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The use of cardiopulmonary bypass during surgery is the most challenging procedure in all the possible fetal
cardiac interventions. Catheter-based fetal cardiac interventions have recently been developed and applied in
the clinical setting for a particular category of congenital heart diseases. The intention was to improve long-term
results by allowing the heart to grow normally before birth. However, the procedures that can be performed
using catheter intervention are very limited, the primary examples of which are atrial septostomy, aortic valvot-
omy, and pulmonary valvotomy. There is still a group of congenital heart diseases, such as total anomalous pul-
monary venous connection, hypoplastic left heart syndrome, pulmonary atresia with intact ventricular septum,
and Ebstein’s anomaly, for which long-term results could be improved or Fontan circulation could be avoided
using fetal surgical cardiac intervention but may not be achieved using catheter intervention. In 1985, Richter
et al first reported an animal study on fetal cardiopulmonary bypass. Since this report, which was over 30 years
ago, several developments in this field have been achieved; however, there are no case reports on successful fetal
cardiopulmonary bypass in humans. The aim of this study was to determine the current status of developments
in fetal surgical intervention using cardiopulmonary bypass.
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Table 1 The primary lesions and the secondary lesions that can be treated by fetal cardiac surgery

Primary Lesion

Secondary Lesion

Possible Fetal Cardiac Surgery

Critical Aortic Valve Stenosis

Pulmonary Atresia/Critical Pulmonary
Valve Stenosis
Absent/Restrictive PFO

Dysfunction of LV, Endocardial
fibroelastosis

Hypoplastic RV, Endocardial
fibroelastosis, CA-RV fistula

Hypoplastic LV/Aorta, Lung

Aortic Valvotomy
Pulmonary Valvotomy

ASD creation/enlargement

Parenchymal Abnormalities

TAPVC Lung Parenchymal Abnormalities
Aneurysmal PAs, Bronchial Obstruction
RV failure, Hydrops

RV failure, Bronchial Obstruction

TOF with APV

Premature Closure of Ductus Arteriosus

Severe Ebstein’s Anomaly/Severe
isolated TR

Severe Mitral Anomalies LV failure

TAPVC repair

RVOT reconstruction, PA plasty
Aortopulmonary shunt

TV repair

MV repair

ASD; atrial septal defect, APV; absent pulmonary valve, CA-RV; coronary artery-right ventricle, LV; left ventricle, MV; mitral
valve, PA; pulmonary artery, PFO; patent ductus arteriosus, RV; right ventricle, RVOT; right ventricular outflow tract, TAPVC;
total anomalous of pulmonary venous connection, TOF; Tetralogy of Fallot, TR; tricuspid regurgitation, TV; tricuspid valve.

5, HEioLliE « Mo IRRED TR 09 % ¥H Tk
KRIGEWS, ZOEENETRNMSAREMNICHE LT
BRFICELAENAMEREL, FNTFESRAMHE
HOWENSDT Ta—FTldfrEii->TW0a. &L
LR U5 2T, RIEAFR T ADNTRETHN
X, KO IEEZOESHOREZIEL, EHOFFHR
& QOL Zm L3 2 e E L b %, Table 1
IR F DR Gt & 7% % Primary Lesion & Z AU
9 Secondary Lesion, XU Z 5 5 FIlTFH7%2
mUTe. HHIE2011FE7 A5 2014 4E 3 i)
T, KEAER VT F— FRACTRIMEER MR R T
ORI HEDL 228, ZORBREEZ, <h
X COMRKRTFMBHFROMA S DOEHEZ T 5.

e REMENBERER CRFHRAR OB

RRVEROESIE, Liley S AMRVUKIEICH U, i
MZHARIZ L DBIEES V. Z0DM%, MREEAL=
77« IKEEZ U IR DERG R AT e 2 69 B IR IAD
FARA T AICBI 2 B 528A 1980 ELHE Tirb N,
ERE iz 2¥. Liley 5 DHEERM S 25 R, A
THERNO PR 5D 5 9LBRIE 2 < R E NI, DiEAN
DI RTFHRREROBRIE NS OB KX O iz DR
NTHHRE 5Tz, 1978 FEITWV K DD DI RIE DR B H)
MIE T IV OMERIC IR LG e & n Y, 1985 4
IE N AN HERL U 72 e Y A BR e 2 g W T4l ©
EAEIC IR LIl AR E 7z ©. 1996 4EIC Reddy
51 EMRYEIC DKS W& & Aortopulmoanry shunt %
off-pump FTHIFT L T HUD S AERIBHE R (FAL L,
FEICRL, HEIES LI LEEmREL T

% 9. 1984 4EIC I NI EGB IAA IR G B = 1L 72 3
TN S % 7. 1985 4F, Richter SIS THRIIC
ROMEBRZEA LR R R LY, RGO
EFLOIE T OBFEDEZ BT 72, UL, AIMVIEER
B ICIRIRIZERAZE T, ZO%OEEE TR E
2D TH-T-.

