onset
diabetes during the nearly 5 years before the SDB measurements were made was investigated.

Results: Of the 7,477 participants (mean age: 57.9; range: 34.2-80.7; SD: 12.1 years; 67.7% females), 1,569 had an FHD. The prevalence of diabetes in FHD
participants with moderate-to-severe SDB (MS-SDB) was higher than in those without SDB (MS-SDB vs without SDB: all, 29.3% vs 3.3% [P <.001]; females, 32.6%
vs 1.9% [P <.001]; males, 26.2% vs 11.7% [P=.037]). However, multivariate analysis showed that MS-SDB was significantly associated with a higher prevalence of
diabetes only in FHD-positive females (odds ratio [95% confidence interval]: females, 7.43 [3.16-17.45]; males, 0.92 [0.37-2.31]). Among the FHD-positive
participants, the prevalence of recent-onset diabetes was higher in those with MS-SDB than those without SDB, but only in females (MS-SDB vs without SDB: 21.4%
vs 1.1%; P < 0.001).

Conclusions: MS-SDB was associated with diabetes risk in females with an FHD, and future studies are needed on whether treatment of SDB in females with an
FHD would prevent the onset of diabetes.

Keywords: heritability, gene, environment, obstructive sleep apnea, effect modification

Citation: Minami T, Matsumoto T, Tabara Y, et al. Impact of sleep-disordered breathing on glucose metabolism among individuals with a family history of
diabetes: the Nagahama study. J Clin Sleep Med. 2021;17(2):129-140.

BRIEF SUMMARY

Current Knowledge/Study Rationale: A family history of diabetes is a strong risk factor for type 2 diabetes. Although it is said that sleep-disordered
breathingis also arisk factor for diabetes, whether there is an additional increase in the prevalence of diabetes in individuals with a family history of diabetes is
not known.

Study Impact: In our large community-based study, moderate-to-severe sleep-disordered breathing was significantly associated with an increased
prevalence of type 2 diabetes and of recent-onset type 2 diabetes during a period of nearly 5 years, especially in females with a family history of diabetes.
Thus, moderate-to-severe sleep-disordered breathing might be associated with an increased prevalence of type 2 diabetes in females with a family history
of diabetes.

such as cardiometabolic disorders, particularly with concurrent
obesity.'” Of the comorbidities associated with SDB, abnor-

INTRODUCTION

Downloaded from jesm.aasm.org by Kazuo Chin on December 13, 2021. For personal use only. No other uses without permission.

Copyright 2021 American Academy of Sleep Medicine. All rights reserved.

Sleep-disordered breathing (SDB), especially obstructive sleep
apnea (OSA), is acommon condition characterized by recurrent
intermittent hypoxia during sleep and sleep fragmentation.
Individuals with SDB have a high prevalence of comorbidities

Journal of Clinical Sleep Medicine, Vol. 17, No. 2

mal glucose metabolism has been identified in both public
health and clinical settings. Indeed, several studies have shown
that the prevalence of moderate-to-severe OSA exceeds
30% in patients with diabetes worldwide.>” Furthermore,
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Monitoring Time  Average Maximum  Minimum

Sp0, 1 hr 5 min 92.1% 99.0% 84.0%
TcPco, 1 hr 5 min 67.0 mmHg 72.0 mmHg 41.0 mmHg
Sp0, (%)
L)
:?iu! AN 1, e
) LaA L "1\-".' AL
17:17 18:22
TcPco, (mmHg)
80 |
60 |
40 |
17:17 18:22

b Trend graph of Sp0, and TcPco, without diaphragm pacing

Monitoring Time  Average Maximum Minimum

Sp0, 8 hr 51 min 97.8% 100.0% 91.0%
TcPco, 3 hr 57 min 46.6 mmHg 59.0 mmHg 34.0 mmHg
Sp0, (%)
100 e PP
90
11:08 20:00
TcPco, (mmHg)
E
60 |
40 |
11:08 15:05
c Trend graph of SpO, and TcPco, with diaphragm pacing
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Diaphragm pacing for congenital central hypoventilation syndrome:
A novel case of pacing implanted into the diaphragm
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hypertension.

