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## 4774754530 : MAJOR PEDIATRICS
KEY WORD : PLASMA NITRIC OXIDE / PULMONARY ARTERIAL PRESSURE /
CONGENITAL HEART DISEASE

PATCHARA KIETTISANPIPOP : THE RELATION OF PLASMA NITRIC OXIDE

LEVEL AND PULMONARY ARTERIAL PRESSURE OF CHILDREN WITH

CONGENITAL HEART DISEASE WITH INCREASE PULMONARY BLOOD

FLOW. THESIS ADVISOR : ASSOC. PROF. PORNTHEP LERTSAPCHAROEN |,

THESIS COADVISOR : PROF. YONG POOVORAWAN , 48 pp. ISBN 974-17-

6848-6.

OBJECTIVE: To evaluate the relationship between blood levels of nitric
oxide(NO) in patients with congenital heart defects(CHD) with increased pulmonary
blood flow and degree of pulmonary hypertension(PH)

SETTING: Pediatric Cardiology Unit , Chulalongkorn Memorial Hospital.

METHODS: Thirty-two patients (ages 3 months to 12 years) with CHD were
divided into three groups on the basis of their hemodynamic characteristics : group 1
(n=21) left-to-right shunt ; group 2 (n=7) right-to-left shunt with increased pulmonary
blood flow ; group 3 (n=4) right-to-left shunt with decreased pulmonary blood flow.
Blood samples were obtained from right atrium , pulmonary artery , left atrium or
pulmonary capillary. wedge and left ventricle or aorta during cardiac catheterization. All
Nitric oxide-related compounds(Nitrate and Nitrite) in whole blood were measured by
Griess reaction.

RESULTS: The patients with increased pulmonary blood flow (group 1 and
group 2) had significantly higher (0=0.027). blood levels: of NO-related
compounds(58.11 pmoal/L and 52.53 pmal/L respectively) than the patients with
decreased pulmonary blood flow (group 3,39.96 umol/L).The Nitric oxide-related
compounds in group 1 was directly correlated with level of pulmonary arterial pressure
and pulmonary vascular resistance. In addition, the levels of Nitric oxide-related

compound were decrease in 3 patients with severe pulmonary hypertension (Rp/Rs >

0.5).
Department of Pediatrics Student’s SIgNatUre.......o o
Field of study Pediatrics AQVISOI'S SIGNATUIE.....ccciiiiiiiiiie e
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CHD with increased pulmonary blood flow

T pulmonary arterial pressure and resistance

Pulmonary endothelial changes

Increase NO production

Tplasma Nitrate and Nitrite production
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winede  anzlainmsuasuiasianilsuaaealddea  (pulmonary blood
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(VSD), Atrial septal defect(ASD), Patent ductus arteriosus (PDA), Endocardial cushion
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Right-to-Left shunt (_Cyanotic ) cardiac lesion 1% Double outlet right ventricle

without pulmonary stenaosis, Single ventricle without pulmonary stenosis, Single atrium,

Total anomalous pulmonary venous connection, Truncus ateriosus, d-TGA with VSD
Congenital heart disease with decreased pulmonary blood flow
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pulmonary stenosis

Pulmonary hypertension(PH)
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vasoactive substance 910 pulmonary vascular endothelial 194 Tagmniz Nitric oxide
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F9uunU MY endothelium derived relaxing factor #ag Endothelin FaunaunuIn uug
vasodilatation ua¥ vasoconstriction(16)
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Nitric oxide Aunuasausnlull a.d. 1980 las  Furchgott uag Zawadski(17)
Tuae Endogenous endothelium-derived relaxation factor (EDRF) 9 Palmer, Ferrige
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Nitric oxide ‘]J'iiﬂﬂ!tﬁﬂll@ﬂ Lag 11wm’lamimqmmmmaweiﬂamm Lag inducible
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isoform (iNOS) FINUNN 1 inflammatory cell wazilase Nitric oxide JulSuanuazil
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(189910 Nitric oxidetilu small diatomic moleculeNWUEINITONTSIIYAINTU
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M131397 1 Pathology associated with Nitric oxide

Cardiovascular Other systems
Ischemic heart disease Cerebrovascular disease and stroke
Hypertension Memory disorder
Hypercholesterolemia Alzheimer’s disease
Atherosclerosis Multiple sclerosis
Diabetes mellitus Parkinson’s disease
Ischemic-reperfusion Chronic hepatitis
Disease risk in male gender Liver failure
Arterial restenosis Ulcerative colitis
Heart failure Eclampsia

= td‘ 1 ) 9 1 2. . 1 Y] =
MIANENEIUNT NI UNUINVD Nitric oxide @aﬁzuumalmmzmi"lwanﬂu
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[ 9 [
msnlasunlasluszezenidemisnasadoauazaaiuieiiile (131399 2)(20,21)

15199 2 Physiologic functions of Nitric oxide in the Cardiovascular system

Maintain vascular smooth muscle relaxation
Regulate vascular tone

Regulate blood flow to tissues

Regulate blood pressure

Regulate myocardial contractility

Regulate endothelial integrity and permeability
Regulate vascular cell proliferation

