Laboratory Examination of
Congenital Heart Disease
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1. Electrocardiography
1) Routine electrocardiography
2) Ambulatory electrocardiography
2. Exercise test
3. Non-invasive imaging tools
1) Chest X-rays
2) Echocardiography
3) Computed tomography (CT)
4} Magnetic resonance imaging (MRI)
5) Posttron emission tomography (PET)
6) Radionuclide methods
4. Invasive procedures
1) Cardiac catheterization and Angiocardiography
2) Catheter intervention procedures

1. Electrocardiography (A& )

HETE HE s2E MIH MSE MZOAM J[EF Zolct o] A
Hes 85 YA AR ME2Tel 0] 20l MAMA ARzl
Zittol] Ol8== J1& 7|83l £30|cl. AXNTE S3510f Aldtnt A
9| &tzto|u} dichof cisto] & 5= Yon] HFoMo| Ats BlOIE £
Ct. AN=E 0|8 giol m2lA routine electrocardiography(gt AlX )
2} ambulatory electrocardiography(24A|Zt AR E)2 Lis 4= Uct

1) Routine electrocardiography (28t AT Z)
AHTOIM 15]o] MULE Alo]| 3702] EEHdeflection)0] Li0{ Zbzt
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Diagram illustrating important intervais(or durations)
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and segments of an ECG cycle.
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Diagrammatic representation of left and nght ventricular forces on the frontal projection
or hexaxal reference system (A} and the honzontal plane (B). (From Park MK,
Guntheroth WG: How to read pediatric ECGs, ed 3, St Lous, 1892, Mosby.)

O|= Puts Algto| E=(depolarization}Al0f, QRS complex= 4l4le
220, a2|n Tl Alalel XfER(repolanzation)Alo] LIEILID] 21
glo] XjEI2 7 QRS complex® HX|7| w20 &el=X| gh=C).
olgist HEEE ES M2 ClE oM Z|E510{ JH7He] THwave)
o} o|=9 &5 Ao cist iXFQ FESS g + Uch A
ToME Cl20 22 UES BYsio] HEE d=Ch
— rhythm (sinus or nunsinus}

heart rate (atrial and ventricular rates, if different)

P axis, QRS axis, T axis

intervals: PR, QRS, QT

P wave amplitude and duration

QRS amplitude and R/S ratio, abnormal Q waves
— ST segment and T wave abnormalities

® rhythm : Zt2te] Piol QRS complex?} &Hab X3t Zizioz
2L SAiM(sinus rythm)2 Aztst 5= Qlch HIC Al
A PR intervalz} Z4t P axise & gich

@ rate : EIIX| S E 3510 Y AEt+E MEE £+ Ck

® P axis : AEHAM 2EE FE6l= Rlpacemakere] {XE &
£ ol duixo=z Aldto] Me{Xl(situs sotus)@l Z0ll= 0~+90°
olx =pAlgtol 2x[7} uipAUS Aol +90°~180°At0l0]C}.

QRS axis : Alalo| viciL} 2HEE(bundle branch block)0] US &
2 FAHIE Yojdic)

T axis : YU oZ 0~+90°0|1 0] HYE uiojdt HL 229
7|s ol&g ela|stct
® PR interval : Li0o|2} Algtsof o Hab Wt cl=ch FHag
Ct 2oiHe Z#R 229, dgitals &5, 25 MMM ARSHECD,
ASD, Ebstein’s anomaly) 22| A2 O|&SE 2ojo|sicl. F&HC)
ZoME ZR0l= preexcitationo| USE 2lofsict.