B YERIMBERDHEER 21T D1 H Tz D, IRITIEERODS
Fi/ 8T A—Z—DIEHH & RIRIEER DR 2 Bt U C
B TE STV, BETEROFEARMN I E
BT 5, K THBE( I N IR MR 3oy
MLz > T EPg, —75, BREEhTwiavk
KEFIRO ML, FIT S LBk m» S C &
WEBRBICENTENEL TEERE RV,

G YE O 1 8 Ik T 1E Last Trimester T 40~
45mmHg L SN T2, KOO H &I
450mL/kg/min T TH 2 L EbN 'Y, 2O 12H
Fa 2B LT3 V. BRIR DB RE I IEH IC R B
T, BAMICEATAMICE 3V 121, 25ROk
1% 180/min 2 T, DA% 250~300/min < 5 W E T
OAHEDEZ 20, ZOEIE 20% T LAk
<, DFREEIE RIS AR, FRVLDE O T 3 )b F—1it
FaTEIZ 95% L1 EAY Carbohydrate TH 5.

JRIROMEES Iy ba—)Va sk TH 5. BHE
fIROEEZMER Iy ba—VRTTHB. R
D _FHHD Sa0, 13 55%~60% T, {KMEZILe IR,
I, EIBfOMERPIZICTEE, SRz F5E
5. BIREENEHTZE, MmEEFUIETL,

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery



294

BIIRE AMUES B 1. ARl o MBI MRS T
BHERZ R > TV A D, KEERTIES 5. Gfgoil
EICHCHETRER & <, BEARMICERKIRIIRENT
BY, MEEFRIEFITEN 90 RBOmERA
AAIFER DS T TORL.

FENBIRORBHENDEE

JBIRICHRNMEERZEAT 5 L, MHDOAHTIaT
YLy Ry T Ly BV A A
A0 NERL, BR - BRONEED LR, 1k
DA ASZHRED EE E N 17, JhikRED R &
ns&, BREEEREBIRIREICKHKD, Hko7
Y R—=Y AT, cnh, BRIROBEREIK T Z 57
L, THICHHBMKIT, RBEEK TS0 HE
PTERICH> TWa. £z, HilE MERHRICK2E
M, RHARFHC X A R L AE COFERICHEZ D
JTWa. iz, FREEIMEREAZOEDICKS
RIESSFED B VLOHBEREZ BHE L TV 5 AT REMED &
W (Fig. . 7z, BEERPORERER AT IFF
VBAAT—ROTHENDH S, FRIUCKED AV FA
Vv ratFor—EHER 2R, &K
YMBER B AT % &, (RYMIEERIC X 2 IR RERE HAY
KRELH#‘EENZE Y. 7SFRUBART—RDY
raFxFo = A7y T FHRO o YRSy
URBHETOART T T 1 VHRIRESMEER T DR
REEDTYLICEE G LTV A T EAVRBENS D, b
0 RFHORERIZHH U TERRASMEERD K
WERETSCLRTETY, E5lcdyrats
TP —BOEYDO—DTHZTARRT T VT 4V

E, ®° L (&R O R IR o1& hiak & 5 5 E 5 a Yy
ThHo P, ZOEERIET % LIITIROHER O
BUSHEFIET DT, 78412 RAY Y AR D
HZONFMIAHTHS. £z, 7IFRFUVEARA
77— R B ORRA 5 RGN E A 72 R PHIC BH
T B5EmanmAT 01 FIGE IRVAEER - O inisphek
ERWET S, PR D SpO, i H 55%~60% T
H o, FRIIZER 30 79 ORIIEEIRER % 30~60 77
TEEOEBENE, & BUREMEE ZUStES
TV R=Y A, DR TICTHLCT HM, chbd
T 5 & ARV IGEERBER % 2 ReRT DL E D AEAF
AEEE RS, LA L, FEIRET, MELTWaE
WRACHIE T > R—= AWMEFT U, (RIMIGER B 1%
6~8 MEH TIEL-T % 7.

e, MRBIFIERICKEZ HIRYAEER D Capacitor T
£H 5. MBIAIMEERTIZ K Z & Volume & 7
TTHD, KRKMENICIK Volume MMREZNTHES
9, LA SRKIEIAEZIE TR0, Rt ip ik
Y IEERH D Volume Resuscitation WA TH % 2.

RN EERO DT AREETHD,
FRVRIMEES %O h R Y I E AR ETH
%%, RIGDMREREDER & LTI, RigkEc
KB 0B OELE PSR RAR DO LANEZ S
N3N, RIMEESEAZ D E DM 5 hOREdEE 5 2
TVBATRE G @, REMEETFRICE LT, W
IR Tl QSRR LT R T 30 2 D.OEE 2,
DEHE) Y WA TH .

Fetal Bypass
Surgical Stress

Placental
Dysfunction
(Flow, Gas ex)

Mam'’s
Anesthesia

Fig. 1 Influences of fetal cardiac bypass

HbF: Hemoglobin F.
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Fig. 2 A typical circuit for experiments on fetal

cardiac surgery

A typical circuit for fetal cardiac bypass comprises
a Tiny Pump and an in-line flow probe. The priming
volume of the circuit is T0mL.

Skin incision- Cardiac
establish Cardiac Bypass 30
Bypass 90 min min

Follow-up
(No cathecolamines, dilators,)

T 11111111

control 15 min 30 min

Every 15 min

Hemodynamic Measurements, Blood Sampling
*Flow in Fetus: Decending aorta, INNA
Pressure in Fetus: CVP, AP
Mother: ECG, CVP, AP, SpO2

Fig. 3 A typical protocol for experiments on fetal cardiac surgery using extracorporeal circulatory support

AP: arterial pressure, CVP: central venous pressure, EKG: electrocardiogram, INNA: innominate artery.
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