In severe cases of congenital central hypoventilation syndrome
(CCHS), hypoventilation is observed not only during sleep but
also during wakefulness. Patients with hypoventilation during
wakefulness need mechanical ventilation to prevent possible
progression to pulmonary hypertension (PH) or cor pul-
monale." Diaphragm pacing (DP) is one of the respiratory
cares used with CCHS. The DP is more portable than the
home ventilator, so it is easy to ventilate during wakefulness.
It includes pacing implanted into the diaphragm (DP-ID) and
pacing implanted into the phrenic nerve (DP-IP) (Fig. 1a).>?
In 2019, the NeuRx DP system (Synapse Biomedical Inc.,
Oberlin, OH, USA) DP-ID was approved to be covered by
medical insurance in Japan. Here, we report the first case of
implanting this system for CCHS in Japan. To the best of our
knowledge, there are only a few reports of DP-ID being
implanted for CCHS with PHOX2B gene mutation in and out-
side of Japan.

The patient, a 33-year-old woman, presented with hypoven-
tilation soon after birth and was diagnosed with CCHS with a
PHOX2B gene mutation of 27 polyalanine repeat expansion
mutation. Although she had hypoventilation during wakeful-
ness, she was ventilated via tracheostomy only during sleep
because it was difficult to carry and use the home ventilator
outside home. She decided to receive implanting DP-ID,
because the cor pulmonale due to progressive PH (tricuspid
regurgitation pressure gradient: TRPG 106 mmHg) was
observed when she had a cold at the age of 32. After control-
ling PH by using mechanical ventilation during wakefulness,
laparoscopic DP implant surgery was performed at Juntendo
University Hospital. It was under general, epidural, and spinal
anesthesia, without using muscle relaxant. The diaphragm was
exposed and four electrodes were implanted into the dia-
phragm where the strongest contraction to electrical
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Neonatology, Tokyo Women’s Medical University Medical Cen-
ter East, 2-1-10 Nishiogu, Arakawa-ku 116-8567, Tokyo, Japan.
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stimulation occurred. The postoperative course was uneventful,
and the patient was transferred to Tokyo Women’s Medical
University Medical Center East (TWMU-MCE) on postopera-
tive-day (POD) 3 for conditioning DP; adjusting the setting
and pacing time. Before beginning DP, the average transcuta-
neous O, saturation (SpO,) and transcutaneous partial pressure
of CO, (TcPcoy) during wakefulness were 92.1% and
67.0 mmHg, respectively (Fig. 1b). We strengthened the set-
ting and extended the pacing time gradually, day by day. She
could be ventilated with DP for over 12 consecutive hours
without severe complaints by the time of discharge, on POD
19. Her hypoventilation during wakefulness improved with
DP, the average SpO, and TcPco, during DP was 97.8% and
46.8 mmHg, respectively (Fig. lc). The tidal volume with DP
was 381 mL, 7.4 mL/kg (the setting: Amplitude 16 mA, pulse
width 130 ps, respiratory rate 16/min, inspiration time 1.1 s,
pulse frequency 10 Hz, pulse ramp 10). Her PH also improved
and the TRPG was 48 mmHg. Now, she is being followed at
TWMU-MCE and Yokohama City University Medical Center
and has maintained good respiratory condition during DP for
6 months after surgery.

Congenital central hypoventilation syndrome patients are
usually ventilated with the home ventilator via tracheostomy
or via nasal masks. It is not easy to use the home ventilator
while going out or during daytime activities in the house,
because these methods need not only the ventilator but also
accessories (e.g. circuits and humidiﬁers).] It has therefore
been difficult to treat hypoventilation during wakefulness for
many CCHS patients like our case, even if they wanted this.
We can now treat hypoventilation during wakefulness appro-
priately by using DP. After conditioning DP, hypoventilation
during wakefulness and PH improved in our case. Diaphragm
pacing can improve the quality of life during wakefulness and
we will also try to wean patients from the ventilator during
night-time by extending the pacing time.

DP-IP had been mainly selected in CCHS, because DP-IP
was developed earlier than DP-ID and local infection occurred
less because the electrodes were not exposed subcutaneously.*
However, it takes several weeks to begin pacing, and several
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Reduced risk of recurrent pneumothorax G

for sirolimus therapy after surgical
pleural covering of entire lung
in lymphangioleiomyomatosis
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Chikatoshi Sugimoto?, Hyung-Eun Yoon' and Yoshikazu Inoue?”

