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= Abstract =
Role of Nitric Oxide and Molsidomine in the Management of
Pulmonary Hypertension in Takayasu’s Arteritis

Jae-Yong Chin, M.D.% Sung Soon Lee, M.D., Sang Soo Lee, M.D.,
Tae Sun Shim,M.D., Chae-Man Lim, M.D., Younsuck Koh, M.D., Woo Sung Kim, M.D.,
Dong Soon Kim, M.D., Won Dong Kim, M.D., and Sang Do Lee, M.D.

Department of Internal medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

We report three patients with pulmonary hypertension in Takayasu’s arteritis, who showed long-term favor-
able response, clinically and hemodynamically, to the nitric oxide donor, molsidomine. In these patients, the in-
haled nitric oxide was effective in reducing pulmonary artery pressure (PAP) and pulmonary vascular
resistance (PVR) as was shown in the acute vasodilator response test using the invasive hemodynamic moni-
toring. Molsidomine (single oral dose of v4 mg) was also effective in reducing PAP and PVR in the acute test,
but nifedipine was not. With 4 mg of molsidomine three times daily, their dyspnea, exercise capacity and hemo-
dynamic parameters were improved. These favorable responses have lasted during the 1st and 3rd month fol-
low-up in all patients. ( Tuberculosis and Respiratory Diseases 2000, 48 : 964-972)
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MNOE

El7lolrSuld (Takayasu's arteritis) & &7t 3.8
& #719] 9 (medium and large sized artery)&
Ashe 984 4 H13 dfo =N diFYgnt 2
2o dshe EAE 7T rd. o] A
% v AHE BEY 7 2oy, ddFHes
qulE HnEGeY $AFHL F3] =F Ao
BaHn op . Andgd el e 83
Agd i H&-& thFL e R e A
olojx, HRe] ByoA F¥F™ (main pulmonary
artery)ol] 71 A% YA Hud dsi] HrE
(vascular surgery) g A3 d& & AHd B
Bl 2 Hzlgo] ol ¥ HILEGE FHHE eIk
FEUgel dizle] EBRHFAE ARRE dle HAA
Hog HIE vl gt AAEL HIEYE FUE
ok 82} 3oo digte 4 A
WHe-AALE A8t 1 el 2Asl e Ay
£ ¥EEA molsidomine & Fodle 37134 A&
BIE ZEstyslef Basle vloltt.
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494 oz7t 3 AFE AR SEZF(NYHA
class 3)& F4R UP3IA A= 364 o ¥
ofggog I ¢ dEhydel WEslA ElFlolr
Foldel gt 3lo] F3%9 (innominate artery)
ot FFHFH 22a I YE dHske EF
=& AY At olF F AUickrh il oF 3d A
e 3Y AR 2E5FIEE =74 Hook 79
Z, ud, AFEL e EF 59 4L 343
2 ¥t AELZNAM BN o] BRI
& AFY FolM BFo](bruit)7} HHEHAL.
A &A6A H¥TEEZEEY 4 mm/bhry . 5

Fig. 1A. Patient 1. Aortography showing occlu
sior) of left common carotid artery and
left subclavian artery, mild stenosis of
innominate artery, and occlusion of
right subclavian artery at their origin
sites. Distal left common carotuid artery
and left subclavian artery were visual-
ized through the anastomosis with in
nominate artery.

BTt 2 Aol k.

SEFTF X-HZAIA Sl 2 7o] ozt 7
A2¥ 27T g oze dR #Aavl AlAKE
Aot AzgzdA A% AHY JF(TR Vmax
=5.6 m/sec)s} &l DA U wgo] &
FHAT. F4A g AFE Aol ds e
2YgdA FAFUS FH I sje 79
T HAo| KA I3 Yo| ZlAIFA
HE 270|100} 45 & A TsEe] AN
7t FEAe] g Foto 2YHAUH ol
AL g} (Fig. 1A). AFYYEURGeH &
FoiEe] FUAT A Y32 99 truncus
anterior®] &g AN E B}t E3F o A3 )
Z9 (interlobar pulmonary artery) {37} w4
go] At (Fig. 1B). 4% Ao fgt 20t ¢
E=FEAPIA g1F e A ATk $AERN
A W52 108/33(HH 56) mmHgE 7| &3y
o},
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Fig. 1B. Patient 1. Pulmonary arteriography
showing diffuse irregular narrowing
of the right main pulmonary artery
and occlusion of right truncus anteri-
or. Distal left interlobar pulmonary
artery was occluded, and beaded ap-
pearance of peripheral branches were
noted.

