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Effect of Fetal Cardiac Bypass on Fetal Cardiovascular System
- Fetal Lamb Study -

Jung Yun Choi, M.D, June Huh, M.D.,.Yong Jin Kim, M.D.", Won Gon Kim, M.D."
Jeong Ryul Lee, M.D." and Chong Sung Kim, M.D.?

Department of Pediatrics, Department of Thoracic and Cardiovascular Surgery,” Department
of Anesthesiology?, Seoul National University College of Medicine, Seoul, Korea

Purpose : This study was aimed to evaluate the feasibility of echo-Doppler study on fetal lamb,
analyse the distribution of blood flow before and after fetal cardiac bypass, and consequently
assess the effect of fetal cardiac bypass on the fetal cardiovascular system.

Methods : Ten fetal lambs at 120 to 150 days of gestation which underwent cardiac bypass for
-30 minutes were studied by echocardiography and Doppler study. Five fetuses survived after
bypass. Blood flow volume was measured if possible in aorta, main pulmonary artery, ductus and
branch pulmonary arteries before and after bypass.

Results : Echocardiographic evaluation was successful in 5 of 9 studied in utero, and all 3 ex-
teriorized cases before bypass and all 5 post-bypass cases. Before bypass cardiac output and
combined vascular resistance tended to increase according to body weight, but was not signifi-
cant. After cardiac bypass, cardiac output decreased significantly(P<0.05). The ratios of main
pulmonary artery to aorta blood flow volume were 1.40(1.16-1.58) at pre-bypass and 1.47(0.644-
2.34) at post-bypass(P>0.05). Combined vascular resistance was 188unit(92-340unit) at pre-bypass
and 341 unit(128-533 unit) at post-bypass. There was no significant difference in combined
vascular resistance in 3 cases of which both pre-bypass and post-bypass studies were com-
pleted. Doppler study demonstrated systolic forward flow and diastolic reverse flow in ductus and
aorta after cardiac bypass.

Conclusion : Echocardiography and Doppler study are feasible methods for the evaluation of
blood flow after fetal cardiac bypass. This study suggests that cerebral and pulmonary vascular
resistance may elevate less compared with that of placenta after cardiac bypass. (J Korean
Pediatr Soc 1999;42:943-952)
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Table 1. Technical Feasibility of Echocardiographic Examination on Fetal Lamb

Prebypass study

Case Weight(kg) (transmaternal)  (direct fetal ex.) Postbypass study(Operative Echo)
1 52 NP (+)

2 05 (=) +) NP(fetal death)

3 NM (+) NP(maternal death)
4 45 =) (+)

5 1.9 (+) NP(fetal death)

6 27 (+) (+)

7 25 (+) (+)

8 15 (=) (+) NP(fetal death)

9 2.7 (+) (+)

10 5.2 (=) (+) NP(fetal death)

NM : not measured, NP : not performed, ex :@examination

g 4 d=A Aurgt g3 Alg A HAe o9
o 29g ¥ AAEI wotg AW thE AYY
F71A whgol AMgEHALH ond EHE FF |
o} Aoz ALY] AFEe] 93 F 5 AT
55.6% AF &S 14 & dHeoldAe 38 =2
5 A3 100% Hyor ony 59
58 FAAET ¥4 foln A’ARIE #Agtew
dael Ax Fhou Holsd F A st |
et gie] Itk oAUy B B ®Hot 4
P HEAYR FF ojfE Hot¥e A}
U¥ A (inappropriate fetal position), 17| %<
22 sgoi(maternal gas distension), AEFHo] B
€ 7 %-(later gestational period) §°I%ith HAE
B ¥ AAe 53 AENT B AFHATE Case
45 AYed F 94&9 AdTHHAE Azt of
Sz FHEGE Aslne o o9 RHE Al
Pt RPYL, case 7L ZNARFOR HARF
9% dojtt. AlE ¥ HAlE Zled o¥Ae @

o0 jellyE 383 =XFozM FER Lol
golstgt. @A Alg F AE7|] Feol AHEF
Ae7 HAHA B FJAA ] FRIFA FE
Ro] EA oA,

[
NEES

2. §iRY 539 Y

Ao s-Doppler® A% 7T FEHQY Fd
A& o gy vas Pob ¥ dYAN EF
% o] griy FAJIAE HUEIE oM,
Nz&%-Dopplerg ol 4% ¥FF AL ov &
QY EEHQ Byoln] % HolNE on] FEAY