Regulate endothelium-leukocyte interaction

Tunnzdnanui Nitric oxide Unan® pulmonary vascular resistance Tﬂﬂm’iﬂizéju
WIUNI cyclic GMP Mlitnase cellular calcium metabolism waziil¥ina
vasorelaxing effect (D1ANUIN N)(22) M exogenous nitric oxide 15 ums
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fuda 14 aumiu VSD / Atrioventricular septal defect Nz ladumalsmny
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seaumaraw lumIneonladiu systolic pulmonary arterial pressure MENAINTHIAA 4
ungilunaladdaylumsaiugy pulmonary vascular tone MenaImMsrda

1 1998 J Takaya (27) fiimsdnenlufin 38 au o1 2 Heuna 9 1 fidlu vsp
TauAnENTIYeU plasma nitrate 5 140AmMsaIuilaandumieag Ias HPLC method
Jannuduiusnu Cardiac output , Mean pulmonary arterial pressure , Pulmonary/
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. . . . { )
Systemic blood pressure ratio ,Pulmonary/Systemic blood flow ratio M lannmsau
o 1o <3 § (2 I . . o
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A v o @
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MIANNANNUDTNY Cardiac output, Cardiac index, Mean pulmonary. arterial pressure,
. . { o o = 1o <3 Aadw
Pulmonary/ Systemic blood flow ratio #13a lavinmsaaurialy WSeuiengiuaninansy
Y Y ' Y AN o A A
NAlusw.dreemsudunteni lunuanuralna
J o a I ¥ o a @ . . ~
nuNseaunaraun lunsneen leainnuduius lwsiauny Cardiac index  tagll
v o d a v @ 1 . . 09'1
ANNFUNUS IUFILINAVTATIUYDY Pulmonary/Systemic blood pressure ratio 5NN

v o ' @ a J v @
ﬂ’ﬂll?fﬂJW1!‘5'58??’)1\155@‘UW@1@Y3J1U11W]5ﬂ’f]f]ﬂhlc]fﬂﬂ‘U‘i%ﬂ‘U(’UfN TNF O



13
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I { 1 g 1 { . J
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sgmnathwune(Target populations)

wmsanmludihodanilsmilaiimsuasuide G503 luwedihorhonuniny
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Taadia1 Correlation coefficient (r) 1M1 0.472 ,p<0.0001 a4 luns 1N 1

H v o d .
ﬂ'ﬂwﬁ 1 nﬂﬂmmﬁuwuﬁ‘szﬂim Nitrate #ay MPA pressure ﬂ‘lﬂﬂ‘lﬁﬁﬂ‘ﬂ‘l"“@\? J

Takaya

- 100~ r20.472, p < 0.0001 5

3

€

®

p

3

A i ; " i i I

0 10 20 30 40 50 60
Mean pulmonary arterial pressure (mm Hg)

Taesvualyid Type | error 0.05

Type Il error 0.20

9 a w 1
EJNENﬂWﬂﬁWiNﬁluﬂWiﬂi$N1mﬂlu1@¢]’)fJEJNﬁUEN Cohen ,1988

VUIRAIBEN(Sample size) 1N1NY 32

Y v
Jammsanelulsznnsdhwnenwmualusianansivua  Iasfvuasiuiu

=

v Y [ v
gihenazdnlududu ludinhawediedeidsnaldie 32 au
mIaanauazMsIn(Observation and Measurement)
a Y] [ a { 1 a ¢ A % .
1. m3tlsziusgavveannusu larianloauazamnisiwes nldanmsaiwiale (Cardiac

catheterization)

o a ?Y A Y a 1 a d
VHﬂTi‘lJ‘izliluiﬂElfpﬂill“l/‘lﬂﬁlﬂﬁfﬂ?“]ﬂiﬂuﬁT’lﬂIiﬂﬂ’ﬂﬂ Iﬂﬁlﬂi%!Nuﬂ1W1i1N!ﬂi’)§ﬂ1Q°‘|

ZDe

A9
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1 Mean Pulmonary Arterial Pressure ( MPA )
1@nnmsTavazsimsaniale wuedly mmHg
2 Pulmonary to systemic flow ratio(Qp/Qs)

AUIUIN Pulmonary flow(Qp)

Systemic flow(Qs)

Pulmonary flow(Qp) = _Vo,
CPV \ CPA
Systemic flow(Qs) =_\Vo,
CAo y CMV

Vo, Ao oxygen consumption (ml/min) U32uUMNAII1 A1N01Y INALAZDAT

m3tduveariala (MANUINV.)
C o oxygen content (mifL)luduman1ee
UM (O, capacity * O, saturation) + dissolved O,
O,capacity = 1.34*Hemoglobin(g/dl)
dissolved O, = P, *0.003

3 Pulmonary to systemic pressure ratio( Pp/Ps)

ANUINIIN Pulmonary pressure(Pp)

Systemic pressure(Ps)

4 Pulmonary to systemic resistance ratio(Rp/Rs)

AUINUN Pulmonary vascular resistance(Rp)

Systemic vascular resistance(Rs)
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Pulmonary vascular resistance(Rp) = Mean PA pressure — Mean LA pressure

Pulmonary flow(Qp)

Systemic vascular resistance(Rp) = Mean AO pressure — Mean RA pressure

Systemic flow(Qs)
5 Cardiac output(CO)

AUIU1N _ Vo,
CAO - CM\/
[ I~ .
ety L/min
Vo, o oxygen consumption (ml/min)

C f@ oxygen content (mi/L)luduniien1ee

6 cardiac index (Cl)

AMUIMIN  Cardiac output(CO)

Body surface area(BSA)

wiuedlu L/min/m?