Abstract

Background: Patients with lymphangioleiomyomatosis (LAM) frequently experience pneumothorax. Although
sirolimus is the standard therapy for LAM, its effect on pneumothorax is controversial. Recently, total pleural covering
(TPC) and modified TPC (mTPC) were introduced as surgical treatment options for pneumothorax for patients with
LAM. However, the effect of sirolimus on the recurrence of pneumothorax in patients who underwent the treatments
is still uncertain. We hypothesized that some clinical factors including sirolimus treatment could predict postopera-
tive recurrence of pneumothorax. In order to clarify this hypothesis, we retrospectively analyzed the clinical data from
18 consecutive patients with LAM who underwent 24 surgical pleural covering of entire lung (SPC) as 17 TPC and 7
mTPC against pneumothoraces from surgical database between January 2005 and January 2019, and we determined
the predictors of postoperative recurrence.

Results: Of the 24 surgeries of SPC, 14 surgeries (58.3%) had a history of two or more ipsilateral pneumothoraces,
and 11 surgeries (45.8%) had a history of ipsilateral pleural procedures before SPC. Sixteen surgeries (66.6%) in 12
patients received treatment of sirolimus after SPC (sirolimus group). With a median follow-up time of 69.0 months
after SPC, four surgeries (16.6%) in three patients had a postoperative recurrence, and the 5-year recurrence-free sur-
vival (RFS) after SPC was 82.9%. In patients with postoperative recurrence, serum level of vascular endothelial growth
factors D was significantly higher than that in those with non-recurrence (3260.5 vs. 892.7 pg/mL, p=0.02), and the
rate of sirolimus treatment in the recurrence group was significantly lower than that in the no-recurrence group (0 vs.
80%, p=10.006). The log-rank test showed that the RFS of the sirolimus group (sirolimus use after SPC) was significantly
better than that of the non-sirolimus group (p=0.001), and no significant difference was observed for other factors.
Conclusion: We first reported sirolimus might effectively suppress the recurrence of pneumothoraces in LAM
patients who received SPC. Sirolimus induction after SPC (TPC or mTPC) might be a feasible option for frequent pneu-
mothorax in LAM.

Keywords: Lymphangioleiomyomatosis, Pneumothorax, Sirolimus, Vascular endothelial growth factor D, Total pleural
covering, Surgical pleural covering

Background
h Center, National Hospital Organization Kinki-Chuo Lymphangioleiomyomatosis (LAM) is a rare multi-
Chest Medical Center, Nagasone-cho 1180, Sakai, Osaka 591-8555, Japan organ disease that predominantly affects women [1]
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of lymphatic endothelial cells
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by lymphangioleiomyomatosis

Koichi Nishino'2*!, Yasuhiro Yoshimatsu®*, Tomoki Muramatsu®, Yasuhito Sekimoto®?,
Keiko Mitani®?, Etsuko Kobayashi®?, Shouichi Okamoto’?, Hiroki Ebana%%57,

Yoshinori Okada®, Masatoshi Kurihara®¢, Kenji Suzuki®, Johji Inazawa®, Kazuhisa Takahashi?,
Tetsuro Watabe® & Kuniaki Seyama'-?

Lymphangioleiomyomatosis (LAM) is a rare pulmonary disease characterised by the proliferation of
smooth muscle-like cells (LAM cells), and an abundance of lymphatic vessels in LAM lesions. Studies
reported that vascular endothelial growth factor-D (VEGF-D) secreted by LAM cells contributes to
LAM-associated lymphangiogenesis, however, the precise mechanisms of lymphangiogenesis and
characteristics of lymphatic endothelial cells (LECs) in LAM lesions have not yet been elucidated.

In this study, human primary-cultured LECs were obtained both from LAM-affected lung tissues
(LAM-LECs) and normal lung tissues (control LECs) using fluorescence-activated cell sorting (FACS).
We found that LAM-LECs had significantly higher ability of proliferation and migration compared to
control LECs. VEGF-D significantly promoted migration of LECs but not proliferation of LECs in vitro.
cDNA microarray and FACS analysis revealed the expression of vascular endothelial growth factor
receptor (VEGFR)-3 and integrin a9 were elevated in LAM-LECs. Inhibition of VEGFR-3 suppressed
proliferation and migration of LECs, and blockade of integrin a9 reduced VEGF-D-induced migration
of LECs. Our data uncovered the distinct features of LAM-associated LECs, increased proliferation and
migration, which may be due to higher expression of VEGFR-3 and integrin o9. Furthermore, we also
found VEGF-D/VEGFR-3 and VEGF-D/ integrin a9 signaling play an important role in LAM-associated
lymphangiogenesis.