E 2
A7ratad 3449 27} oF 147049 AYH Alztg
1% ks Fae Yesidn aEEwe A s
2 25wt =72 Arch FAELAA A
73”“94 aelez of4t Aol gzt Hakd A
M HAEFAREEE 8mm/hr A1 THE7 LA
A Aol HedE X-489 2 A8
= o ¥t gliok
b= oF 12704 A 3 FFF(NYHA class 2) &
Fa2 3 i destdnt. 34 AldE g
1 X-dageA falEue] 2rle #Fad va
#HusYe] Irle F7tE 2oz AAbESlen 93
14l w4 HAaA 9ol wEEHA H7l5EAl
of|A] 73‘3]% AeHd B21gals} Fabse] Anlgt 7ha
7} Bk SAEAelA dlFaAghe 90/20(HT
44)mmHg2 71553t HBBEYeAd 5 5
Ao 29 HolA W2 ek a0 ehHd
sjo} Qlglck(Fig. 1C). ¥4 444 s mdgte]
A4 Agste] &2 AgEeles, $HFHe A
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Fig. 1C. Patient 2. Pulmonary arteriography
showing complete occlusion of the
right main pulmonary artery with me-
niscus appearance suggesting a thro-
mbus.

Fig.

1D.

Patient 2. Pulmonary artery biopsy
showes marked infiltration of mononu-
clear cells mainly in the media and
adventitia. Granulomas replete with
Langhans’ giant cells are frequently
seen (arrows). Inflammatory cells com-
prising the arteritis are composed of
small lymphocytes, histiocytes, plasma
cells, and occasional multinucleated gi-
ant cells. (Hematoxylin and eosin stain-
ing ; original magnification : > 100).
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Fig. 1E. Patient 3. Pulmonary perfusion scan
(right posterior cblique image) showing
multiple segmental perfusion defects in
the right upper and middle lobe. Flow to
the left lung is absent due to pneumo-
nectomy.

ster g3t e Edof ofFt #HHrt BAEdG. °
e AAE 5 A7 F e (amtopericardium) 2 o]
B35k HEAdYso] A= Q). HAE AT Ha
g /‘37&4]*1 e+ 2 (elastic lamina) 9] mixe} &
7 Tl 3o AF Y= 2 FAM E ,{100] H
Oti':al:} EE o Ao e} FE Tl 2§ Sl

o] #AHIcH(Fig. 1D). =2zt 2 Elfelrs
Wedel T Zog Hojzlon], dFuddEo] 4
HFEgo} B4 248 B0, £ A5 @39 &

Foge thd =Y e warfarin® predniso-

loneo] ALEct. 22y} o] & TE2e] Hat 4
a7t

AFE HEHD 2] 32 fEke Al ArE
3 AduEgeels = False] Ut T;-]
58] 7h7telel FotA AAem, I olsh 72
o7 goitt +5 FHFY tﬂ%ﬂ-bﬂ Yo %}]h
Uoich AR Aol dd 2o W =Ee Pl
A EHe FAE Yk °‘*1E_7t}7} AlglEglom
HEAYL 94/23(Hd 48)mmHgE 7153150}

=2 3
2649 g7t Y 3 A 2Ad A (UdE
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Fig. 1F. Patient 3. MR angiography showing
segmental stenosis of both subclavian
arteries and diffuse luminal narrowing
of descending thoracic aorta.

100cc 71, 13])& F42 5%t 3t 270
o ARE Aap dAA L s TFTEN 92 oo
dofg s4alch. FE, ddd, HF5gay 8
AT igich. AR s AEE T2 o
st glell QJlsilen] 24 AldlE AduEAE
A o] 4l Fashe Euo szt HoF

# HE59e PEshe T4l ¢3F D 3
FHoHAE A8 o] AU} FA HejzA sty
Arbel A EplelrEu e BHEE o34 Ad
A Zuldd (pranulomatous giant cell arteritis) 2]
o] WAz}

AgaHdA #HHZs Fdl BFo|7l HHEHU
o #Hele 92 HoflA 100/65 mmHg, & ol
A 75/45 mmHg= $E=Hct HETAIEEE
13mm/hr gom FHA7aRAe B4 42013
t}. #Hr15AAKE FVC Z44L(Z|di=2] 49%),



— J. Y. Chin, et al —

FEV, 2.39L(7]t)#|9] 59% ) 92, DLCOE 7]th%)
9] 61%, DL/VAE 7Idix]9] 92% fAct. HdF2
AL 49 2 3P0 iy 2HY AFEESE
w97 (Fig. 1E), A87|2Me Adazeldt. =
7129 HEBEYeN S g5 € #EFY
o thersk Axol Fpo] TASAM(Fig. 1F). A%
RuiA el xeu @ = HAIA ¥He FAE
gk, A=Al HEFHL 58/15(HTE 32)
mmHg 9.