2. M3asvszaunaa lunsneen lud(Plasma nitric oxide product)

2.1 MIAVAI01 (Sample collection and storage)

Hudrediudenly sample collecting tube ‘ﬁﬁ EDTA 11u anticoagulant U 3
wa. fiuluguigll 4 °C Sadienlfiansianasia 41 9 melu 1 3u vudeait il
wen 1000 SOLANT W 10 W1f uen-plasma ufigangd < -20°C~ ifledludaegnaly
MINTANIILAU plasma nitric oxide product

2.2 MIN3I952AY Plasma Nitrate and Nitrite

#IN3A32932A plasma Nitrate and Nitrite Tnge1foganaaey Nitric oxide assay
YOIUTHN R&D System,Inc fio1ffe Griess reaction insw3ow Nitric uaz Nitrite standard

[ [ qu} o a 4 o . 1w
curves FINITUYANATDURNIE Tmﬁmm”lamum”lumiamsnmmmm Nitrate 10U

0.54 pmol/L, Nitrite N 0.22 pumol/L
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ad o =K
IBNIMIANY

v =2 9 dy 91 A o A v v o aa o wva
1. Uu%ﬂﬂlfluﬁa‘wu‘ﬁ'lu"ll@\?EJ.‘]J’JEJLiJ’E]Lliﬂiﬂlﬂﬂﬂﬂﬂaﬂklmgﬂﬁlhlﬂ ﬂ?i’)‘u%ﬂﬂiiﬂ ﬂigﬂﬁ

2 a A Yo ya o Y a ¥
ﬂ’l'ﬁlﬂﬂﬂﬁﬂiu@ﬂﬁllﬁgﬂ'lﬂlﬂElllﬂill Iﬂﬂﬂ?%ﬂﬁﬂﬂﬂWﬂJﬂ’]ﬂlﬂﬂ?ﬂ PYATNITAN Llag"llf]y.ﬂ%']ﬂn“ﬁ

suboudilelu
2. a3293 uMeRienaziufine1NsHagoIMIILaAIn 199
Y

3. depsraneresjiiamsiugiude CBC, BUN, Creatinine, CXR, EKG

o Y] d' = a a a = 1 a c’d‘ 9
4, mmsaumlaielsziuanuaaladmameinia - uaziunnmmnesnly
9 a =
91999 TUM AN

0 3 o 1 ) [ o @ o [
5. mmsifudediuaennndrtene  Tuvagimsauinlaludumiaeg fe

Right atrium, Right ventricle %30 Pulmonary artery, Pulmonary vein %30 Left atrium g
Left ventricle Taumilusetndend Idvnzdigihomelaluanudutuoondinulnfuas
thdstealfidmadeilumennmanaslu 6 7
6. MM30329M15281 plasma nitric oxide product A nitrate wag nitrite Taguaiauily
Prepulmonary NO, ttag Postpulmonary NO,
111é{‘ﬂ’Jﬂ‘ﬁﬁﬂ"ui"lwaﬁﬂuiaﬁm”lﬂﬂ@mﬁuﬁu
Prepulmonary NO_ 189 1nf1eg10ideaii 18910 PA #5e RV
Postpulmonary NO_Idandaeduidendiiaain LA nie LV
ludihefifins lwadeulanalideaanas
Prepulmonary NO, ldaindegradenti 1da1n R
Postpulmonary NO, 181 nderadeait 1din Lv

o 9 Y a wva 4 a 4 Aaa
7. ‘Uuﬁﬂm@yjal!agNa@5’3i]‘VI’NW@\TIJQL]Jmﬂ'lilﬁa')!ﬂi']ngl'maﬂ@

MSNUSIVTINTOYA

Y

9 A FYRl 9 Aa va 1 a 4 ~ 9
mauﬁawugmmawjﬂaﬂ , Nﬁﬂ'li@]i’)i]‘l/]%‘]?i@\‘iﬂg]ﬂﬁﬂﬁ , AMWITTURADT ﬂhlﬂinﬂ

MITIUNITD LAZHANITATIINITZAY plasma Nitrate taz Nitrite assay  IHUAHHIAG

Yo v K o R 9 o 3 9 o
fﬂz"lﬂi‘umﬁ‘umnﬂaﬂmmuuummaua ( MANUIN 3. ) Lmzmmimmayjamwmaﬂu

QU

a 4 4' ) a Y ]
ADUNAUNDT LW’EJL!”INWIi’Ji]LLﬁS’JLﬂi"I%ﬁBIJFJQﬁ@’EJll‘lJ
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Y

a d
NIAUNIICHUDdYA

v o J 1 [ ey . . Y
1. HIANVAUNUTISHINTEAD Plasma nitric oxide product N1 Mean pulmonary

arterial pressure(MPA)

[ 4 U (9 . . [ [ [

2. TIANVTUNUTICHINTEAY Plasma nitric  oxide product NUAATIUUD
Pulmonary to systemic blood flow(Qp/Qs), Pulmonary to systemic pressure
ratio(Pp/Ps), Pulmonary to systemic resistance ratio(Rp/Rs), Cardiac
output(CO)uay Cardiac index(Cl)

