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00 ———r
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(Riedel et al. Chest 1982 ; 81:151-158.)
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(Ema R., Sugiura T. et al. Eur J Radiol. 2017; 94:70-7.)
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s s w1 e« I T “
Curvature(cm) Curvature(cm™)

(Sugiura T. Chest 2013; 143:1070-7.)
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Early detection of pulmonary vascular disease (PVD) in
pU oy sboia ! bypertension: time to move forward

BOOREES —

A EDEE

Pulmonary Microcirculation (%)

BBt A PR MR AR 2 D Tl 5 E

(Lau EMT. Eur Heart J. 2011; 32:2489-98.)
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(LEEREAERER.CTZ2RV=Distensibility D&F
DENFRIEERERCT TLIMARDREIROZE(LZHREL,
DistensibilityZ &9 3.
PA-CSAmax — PA-CSAmin
PA-CSAmin
MPA Distensibility compared with RHC findings (n=59)

PA Dist

ibility = * 100 (%)

MPA-Distensibility
=(6.22-4.79)/4.79 x 100 ’ . 0.01) 9
23.00%)

PA=Pulmonary Artery ; MPA=Main Pulmonary Artery ; CSA=Cross Sectional Area

(Kasai H. Sugiura T.. et al. PLoS One 2015; 9:e111563.)
& Graduste Chiba University

Direct measurement of microvascular pressures in the isolated
perfused dog lung
(Bhattacharya J, Science 1980)
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(Heinrich M, Chest 2005) mPAP PVR
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Peri-"% a=_ Ore
AR 0.047| 0.44 <o0.001

MM hEREE
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and C d Tomography
y Vessels in (Matsuoka S,
Am J Respir Care Med 2010)
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(Sugiura T, AHA2014)
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%CSA<5 compared with RHC findings (n=68)
s MPAP (mmHg) -~ PVR(W?od Units)
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30 - - 6 .
20 4
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r=-0.38 (p=0.001) r=-0.60 (p<0.001)
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V/Q and Oxygen Transfer Assessment
in Various Pulmonary Diseases

COPD, Asthma, ILD COPD, ILD, ARDS PTE, PAH, ILD

Levitzky MG (ed): Pulmonary Physiology, 5th ed. McGraw-Hill, New York, 1999.

Blood Flow to the Lung
1. Macro circulation
Pulmonary vasculature and anomaly assessment
» Pulmonary angiography
» CE-CT angiography
» Time-Resolved MR angiography
» Non-CE-MR angiography
Quantitative or semi-quantitative assessment of right heart
function
» Cardiac echogram
» CE-CT angiography
» Phase-contrast MR imaging
2. Micro circulation
Semi-quantitative assessment of pulmonary blood flow
» Perfusion scan or SPECT
» Dual-Energy CT
» Time-Resolved MR angiography
» Non-CE-perfusion MR imaging
Quantitative assessment of pulmonary blood flow
» Dynamic first-pass CE-perfusion CT
»> Dynamic first-pass CE-perfusion MR imaging

Overview

» Basics and Clinical Application of
1. 3D or 4D Phase-Contrast (or Velocity-Encoding)
MR Imaging
2. Non-CE-MR Angiography
3. Non-CE-Perfusion MR Imaging
4. Time-Resolved (or 4D) CE-MR Angiography

5. Dynamic first-pass CE-perfusion MR imaging

Phase-Contrast (or Velocity-Encoding) MRI

_21_




Time-Velocity Curves Analysis on Phase-Contrast

MRI for Pulmonary Hypertension

Peak velocity

PV Maximal change in flow rate during
&0 ejection (MCFR)
“g 50
= 40
E 0 Acceleration
> volume (AV)
20
10 Bceleration time (AT)
2%

Pulmonary Arterial

Resistance: Noninvasive

Measurement with Indexes
Pul v Flow d

of P
at Velocity-encoded MR
Imaging—Preliminary
Experience'

T B T 1003818 17500 13538

B R B T A IRIEAIBITARR LA
VR g s PR el i

4D Phase-Contrast MRI

45-year-old male patient with CPTEPH

Quantitatively analyzed path line
visualization from 4D PC-MRI

CE-CT

Blood Flow Vortices along
the Main Pulmonary Artery
Measured with MR Imaging
for Diagnosis of Pulmonary
Hypertension®

SCIENTIFIC REPLIRTS

' Pulmonary Artery Stiffness by

Cardiac Magnetic Resonance
Imaging Predicts Major Adverse
Cardi ular Events in pati
with Chronic Obstructive
Pulmonary Disease

g ol R,
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Four-Dimen:

nal Flow Assessment of Pulmonary Artery
i i

Results from Two Institutions

ear 5 Adult Pulmonary Arterial

Phase-Contrast (or Velocity-Encoding) MRI

+ Advantages :
» Reproducible measurement under various physiological
situations
» Possibility for quantitative assessment of pulmonary and
systemic hemodynamic parameters
» Possibility for adaptation of management in pulmonary
hypertension patients as another method, when compared with
cardiac echogram
+ Disadvantages :
> Difficulty for assessment of regional pulmonary circulation and

perfusion

Overview

+ Basics and Clinical Application of

Balanced FFE Imaging

48-year-old male patient with CTEPH

1. 3D or 4D Phase-Contrast (or Velocity-Encoding)
MR Imaging

2. Non-CE-MR Angiography

3. Non-CE-Perfusion MR Imaging

4. Time-Resolved (or 4D) CE-MR Angiography

5. Dynamic first-pass CE-perfusion MR imaging

Disgnostic accurncy of contrast-cnhanced MR anglography
and unenhanced proton MR imaging compared with CT

in chroaic

pulmonary hypertension

CE-MRA

greemess (Kappa) between

Table § Overall socuracy for cach MR soquance mmboctibolic dscane FCE-MRA: contrast<nhancad MR
angiography, FPV: positive predictive value, NPV: nega

Diagnosis of CTE Sensitivity [*] Specificity PPV [ NPV %]
CEMRA o m 9% [
Non-oostrast MRA iproximal discasc) a5 % 5 )

MR lung peifusis 3 s £ =

Non CE-MR Angiography on 3T System

-ECG-Gated 3D Fresh Blood Imaging (FBI) on Vantage Titan 3T-

67-year old male patient with.suspected acute PTiE
\ y

F e

erial image

Pulmonary]

Time-Resolved (4D) MR Angiography on 3T
Higher signal from blood due to increased T1 value on 3T system
Improving spatial resolution without any increased SAR level.