2) 24 HigetE esy

9] B i FA BBEFA v A A
8= oen 2o A7) A5 ddtd Ale o

Aboll tiFF FME e ¥, 24-T=H FHEE
A5 Agetaa, AUt € SHIIAHAE
gzl 9 ZFH HAE APsAh A ARE
Hogga 2 o7 ol 1) ¥ nitric oxide
(o]5t NO) 7}22 10, 20, 40 ppme =& 4%
2087 2adalgdx 2) o|¥ nifedipineg 23} (sub-
lingual) 2 10mg¥ @27} & AR Rahe #244
o] vl AU A&t (systemic hypotension) o] 1t
R wjzhx] 208 tHez uhE T3 & ¢
2 23 60mg e H 34-4F02 3t 3) viA
o} nifedipine 4 ¥ 9 16~24A17 & J7F 59
gtol 714A] F£Fo2 3EH H molsidomine 4mg
& AT Fdct &3 ¥FRe 37 A9
(mean pulmonary arterial pressure, mPAP), #
7 %ZuiQk(mean systemic arterial pressure,
mSAP), Alut23k(cardiac output, QT), =HFHH
71¢(pulmonany  artery occlusion pressure,
PAOP)7 Fdid % gAud daEd(#4#
Pa02, Pmv02)& %73 8oy Zz AAle] Fo
A3 7+ = FY NO7t: Fo vpAlg 5§
o, nifedipine®] 57} Fo ¥ 15~20% Fo v,
7122 molsidomine £ & 30, 60, 120% 39| Z}
Zte] 2RWLE FAAT. ANEFQT)S 23

H¥le o83t Falgith(Edwards Cardiac Out-
put Computer COM-2, Baxter Healthcare,
Irvine, CA., USA). o] RE ZHAR= YaAIS8AA
oA st BE Aok o Rth(Table
1).

1) 9 A™el a1 2FoA, NO9 Fod] o3
mPAPS} Zhx(Ze) 1. -37%, &8 2:-23%, &
#d 3:-26%), PVRY] Za(F#l 1:-35%, @
2:-39%, Zd 3 :-23%)% Pmv02e] 7Vt &
Ardon, og aakes FY NO 7tk F=7t
20 E= 40 ppm A} 7HFF 2A JYERT. mSAPS}
Pa024= #21& syt g3ich

2) 9lo] TE @xoix molsidomineT FA|
mPAP(Z# 1:-30%, &8l 2:-22%, 3 3: -
239%)9e PVR(Z2| 1:-28%, 8 2:-35%, %
# 3:-27%)8 #arZer HUaT: 7o ¥
1208 Az % Hoizch. mSAPS} PaO2dle #9f
3 Wslr) T AR o g Kol 4oy X
B2 A It

3) Nifedipine *24-% 30~60 mg(Z¥ 1
30mg, 24 2:40mg, Z3l 3 : 60mg) oA EEF
Zare gllovt mSAP feld 2 (71A A ¢A
10% ol ZA)E zHystgen, mPAP% PVR
& ou] QA #aA7IA Rt

3) 7 gaazExe 7| roizn

Zzte] gl diate) HYsy] A H2SAEE A
3l TR Vmax % PGsys(RV-RA) (systolic
peak ﬁressure gradient between RV and RA)&
Z&3 6-min walk test’S AAISt 627 KT
Aglg 248} olF o] ¥AES dHuYLe ¢
7171 Yt 37 A FBEEA M
uhee #¢l kA%l molsidomined 4mgH &% 3
3] Eojslgry. ABE ALHAN 371 BAE 1A
2 9 3Y T R AJgsle] okAHe] 8H ads
wrlean). £ 25 BF A ALY H AL 2 F
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Table 1. Acute hemodynamic responses to vasodilators in 3 patients with PH in Takayasu’s