3. fSeumeuanasupIEaL Prepulmonary NO, ttag Postpulmonary NO,

4, WS uANNAeUBIsZAL  Plasma nitric oxide product 5212190523105 Ni
% a I o =) a = T A
Wilanimsuasuilayianieas liien

5. euMeuamasuedseal Plasma nitric oxide product 5813191581050
] Aa 1 o A & B~ Ao - a A dg’ @ X <

Wilaimsuaddaytiamerndnig adeuTatia 1 deaminau ﬂ“]ﬂl!l%j‘ihﬂ!,ﬂﬂ
t:'d 7 =) 1 o =) =) = Lﬂ‘d =4 =)

Aanzm lviimsuasuiasiaieanims lmadeuTatialilenanas
I<f TN Airle 1 a . o
Tag 1. uag 2. nJum'immmauwumsmwﬁ’aga%uﬂ continuous data daUAY
o aa . 1 a d
3991/B@DA Pearson correlation ¥18lumsdnTIEH
1< ' J a . §
Tao 3. Wlumsnadouanuuana95EnINToyaria  continuous data M1dvn
{ v o Jdo @ aa ; ] a J
Uszmnsilianuduiusniu 3o doana Pair t test $relumsauasiew
< 1 1 A . {
Tae 4. 1ag 5. L‘}Jumimﬂﬁaummmﬂmﬂixmwﬁaya%uﬂ continuous data 914

A 1 v o Jdou =K @ an 1 a 4
i]1ﬂﬂi$“]ﬂﬂi‘l/]ul,3J3Jﬂ'J'liJﬁll‘WHﬁﬂu RAYADN Student t test "lf')ﬂgluﬂ'li'f]l,ﬂi'lgﬂ
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NaMIANTITHIVeYD

a d
HAMSINTIZH
Yoyanli

) 9 3 A o A 1o a Ao o A
nnMsUTdoyavesdihaannilsnialaninsuaduia flergawa 1 Bouds
& o 1 1 J J § o @ ¢
127 Fe5u M unediherhenuninsenaas swywasnsal wweshmsaiuials awdodsd
[ [ 9
YOIMITNITEHINTUAN 1 5.0, 2547 D931 5.0. 2547 DgiheidmsAnyinaun 34 510 T

o ' A = = A = ~ Al IS N
@’]q@l\ul@] 31U N 121J 9 1IABDU (f’]”lff!ﬁlaﬂ 31J 10 19ON) LL']JQL‘]JHLW?(GH'IEJ 16 318 lWﬂWﬂJQ 18

P4
=

I 1 < { Y] a 1o a a 1 a A

319 Taadludihednidl Tsnalanmsuaduiiayianiinig InaieuTadia ldoannd
. <] 1 < { Y] Aa 1o A a {
(increased pulmonary blood flow) 28 518 tiludieaniii Tsaralawimsuasuilawianil

A I 1 I
ms lvaieuTatialidenanas (decreased pulmonary blood flow) 4 518 uazidudihedn
d’d a Qd‘ d‘ ] A Y 1 2 U =) (% d‘
nanuEalnAvunaulaeniienngienquAINa129n 2 318 AeitaaImsunuaely

A1319N 3
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LWATE(AY) LWﬁmﬁa(ﬂu) FAN(AU)

1.nguidinsluaiBaulaiiall

UaanduiluidanLeft-to-

Right shunt)
-VSD 6 8 14
- Complete AV canal ’ 2 2
- PDA 1 1 2
-VSD and PDA 1 2 3

593 8 13 21

2. ngundmsluaBaulatialil

ﬂ'amLﬁuﬁuﬁLﬁﬂq(Right—to—Left

shunt with increased pulmonary

blood flow)
- Truncus arteriosus 0 1 3
- DORV with VSD . . 2
- TAPVR(supracardiac) 1 i 1
- Single atrium - 1 1

994 4 3 7

3.ngundnsluaBaulaiinlyl

Uananay
- TOF 2 2 4
48U
- PV stenosis 1 - 1

- Primary Pulmonary Hypertension
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nnyeimshauveslalnd Taglundaznguiimsnszaevesdoyamuna 01g luuaneig

v W

UAIA1T 19N 4

v

d‘ Y & Y 1 T A o =®
MINN 4 magawugmmmqﬂadlmmaznqunmm‘sﬂnm

Group 1 Group 2 Group 3 Group 4 total

WWA(AY) e 8 4 2 2 16

WY 13 3 2 0 18
21gLaR 42112 yr 11112 yr 5712 yr 2312 yr 31012 yr

(°ij"N'a']E‘!) (5mo-129/12 yr) (3mo-10 yr) (18/12yr-12 yr) (1 1/12 yr-3 5/12 yr) (3mo-129/12 yr)
Hgb*(mg/dl) 12.35+1.33 13.974£1.29 16.26+2.63 13.65+2.47 13.22+1.98
Cr*(mg/dI) 0.35+0.17 0.28+0.08 0.35+0.13 0.40+0.14 0.34+0.15
* Mean+SD

9
= —

Taelunquiniinis Inafeulatia ldeanniu  Hdie

U

18 s1widedl@sveuiie
ﬂ’J‘lJﬂ.iJﬂ”l’Jzﬁ”flﬂ’J"lﬂﬁﬂ Lanoxin ;- Angiotensin converting enzyme inhibitor, Aldactone ,