Lymphangioleiomyomatosis (LAM) is a rare lung disease that typically affects women of childbearing age, and
is characterised by the proliferation of abnormal smooth muscle-like cells (LAM cells) which leads to diffuse
cystic destruction of the lungs. LAM cells are low-grade metastasizing neoplasms harboring mutations in either
the TSCI or TSC2 gene, tumor suppressor genes encoding hamartin or tuberin, respectively. TSCI or TSC2
mutations results in dysregulated mechanistic/mammalian target of rapamycin complex 1 (mTORCI1) signaling
in LAM cells'.

As expressed in the name of disease, lymphangiogenesis is the conspicuous pathological feature of LAM.
LAM lesions in the lungs as well as retroperitoneal lymphangioleiomyomas, have abundant lymphatic vessels
with irregularly dilated spaces or slit-like appearance together with proliferating LAM cells®*. Corresponding
with these pathological findings, LAM patients frequently develop lymphatic manifestations including chylous
fluid accumulation in the pleural and/or peritoneal spaces, pulmonary lymphatic congestion, and lower extremity
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Abstract

Transfusion-related acute lung injury (TRALI) is a severe condition characterised by noncardiogenic
pulmonary oedema that develops within 6 h of blood transfusion. Patient factors and blood products have
both been implicated in the development of TRALI; however, the role of pulmonary disease has not been
investigated. We aimed to determine whether pulmonary disease is a risk factor for TRALI.

We conducted a nested case-control study using data from the Diagnosis Procedure Combination database,
a nationwide inpatient database in Japan, between July 2010 and March 2015. Case patients who
developed TRALI were 1:4-matched with control patients for sex, age and same hospital for receipt of
blood transfusion. We conducted a multivariable conditional logistic regression analysis to evaluate the
associations of TRALI with various factors including comorbidities, body mass index (BMI) and plasma-
containing blood products.

We identified 2 019 501 hospitalised patients who received a blood transfusion. Among these patients, 72
developed TRALI The 72 case patients had higher proportions of haematological malignancy, trauma and
interstitial lung disease (ILD) than the 288 matched control patients. The multivariable conditional logistic
regression analysis showed that occurrence of TRALI was associated with ILD (odds ratio, 3.88; 95%
confidence interval, 1.11-13.6), BMI >25.0 kg'm™ (2.10; 1.05-4.24) and plasma-containing blood
products (1.94; 1.10-3.42), but not with infectious lung disease or obstructive airway disease.

In conclusion, ILD was an independent risk factor for the development of TRALI. Physicians should be
aware of the increased risk of TRALI in patients with ILD.

Introduction

Transfusion-related acute lung injury (TRALI) is one of the adverse events associated with blood
transfusion and is characterised by noncardiogenic pulmonary oedema that develops within 6 h of blood
transfusion [1]. The proportions of patients who developed TRALI were reported to vary from 0.08% to
15.0% [2]. Previous studies identified several risk factors for TRALI, including sepsis, chronic alcoholism
and surgery for liver transplantation [3-5]. Anti-white blood cell antibody was identified as another risk
factor for the development of TRALI [5]. Efforts were thus undertaken to reduce the risk of TRALI by
avoiding the use of blood donated by women, especially pregnant women [6].

Regarding the underlying mechanism for TRALI, a two-event model has been proposed [7]. In this model,
both patient factors and blood products are involved in the development of TRALI. The first event is
related to patient clinical conditions that lead to activation of the pulmonary endothelium by
polymorphonuclear leukocytes (PMNs). This process occurs when PMNs become primed and functionally
hyperactive due to the background disease. The second event is related to infusion of blood products

ERJ Open Res 2021; 7: 00039-2021
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KEYWORDS: BACKGROUND: Despite growing interest in donor-specific antibodies (DSAs) and antibody-mediated
anti-HLA antibody; rejection (AMR) in lung transplantation (LTx), no study evaluating the outcomes in recipients with de
’ novo DSAs (dnDSAs) in living-donor lobar LTx (LDLLT) exists. We compared various characteristics

donor specific ] . : ‘ .
of DSAs in LDLLT with those in cadaveric LTx (CLT) based on prospectively collected data.