Capability for reproducible examination, if quality is not satisfied.

LI A

No need for considering nephrogenic systemic fibrosis (NSF),

asthma and other adverse effects due to contrast media.
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Non CE-MR Angiography on 3T System

-ECG-Gated 3D Fresh Blood Imaging (FBI) on Vantage Titan 3T-

B R-R (750 ms,

Non CE-MR Angiography on 3T System

-Time Spatial Labeling Inversion Pulse (Time-SLIP) on Vantage Titan 3T-

« This technique is one of the arterial spin labeling (ASL) techniques.
half-Fourier FSE or True SSFP

Non-selective IR pulse Selective Tag pulse

il
I

« This technique can
separately visualize
pulmonary artery
and vein, if
appropriate Tl
selected.

Non CE-MR Angiography on 3T System

-Time Spatlal Labeling Inversmn Pulse (Tlme-SLIP) on Vantage Tltan 3T-
= T =

* Tag pulse position is very important for visualization for targeted
pulmonary vein

CQmparlsm o! Assesament of
ive Pulmona I
In Patients With Non-Small Cell
Lung Cancer by Non-Contrast-
AJRE and 4D Contrast-Enhanced 3-T MR
AJRE A ]{ Anglography and Contrast-Enhanced "
£ b 64-MDCT

TABLE J: Commoparisss of Vimasl Bosras b AN Mthadh s Pasiants Wika

cancer

TABLE S: Compatiion .mummmamnam, Viacatur Arsorsalias By Mo Conerast Enbanced HR Anglography,

4D Contrast-Enhanced MR Anglography, and Thin-Secthon Contrast-Enhanced M|
Vesseia, Modabty A, | ThemsholdVakoe | Sessitivity® | Speciiiny PRy New | Aecursey
ver sl sumonary seteries |
Won-contrastarhmced MA mgography | 084 4 THNS | VAOmE | wanviE | RIOME | BTN
4D Centrast-snbanced MR magiography | 094 1 Mgy | oenms | swapvim | maEaeE | s17EUTH
Thin-section comvast-sshanced MOCT | 096 3 oLapws) | sESO4nE | sms | SLegen) | sa4meTn
el puikmanary vems.
(1] i SOOMM | SAEWANS | BOOIUE | sAljden | sareaTn
81 ' EILSEE | MDIEES | waniws | wssieseE | sssmeTm
_msem | womses | wooes | wosss | sssmer

Non-CE-MR Angiography

« Advantages :
» No need for considering nephrogenic systemic fibrosis (NSF),
asthma and other adverse effects due to contrast media.
» Improving spatial resolution without any increased SAR level.
Capability for reproducible examination, if quality is not

%

satisfied.
» Higher signal from blood due to increased T1 value on 3T MR
system than that on 1.5T MR system
« Disadvantages :
» Only assessing pulmonary vasculature, and little capability for
lung perfusion evaluation
» More time consuming than time-resolved CE-MR angiography

Overview

» Basics and Clinical Application of
1. 3D or 4D Phase-Contrast (or Velocity-Encoding)
MR Imaging
2. Non-CE-MR Angiography
3. Non-CE-Perfusion MR Imaging
4. Time-Resolved (or 4D) CE-MR Angiography

5. Dynamic first-pass CE-perfusion MR imaging
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TI=300Fhs TO0 ms

TT=1000 s

T1=1500ms

T MR —

3D Non-CE Perfusion MRI
-ECG-Gated FBI Sequence on Vantage Titan 3T-

63-year old male with squamous cell carcinoma and pulmonary emphysema

n ==

A A

3D ECG- and Respiratory-Gated
Mon-Contrast-Enhanced (CE) Perfusion
MRI for Postoperative Lung Function
Prediction in Non-Small-Cell Lung Cancer
Patients: A Comparison With Thin-Section
Quantitative Computed Tomography,
Dynamic CE-Perfusion MRI,
and Perfusion Scan

T
e
i

ility of Quantitative Regional Ventilation and
Perfusion Mapping With Phase-Resolved Functional
Lung (PREFUL] MRI in Healthy Volunteers and COPD,
CTEPH, and CF Patients

Comparison of Quantitative Regional
Perfusion-Weighted Phase Resclved

Dynamic Gadelinium-Enhanced Regional
Pulmenary Perfusion MRI in COPD Patients

F. Kaiows, MO0, Archosn Voskrebarams, P

HYATATH

Funcltionr;l Lung (PREFUL) MRI With m '} p\lh 'Ql

ATATEL

7 i rarITL

PR S
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Overview

+ Basics and Clinical Application of
1. 3D or 4D Phase-Contrast (or Velocity-Encoding)
MR Imaging
2. Non-CE-MR Angiography
3. Non-CE-Perfusion MR Imaging
4. Time-Resolved (or 4D) CE-MR Angiography

5. Dynamic first-pass CE-perfusion MR imaging

Origina Ressarch

Time-Resolved Contrast-Enhanced Pulmonary MR
Using

Time-Resolved (4D) CE-MR Angiography

23-year-old male patient with pulmonary s’equestrati'on

3l Lo ‘)

Time-Resolved (4D) CE-MR Angiography

68-year-old female patient with secondary PAH due to COPD

£
T=2.5 sec

,a—.r e

2

T=12.5 sec

Therapeutic Effect Assessment in PAH on
Time-Resolved CE-MR Angiography
67-year old mal#a_tient with'Secondary pulmonary MI hypertepioa
1 \ ' dlle tojCPTE g o

4

MRAngin?raphy with Sensitivity
Encoding (SENSE) for Sus

Pul y Embolism: C with
MDCT and Ventilation-Perfusion Scintigraphy

oRRCTIVL e

Pesee Pradcis o | oo Pt ok | Jemaey

o | % w | % ™
® W | W | mm | wm | &m
6 wi " W " wa
™ wn " s 5
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Unenhanced and Contrast- Time-Resolved (4D) CE-MR Angiography

Enhanced MR Angiography and
Perfusion Imaging for Suspected
b T

=
=
s

* Advantages :
Pamtatgey Sy | ' - N " . . . . .
o iz, ot » Visualization of pulmonary and systemic circulation at
Putmanary Thrombaesnbobam sn a Per-Patient Bas
appropriate temporal resolution