QRS duration : Lfojoff mi2t Fat W7 cl2ct Hasch 2o
ME Ao AR MEE(conduction system)e] O|At0| UL &
44 2|Slventricular thythm) = oF20[L S{ES22 218t A2 7|
S oj&tE olojsich
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QT interval @ XNMZLEEE, AI2Y, 2 TS oY, long QT
syndrome S O{Z{I{X| A&
digitalis =& A|of ZotZICt,
® P wave ampltude and duration : &7} AS HEF BIIsiCt
® QRS amplitude and R/S ratio : Al&ld(cHof cist HEE Z=Ch

abnormal Q wave : 22 Qil= AAH{CHAlof Lier = QUCH 2
I S22 Quls A2 ZMAlo LiEtC
@ ST segment and T wave : A2 &0} A 2latd(pencarditis),
digitalls =S&A[0fl 2mm 0|Ate| ST segment| Bisl7} @1 oluf Tule
Hisle FBiEICt

Ambulatory electrocardiography (24A|2F 41X =)

et MFE T HoME WHSX] FUAX|TE EF Y| X7t JUS F
ofl o|E ZICtsl?| ¢fsto] ol8=ls Zlch =Ho|cl  X[=of XEHY
ECG electrodeE 20|11 FIME HIO|Z= 2O 24A12F £2 1 0Of
a9 AlZE Fot MANZE Z[EstAH €lct. ol 2742] channelg 7|15
sict goloAlE A71FE T 40| LEN=E Al7|9t 85E 7|
FolA sto] Y| LEetb= Al7|<t blmsict 0|2 sto 7|5
El JIME Ho|ZE HFEE 0|88 EAAS Sof o] His}
£ &olstn g Ficte = UA €Ik

HMSEoZE ESO|U AAET, HAl 50| 23D 2o U
g Aoz MZsl= He F3yUMe| X|Z2Hoff cist vl X}
3t 4%, F39%o| # == =2 s Ed2, ¢ =
(pacemaker)?] 7|s ol&lo| SJME AL, Ozl F59
THAIL| HSIE HE H$ Solch
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2. Exercise test (2SF5IZHAN

2SA| MEIDos Yy, AUtEZE @St Boksts H
571 2o}, =38 clg] 2oz HFAUS BIIAIFIZ] 6l MER
X 2Hsystemic vascular resistance)0| ZtASiCl HSHoAM= OfX7}
X2 oo Mgo| Zasiy HrusSeete So1sict.

255514 AIR EFE= bicycle ergometer?t treadmill test S7HK[7¢
£3| o|8=l1 Ucl. o|= bicycle ergometer= HIMA EESI H
U0 de| ABEX| ol difEe YalolAM s treadmill testrt
EE HAP|E2 o851 Ach o] treadmill testAlols HE X3}l
protocololl el 50| o|FRo{X|=d| Z1& Yda| AlE=l&= ZI2 Bruce
protocolO|C}.  Bruce protocol2 O 32 DiC} treadmille] ZAIY &2
BN 288 S7IMZICL

SSHsIHAM SHSlE QAES S2FAIZE Aldls, 8ot S5
ol R¥uo|L} S|EY HEE RESI7| 9510 AXMEZE HEXNe
2 monitors}AH Elc),

SSTolEAIY HEEoZ2E BE, AaM ZEHWM AV block,
WHEOtEH A HSY DTotHMBEE, SYEE 25, FMSY
A M7 So| Ut
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SEREILAIE sl =B HAE EX|AF{o} sl 4= LY
St=H "ol Hoix|HH A25{HZ 2lst 880 HMstAHL, O
/S dalsie d, FYWsioLt HMFo] vepta{u), o2
st 20| LIEIHLL, EoPt BXIE ¥ste dRodle HAE
SAlstoio} sict

3. Non-invasive imaging tools

1) Chest X-rays
BT QAN AR R O} 23t 242 WS &elstojo} sich
F— location of hver and stomach gas bubble
skeletal aspect
identification of aorta
upper mediastinum
pulmonary parenchyme
heart size
cardiac silhouette
individual chamber enlargement
size of great arteries
— pulmonary vascutar markings

