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How to Interpret the Data Obtained during Cardiac Catheterization of Pediatric
and Adult Congenital Heart Disease

Yoshiki Mori

Division of Pediatric Cardiology, Seirei Hamamatsu General Hospital, Shizuoka, Japan

As a result of advanced noninvasive imaging such as echocardiography, computed tomography, and magnetic
resonance imaging, pediatric catheterization laboratories are now increasingly being used for therapeutic pro-
cedures. Diagnostic catheterization is no longer indicated during the routine preoperative evaluation of most
congenital heart diseases. Indications for diagnostic catheterization are as follows: (1) when accurate physiolog-
ical measurements are required including severity assessment of aortic or mitral stenosis or feasibility studies
for a Fontan operation, (2) when the anatomic features are poorly visualized by noninvasive imaging, (3) when
therapeutic procedures are planned, (4) when hemodynamic assessment is critical (to determine the presence of
pulmonary vascular disease), or (5) when electrophysiological studies or biopsies are required. Thus, diagnostic
catheterization still serves as the gold standard for anatomical and physiological assessment of patients with
congenital heart disease, particularly for those with complex congenital heart diseases. This review will discuss
the acquisition and interpretation of intravascular pressure, oxygen saturation, and angiographic images.
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TR ZMECE 2" H B, KEO/NIGERERE
® Core training FIFICESNE L ELTD LA
TRREOMISE Y X7, 2) BT —T )VEEOE &
VA7, 3) JERIEOMR, 4) BEENEDT—X
DFEFR, 5) Fick O & I OFE, 6) ImE KT
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DOMAEDES, VA7 BIFFICEEZFHTHD, JF
(RAEHIBHRFSWHE D HEAS U 72 BIE DR IEE DT & 13 5
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1. BEMIOERR & RE R DER

D, MENEFZOREND A) DEE (HE,
KERE), B) BIRHE (MBIIRHE, KEIIRE, Mk
BATE, O OFE, #IRE (HEE, ERBEE L,
NEMIRIE, BEERIRE, MEIIRELAE, EREMIRE) &
3D H NG, TSGR DAL & & &I
HIE R L, Mk E & & ICAEIT 5. O
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V. RS K DEND D, KEIREIERNTITEIC
DNZDOMHIEEL 5.

A) DEE

N O ¥ — 7 [ L iR AR ML (EDP) Z & $.
EDP [Z.DBIHERAG O LT, [FHST DR, O
FEUNMERFIC &2 5415 atrial kick EPHEN 2 /NS R E—
7 ELBEELEDARDRVEZ LS. JUERERYE,
% EDP IS [AIRFRCER & N7z L EX O QRS D THM A
I FRTOEZ, 1% EDP ZZhucs | ki< L1
W RITHOfHIC B 2 EZE > TE LW, b
FEHPIEN S Positive dp/dt, Negative dp/dt, Tau 7%

E DOFERIA & FERIVRIIOEERELH[oNE D, <
NEDIEEIT AT~ /) A—2 WS Rk G T —T
WiERWTELND /A XDV ERIE TRy & fi
MARATREE ZE A TRV, —ROATETHNTVS
“Fluid filled catheter” D A7 LN TODEWRIEE /A X
ME L, TNHOHBRIEFEH LEWNES DXL,

DEORE TS LTD DENMEHED L
5, 2) EDP D ERAHB. LDEINGEHTED EAR LT
WAKRHZE, R E UTEIiEzR EO#IRLE LA, K
W, WHEIARATIEAS 7% EDPAEIC K B & D, KEIAREH
FARRED 1 RN X 2 HREZE R 5.
EDP Z & TAERIAIE D 52 BT 551, DA,
& UTHERIRE 2 A L LlooAe, PFHAHEAR
2, DRE, IHETDIRR, LAY RF—EZ2HE A
3. AR, CEAMMUTRIC X 2T LSRR
o5 FRTZOICH L, IHEMEOIER, x>
R —+E7% ETid “Dip and plateau” &\ 5 RN
BrLs.