> Higher spatial resolution of pulmonary perfusion images than

nuclear medicine study
> Possibility for improvement of image quality as angiography
on 3T system due to higher SNR than 1.5T system
+ Disadvantages :
» Risk of side-effect for administration of contrast media
» Relatively lower spatial resolution than CT and conventional

angiograms
» Possibility for decreasing capability for micro circulation
assessment on 3T system due to sever susceptibility artifact

§
Tinfeiinnnj

L
s
1]

Overview Contrast-Enhanced Perfusion MRI
-Quantitatively Analyzed CE-Perfusion MRI-

+ Basics and Clinical Application of
1. 3D or 4D Phase-Contrast (or Velocity-Encoding)
MR Imaging

2. Non-CE-MR Angiography

3. Non-CE-Perfusion MR Imaging

4. Time-Resolved (or 4D) CE-MR Angiography ‘\

[
|
i
J
I

|t

5. Dynamic first-pass CE-perfusion MR imaging

3D Dynamic MR Imaging

P AV AY ALYV
i

(TR 2.7ms/ TE 0.6 ms/ Flip angle 30°/ 128-256x128-256 matrix)

2003 EBMAM Yaung bvestipstor hmand Finalist g TABLE 1. _Summariced &

- _ Cuantitatively Assessed Dynamic Contrast-Enhanced

" Magnetic Resonance Imaging in Patients With Chromic
Perfusion in the Entire Lung Using Three- Obstructive Pulmonary Disease: Comelation of Perfusion
Contrast

Parameters With Pulmanary Function Test and Cruantitative
Computed Tomography

Experience in 40 Subjects

TABLE 2. Cos

..... - et e et e S ERm  mvEm  WTTE®

_27_



Tabe3
" Mo duflererce asd e lavits of agoreenres of each methoad Betwern icsasl and

Meas aiirierer

Lty o agseeseent (%]
{rean i i s} e 2481

Primary Pulmonary Hypertension:
3D Dynamic Perfusion MRI for
Q s

Analysi:
Pulmonary Perfusion

=2 QunitaieCl Tand e
ataive CT €04 05
" s imapng 8405
ST 55205 ooty Subneces il
- T 51205 514 47 Parsster {Missn s 50 (Mese 1 501
4d 205 a2 Tavsvary Vst o T mlwenl | T80 = 108 Ty
Purssnary blosd vourse (L 100 24} 101,25 a0
M st v 41 41:08 st
PR— Originat Rasasrch
MRI far MR for

of Disease Severity and Progression of Pulmonary
Arterial Hypertension in Patients With Connective
Tissue Disease

e

Quantitative Assessment of Disease Extent and
Prediction of Outcome for Patients with Acute
Pulmonary Thromboembolism

Table 2
Results of ROC Analysis and Diagrostic Results of Each Parmmeter for Distirguishing Monalty Geoup From Sunvival Group in APTE
Patientts

FIVLY diamator o PEcy index PEupa index PEpaciacn um ndix

Az 087 0.86"* o8 096
Feasible treshoid value 18= 8% 0% < 80 <
Sensithity (%) 625 (59 625 () 625 (59) 25 (58
Spacificity (%) 976 (4142) B33 (3542) B33 (35M42) 976 (41/42)
Postive predicive vakhe (%) 813 () 1.6 (812} 416 (812) B3 ()
Negative predictive value (%) 932 (41044) 821 {38738) 2.1 (338) 532 (41/44)
Accuracy (%) 2.0 {4650} B0.0 {4050y 80.0 (40501 520 (4650

“Sigrifcant dierance wih RVILY Gameser o (P - 0.05)
*"Sigrificant forunce Wit PEps s ws indax (P < 0.06)
AZ = Ama under the curve; RV = right veniricie: LY - laft veniricle.

Table 3 i 3
Results of Logistic Regression Analysts for Each Index as -
Prodictor of Paient Quicome in APTE Patients. -

Odds ratio® p e Pyalie

RVILY diamator ratio 117 1.05-1.31 0004
PEgy indox 110 103-1.18 0,004
PEjupy, index 116 1.08-127 0.004
PErurtunn ur 00 121 106-1.37 0004

*For incremants of 10% in an index.

Dynamic First-Pass CE-Perfusion MRI

« Advantages :
» Visualization of regional perfusion with higher temporal and
spatial resolutions than nuclear medicine study
» Capability for whole-lung real perfusion

Easier clinical setting as compared with non-CE-perfusion MRI

v

» Possibility for quantitative assessment of pulmonary perfusion
Possibility for playing as imaging-based biomarkers in patients
with pulmonary vascular diseases

« Disadvantages :
» Risk of side-effect for administration of contrast media

» Necessity of software for quantitative assessment

Conclusion

1. MR assessments of pulmonary hemodynamics and
regional perfusion are ready as clinical applications,
although some MR techniques are still under
developing.

2. With these techniques, it is necessary for
demonstration of clinical relevance for patients’ care
and management as well as assessment of pulmonary
physiology and physiopathology.

3. Please use the suggested technique for your academic

and clinical researches.
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Comparison of color map and perfusion scintigraphy

Lung Subtraction (color map) Perfusion scintigraphy

Kariyasu T. Yokoyama K. et al : RSNA 2015
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CTEPH
EYA9/8—>

Dept.of Radiology, Kyorin Univ.

CTEPH

Lung Subtraction (hS5—<wv )

Dept.of Radiology, Kyorin Univ.

CTEPH 50t &

99mTc-MAA fififliies > F4'S 7+ (SPECT)
Dept.of Radiology, Kyorin Univ.

—> [UESZEAR
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Dept.of Radiology, Kyorin Univ.

CT Lung Subtraction for Assessment of Regional Pulmonary

Perfusion in Patients with Chronic Thromboembolic
Pulmonary Hypertension

Modified Qanadli score (vascular obstructive index )

» Patients

35 patients (4 men and 31 women; mean age, 68.5 years) with CTEPH

» Imaging analyses
* The mosaic lung attenuation score was determined by subjective
assessment of each lobe with regard to the extent of reduced
attenuation (as a percentage from 0% to 100% in 10% increments).
» The modified Qanadli score was used to quantify the degree of

vascular obstruction.