Furosemide
M5AIIV52AD Plasma Nitrate and Nitrite

o <} % [ A @ Y 1 o 1 Y 9 A 1 9

MMSNUAIDE1NADAINHI NIV 34 @29619 HOIUUFIOHToa 1N 34
Y] 1 [ I { A Aaa . : [ -
dvdalaoiauauduias (OD) MAnanlnsen Griess reaction 1l3eiisuniy Nitric

1ay Nitrite 'standard curves dMsugaANAapLRWIL AdlunI N2 uag 3




pawl 2 nswlinnsgiuues Nitrate assay

-20 0 20 40 60 80

Nitrate(umol/L)

nN 3 navbnasgiuves Nitite assay

100

12

1.6

-50 0 50 100 150
Nitrite(umol/L)

Ta® Plasma nitric oxide = Nitrate + Nitrite

200

25!
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WenlSeufieun1 Prepulmonary NO, uag Postoulmonary NO, wua1lifinam

HANANNUNNADANG 1UA1519N 5

d‘ (v vl . P J v d‘ o =
M13190 5 5¥A1 plasma nitric oxide G!u@ﬂm!maznqu‘nmmﬁﬂnm

Prepulmonary* Postpulmonary* p
Group 1
Nitrate | 55.25+12.73  (37.51-85.19) | 59.67+17.37  (37.83-94.89) | 0.146
Nitrite | 2.22+2.01 (0-6.91) 2.26%2.00 (0-6.39) 0.950
NO, |58.11412.96 (38.87-88.40) |62.43+19.05 (37.83-101.28) | 0.239
Group 2
Nitrate | 51.60+7.78  (41.87-63.85) | 54.07+17.94 (35.89-76.78) | 0.666
Nitrite | 1.00+0.59 (0-1.63) 2.40+2.45 (0.30-7.18) 0.225
NO, | 52534742  (42.97-64.29) |56.25+18.96 (37.25-81.86) | 0.566
Group 3
Nitrate | 39.45+9.59  (28.46-46.08) | 42.25+10.78 (32.82-54.00) | 0.507
Nitrite | 0.66+0.49 (0-1.10) 0.76+0.82 (0-1.76) 0.854
NO, |39.9649.17  (29.42-46.08) | 43.20+10.64 - (34.58-55.10) | 0.503

*Mean+SD(range of data)

ms19hl 6 nfSewiienszdy plasma nitric oxide szvanguiidimslvadaulatialililea

a 2
INNYULIaTaNaN

Increased flow* (Gr 1+2) | Decreased flow* (Gr 3) p
Prepulmonary  Nitrate 54.41£11.74 39.45+£9.59 0.044
Nitrite 1.90+1.83 0.66+0.49 0.004
NO, 56.77+11.97 39.96+9.17 0.027
Postpulmonary Nitrate 58.38+£17.30 42.25+10.78 0.129
Nitrite 2.304£2.08 0.76+0.82 0.023
NO, 60.94£18.82 43.20+10.64 0.125

*Mean+SD
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~ < (R { . . T A
MNAINN 5 azmiu lalAunaeves Nitrate | Nitrite wag NO, Tunquiiimslva

v 9 9 [ v
AeuTaia ldeamuaunsideas lidisagannlunguiiins lvadeuTavia ldeaanas

HAZNMSLINLIIAURAIAT IUNT NN 4 Ay 5

pnn 4 anulSeueyszay Prepulmonary NO,

90
80+
70+ —
60 + f _
58.11+12.96 1 Gr 1 vs 2 p=0.330
50+
o1 | -
E o | 52.53%7.42* | Gr 2 vs 3 p=0.061
i -t Gr 1 vs 3 P=0.031
30+ B {
20 39.96+£9.17*
2 Standard Dewvatiol
10 4 L m Mean
N = 19 6 3
1 3
GROUP
*Mean+SD

i 5 anulaumnguszau Postpulmonary NO,

120
100 +
80+ {
% | Gr 1 vs 2 p=0.495
o L ] —
g 60 4 Gr 2 vs 3 p=0.314
E 62.4311?.05 i % Gr 1 vs 3 P=0.108
404
56.25+18.96*
20+ 43 20+10 g4*
2 Standard Dewvatiol
(0] . . . m Mean
N = 19 6 3

GROUP
*Mean+SD
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% v

A A d? o o A
Tag plasma nitric oxide MWNIUTUNUTNU Mean pulmonary arterial pressure 1
A d?’ 1 A v o @ =\ Y A d? A A d?‘ 1 (= v o Jdo
INNUYUBYINUUHITINY Lmzmmﬂumzmmum Rp/Rs memmllmmmmmuﬁﬂu
. =) . . [ A
Qp/Qs , Cardiac output 1138 Cardiac index aaluns 19 6 waz 7

y v v d
N 6 N3IMANNANNUBEIL1II Prepulmonary- NO,_ttay MPA pressure

90 o

R=0.494, p = 0.008
801

301 o

Pre Nitric

20

0 10 20 30 40 50 60 70 8(

Pulmonary Arterial Pressure

Y v v d
pN 7 n5vlauduiusI21i314 Postpulmonary- NO, uaz MPA pressure

110

R=0.402, p = 0.034 o

1004

90 4

801

704

60 4

501

40+

Post Nitric

30

0 1-0 2-0 3-0 4-0 5-0 6-0 7-0 8C
Pulmonary Arterial Pressure
A A 9 1 Aa =l a A d? A A
wieninsandeyalunguiiinis Ivadeulatia hiheamudunundgihent  Left-to-
. A o A A o L . v o Jdo
Right shunt NTiawauTaraluilleageiunaneaziissdy plasma nitric oxide duiusi