B) BhARE

WA, RRME, PEEZwE. AT —T V%
KBRS EASFRMICTNTL B & A A & [FRE
IKHHENZEEYE (dicrotic notch) (AL, U
MHAEDO Y —713&m <%0, ERIEE sharp 1275 D fIik
FEIENS. TNRKSRRIC K B8 L wbn, BiE
PR & OARRBIIRA 2 0T C 5 % KEIIRIE O iE
WKRHATERNWT EZR LTV 5.
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IRVEGNCERS V. F 7ABIARIE DR & U CHAIE
25mmHg B _E& Ui mE Y LB 5. %
SRR B i P IOEE& OERNTEET 5728, W
W R CHIET 2 L DZVWNETIE, PH, PaCO,
WM ZIRRETIIE S 5. B R Tl &
N, MiRREHRLKTHELE LR LIRS 5. &
BN B NS KUE NHRE 3B EE Lz, XIS R —fEf]
T @ PaCO, » 35mmHg & 50 mmHg T D *F- ¥ fiii #)
IREZ R U7zA, 8mmHg £ 2{td 52 Lhbh s
(Fig. 1). TOZEMZINT B MfiEEST (Rp) DOFIH
ICREHHET .
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Fig. 1 Mean pulmonary artery pressure at different condition

Note that mean pulmonary pressure is decreased from 30 to 22 mmHg when PaCO2 returns to the normal range.
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EE 71y 7 ClEDEINGE & A SN ER D L
S a IHMEE L, “ERalk EFHENS. T0E
NOFAMEINT % & viIkIEIHET2DT, KEDv
B S O I E A0 L= PRI, B
IRE R & D fe-HRiig Bz, HEO vk E
Tl Ebstein A1 210K &9 % = RAMHBEALSE, OF
HBRERAE, A E 7 Id S SRR B iR &2 B 2
5. vIEOWEZ TR LR EBES D, BIENRIRA
EORBRAMIODEOILRICKDRETN, LiZnic
IEFIELTL 2D TaMEE DI L TZDOZEIF
PR BT %< 75> T 5. MTHBE¥EATEN 1~
2mmHg A & U & i “hypovolemia” 25 2 %.
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INTVEHDMEREDz8, »IRImL, AiEkk o
mVEBRARE ke RS, ZENEI0EEL,
97~100%) TH 5 LZ2lfEild 5. BMATN T3
SAH I MR RIRE LIV IENIRE & DR C &, JHIE
IR E 7S EERIBICES & ThH 5.
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Fig. 2 The relationship between aortic and left
ventricular pressure in the setting of aortic

stenosis (From reference 12)

Catheterization measurements are recorded as
peak to peak (Pk to Pk) pressure gradients. Doppler
measurements are recorded as instantaneous (Pk
inst) gradients.
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MICH 7%, KERFAHAE TIE, DT I—TOHEK
P IRAEE D Vena contracta DD EHETH %
W, AT—TIIVTHIEL TH LN S EEEX “Peak to
Peak” DIl TdH D, F7z pressure recovery M4 U
AL AT REIRODIMEIC 5 2 (Fig. 2), TOK
BiRApAE 2z KL LT, mE, APAEOHREGHISE
BoTWABERAET AT —TIVRETE S NS “Peak
to Peak’ DIEHAETH D, TOT LML TR
524 Y D=2 Lo TWVS. KBRS, HER
WA TR CREIRATPEAE Cld o= & R KBk
&, EREAEAETIEEE EMBIREAILE RN UK
) ZRIEL, ZOERASYOmiEZ 7 I = A k
V=75 ETEHI L THAERE 2R, Ok imiE
T 5IMiREN S Gorlin DK ZHWTHAOmAZH
U TEig 5. KBIRAFIAE T 0.8cm?/m® L 1
(IEH 2cm?/m?) AYEEE, 0.5~0.8cm?’/m?* ASHE5E,
0.5cm*/m” DU RAS R ENeAs LY, F I-fHEAMAE T
& 0.5~0.7cm®*/m* [ZFHIERI TH 5. BRGHEIEE 725
FAIZNEFNDIREIC KB DT, REZSEICL
TELW.
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Fig. 3 The relationship between cardiac index
and varying arteriovenous saturation (From

reference b)

Note the greater cardiac index with a hemoglobin
of 12g/dl (squares) compared with 16g/dl. The as-
sumed oxygen consumption is 140 ml/min/m?.

ICTNSDFMRIMNMNIRE Y ik (Mixing chamber)
12370 29, MBRICE > TRDICRG SN R
GBEIRINZIGS C N TE S, = KBIRIMEZR
FIEE MBS RE DN IEH TH UL, Wik, 5 & H
U 96~98% TdH 5. T DENEHIRIEZRAA LR 10
FHED X WEIET, TOENKEWVIE EMLIH
FURAEZ /RS, BRI 22 B S i 13 R C 20~
5% ThH%. BHEHERE, "NEJOLEUEICKX-T
550, CoffEEE R (MRED K
3.5L/min/m* IS % * (Fig. 3). &I Bkl g
FEIRIEE DY 97 % D 75 TR A IR I oD 12 25 f A1 A
v, BIZE 65%LL DL Eidhix o OILMAH &
JREET, 60% LI FTHNEAHTHMEEKY X705
<, HiZz&ErET 5.