® location of ver and stomach gas bubble

HAaNoZ f(stomach)= 2IE O2[1 ZI2 2LEHH 2Ao{o} 5}
O cardiac apex= 9t Z2 Hof, Zint viiEo| Aol M|
(situs soltus)olcl. Cardiac apexZt /<t gtcfEo] L7t midline hiver
2 Ao|= heterotaxiaE 2alE = A0 oA SIS A7|HY
Jtsdo| &Ch
© skeletal aspect

Pectus excavatum® Z0ll= A&E2 =2 489 ¢ 37|= =ot
X3 37| FHTCL SAM ojate] A2 tSY HEHCOA0| US
Z2 rib notching0| A4Z! %= Uct,
@ identification of aorta

SIS0l H5o XM Ho|H =7 left aoric archE 2|O{d}
of 20 2ol t§7f right aortic archE 2joldict st So|
HO|X| g2 ZS$ tachea?l Ol-Eez YUH U:s XE EHolsiH
arche YXE & £ AC}. trachea?t LEMOZ LU HRE=
left aortic arch0|1 IE 22 YUHUE HAE right aortic arch0|Ch.
@ upper mediastinum

ZatotollM thymusZt F=2{E Zols o] AHXU=E AN
2ol £ ot o] AP lateral viewollA thymus?| superoanterior
mediastnumofl U= ZIE EelsiH EIC},  MediastinumO| &0IH0|=
ZR0ls EIANMATGAE 2dlsl 2 = A mediastinumzt &Z
0] “=AlEboiLt ‘8AFAY Bo|= ZHRol= supracardiac type2| total
anomalous pulmonary venous retuns 4A§2tet 4=~ Ut



® pulmonary parenchyme ]

AAZEAAL So| -2 Cl2Kshun)0| H2 0| HZHo| SHst
ch. F2 6t BRo| Z7|ZHo] ZXH ASHLZ Hols 0}
ol Z0f= bronchopulmonary sequestration2 2{4lslf £0}0} siCh.

® heart size
AlZtO] 37|4= cardiothoracic(CT) ratio2 HIbstch. 1AMl Ol&toflA

CT ratioZ} 05 ojatel 4= AZFo| MLl A Qojaict. g%
BRAM  AZIOA] AlFO] FHZXCH= 242 pressure overload2Ch=

3
volume overloadZ ejajsicl.
@ cardiac sthouette

Diagram showing how to_measure the cardiotho-
racic(CT) ratio from the PA view of a cheast x-ray
A film. The CT ratio 15 obtained by dvding the
8 largest horizontal diameter of the heart A+B) by

the longest intermal diameter of the chest(C).

Lateral

Postero-anterior

PA and lateral projections of normal cardiac silhouette. Note that in the lateral projection,
the RV s contiguous with the lower third of the sternum and that the LV normaily crosses
the postenior margin of the IVC above the diaphragm. AO, aorta: LPA, left pulmonary ar-
tery: RPA, right pulmonary artery: IVC, inferior vena cava; LA, left atnum: LAA, left atnal
appendage: LV, left ventricle: PA, pulmonary artery: RA, nght atnum: RV, nght ventncle.

SVC, superior vena cava.



A B C

Abnormal cardiac silhouette. A, “Boot-shaped” heart seen n cyanotic TOF or tncuspid
atresia. B, “Egg-shaped” heart seen in TGA. C, “Snowman” sign seen in TAPVR
(supracardiac type).
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individual chamber enlargement

ZiAMUsbEE o Jateral viewO A Zpplgtol S(HA7L EHEED PA
viewOllA] “double density”Z} EQICt =talgtebato] EH AlsHXIH PA
viewOl|A appendage?} F=2{X|H ©0|H ZFEI|2X7} ez ¢

2l bariumE Yol PA viewoA] AMED} &2 Qlzict

ZhalalEbEE 0 PA viewOllA] cardiac apexZt =& ol 2 ©f W{2{7}
o lateral viewOi|A AEQ| OlEfE ZHA 7l FI& o= Yaict

SAIYEELEL ¢ PA viewollA] AEe| 2 of2iE HADH o R&2
=2 gleict,

SPAIAIEE - PA viewollAlE EHAISHK] ST lateral viewO|M AE
S A7 o] Y=oz U2 retrosternal space?t HO(X|H{L} Y¥E
o[ Eict.