Table 2. Comparison of Main Pulmonary Arterial
Flow Volume with Ductal and Branch Pu-
Imonary Arterial Flow Volume

MPA flow(mL) Ductal and BPA flow(mL)
191 196
429 337
241 248

MPA : main pulmonary artery,
BPA : branch pulmonary artery
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Table 3. Flow Volume; Pre and Post-Bypass

Prebypass flow(mL)

Postbypass flow(mL)

Weight Bypass

Case "(kg)  method
Aorta MPA  Ductus BPA DAo Aorta MPA Ductus BPA DAo

1 5.2 roller 331 663
2 05 48 76
3 NM roller 122 191 9% 50 223
4 45 roller 318 284
5 1.9 roller 209 321
6 2.7 roller 319 435 226 587 165 241 90 79 244
7 25 roller 339 429 217 60 615 65 152
g 15 roller 217 342 128 311
9 2.7 roller 546 633 508 863 500 322 82 199
10" 52 placenta 1,138 1,335 716 1,406 -

* ! examination on the exteriorized fetus, BPA : branch pulmonary artery, DAo : descending aorta,
Ductus : ductus arteriosus, MPA : main pulmonary artery, NM : not measured

Table 4. Combined Cardiac Output(mL/kg)

Weight(kg) Prebypass Postbypass

05 248
15 372
1.9 279
25 307 87
27 279 150
2.9 436 304
45 134
52" 475
52 191

Mean 342 173

* examination on the exteriorized fetus
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Table 5. Flow Distribution(% of Combined Cardiac Output)

Prebypass Postbypass
Weight(ke)  Aorta  MPA  Ductus BPA  DAo Aorta MPA Ductus BPA  DAo
NM 39 61 30 32 71
05" 39 61
15 39 6l 23 3gt 56
1.9 39 61
25 44 56 28 16 80 30 70
27 42 58 30 28t 78 40 59 22 39 60
29 46 54 43 10t 73 60 39 10 30t 24
45 53 47
572 46 54 29 o5t 57
5.2 33 67
Mean 42 58 30 25 69 43 ¢ 56

" : examination on the exteriorized fetus, ':flow was not measured, but deduced from main pulmonary arterial
flow minus ductal flow, BPA :branch pulmonary artery, DAo:descending aorta, Ductus:ductus arteriosus,
MPA : main pulmonary artery

Table 6. Combined Vascular Resistance(mmHg/L/min/kg)

Prebypass Postbypass
Weight(kg)
Flow Pressure Resistance Flow Pressure Resistance

05" 0.248 NM
15 0.372 NM
19 0.279 55 197
25 0.307 55 179 0.087 27 310
2.7 0.279 95 340 0.150 80 533
2.7 0.436 57 130 0.304 39 128
45 0.134 59 440
52 0.475 44 92
5.2 0.191 56 294
NM (0.313) NM

Mean 188 341

*:examination on the exteriorized fetus, BPA:branch pulmonary artery, DAo:descending aorta, Ductus:
ductus arteriosus, MPA : main pulmonary artery, NM : not measured

Table 7. Doppler Flow Waveforms in Various -Sites

c Prebypass Postbypass
ase
Ao MPA Ductus BPA DAo Ao MPA Ductus BPA DAo
1 )\ v )\ o-2 I\
2 I I
3 I I -1 -2 n-2
.4 1 1\
5 I 1 m-1 Oo-1
6 I 1 -1 o-1 v 1 I\ o-1 v
7 I I -1 -2 -1 v I
8 1 I o-1 o-1
9 1 o-2 o-1 o-1 o-1 I\ 1 v [\
10" I I m-2 o-1 -1

I :systolic flow only, II-1:phasic flow with continuous diastolic flow, 0-2:phasic flow with end-diastolic
cessation, II-1: phasic flow typical of ductus arteriosus, -2 :intermittent flow typical of ductus arteriosus,
v: systohc forward and diastolic backward flow, V : semllunar valve insufficiency,

: examination on the exteriorized fetus, BPA : branch pulmonary artery, DAo : descending aorta,
Ductus : ductus arteriosus, MPA : main pulmonary artery, NM : not measured
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