2) -, G-EEEOBERENE

IRTEER & IGER TSN RIS & % IR T RS
OFERE AL, 72D CICEAE M EERMETDH
%. RLXOT a5 E T, MRENL, Ao HR
BRI IEEICISEZ T EMTEEN, ZOMETEH &5
FEEIFO A T WREE DO ERA D B R BRI D 5 22 Wr
T 5.

ARG OIFAE &N AERARD S B IR\ D
NTEDEN I HIEFEAED EF (O, step up) A
BB EHDTETLHTS. T D DMERIE
BHEOIRENELEWVS B, HEIicT BT &N
FH T, Grossman DRLE Y 1TIF 7 0 LIN & DK
M&H 5. Table 1 IZHHERAITD O, step up DZWkkitE
9. DEWRXKIE (ASD) Zflick s &, 5
7% O, step up (F FHMEZ WG 7% ETH D,
TN SRHIT E B AR O R st (Qp/
QS W15 LETHSE. ThARMOEDIZLTI—
TGN D> TEMLTE RV, £FFET
RWE-GRER RS . 7272 L T OBEMEAEE
W B E-A 1A D Qp/Qs O H L M L 7 &
(Qs) IHRAFL, Qs MIHEINT 21 ERAHFIRIMEER
BMER S, ZTOMEREIBH2 Y. Lo
T Qs DHUEZHT Qp/Qs ZHIET 5T EMIFE L
5%, ARTKE-ARED ASD (Qp/Qs H 1.5 L1 1)
(¥, Hb=14.7g/dL, M 2 # & H 125-mL/min/m’
CARGE LT2B1E Qs A 3L/min/m> D & X THB. Qs
M 5L/min/m?* T & Qp/Qs H¥ 2.5 L D ASD O HH
MHATEEIC 72 % (Table 2).

G-I B U TlE Bk U7z K 5 IS PR RE AN IE
HWThUE, KENRIMEEENEZ X 96% L LxDT,
95%LL F THNUELNDOL-KERME DT EZEZ %D
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Table 1 Detection of left-to-right shunt by oxymetry (from reference 3)

Criteria for significant Step-up

Mean of distal ~ Highest values in

Level of shunt
v " chamber samples proxymal chamber

Approximate minimal Qp/Qs
required for detection
(Assuming SBFI=3L/min/m?)

Posiible Causes of Step-up

0, sat (%) 0, sat (%)
Atrial =7 =11 1.5-1.9 ASD; PAPVR; Ruptured Sinus Valsalva;
(SVC/IVC to RA) VSD with TR; coronary fisula to RA
Ventricular =5 =10 1.3-1.6 VSD; PDA with PR; Primum ASD; coro-
(RA to RV) nary fisula to RV
Great Vessel =5 =5h =1.3 PDA,; aorto-pulmonary window; aberant
(RV to PA) coronary oprigin
Any level =7 =8 =15 All the above
(SVC to PA)

*SVC and IVC: Superior and inferior vena cava, RA: Right atrium, RV: Right ventricle, PA:Pumonary artery, ASD: Atrial septal
defect VSD: Ventricular septal defect, TR: Tricupid regurgitation, PDA: Patent ductus arteriosus, PR: Pulmonary regurgitation,
SBFI: Systemic Blood Flow Index. Qp/QS: pulmonary to sytemic flow ratio.

Table 2 Approximate minimal Qp/Qs ratios
required for detection of left to right
Shunts at various levels of systemib
blood flow and oxygen saturation step-
up* (from reference 13)

Level of SBFI Step-up in Qxgen Saruration
(L/min/m?) 5% 7% 10%
1.5 1.1 1.2 1.3
2.0 1.2 1.3 15
35 1.4 1.6 2.2
4.0 1.4 1.7 2.6
4.5 1.5 2 35
5.0 1.8 25 6.3

*It is assumed that blood hemoglobin concentration is
14.7g/100-mL, systeimc arterial and pulmonary venous
oxgen saturation are equal at 98% and oxgen consuption
is 125 mL/min per m2.