arteritis
Nitric oxide(ppm) Nifedipine(mg) Molsidomine(mg)
0 10 20 40 0 30(60)* 0 4
PATIENT 1
mPAP(mmHg) 57 50 43 36 52 48 54 38
QT(L/min) 43 41 41 38 3.8 4.1 4.1 3.8
PAOP(mmHg) 10 8 9 9 7 8 9 8
PVR(dyn - sec - cm™) 874 820 663 568 947 780 818 632
mSAP(mmHg) 87 91 93 90 88 67 90 83
PaO,(mmHg) 78 83 83 77 80 71 81 83
PmvO,(mmHg) 37 39 40 40 38 37 a7 39
PATIENT 2
mPAP(mmHg) 48 46 38 37 46 47 51 40
QT(L/min) 34 36 39 38 3.8 3.7 35 3.7
PAOP(mmHg) 7 9 8 9 6 7 10 9
PVR(dyn -sec-em™) 965 822 615 589 842 865 937 670
mSAP(mmHg) 86 91 94 83 83 66 89 82
Pa0,(mmHg) 83 84 86 82 85 80 82 85
PmvO,(mmHg) 30 32 33 35 29 32 31 35
PATIENT 3 .
mPAP(mmHg) 31 24 23 24 32 33 30 21
QT(L/min) 50 46 49 438 4.8 5.0 4.9 4.7
PAOP(mmHg) 3 4 2 2 2 4 3 2
PVR(dyn - sec - cm™®) 448 348 343 367 500 464 441 323
mSAP(mmHg) 67 69 67 65 66 55 69 61
Pa0,(mmHg) 88 86 87 84 86 83 85 87
Pmv0,(mmHg) 42 40 43 42 41 37 40 41

PH : pulmonary hypertension, mPAP : mean pulmonary artery pressure, QT : cardiac output,
PAOP : pulmonary artery occlusion pressure, PVR : pulmonary vascular resistance,
mSAP : mean systemic artery pressure, PmvO, : mixed venous PO,
* : cumulated dose (10 mg every 20 min, patient 1 : 30mg, patient 2 | 40 mg,
patient 3 . 60 mg)
** . 2 hr after molsidomine 4mg

o] Axel Z2E Bov, A8 ¥ 1704 2 370 o #

4 AlFellA AT 683 BaAe] 2 AxESuxy

o] ¥9#a AF(TR Vmax ¥ PGsys(RV-RA)) £ ZAEL eFlolrsude ¥ g sadtol
7t A&Hoz FAE g BHAHTable 2). HgelaA) (NO 2 molsidomine) 8] Bz A33]
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Table 2. Exercise capacity and hemodynamic parameters during long-term molsidomine treat-

ment
Baseline 1 Month* 3 Months*

PATIENT 1

TR Vmax (m/s) 4.9 4.2 4.3

PGsys (RV-RA)(mmHg) 96 71 74

6 min WD (m) 334 419 391
PATIENT 2

TR Vmax (m/s) 4.5 4.1 4.0

PGsys (RV-RA)(mmHg) 81 67 64

6 min WD (m) 321 365 374
PATIENT 3

TR Vmax (m/s) 3.5 3.1 ——kk

PGsys (RV-RA)(mmHg) 49 38 —kk

6 min WD (m) 452 513 ——%*

TR Vmax : peak tricuspid regurgitation jet velocity, PGsys(RV-RA) : systolic peak pressure
gradient between RV and RA, 6 min WD : distance walked in 6 minutes
* . duration of molsidomine treatment; ** ! not followed yet.

#431E T A& RT3 Sk olgE &AL AT
74 EbFbol- ol 23t sndcto] & ¥
o o 7AH s Az A=A ok,
a9 gEo iy 1= FPt 9 S8
7148 & AU AARIth AEA HEANAZ
o WA Hn¥et FAY dFME oje} v|=F
azio] FEFL® o9} Bl F Ao FFHo
AAHEITH HE@® 71T} FrlsEe 7178 o
74 A AR Fo HE ALY gEsE
(hypoxic vasoconstriction) o} 3+ J8& & 7154
o] Jou, & FAEANN LFE HAaE FSIAA
gk PVR | 22 7HA 2.A] &8 A (=% WM o
FAe %) 12 e 8401 g3t &S Al
AT & 4 vk dvtzez, A3 ReiA &
< Wy vnd & f49 0 324 =Y
EFAY P4 2AERA @ (precapillary ves-
sel)d] o]x}3 1¥<¢A] W3} (secondary hyperten-
sive change)& Ze3lAl =™ o]zlo] WIAE

7Psoldst 2EE BAZE A& Aoz A A
. EF ddde] od olf2 &AW MYy 2
w9 ukAlA Z7}(reflex-mediated increase in
pulmonary vascular tone)& Z#:E 4 Yo’
olg|¥ HER WAE9] Frtz Ash FH2 uF
7} 252 2 43 PVRo] t& F7lshAl ke
7Hdo] e Yokl wr EAHMA Hndy &
ZpeliAl ol2jgt 7)de of 1F=e F7h7t MY
gtel LMo Fo¥ JTL ¥ Aoz A4AAZ A
onj, YRAFFA7 48 F sl ANHUG
2 FHEdA 2 Hely 5494 g8 JAH b
Aok WA o] EAF 7HeAe]l 2N ol v
HEo] 283t PVRY F7}o 7149319 & 7HeAd
o] Ut