. 1=t v Yy Aa o a
Mean pulmonary arterial pressure tgiuud Inuanaslugirenianuaularialuileags
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v
1 =

A A = 9 a 1 = [ (% an [
mfmﬁauﬂawummmumuiaﬁ@ﬂuﬂa@qammm"luummauﬂﬂgmqﬁnﬁ aauaaelu

Q

N3N 8 1az 9

Y v o J . . Y
31N 8 nsANUANWUEIZHI19 Plasma nitric oxide saz MPA pressurelugil il

Left-to-Right shunt

110

R=0.668,0=0.005 =

100 ¢

90 +

80 ¢

70+

60 +

Tatal Nitric(unrol/L)

50 ¢

40 o O mpe > 60 mmHg

10 20 30 40 50 60 70 80

Mean Pulmonary Arterial Pressure

B H Y] [y o o " .
511N 9 nlanuaNNUEIZ1i219 Plasma nitric oxide a2 Pulmonary to Systemic

resistance Ratio (Rp/Rs) Tugilaafial Left-to-Right shunt

110

100 ¢

90 s R=0.753,0=0.001
80 o
70 o

60 «

Total Nitricumol/L)

]

501

401 0O Rp/Rs > 0.t

30
0.0 2 4 .6 .8 1.0

" Rp/Rs <0.t
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] =) [ A A =) a A d? A A ~ Y Y] 4

Lﬁvummﬂﬂiuﬁjﬂﬂﬂ‘ﬂumﬁhlﬁalﬂﬂuiaﬁﬁllﬂﬂﬂﬂLWNﬂluﬂL"IIEI’J NNUANNTUNUD

FEHINITLAY plasma nitric oxide NU Mean pulmonary arterial pressure ( R = 0.693,p =
[ F4

0.127) wag Rp/Rs (R = 0.749,p = 0.087) luvsueNszay plasma nitric oxide Uo1iIaos

v o d

ngu luduiusi Qp/Qs , Cardiac output #30 Cardiac index

Y 1 v
Tumsdnwillddnludihedn 2 510 dllanudulaianleagin  Primary
pulmonary hypertension 1 318 18z Pulmonary vein stenosis 1 518 WUNNTLAVPlasma

. . A &l =\ Al A = A [ A A
nitric oxide gun lasmmzienlseumeouiugeaulumsanynianuaulaianilen

Y A [
TndiReanu



anUsenamsIdaazUoIa UM

anlsewamsIve

Nitric oxide 1iug1sfinaanin vascular endothelium cell @199 VYDI319NIE5IN
endothelium U84 pulmonary vascular bed miﬁﬂm‘ﬁwuﬂﬁzﬁu Plasma nitric oxide 1u
wowialanewnlilea (pre-pulmonary NO) flsvdudini Plasma nitric oxide Tuffosiale
Menaanavanien (post-pulmonary NO,) Tuﬁf{ﬂ’;ﬂiﬁﬂﬁ’a%ﬁﬂwsmiﬁnﬁwﬁﬂﬁﬁﬂ%m!

o v

v Y
Tava lileaminaunazalsina latia lilloaanas ua hidanuuanaenusgraiiisdidamia
Y

9
Y 9 i1
= A

a0a Nateviioannimauisznngiies msnliszau Plasma nitric oxide Tuwiearialanie
4
mevaenaunleageiuiiagiianddl pulmonary endothelium Hdaudanlumsadis
o . = dy U v o h Y Y a 1 o a d‘
nitric oxide LAZMITANHIUNDITZAY Plasma nitric oxide Gl,u;jﬂaﬂiiwﬂfawmnmmmw
A A a A £ = i A A '
HsmnaTada lUdeamuaiunaziinnig  pulmonary artery hypertension H3uaigand
TsalamsuaswianiySinalana llileaanasedsiivedngneadd  swndienaany
msanfidun  ameSeumeuszuingiholsanalainsuasuianiidsnu Tadall
A d? 1 = 5% A @ A 1o A a (= = @
Yoamuaiuswdernu wongielsaialanmsuaduilasia ludeiliszayu Plasma nitric
. LA 9 a 1o a a =) 1 (= 1 % 1 =% o @
oxide gann@ihelsalaiimsuaduidasiadon  ua luflanuuenaeiuedieiisdiny
aa ' a . . A A ‘3 < A =
N9add  uanddl3um Plasma nitric oxide  Miugeunilumaiinan1nmsin g
pulmonary hypertension iagN13& hypoxia M l¥insada Nitric oxide anag
msfnedauInagiwudiseau Plasma nitric-oxide. Tudihelsadalanimsuasuiiad
a a A 3 0/ il JON 0k @ [y a
HTina Tada lddeamvauianuduius lnsasanuanusuladia ludeatazanudiumu
H [ 4
yosraeaden lulea  drumsniysualarai lvalioagaiuua luiinng  pulmonary
. 9 . . A £ = g o oA o
hypertension S2#U Plasma nitric oxide Mitindu lumsanufinudnyasswneny Tag
= v o d Y = = o . . Y1 A .
1Jmmﬁuwuﬂuizﬂumuﬂmﬂmq\i NUTLAY Plasma nitric oxide Glugn]’;&mu chronic