Kariyasu T. Yokoyama K. et al : ECR 2016

No. of arteries Score Maximu
assessed m score

10 segmental -1 subsegmental disease,
arteries in each a segmental web stenosis, 40
lung (N=20) or segmental partial occlusion

Hoey, Edward TD, et al. AJR 2011, 196.3: 524-532

Kariyasu T. Yokoyama K. etal : ECR 2016




Radiation dose in this study

Correlations between CT lung subtraction, mosaic attenuation, and the

vascular obstructive index

Lung Subtraction CT Right Lung Lobes Left Lung Lobes
Hypoperfusion Whole Lung
Parameter

Average Range

C"’;':““Z“’a:":::’gg?"c 0.63 (p<0.001) 048 (p=0.003) 0.79 (p<0.001) 0.79 (p<0.001) 0.79 (p<0.001) 0.84 (p<0.001) (p<00v80101i N N N
Measurement in 35 consecutive patients
1.20 1.1-2.6

Effective dose [mSv]

* 100 kV, 100 rows, AEC, SD25, 0.275 s/rot.

Kariyasu T. Yokoyama K. et al : ECR 2016

Kariyasu T. Yokoyama K. et al : ECR 2016

Beam-hardening artifact(C &k &false positivefl CTEPH 60RE At Bt
21T aR D

9OMTe-MAARBINRS > F 0S5 T+«

Lung Subtraction (hS5—<wv )
N BB i SAMI 2016

Lung ubtraction SPECT SPECT-CT

Tamura, M., Yamada, VY. et al:. International Journal of Cardiology.
https://doi.org/10.1016/j.iicard.2017.05.006

HF—F L AETIEES BF—FIVBRDEIERE
(Planar-LSVE|{§+ CTA& B E1R)

AP PA R-lat L-lat

AV, 8BS, fib : SAMI 2016

L fES . M SAMI 2016
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ABHDOARE 1SS MG ENARIE RIS MERE (IPAH)

> REFEMEAR BN AT = [EAE(IPAH)DCTFR R

Dept.of Radiology, Kyorin Univ.
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> FAEFRSL <DL
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> JRE (FAER

> IR« FEIROFIRIEE. FIIRIEE.
INMEDEZE, plexiform lesions

> AUAREZZ2UTERR

Dept.of Radiology, Kyorin Univ.

R/ NMEDIEIT (Plexogenic arteriopathy)
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Dept.of Radiology, Kyorin Univ.
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Dept.of Radiology, Kyorin Univ.
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(#DIRTHMTHYIOT 7 —(CKDRMBNERENSD)

> Pulmonary capillary hemangiomatosisTEt#5MN3
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30mf wiE

Dept.of Radiology, Kyorin Univ.
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40imft it

Dept.of Radiology, Kyorin Univ.

AHDOAS

> BEMMEMEMSMEEDCTIIR

Dept.of Radiology, Kyorin Univ.

FhaRAREAZEAE (pulmonary veno-occlusive disease PVOD)
P& #l M ERESE (pulmonary capillary hemangiomatosis PCH)

> BEMMEEMS MEEDARIER
> INE~EBFEICZL)

> BRSTEEHRPOSIR SO > LA, O
BHERE, D)L ARG, SHESE. B L)
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Dept.of Radiology, Kyorin Univ.
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Dept.of Radiology, Kyorin Univ.
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Dept.of Radiology, Kyorin Univ.
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MicroCT images of
normal and COPD lung tissue

2

Tanabe N, Vasilescu DM, McDonough JE, et al.
Am J Respir Crit Care Med. 2017;195(5):630-638.
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Respir Res. 2013;14(1):115.
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Micro CT images of * “EHR & HRE"
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Tanabe N, Vasilescu DM, McDonough JE, et al.
Am J Respir Crit Care Med. 2017;195(5):630-638.
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Lung “deflation”

Pre

FEV1 1.20

FVC 2.12

PEFR 3.62

CT-lung volume 5825mL CT-lung volume 5451mL
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Exercise Capacity; VO,

Sehals AMW), et al. Am J Clin Nutr, 2005
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Co-Morbidities »5 Multi-Morbidities

Risk factors and comorbidities in the
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Van Remoortel H, et al.
Am J Respir Crit Care Med. 2014;189(1):30-8.

Interaction of COPD & Heart Disease

When Pulmonologists Do Something Good for the Heart.
REST

TACHYPNEA

Watz H.
Am ] Respir Crit Care Med. 2016;193(7):703-704.
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Functional small airway disease (fSAD)
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Functional small airway disease

normal
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Small airway disease is precursor of emphysema
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Galban CJ, Han MK, Boes JL, Chughtai KA, Meyer CR, Johnson TD, et al

ed tomography-based biomarker provides unique signature for
diagnosis of COPD phenotypes and disease progression. 2012
Nov;18(11):1711-5.
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P, Celli B, A, et al.
N Engl J Med. 2015;373(2):111-122.
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ImageJ, a public domain Java image processing program available on the Web at htp://rsb.info.nih.gov/ij/
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Usefulness of coronal ion CT images for
the cross sectional area of small pulmonary vessels
Academic Radiology
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Usefulness of coronal reconstruction image

Computed tomographic measures of pulmonary vascular morphology in smokers
and their clinical implications.
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_53_



ty3ale
COPDZ¥% 2% 5%

(3) CTZM\7- COPD WDy F 7+ —) ¢
HWEDOLRBD SR

Wik e
SRER K PEAERMERA B RO RO RS e ) iR

COPDIZA0F T Hi 2> 5CT 2 IV 72 R EM DA AT DN TV B EETH ) EEW
T L DN N E TOBRKZAIIMOREEDBERELZFFS 2w, L2l 0L 7%
WMEFFEICD TEY M 74— ] 32250 TH Y. WECT % H 2 72COPDDOIFIEIZ BT
bED L) BEE LRIIHEEICHET b,

Bl 21X, MSEO ERMEIIME OCTIRED? LR SN L5, 20 % LM OCTRREE L3R
B T R LNV ko TRELSENT S L. FRICREN 2 AEOZ L E /A &9 7%
WRIc BT, [ U - R LV ] CCTHeEZATH) T iEhz D EE L v,