M—iTH%. Uh UMEE F ORI TIPSO 72
B, RN REOEERS Tl UK UIRIETERED
MIREBEAOEL, MERIRIMEEEBEEME R L TE
D, TOTERBHTIELEL. HIEXFB L, LFE
HBRRAE (VSD), i ifi A 3] 72 B8 5 FLYA5 TR s
EHEfT L, AZRBIENEZTED 70% T RKENRID O A
FIRIEN 93% DS ENIz LT 3. Thid VSD T
DG TR L, HRFHIC X 2 PRSI & O fili
FHRIMEEZBIFEDME R LTV 5720 LIRS RET
H% Pk @ Qs OFHE T KBRS
BIFIEIX 96% T <, 93% &MV 3). T OEHNE M

BRNRBRSBFEME £31E F45

EHIRIMA 5 ER 72 U CERERE 2 E S %0, B
IR E UTRIEE OfEEZ WA & ¥ KEIIREE 28R
JEM 96 EERT T ETHD. FEHL DMK TIX
T DX 5 IR EHC X 2 KEHREE LRI K 2 5E 5
JERF]CIREIC R 2 2 U Z 5 &35 T, FIO2 AY 0.3
DU R ORI RS 227 [#1] L PO2 /Y 100 mmHg A i 2
RUTARIT, DN T M EREL U B AR &
HELTWa. Bk 5 o FRifido0 5 o & K48
N3 ERGTHZDD, TVEZIILENSERE -
RN TIChH T —T IV a2 IT8HB T ETHRETH
5. COFFIHMEZET B0 3F AT —T bV
% LN A S TH S, 38 1T —T )V Tl LRI
FEDRNE & G ER R ORI T A E D B DMEF
TE3 W,

3. Fick ZDRE L IERDEHE

1) Fick EZDRE

Fick DY L3 “H % B EhDH 2 WE 2 HI (B
DO T L E, TOWBENRAT I &
9 2 IMEOYIE DT, ZOaE M —E R
MWICHEEL (B2 WIdER) T2MEOERZERT S T
LT, ZOMRRZHEHTES EWVWS8DT, 5
PENEET, MiiE (Qp) OHEIETEH 584H
IS T 5. Qp=MRIHE = (MisiRi iR
HrE-ERnBEZHE T, Q=MAHNEERE"
KRR GE =R ROHIRNMELESER) TH
HEh5, mEEiNEdhdifmigE (Qp) & Qs
[ U T, FickitZzHOWOHHENME SN, BRE
8 (vol%=100mL FICHEENS &) &, "NEI 1
C Y DOEZEREO MG T % 1.36 (mLO,/gHb)
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IKANEZ O VRE (gdl) CBEAMMEEZELT
FFEE N, Z NI 0.003mL/100mL/mmHg (PO2)
TRIAINZMFERICER L TWABREZINA T2
HEDTH 5. BHORE T TEBEST (PO2) &
100mmHg LU N CIAER BRI MEHTE 50T, #
HEFEDOHEDH T Qs (Qp) DFtEMNATHE L 7
. DATHRETOOAREOREEICIE, Fick ik
DT, BmRED K HVENS. B IREE W
TOHHBIET Z2DICH 2> TOEEMRE L TR
1 BIHOENEDICENE NS 2 N2V (WIRIEA
R’ AT NDBEDWIRIRADTZD) OT, 1[BIHKT
HHWV, 3~4ROFEEEZH VR THD. Xk
SRF, MBIIRF D 5 L ASEMAMEL 20 ¥,
3.5L/min K DL HED & 2138 KFHGd 5
EZRHS> THWANETHS. FHIC 2.5L/min £iifi T
T 35% (18~71%) & Fick i CRtE I NzfEK
DBKFHIES % & DY NHB. DX S IRIREE
TSN TE Fick IETORMZEIR L 721E 5
I,

2) BERHEE

FHEHE L TRDZHFEND B, #HIET 51k
& LTI 3~40 2 X5 & LTz LaFarge-Miettinen
7, 0~27 1% T O Lundell @ 75 1 ¥, 0~17 i%
TD Wessel DF5iE " 2 EEA DHEE RN H 5. Hi
HEN TS DIE LaFarge-Miettinen D /5iETH D,
P 138.1— (11.19Xlog FF#n) + (0.378 X DD,
1213 138.1— (17.04Xlog F fiin) + (0.378 XL HED T
AEEN, RELUOKES Y ICERENT05s. L
ML, %M & LaFarge-Miettinen D& /714 D LLig
AT TeW9E T, TR 522 O Z NG E L
728 O T IFEHME 2 3/ VAT L, JEHME & DFRAED
25% L0 13 - 7 B 26 %I B 5 NIz & DO 20,
INRZE G E LTzt O Tl T OHEE S MG A
B 2022 U, REC 3 AR CRUE IR LT B/
VICRGED 53%IC &80, I TE R E DM 2
MHY, RUNEDHSENTNS.