) . A i .
pulmonary hypertension YUy I UHaINMTNY endogenous nitric oxide synthase

' 9 I 9 Y
(eNOs) activity 1Al FunnvnmsisuaInen1sil transmural pressure gAY 3IUHAUNA
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91AM33  endothelial dysfunction s ldanuAaladlumsaevauesde nitic oxide

, , 0 q Yt o ¢ , 4 2
dependent pulmonary vasodilatation MINIMITUATIEH nitric oxide INNUY

AAaAA

=4 ] d’ d' ] = =
ﬂTiﬂﬂEﬂu@,ﬂLLﬂ$WU31 Tunsarninmsuasundasedwansvosvaoamonlulea

1371818 pulmonary vascular endothelial MR vascular remodeling FAUIMIanas

1 E4 [
YD pulmonary vascular bed Mlimsasa nitric oxide anas Falumsanuiingudilen

Q u

) = [l 1 1] a s = o a I
wnanmamlvgianuaulanaluleags Uergmnnuazianuaulanalulleagaily

panu wunludiheilianudumuvesassdenluleagawinnii 60 mmHg & Rp/Rs

]
A

. U & 1 { [ a . o
ratio ¥1nNI1 0.5 c’ﬁuﬂué’ﬂaﬂmmwmﬁmqmamsmﬂ pulmonary vascular disease Hszau

[l
V=1

v 4

Plasma nitric oxide anad onfSeuifigunudilenil Rp/Rs ratio feendn 0.5 daiuszay
ey . o a 1 o

Plasma nitric oxide 3soawamiwnldlumsAnamdienioldlumsnensellsnlu

Y A A 1 o I o 3 Y
Aiheilinnuideageasniianiga total correction ¢

VorauIUL

Y v Y
A

= Y o w A o Y 1 Ao A A A Y
miﬂﬂ‘ymmamﬂmni]m’Jmﬂizsﬁm’iu@ﬂmmmtﬁmu1EJ ﬂ@llﬁjﬂflflmllﬂ"ngﬂflcli]

IR
v A A

N to A A da o 5 A 2 o o
wmsuanuiasianing lnaneulava ldeamuvunsn@eas lud@eisin 28 aunnn
o o 1 9 Y J =\ a 1 [ o Iy d‘
mmmmummamﬂa 32 AU uaz@ﬂ3mmazﬂuummwmmmmqﬂu‘wﬂwuﬂmﬂaﬂu
. ' oo R 1 Yy 9 o . T W o
uilaang hemodynamics mmu«mm%mwaﬁlmmiﬁin nitric oxide "I,mmﬂu HazIsal
Lo , Ao % o oo 1 @ o Yy ~ %
plasma nitric oxide T!’Jﬂ]lﬂ U AMHUIANVUUANANDY mﬂmagaumiﬂizmﬂm
J 9 [} 1 [ d'd 1 [ o . ]
aaudanuag lansariniledelaniinaneszay plasma nitric oxide waz lanse
=~ = 9 1 1 o 1 A a A A 9 =KX o 4
LﬂiEI‘UL‘VIEJ‘]J(’UfJiJ"ﬁGluLlﬁaxﬂquiﬂﬂmiﬂﬂﬂﬂix%mi‘ﬂ11?11“W1i1mﬂf]i’6u1/lﬂmflﬂaﬁﬂuhlﬂ
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MANUIN N. Mechanisms of Nitric oxide (NO)/cGMP —induced vasodilation

T Guanylate cyclase )———{ T ¢cGMP
\ A [ A

\ TcGMP-dependent kinase

Plasma membrane:
T K channels
TMyosin light chain
phosphatase
Endoplasmic
reticulum:

l voce ) ( 1 ROCC ) t T Na/Ca exchanger T Ca ATPase (“PB channel) ( T SERCA )

1 Myosin light 4 Myosin light chain
chain kinase phosphorylation
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MANUIN ¥. Oxygen Consumption per Body Surface Area

Table A-5. Oxygen Consumption per Body Surface Area*

i
Heart Rate (beats/min) ’
Age (yr) 50 60 70 80 90 100 10 120 130 140 150 160 170
Male Patients
3 155 159 163 167 171 175 178 182 18 190
4 149 152 156 160 163 168 171 175 179 182 186
6 141 144 148 151 155 159 162 167 171 174 178 181
3 136 141 145 148 152 156 159 163 167 171 175 178
10 130 134 139 142 146 149 153 157 160 165 169 172 176
12 128 132 136 140 144 147 151 155 158 162 167 170 174
14 127 130 134 137 142 146 149 153 157 160 165 169 172
16 125 129 132 136 141 144 148 152 155 159 162 167
18 124 127 131 135 139 143 147 150 154 157 161 166
20 123 126 130 134 137 142 145 149 153 156 160 165
25 120 124 127 131 135 139 143 147 150 154 157
30 118 122 125 129 133 136 141 145 148 152 155
35 116 120 124 127 131 - 135 139 143 147 150
40 15 119 122 126 130 133 137 141 145 149
Female Patients
3 150 153 157 161 165 169 172 176 180 183
4 141 145 149 152 156 159 163 168 171 175 179
6 130 134 137 142 146 149 153 156 160 165 168 172
] 125 129 133 136 141 144 148 152 155 159 163 167
10 118 122 125 129 133 136 141 144 148 152 155 159 163
12 115 119 122 126 130 133 137 141 145 149 152 156 160
14 112 116 120 123 127 131 134 133 143 146 150 153 157
16 109 114 118 121 125 128 132 136 140 144 148 151
18 107 111 116 119 123 127 130 134 137 142 146 149