@ size of great arteries

FHE%M(main pulmonary artery)0] FEHX|AH HANUE HoE
Hs meksxto)] ofst uﬂE‘liH poststenotic dilatationO]t} =-LCt
2ol o3t 71 HER = HEY DEe S8 9ol

ZHEso0| Hojx Y HD0|= Falof AFHO|L HEY HA S
£ °jojsich

AdliciSeo| 7%] A= 7‘?-011 s Tots st tHSUMEE,
Marfan S £= E.; S& 9Qo|stich
@ pulmonary vascular markings

HEFII 7150 U= 42 FMB0| U=z R g ER=E
UE = e ol HM350| gl ZRos AUESHAEE, AAdE5HE
= 5“3%“473‘.2 'é.‘u%‘?-f"‘%é , partial anomalous pulmonary venous
retum 2 9olsig ’J%“—h‘i?ol e FRoeE ciEIEY, total
anomalous pulmonary venous return, hypoplastic left heart syndrome,
truncus arteriosts, TH{4(single ventricle) S 2o|sict.

HEFI Z2=0 s 49= HSY *4‘“ TsE= MEES HA

L= ge ofojaich

Echocardiography
MESaoE =308 o8¢t Ao =72 MY AZEEe Xicto
UM JIE ER3H A st UCL AXSUE olFstH HEe
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chS3 Zo| BRE = ot
(» basic echocardiography
M-mode echocardiography : 4lgtnt A4 Ja|p cEEe] 37|
XH AlAL

2t £ D MAHZZHD} AHol FHE M Al

7ISE€ EIE + A= AFE Hoint dAdFEZo 23gds oEd

T Ach Mo R0l n¥E X &holst Ut
Two-dimenstonal echocardiography (O|HAF AlZES D) : AZD fE

29| ChlH = (cross-sectional 1mage)& A2 + UCh TransducerE &
2ol e X[ol w2} paraternal, apical, subcostal 2|1
suprasternal viewZ2 L33 2H2te] X[oAM CIE Az 2 AES H|F
Qloz Ao ofd] THHES &olet 5= ok

Doppler echocardiography : Zt2tn} chEziLjol &R0l cist e
HE £ Qo). 0|2 =29 Doppler ETE 0|23t Zieg =
a7t 230l Aol €2 O gintmle| miEo] Histsi= US
&t Z2d0{Ct. FZ continuous wave?} pulsed waveFI7tX| Z|&0]| 0]
5|0 ®eto|ut ool Eatel XICh AlAO|LL CHEZIS] otade]
H, plgtzetol £X Oz MZEo o[2ty|se o]dte] ZITt Sof
eIk

Color flow mapping : #Fo] &éfnt HFol Foi Sof chst Y&
FCE Eelel HMSeEo|u Zetn HEte| i S8 JHE

ct.
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@ special echocardiography

Contrast echocardiography : indocyanine green, dextroselt} saline
2 IT2 Tosio] X2 bubbleSO0| MIIE HE HE ZHo2A
ol HFol et S8 o 5 Uch

Fetal echocardiography : EjOI2] AlZ7|&o|L} BEXog Z
Ct. 520 MY AIHE JIXD UAHL MEA A7)
YHIL AS EB2, 42T} Gao|ut AN BUbN i
2 X1 UAS B2, EfotollA HAlH| o[AtoL} AlEtelol 7|
FEo S0| US FRe Lt R WL Hg R M
HE odlell 8 £ U2n o|2{st B0l AlE = At