- I L AOViE, RERRE LOWIHRE - BEEFIC D YRG5 T 5, — ISR EDOHT A
AL TR THRAR - AT ] 35720 \%EiGWF%ﬁéiB&ﬁ TH, MisEE T —
JAT—varyTHERRL, EOREORR - HRIZZ > TV 200 L TB ZEITHFHT
5

TiBF OWEERIEIZB VT, CTAF ¥ F— MO & EELIHEN T2 5, FESGDOCT
:u\ﬁﬁmtFLWEME%&&JDVTTUVF%WJ&&#%ﬁéﬂfw%ﬁ\:h%
DI EF OWEEERIEICED X ) B E RIZL TV B0, $41L TWv5COPDOIFZEE 1L —H
@W%ﬁﬂ@%%vfihf%%oo

REH T, HEHFOMEORE - KA 2 oo, CTR AW X ) RE» OB
DEWCOPDOIZEZATH 720D ¥ MIOWTHEHRT %,

_54_



IFIRHAEA X — > RS
HIY—t=F-2019

COPDZEEZX 2B

CTZRUW\zCOPDIRDE Y b T4 —)L :

BEDRENSFR

RERA 7 = F RO R IR A ETHRAS
AP |LinkIEhE

rEYOR

@ R - PO 2E] CMEHzeEx3
@ CTkgRD [ES) (ChaeE
® DICOMNYAH—ZRBTHELS |

© BRI -HRO [1BE] CMEEEEX3

Dynamic Airway Narrowing

COPD:  REXNFRTEMI BE Bl O?

Kurosawa et al.
NEJM 2004

et
@7 HER)

‘ SE 1 2008FDEHTY
(R B(CT)

HROBE
Al ZORXTE, [EXIIFRCTTEMLIZAH

[BAZEIEREE NN

Airway Dimensions at
Inspiratory and Expiratory
Multisection CT in Chronic

Matsuoka, et al.
Radiology 2008

George : WRA, SIHESTEMNELLET B &
[ETERLIENREDALPRODN ?
[ENFRTERY S &, PAEEREN L. &,

#: LP~George. EAABEERS. #H
FAUADT—FZERBRD. FKIOKEDMBLE.
BUS [K<HFT (=IFREENRL) | AFE
BOHTVER.

i 2009FDEETY

George :  Show me the data Il

s
aEsm §l t.
acic Tracheal Vol .
and Collapsibility on Inspi y and
End-expiratory CT Scans:

Toorms Virssts. M5 oo Jmd o, 0, 81 e, U5, P
1 Bt D S € i, M. fo e re—
i . b, B, P it Pt AL P D P it A

Yomashiro, et al.
Acad Radiol 2011

[EOWRESIOEREE
TS (RIFWEESE)

_55_




Academic Radiclogy, Vol 18, No 3, March 2011 TRACHEAL COLLAPSIBILITY AND LUNG VOLUME ON CT

TABLEA
FEV,
Insguration Exprwsion EA PRV P pracicteny LS
Teattemt suhere.
Inapuranon [ Barr s

u ane e
aam 0%
0.y a6’

EA e s [T anr

Yamashiro, et al.

AHBARE TR FR] Acad Radiol 2011

SREFPFRTERINETZEE PAEEEENEN (EH) |
GeorgeEI< [Thld. BEcollapse TIF/R< compression RAR

R, [EPREZO [ER] @& TRARRICFETT 3.
Uh'L. [#EH] BITRS - WROCTZERIBE.
[COPDEEDHNNFIBFDOTERER] £DE. TS5
5 (SR ADEIRN IMF KB ORUEEHF] DA
HELTREBNCBZVDRESS.

Kurosawa et al. ‘
NEJM 2004

SEPREIOYAXZAET S EE(CE.

HWIC [MSHE] Lty hTERBHN R,

20146, HEVWERZEESNEL !

BMC Pulm Med &D

T i o

T awway diseass indicating

thaat chronse inflammation affects upper and bower szrway tract. Wiosnen weth predominint sirvay

BOLRURBOI e of rachesl coll wagpesting  pender vuscepeibiliny 1o
[REDOEMRIEE — woxious o exp Tracheal collapsibilicy g PR

BAIRCOPDICRD  mesewarily comsidersd a padiologically relevant fnding for elinical praposes
HEN3) 27T
Table 2 Relatiouships of tracheal indicative of s
D Maz] = dourection, bpecalition sod pas cxchasgs. Sipaficsact 4t <0.05 et
HETETLL,
) All patiests | Predomimant | Predouinant | Males | Females
[COPDA L& sirway eyt
SENERTS] & w0 P il -l w2t
BLAATSS: - - 0.4 Gl Gl S 04
yﬂm!l 08 o008 08 g0
=043 o e84 =57 ah
\‘<\ <0008 po00r | peooo0)

Medscrme 2004
consisted to prader snd clzical phensh per.
Major Compalsory Resioboms (rvale
h caned by
xpnnacs. of
Hewever, thew
e, therefore.
hould be prrieed -
expurmory CT
Tome:

Haoncrais. Th s
sraders sy phemomencs. In gromal, wrachesd
collapae i 1ery tacky and comfnisg -
ey
Rt 71, the
g 20 1o th pegand, 53
17

BAEMIC, HTRL ? T5RDELE !
Internathonal fournal of COPD Dovey
a8 ORIGINAL REIEARCH
Is intrathoracic tracheal collapsibility correlated

to clinical phenotypes and sex in patients
with COPD?

Ginams Comisiaal’
[ —
Francess Bigasi'
Lemgen Lamberda’

Plisies Pusiem’
[yt
(FTHED) [ED  Husms Pasar'

Camiciottoli, et al.

Intl J COPD 2015
HEBRIZCOPDODHI | peftect chvic sicway nfmasion. T o, of reltiorshi i sch syl as st |
== ag. svagh,
FREBERT, 6 o okt
AR EREB L.

@ CTHERD [EH] [CLDRE

_56_




MIEBCT A2 ERAVARAT S BBRD [EAKGH

MEIFSEICAEREYT ST 7 05 S THMTIEDRIEBE [FLHIFS]

BHMC: KRS TORE
WEREDOWIENAZ (GEMIVRRE)
[FHEFF | DEHSFEBAEIE (T 5#)

RS REHEN

TNBEFRT. MKIBAIEBOBATHEC D2h'S

AL FHEF AP

(A4 (/A Zthn)

g (—t>F LAA%)DRIEMEEAE (LT B,

Boedeker et al. Radiology 2004

LAV :

9.2% at 240 mA, 12.0% at 120 mA, 15.3% at 60 mA.