20 106 109 114 118 121 125 128 132 136 140 144 148
25 102 106 109 114 118 121 125 128 132 136 140

30 99 103 1060 110 115 118 122 125 129 133 136
35 97 100 104 107 111 -~ A6 119~ 123 127 130
50 94 98 102 105 109 112 117 121 124 128

‘In {(mL/min)/m’. From LaFarge CG, Miettinen OS: The estimation of oxygen consumption. Cardiovasc Res

4:23,-1970.



Y Y d‘ o =<
MANUIN A. VayagteNINMIANE

40

No DIAGNOSIS MPA Cardiac | Cardiac Qpis | Rp/Rs Prepulmonary Postpulmonary
pressure | Output index Nitrate Nitrite Nitrate Nitrite

Group 1 Left-to-Right shunt
1 | VSD 20 3.07 5.44 1.35 0.03 42.68 0.83 41.39 4.01
2 PDA 23 3.67 4.82 1.05 0.07 0.96 1.49
3 | Complete AV canal 24 3.16 3.76 217 0.04 49.63 2.02 41.55 3.74
4 | VSD 26 4.07 3.76 1.37 0.05 44.30 51.09

VSD 27 4.69 4.05 @ 1 0.05 62.72 6.91 54.97 242
6 | VSD 28 4.22 4.31 L 5if 0.05 48.18 3.21 44.30 0.00
7 | VSD 33 0.85 3.88 3.00 0.07 37.51 1.36 53.51 0.57
8 | PDA 89 2.29 4.60 1.44 0.07 62.40 4.14 73.88 3.34
9 | VSD 47 1.76 5.03 1.14 0.12 39.77 1.23 48.99 4.53
10 | VSD 49 1.44 4.56 2.25 0.08 63.53 0.00 72.26 1.23
11 | VSD 50 3.08 5.18 1.67 0.08 60.78 1.10 66.93 1.23
12 | VSD,PDA 50 2.18 419 2.27 0.06 68.54 0.17 49.31 0.83
13 | VSD,PDA 52 1.58 4.08 2.36 0.10 41.55 0.57 72.42 3.08
14 | VSD 54 3.27 3.41 1.47 0.05 45.27 3.74 49.96 0.44
15 | Complete AV canal 56 1.10 3.70 1.88 0.50 85.19 3.21 94.89 6.39
16 | VSD 57 0.79 3.14 1.65 0.17 65.96 0.44 91.01 572
17 | VSD,PDA 60 H=iol 3.93 1.95 0.12 64.66 0.44 87.29 4.40
18 | VSD 60 3.67 7.07 1.25 0.12 66.93 0.17 65.47 1.10
19 | VSD 64 2.94 4.01 2.27 0.10 39.61 4.27 37.83 0.00
20 | VSD 70 0.71 1.18 1.00 0.89 59.01 4.27 43.33 0.04
21 | VSD 78 0.94 2.92 2.35 0.13 56.74 5.33 53.03 0.70

Group 2 Right-to-Left shunt with increase pulmonary blood flow
22 | SA 38 4.15 3.92 3.43 0.03 50.12 1.49 35.89 1.36
23 | Truncus type | 39 0.88 3.92 2.23 0.10 41.87 1.10 45.75 0.83
24 | TAPVR(Supracardiac) 41 1.42 5.45 1.38 0.11 46.56 0.96 53.67 0.57
25 | DORV,VSD 57 2.28 6.83 1.50 0.09 50.28 1.63 37.67 2.82
26 | Truncus type | 57 1.27 4.66 1.50 0.13 56.90 0.00 74.68 7.18
27 | Truncus type | 58 1.06 3.54 2.91 0.10 1.36 3.74
28 | DORV,VSD,COAT 66 0.80 2.53 2.22 0.19 63.85 0.44 76.78 0.30
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MPA Cardiac | Cardiac Prepulmonary Postpulmonary
No DIAGNOSIS Qp/Qs | Rp/Rs
pressure | Output index Nitrate Nitrite Nitrate Nitrite

Group 3 Right-to-Left shunt with decrease pulmonary blood flow
29 | TOF 12 1.36 3.33 0.69 0.07 28.46 0.96 32.82 1.76
30 | TOF 25 2.68 5.22 0.63 0.12 43.81 0.57 39.93 0.00
31 | TOF 9 3.54 5.34 0.39 0.05 46.08 0.00 54.00 1.10
32 | TOF 3.41 5.13 0.19 1.10 0.17

Group 4 Others
33 | PV stenosis 67 2.26 4.41 0.60 0.39 77.43 5.59 68.54 0.96
34 | Primary Pulmonary HT 41 -0.95 -1.79 0.97 -8.38 | 146.93 1.36 | 170.36 2.02
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