Transesophageal echocardiography : UWA[Zel Bol| =2u
transducerS €0} 4|0 4tglsto] AESHE AlYsH= ZHoz2M &
FoMe d=Zurt 2 4Himage)2 E0{FX| Ral= A0 0|2
ot S8 meto|ut =AY Lo thrombustt MUIStHEAIS] B4 =
Z|(vegetation) S2 EQle = UoH £& YD U= Zof AlggE
T ACh= FFo| ok

Intravascular echocardiography : &2 T 2Hcatheter) 20 transducer
£ FIXAFH AEXSHE AMYsls ZIeZ ANSURE| Y= AR
of o€ =+ Uckh
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3) Computed tomography (CT)

Zofols Ja4s d= AlZio| ol ZHa AL wWEXs AT U
OlME OIE=7] of2{Rleut 22 J4S di=d Hals AlZio] ofF



A2 JHso| geslo Aty HEole olgsln Urh =32
el £ 71X J|AHEL digital spatial reconstructorDSR)S} ultrafast CT
scanner(UFCTI2A] (st 42 HMSsich. CTe &E=2 0.7mm X
o] =2 AT E HIolH HE 4o =YUMIZ T enhancement &
7 3 AEZTGdeXY TXE= J40] oinel Me CHHEE
HBsin Hul wel 22 T X0 o5t AE BX| YsCis H
ojct.
4) Magnetic resonance maging (MR}
MZAA EeofA Bo] OlE= AU MRIE MEA AVIHOME
11 0|3280| U2M I O|lfEEs M d|E-51 HoA 25D .}
g Ftt =35, & AESaL MEATGe20 Yol Shsicis
£ & Ack 3Lt 32 sHaEo| Hojuin 3RFAEol 4 o]
tR AE =28t 242 oF =X]9| contrastZt £7(| w0l MH
| &7i=l1 ch

N

=
t&s
ol&o0
Positron emission fomography (PET)

& alatol CHEt Mt =7 E0] siFatdol xe 7150 &
HE F1 Y= vHHo| PETE radio-labeled tracerE 0[&3810{ Al22
A X|d9o] EFe} thAlmetabolism)of CHEE HEES ZF=C}h. o2ty A
HZ F=x4 71se ofato] 27| Mo Msisixol oA ojAo|
g AU TxHol o|doR Un|ge Msistxel WsiE gk
£ At SA MEzoMeE ZHASYHESOA OlEETD Ut
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6) Radionuclide methods

ALY IAEE FTYUSIH o]E0AM L2E ZoiM(gamma ray)g
Za5to] AlZ REtol ZITH 0|88k= UoZA H|nN X2 g9
SAMo] EEICks Zio] EFoICE sia=ETE Holx|s ohEo|
ort HARK Atojoll EHAZF M = Z0|8iA O|8EH = U=2n] Al
7} ZHEsiChs #E0| o] AZEEEo| U XM HI Moz A
ME SIHLL stress testE & A O|FECL #XiE= first-pass
radionuclide angiocardiography, equilibrium ventriculography 2123
myocardial scintigraphy 2| 37k} gt4{o| o] UC), O[3 HA}
£2 &510] HEe #x, R, thel o329 7is, alde] zo) ¢
aurEg, Mol s{Eo|ut M ofF, A2l o Soff oist M=

g g % ok

4. hnvasive procedures
1) Cardiac catheterization and Angiocardiography

M T X E(cardiac catheterization) % AVE 2= Y &(angiocardiography)
2 tiFE229| A7|g #olofA UM ofx|et HFHel Xt =RZ
O|ZEICt o ZHHME Foislm IA OF|Fof ZHAISIX|oH AlA
of, HMZzO0| Alst ROl HAsINog EoIHst AL SojM= FAl
OpF Fof ZAt o[FoX[7| = sict.