Yamashiro et al. Infl J COPD 2015

FUCTHAE. RUBERME. THO TS,
(80T v T I L—R] T/AZXLNILA
ZEEIBENBB ! 1)

[RARRBV] ZyITIL—R
FULSHRW (?) » TE
[R23] 7yIIL—RE
SERTNERETES

[Rx3] 7vIIL—Rofix

@ J\1TUw REIH

@ BRELIEERE

TR, THDEFOERER] (IAHEFRILR.

N\ATUy RE# &2

[HEFODERSR ] (FHEPRBIER TILIE,

UL, 4R8I0 80723 .

[ivEF % BBERIHL T, MHEFOOPIEIFAHEFAIEN CTAUR, FHEFLISMSHERRI S TR
BB, THEF) (38 < FTHEFERTMEENTSD, B/ (X (=fiiEED
BAFHICDNB) (CIRBIHBEER.

Bkl BIE 'CHEST (GE) '\ 'FCI3H (Fv./>) '

HithsDBIE (FC10: Fv_/>) ﬂﬁ?iﬂ)ﬁﬁ"ﬂ (FC53: Fv ./ >)

DA >R

it

BEF DR FEF TS

_57_




J\A Ty REJECCHEST TAMBUTZEHR (WL, WWOHZEL)
BHOREFS T —TTRPIN ]

itfOtY T+ > JTETIZIR/NG

.m\

Fr /DRI
FCI37REDHIT-H'HDNT

WHEEFE ! ! !

EFROWEHERBEHEBMAE (Filtered-back projection : FBP) &(FR/RD.
BARINEERIMEER DR UITS T ET, A XEHROCIRE. 20106ELKD
TE 2 DERIEBBERCEN T (CH TS,

Bl : Fr /> FIRST, AIDR3D. AIDR3D-E(enhanced). AICE
GE: MBIR (Veo) . ASIR. ASIR-V,
Siemens :  SAFIRE, ADMIRE
Philips :  iDose>J—X, IMR
C o RBERE

A8 & iisUBRRITE SR & DRI
BRERE TR, ERERE CISIEREN BTN S.

Yamashiro et al. Plos ONE 2014

SHEEETRSNPIL)

FRELEERE [AIDR3D (Fv./>) | RN

AIDR3D& D

AIDR3D#2 L

Yamashiro et al.
Plos ONE 2014

JARCLD [ZEhvmEl A BREUBEREZANS S

- R TS Ey

AIDR3D 8214£529  8214+520 -8209+506
FHIREFREL (HU)
TERE 8228+523 8247517 -8262+50.1
AIDR3D 994151 100£149 1012148
LAV
PERE 109150 121 £146 142+142
T o ) 919.9£459  9221+452 9223+436
€2 RE 9244446 929.1:432 9362+

Yamashiro, et al.
Infl J COPD 2015

AIDR3D 107420 131423 156423

B/ 1 X (HU)
(=23 186450 26172 381115
BRAEZANS S ET, MERR(CRDFEMIFRENMET L. MR/ (—t>F—>h
BRIHHIEND | M@ EKIBCHHENS.
— UN\U. BREUBHEAEZRENSCET, MBRELD BITRIE) (> F—S@ha<3,

® DICOMAYA—ZRBTHELS |

EEAEHR [DICOM(.DCM .DICOM/RE) | A5

@ WL WWORENMERICITZ 3.
@ [DICOMZUMER] &LTINTORE - BIEMERIERENTNS.

nn®
‘Show info’ DICOMSS

BRO—ED

_58_



DOHE,1130 Tatee Hegnt +f 18.00
o

1% Do THE 80 ) FeED

oort 191 [y o e T1T] ESOOIRE( [AEC (REEIIS) | ZEKTS

00HE.1152 Exponure 106

DOMR116D Fiter Typw LARGE

el A [ MEBCTELECOPDDHRETSHICE. [HEMOFT Y] FoA
wmm I\ATUy RESEES> TWD T ENDOND
OOMBS100 Patwrt Postion FPS
00,0000 1 1
00 000E 1 101

rrasphodrsakiiris g ATy KB, RAAEMAE (5305 . 8% & < R,

i e BRIIROCTH ED & SBEFIIBITONTNS DM, STEIAE,

IRDDICOMAUE T (ZZ R DICOM& &I [TDCTORANRER] D, BNBLDICRDIZAN L.

23
UTRREFR — A B EIREME(

0011 Coumi $12
cassso Fuel spacng EIOTH]  EORILDAX (HFDCAZVEACEER)

00209100 B3 Mecatnd 16

_59_




tvy3r3
CFEAEMEEZE RS

(1) FPRESFNRBE D O VL AENIREZZ 2 5
— HFFE P YRR 28 2 v s -

SRS
WEREERA R IPRERNEE Dh

O AR E &3, WX MG ERL W CTH &I T, WATEIC [ AMOREZ] AL
MAHIEBEEOBR T, FERMEMZ MM 7¢ (idiopathic interstitial pneumonias: 1IPs) & 5 12
B4 2 Mg, AN 28, BOiE, SRR E 2 Ef A RBEESE E N5, TOHR T, H
B iE, Ml RREE 22 Sl o M B IZ SER WM LR AL 2 72T IREHEDO Z L Th b MEME
fiigix. OS2 RERORWIIPsE . RKNOH 5 ZkEREMER IO S, mEE. BE
FIZE Db D, FEHIE, WOTHRE. BERG. BB R % &SI b7 b,

ZI—@B&‘%U\ EFEATA BT A I2BWT, IPsIEERRTT L - Mosem 4 W& - Fifim BpT A 2k

RS HEREAERE  (idiopathic pulmonary fibrosis: IPF) %1 U & 4 2 9wH1 24048 S 1,
fﬁ’*” LD ERER TR R b0 NPsORMPHIL, R E M 7 (BE R IHE D [
BRI 47 &) OGEICHIBHEINTW S, #?%liﬁﬂ?ﬁﬁﬁ‘ﬁﬁ (idiopathic pulmonary fibrosis:
IPF) (3IIPsDFHLL b % 5, SEAAFERIZ20-50% FEEE LTIPsO I T b FIRARTH %o
IPF O REIL, Mg LR R & 5] & < RIS In O I L ) ML Ry L BB ST
Voo EEDORBBIHRRERIC LD . PRI (EVv72=F2, =274 =7) JIPFD
REETZELEL I EDYS N LR EFERTEHERICAVSN TS, IPFOSERIZ
PR, B ES EAE T, MEOGHHIC b EEPLETH S,