antibody;
living- d)c,)nor lobar lung METHODS: Betwee'n October 2009 and September 2019, 211 r§cipients underwgn't LTx (1%8 'CL"lA"s and 83.
transplantation; LDLLTs). We reviewed 108 CLTs and 74 LDLLTS to determine the characteristics and clinical impact of

dnDSAs. Eighteen data-deficient cases, 7 cases with preformed DSAs, and 4 re-transplants were excluded.
RESULTS: There were significant differences between CLT and LDLLT patients in age, primary dis-
ease, ischemic time, and number of human leukocyte antigen mismatches per donor. The dnDSA inci-
dence in LDLLT (6.8%) was significantly lower than that in CLT (19.4%, p=0.02). The dnDSAs
appeared later in LDLLT (mean 1,256 days) than in CLT (mean 196 days, p =0.003). According to
Cox models analyzed using dnDSA as a time-dependent covariate, dnDSA positivity was significantly
associated with a poor overall survival (OS; hazard ratio [HR] 3.46, 95% confidence interval [CI] 1.59-
7.57, p=0.002) and poor CLAD-free survival in case of CLT (HR: 2.23, 95% CI: 1.08-4.63,
p=0.003). However, no such significant associations were noted in case of LDLLT.

CONCLUSIONS: The dnDSA occurrence was significantly lower and later in LDLLT than in CLT. Fur-
thermore, dnDSA-positivity was significantly associated with worse OS and CLAD-free survival after
CLT but not after LDLLT.
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INTRODUCTION

Abstract

Background and objective: Exercise capacity in idiopathic pulmonary fibrosis (IPF) is
limited by exercise-induced hypoxaemia. This study aimed to examine the effect of
high-flow nasal cannula oxygen therapy (HFNC) on exercise tolerance in patients
with IPF.

Methods: We conducted a single-centre, open-label, randomized crossover trial to
compare HFNC and Venturi mask (VM) therapy in terms of exercise tolerance.
Patients underwent constant-load symptom-limited exercise testing at 80% peak work
rate with HFNC or a VM in a randomized order. The settings were 60 L/min and a
50% fraction of inspired oxygen (FiO,) for HFNC and 12 L/min and 50% FiO, for
VM. The primary outcome was endurance time, and the secondary outcomes were
heart rate (HR), percutaneous oxygen saturation (SpO,), dyspnoea and leg fatigue, as
determined by the modified Borg Scale at the isotime and endpoint, and the level of
comfort while using the devices.

Results: Twenty-four participants (75.0% men; age, median [interquartile range]: 77.5
[68.8-83.0] years) were enrolled. Compared with VM, HENC significantly improved
the endurance time (647.5 s [454.0-1014.8] vs. 577.5s [338.0-861.5]), minimum
SpO; (96.0% [95.0-98.0] vs. 94.0% [92.8-96.0]) and leg fatigue at the isotime (3.0
[1.6-4.0] vs. 5.0 [3.0-6.3]) and endpoint (4.0 [2.8-5.0] vs. 5.0 [3.8-6.3]). Differences
in maximum HR, dyspnoea at the isotime and endpoint and comfort were non-
significant between HFNC and VM therapy.

Conclusion: HFNC increased exercise tolerance in patients with stable IPF experienc-
ing exercise-induced hypoxaemia.

KEYWORDS
endurance time, exercise-induced hypoxaemia, exercise tolerance, high-flow nasal cannula oxygen therapy,
idiopathic pulmonary fibrosis, leg fatigue, rehabilitation

therapy in patients with IPF requires further study.'™ As
this therapeutic approach involves exertional load applica-

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung
disease (ILD) leading to impaired exercise tolerance and
reduced activities of daily living due to respiratory problems.
Although pulmonary rehabilitation in IPF is increasingly
researched, the evidence remains inadequate. In IPF, severe
respiratory compromise hinders sufficient oxygenation,
resulting in chronic hypoxaemia and dyspnoea. Owing to
the essential role of pulmonary rehabilitation, exercise

tion, patients may experience hypoxaemia and dyspnoea
and reduced exercise tolerance, which is associated with
poor health status and prognosis. Therefore, adequate exer-
tion methods that minimize exercise-induced hypoxaemia
and dyspnoea are warranted.®

Supplemental oxygen improves exercise tolerance and
dyspnoea in patients with ILD,”® suggesting its usefulness in
exercise therapy. High-flow nasal cannula oxygen therapy

spirology. 1
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