A2 ct23l Zolsiol o|Fof FCh ol Fof IFE 45
st nSuojLt 1™ Y(femoral artery or vein)22 S ZHcatheter)S &
2Ist Zof fluoroscopystoll A1&D} cHE 2] £2HS YRIAIZI £ 22
9| XjofM S o HHAE xFSI0] oxygen saturation ZX st
Ct. Oxygen saturatonOijA| =- Ch2to|u} -z CHalo]| U= XLt
I M=o tist FEE g + Yoy AyE EXHGHH H £e=



siAto] k|9t O HEE ¢ ¢ UCH =N

indicator difution, thermodilution)2 S350 AEIEES AEE 5+ At
AHalojel Ads altint M4A O2in g o

saturation2 Ozl Zct.

RA (M=3) 70 100 (M=8)

N\ N\ 7

Rv 25/ 3 70 100/ 8

100
Pressure and oxygen saturation values PA 25/ 10 70 (—] mo,— 100/ 60
in normal children. (15) (75)
VAN

dExse SiM MEDZe WEBe ¥Ran N¥ Deln
xp-9 Ciefo|uf -5 Ciafel 48 AEE & Uck,

Vo;
Voz
pulmonary flow (Qp) = — systemic flow (Qs) =
Cev - Cea
Cro - Cwv

flow (L/min) Vo2 : oxygen consumption (mi/min)
C : oxygen content (ml/L) at various position
PV : pulmonary vem PA : pulmonary arery

AQ : aorta MV : mixed systemic venous
blood
oxygen conten : oxygen capacity ( 1.36 ml/gHb } X Hb level
left-to—nght shunt = Qp - Qs right-to-left shunt = Qs -
Qp
ratio of pulmonary-to-systemic flow = Qp/Qs
mean PA presswre -~ mean
LA pressure
pulmonary vascular resistance =
Qp
mean aorlic pressure - mean
RA pressure
systemic vascular resistance =
Qs
HEXSS So10] AT HAHENol HEES g2 F ol dE
AXTASE ANPEIC MEAXPES =HNE DHoz FsiH

PV

Lv

AO



M BEY 60 = 90 frame?l cineangiography® M= Zieoz i
biplane viewE X0 AlF0[L CHERIO] X0 st HBE de=Ch
MEIXTYoME FS4(water-soluble)o[d{  16900iA 2150
mOsm/kg TS| &2 osmolalityS 3= oj24(onic) Z=YALL 300
mOsm/kg M=o e osmolalityE 7}X|= H|o|2A =YX|7t o|RE!
Cl. &2 osmolaltyE 7IX|= ZYHME st o= MZZIZIDE M
ZUH2FE HEHIZ ZHs $HO| 0|F0| O|F0X|7| IR0 AUA|
Moz goe| ko] E7istn HEFE X (hematocnt)o| 242t ZtsHH
HelE =521 WA =l =gxe] ClE fX8oeFZ= viscosityZ}
Z715l osmolar duresisE 2 = U0 Gy EHEy MEX
S22 geod £ Ut

HI

AEXEn MEHIUXZHE2 At 8YEEs deod £ Aoy w2
= AldSHE Z9x ok ool Afgin BE sEIEoZ = AlE
SHM NI EE, ME HMF, hypoxic spell, MH, &8, 24 0| U
g F Uon =gA T DRE s EZo2= mHX|of cist &
27| g8, =gAe A2zl Fg! Oz(n AT 2HE sy
Z S0} Uch 7|el YA 2 20 FoLt YA 2322 M
Z F Ue gHEeoRE XA, MF, NMEYESE, ZH, M€Y, 55
2X E0| A2 = U1 o8t EHE2 £ Adojollo B 47
ct.

2) Catheter intervention procedures
(O balloon atrial septostomy : TGA, TAPVR, PA, TA
® blade atrial septostormy
® balioon valvuloplasty : PS, AS, MS
® balloon angioplasty : recoarctation of aorta, branch PS
® closure techniques : PDA, ASD, VSD
® embolization of collaterals and other vessels
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