IPsD Z WrlZid. M2 N RHEE. SR s R IR LR 12 & 2 £ Wt & 5
(multidisciplinary discussion;: MDD) 25 ZHT&H 5o LA L. R TIETHEMERMOANLE 2 &
HATMDD %7 2 A fiak 3 % o T, T4 ORI TIE, 1 ¥y -ty P ETTF—%%
BB TX 527 F 7 FRIEGE - Bifg - WHERKE T — 7 X— A L Zhx v 7z@EMDDZ I~ A
TAxSE L7z /2. EBMDDZRIZ. ﬁ EQ?\LﬁkJ:E$XLTIIPS%JJV§}FU®TTR® oINS
NLZEaR L7 OPSIZBIT S 7 7 R — & NX—Z L #EBMDDZIT & A 7 41,
MDD®DE R 12Kk & < ER L TIIPs %@mﬁ ﬁ%?ét%x%néo

_60_



201947H27H
& HV—tIF—

SESMIMFIRAAE

AR—ZZ AR

IR as IR B4R =D

OFR AR J&%i%
TR E A D -

& IRIMERIRE ARIFEEE BERE

UFAERRER

HIEBX #REBEXRIEBCTEMRICT,
e (C U AEDISFE HEN DIEBEDOHIR

University School of Medicine

University School of Medicine

UFA MR E

1N

F‘i“‘[ﬂfﬁ)\ SRATHEIX

Za—ESRT o Ak

[OFAEMER] ([C3< SABENS S

(IR ) BEE ) BRI RS
S FAERRMEAE(1PF) Eﬁ’%?"j‘?} e = ;izixmﬁ }.:B‘J//(ﬁf

SRETAE
Z2HETUFYR-F2 HARIER

[ DA LRIE U,
DFIRH: iAE#JPE}‘E?’ﬂW‘ S —JU R DSETTHbR Castlemani
= (Re- Eruginsi AT > RS IE
vz WP | e LA Sak KaposifShE
Siems mim R
\_ Y, FEIRME N gﬁﬁmﬁmﬁ
(momsrmse | ( Exumre SR
LA K= X FANERD e ke
; B2 P IR UEAMTERES A
§§§§§§@2§ ki B REOERR immotile cilia FE{ZEF
D) REE ARLER [ases— e E
pitie=ad SR e
) S XABFEHRE HRPH |gGAREEE
armansky

B - RIRERRE
CAB

)

Hamamatsu University School of Medicine

U FAMERRR & BB AR

[ BT 1A ¢ 1
BiODRIES (FREMRER /S &) [CAUE - IMHLIRE Z ST TRBEIDC &,
VEAIRBICH T BRENES.

Hamamatsu University School of Medicine

® [EMEAHA (CDLVT

® BRI EA (IPs)

- AEFEURRHEE (PF) REBEE, AK, SMHEE

- IFSRIERIEIEATL, RIEERE LA

® |IPsZHfICEIT 2 ZMAESHE (MDD) DEZME

University School of Medicine

_61_

University School of Medicine




[l 1AM 28

‘ DS (AREPRERIR &) [CRYE - #RHEERZEZ S /2 I RBAT. ‘

\/“

A)

mmw
Lt

BHELTRATE  S5EROBYIN

;ﬁr
A

IR’J
mERa

hl..-?t
Lt

« AR ;SRR (50~90%) , FYERIFIREREE (80%L L)
° %)E’f%@ (g GrAME) , BRE (1~35A8) , 2% (1sAU

- REFREAITE, R, BREREOEHEREHD

BB MK DIEFHIFTR

University School of Medicine

o 2 « (F54R9E (clubbed finger)
- IR (SBIPFIRAF DAL &
- BOREEHHEI T EFE
® iE:2 : - fine crackle (Velcro5 &)
— kU 1SRy
— FHEETEEEY 3 NS0
University School of Medicine

RIE AR DIREFTR
- LDHt
- MEMEmAOMEY—H—D LR
— KL-6, SP-D

o MFIRE :

o EhifMELSREAFIE
AR (EL(CHERDETAZELW)

o BIRMAZNH : - PaO,IET (BL, PHAICEER)
- PaCO,FIER~YIET (SBEHIT (IS
- BER (VC), BEHIEIHER (FVC) DIE F— RIS

- HLEYHE (DLco) DIETF

o [iltEEIRE :

o EHEMR (6 DHHTIRE) :

- AEIEANS, SMTIEREODIEHE SARE R DOBARIMASREIFE
DETFHHBND

5 4R A DIEHREZ IR
HEDXIRS

FETEAM
- AOU—Z2OTHA, BBBRTEEA.
- WEBENESND | MBSEOEIL, BIREOALE
« REDLTAEONmZERBRCIEETES

FESTRODIR T REFEARDIBIRRZ

Hamamatsu University School of Medicine

Hamamatsu University School of Medicine

B A X DEHREZ
HRCT (high resolution CT)

- FREEMERA DEHREZUC D SR BB FE.

« 2nmUTFDRSA RABE TR SNIZCTEEN'S, ERDBHEEZERL
TESE BB,

- @ECTTH3s

MEFERRFOEE UICWVREDEREHD.