3) FERRE, EREOHEH

RS TCORMmE (Qs : DAHEICHY) &
ffififE (Qp) W& Ladd Fick & HWTRDS. T
DHMMAMRERE (Qp/Qs) THH, 1 Z#AZY
Bl R ORINZ, 1.0 KD % ERT 3.
K MEIIRIEZEEIRE (BARD ORAENE CRET
HoTH, mimifalEEZOFE T NS Mk
DRI REL RS, TOTLEEETDE, Qp/Qs

DENE L 35 & 55 Lo a, MO SH
F O R <, Qp/Qs>3.0 (&[F] UHEIED ifi fn 17 1
MOBELIRINT RETH B V.

FHEER T &I Fick iEZOFANE, BENTERE
#1'9" % mixing chamber DMEET B HiHE TOMAMEH T
EBHLVSHETHB. Lih - THliBhIREE £ A s
WIEA THEIR > TV AIRAE (AR KB AR AT
Original Glenn fli#87 &) T Qp EFHHETE 4L .
Qs DFTET, 77 O—PUIED K 51T /57 D=
5%z 5 1 2 EEO KERIM A ZERE & 17 KE)
kT <, sERICMEANERM Uz M TREIIROEE LA
FEZEHT . DEPRRE T AR S AFEIC
A& U7 S REIRIC B3N 2 DT, IRGHIRIL
& UT ERRIR & SRR OO BE L AA E D -1l 72
W3 LIFTERY., —IC ERE RO I AN
DHREGEHT 272 b, KSR B EEIRIEIC
3% F Al & FREIROEBEBIMEDHDOME 4 T
FR U7z (3X B RKEMREE RIS+ N ARE RIS 2260 R1
B4 lHEHWSAEY BDHWSNTWS. il
JieE% & 8 Glenn it TIHESFMRIMAFEER T,
Qs DEMAEIEH DG ER TR RDBZ I TE R
V. Z T Glenn i Tld Qs & Qp & FK
HiIRMAEOMTH ST L ZFAL, Qp/Qs=(CKE)
U 1L s 25 SR — N K i I o 6 2 B 58 / (A af
i FBURIE — N KERIR MR R ALAIE) DT Qp/Qs
ZEEL, 2Th5 Qs ARG B HENRE W &
NTW3. L LEL, MRIZEE DT Fick %
/e 7gm M Glenn #iif% D Qp, Qs DEHIE RS
HH, WHTEROEENERM® EhTEHY, Fick
HETEH U EOMRBRIC I3 ASRE N L 2L
THELIZEMIRETH 5.

TGO & U THERO RGN, F 72X A — kA
AL TTRTH BT L, mAAEEOEAE,
KRR Nz MmiRE T b 56 2ifimik sz
FIHEE (WERE R AR — RS E IR 8
ORTFEL, WEEEHEMNT 2. FKORELH 5
DICHEFIMFTR TR <, B MREDFC O
B %ICH T BT 5. DR RITIESE
FIRIEDOADF RN THE I N, 20K VEEN
BEOHAN G EHTHS.

it s afin BT 0D B fnf Ak B & U C i IR I i R AME
HIW SN2 EeRH DM, ZORIMIEICTAR L
eBEES Qp, Qs DEIREICWVNBZRENDH D, %58
TOMRDIBERFEDH T L, PO2 LEHIET 5.
& UKIPHIC K 2 M 75 E DT DICfET 5 2 &M
HNUE, B 5571F Room Airic LT, FOH&ER L 5
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ThSERIMZHHT 5.
4. MEEROFHE

AR 22 D EH IR T OEHINSZEICE S, Pois-
seulle DILEHIMN S Q=n(P2—PDrd/8n, *— LDk
HID ST R & R=P1—P2/Q=8ni/nrd TEIN3%.
Qdifie, P2-P2 IFHEGE, r3ELE, nldWIARE,
WEEDEETH . AARTEMEFHEZAL, M
iR, MGz T, 3 LEOWmKN
ZOFEAIZ EIRICE TEHZ T LIETERVD, 20
A S MBI U ME R (o) & ki () D2
HENZTENKLHEBEEINS. DD MERE) D
REFNEMEESUT DR AD,  ERSTED SO
ERELRD. NIV BN 43% M5 64%ICH
g % & Rp WM 2 f519An U7 & O 2 2 5.
T DT k3 Fontan BEMEIS 7 O—DDIEETH
% Rp ORMICIFFICEERI LT, "YU vw b
M 65%itH A 2 B3 60% Al LT Rp Z @i 4™ %
TEDEHLNTVS .

C D& D ICMERIUIER A2 MiiE CRLIZE D
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