£ S QA gA 9 diste g Eugt 9
Y 18-S Holx] gtot H¥Y ¢ A¥P v
Ao g g RgA ] AM8- Al 43 9
Hol #rE 5 Aok B3] A A n¥Y BA}lAA
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A% AEeke] WAL Yoy} AFRE 4 g1y B
o, =] B YR FAEe) 4Y U= A
Abbell ojal Al whe-HALE AH AMgslojo} g
g HEZANIA F9] NO shaks daz sds
g 2A8-g Holn EF wiztylz} ol ¥WuBRA)
R4 AR 98 4Asln F& Alofo] "o 9
U 28t (primary pulmonary hypertension)
o] A¢ F4 ey BFL =39 o2} glovt o
3o 2 PVR 2 mPAPY} 2% 20% oA Z+Aad
A¢E TN B ZHE 254 NO 7t~ &
%& PVR ¥ mPAPE 2% 20% oA+ AaAA
t}. MolsidomineX® 94| NO$} v]s=3 =2 PVR
% mPAPE ZAiA1Zlod, qFugte] A% He
Heu ddHor W on Qe 420U} i),
nifedipine® PVR3} mPAP¢] ZaE glo] 59
AELE U3 & FAENA o] F A7 @
BYZAZE Aol AIE Ze olfi B9x) gl
Molsidomine(N -carboxy -3-morpholino-sydnoni-
mine ethylester)& f7] A4g AA9} vlslz| 2
syndnones A€} A|Aolt}. Molsidomine] SIN-
A TiAREo] ofeRtA o g FEAo] Q= NO7IE 7}
A=, o]Ae] cGMPS] $E& F7HA7Ia Y 4
¥o Zf TEE 2o YIUPL 2y
o mebA B FalEolA molsidomines}t NO7} 1]
< AIE B AL o) Uoj ohd Hog 4t
got. g% molsidomine& F¢] NO 7}Aol= @i
YA este] AEYE FLAL 5 U T
HEE2AGA Y saA nYete] xaAz de Ab
€53 = nifedipined Fnyete] Xg QolA
E 8¢ A8 ARFL YTl B Ao ¢
LY EL o34 WYY BAelA nifedipineo]
PAPE Z2AId = glg<] BaEou, Bid ¢
313, Jd & 343 Ave Hol: 397} 15-50%
o £3ste], #HY 2 $do) 2A YriHom &
FE BolE 9 olF9 Al Jlgolg, B Zi
El4 molsi-domine?] felgt &a71 19 2 3
He7A A&EAT. 23717 3 Wk (toler-
ance) & Y433 A FFYAH o BAAA) Y.

ol2|¥ &Y &7} ool = molsidomine e #1
el ARAGAM G 9 7540 Qe
molsidomine && 12 A3 tAlEo] in vivood]|
A e $3& Asstn A4 837 (fibrino-
lytic system) & 8431417t Holohs, Ay
2} B oA DEGIA sl Ay
Bo] #AEY, YUAMnEG BxloA g
(warfarin) |87t $E&E F7M71= 597} ¢
o A& ol#i’t 44 ZH= molsidomineo] 3z
B 8 st A8H a3} Ye SHsAe
AJARgC AL & 4= )

2H20|E A7 APBE DYt 34 g2 A
H] elrlobrFHdol qate] Fule] Y}g o
2 33 4 Addkx s, ol i) mEy
Hd] dHME EAshsrldl daA olaztx] ga
A AA Yok B FHENAN B4 929 Faboly
AT BEEA ggton 24 28 ZHcysE A
8 o= 349 43l BGU] dRe xg 2ol
AAE FAskx] gstct. EE, Fo159 (main pul-
monary artery)ell 8371 4% ¥4 Pulof oisiy
@& (vascular surgery)& A% B} 44
ot & FUES 2 BN 553 nyd HYst
A gdo} HelA 3 A8 E A5y gl 23
2 BRI EREYEL Weto)t 13 Hoj 4
g HABEAENA ASHA A7) B
olAY EPlolrEH Y ¥ T Mu¥ge Ay
9 ool o}7tx] EHQ A8 o| gk He
€ FellolrMeh 2 YURAA A8} b 399
olf7} 8 Holt}

2 o

AAES et kS dd] Y By sadet 84
3o]& iAoz ¥R (NO ¢ molsidomine)
7F olg 9] FHnEYE LAY S5 gl BEEY
on, olo} Bzl K} BL& AR} o]Fojo} 3}
22t Qg
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