E%Ir SE SRR .‘ﬁllﬂ# -7

T ER A

BBz D25

University School of Medicine

IS TRl 2 DEELN

OERC AT R OIFIRHEEEIRE OITEPEHFIRE O [MRIRE

v i « R v XSS v KL-6

v SRR < RS + BEICT(HRCT) v SP-D - SP-A

v iaEE SRR 2 ¥ LDH

v (I

[ ZIREREDER ]
BASHVIR
REHBL RENBS
YRS 1Al 2% RIS I Ah 2%
(Idiopathic interstitial pneumonias: 1IPs)
University School of Medicine

_62_



BB MR DIRE (ZRMDRBIEMERZE)

> FBIRA IBHRAEI U DT T, BEE, BB, SIT—JLERRRE
> A HAE, MAEWME, SRE), ESERE
> PEEWRA : EERh, RS, AR, Ea—ARARE
> B DA )LAMERDS, AU R E
> R

> WEEMHEE © Hermansky-PudlakfiE(REY, fEEIMERE(LEE

H—J 745> NEHAC (SP-C) BIEFRERE
> TOMODEE : BEWERK, DL R-X, WS >250)\> EHERAE,
i) > ) CERERIBIE, SEd KOBHHITEERIER AR &

> REFH :

Fe . AN VAN S
B4Am (IIPs) DD%R
R
IPF P
- (usual interstitial pneumonia)
MR LI
e inter |a| ' I-NSIP NSIP
DR S S A B R B M 8
(respiratory bronchiolitis-associated RB-ILD RB-ILD
FEIPs MYFERSE interstitial lung disease)
RIRIERIFI AT A
(desquamative interstitial pneumonia) DIP pIP
RERIEEA AP DAD

(acute interstitial pneumonia)

(diffuse alveolar damage)

i T oP
(crpytogenic organizing pneumonial (organizing pneumonia)

=
SN1IPs (lymphocytic interstitial pneumonia) P P
& .
RN IR B HRMES EARMEAE \-PPFE PPFE
(pleuroparenchymal fibroelastosis) .
DEEAREEIPS unclassifiable IIPs X

An Official ATSIERS Statement: Update of the Intemational Mulidisciplinary Classification of the Iiopathic Interstitial Pneumonias 2013

[ University School of Medicine

H University School of Medicine

FrFE R B R R DSAE

IR B R DDA EBBERICE - F1&

wE SRR (%)
IPF 526
NSIP 17.2
CcoP 9.4
AlP 15
DIP/RB-ILD 4.8
LIP 25
others 12.2
IPF: (20084F)
® FEE : 105 A2.23N
® 5RE : 10 AXT10.0A
EARPFRB P RUEANIREL - BN K5 AFRBRRM | FRAEMEEI AT SM0T 3 2, HaTHM
Hamamatsu University School of Medicine

IPs(C(F DHEEE & amR BT IPsICE(T B HEMEL & Fi%
B 100% cop
g e ‘E 80%
= 60%
X NSIP NSIP
& | ar won 1
IPF 20%
’ =
= o 2 4 6 8 10 12 14 16 18
T L s (%)
pestcl Bjoraker JA, Am J Respir Crit Care Med. 1998
JREIT & (A% - %1%73‘57357' o,
TEB3ROEEZHZEET .
Hamamatsu University School of Medicine

FERMERDARAERE  IPF

B
181 - ETHEORBERED . BEOIRME(EHHET
U TR DERI N E S /2T FEARTRRA
TEADIHERE.

BRPRAA R

® Siin - BIECEZN

® IPIRHEEERBAL (SFBMU TRIL T DA
WERRCBIEIT D2 ENDD

B (CREERIRICRIE. 2D

EAFREF AU AMBEEL!

BEDA RS AFRERRR | BREMEIEASIT S AROF 3= BETHMR

FFEIER

[EBX#REE - HRCT

O fArh T ABEF - RISANEMIOMIRT
ofiHESTADIFL

SR T - TABEFELAL
KA =129, UFAM.
IFBFFEEH D XD
IR
oIEEfh + FES|IURETILR

RRDE T BB MR ZEE
BREJ(CBR9AL, HRCTRTR THEAY
MBS/ 5 —> (UIP/{F—>)
ZREEIPFEZITES.

Raghu G, Am J Crit Care Med. 201
EAIIRE S S UE AR

8
SR RS M BRRE | RIS AROFS|S BETBIHR

[ University School of Medicine

[ University School of Medicine

_63_



FIFEIERDRRIELE  IPF

il

OB S BRI
o/ NGB )
SHLRDIRIAL T (ERBPLINNET B) Sr T
eFibroblastic foci ((FHEFIIEE) © EBIEDFTE fa- "-.-,‘.-;1
X IR > AR S e /
TRZDEANZF (temporal heterogeneity)

EAPFIRE S RUEAMBEERIT AR RS FRBRRE : BRI

University School of Medicine

IPFIEFERARDKETHD

B IPFSLUREERDSFEFR
? 2_0 4_0 E.Cl B_O 1?0 (%)
ey
e
e
e |
72
ey ]
e —
ey
x5
oo I
e I

SEELETFR 20~50%

du Bois RM, et al. Eur Respir Rev. 2012

University School of Medicine

IPFDFE

m IPFEEDETCERE (dLisi&EStudy)

o ERNDS < [FRILEE.
ISR RS
o ITEOAHEMELRD

Natsuizaka M, Am J Respir Crit Care Med. 20140

FIFEERDERFERE  IPF

mE - AlSIBmIMIEDRER —

RDiEY
insult

—) fiifE LRSS

® FibroblastiffiE - 185 - 531k
o HIMNBEDEL, K
© IR (rmmus) DR

AUSEmME \

® fibroblastcifibt
® myofibroblast\DFHtT
o S EEDBRIES

BEEER
e £ R DR
bR LRt
IBAEZ LRt
,. N7 ;Y—ym -
il J7S—| H
#reEALy AL

Hamamatsu University School of Medicine

Hamamatsu University School of Medicine

IPFODETE

— Rt

s LE

e EJLTJIZR> (R704 HIHISE)

e —>F4H=T

EFTRMBEEERE
URVSEASHARE
MRVEESS AR
HEBE60RRE

IR
BRI EHIED I

SFERHIPR
SRS OB E00H

EAIIREF RUFAMIEBLE - AR RS AP EERE : HEROFS BETHEIR

I = K> (Pirfenidone)

@ . IPFICHUTH R T CRBEEVS L I i L
‘ =
- RHEF MRS |
- AS—TEER]
}r*uffi.%ﬁﬂ:{"ﬁﬁﬁ . TGF-BEEi
- FHRHEREE 5 LA |
HIRAEVER « TNF-oEE4 |
@% : PIRESPA®
—f§% : Pirfenid
[{e=az= Sjmeet:)il-i:rimyMH—pyndm-Z- ME{LrER - EROFSSTHIVEE]

one

DFE: 185.22
HRES : s-7701

University School of Medicine

University School of Medicine

_64_



|| ORIGINAL ARTICLE ||

A Phase 3 Trial of Pirfenidone in Patients
with Idiopathic Pulmonary Fibrosis
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