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The Effects of Cardiac Bypass Method on the Change of Hemodynamics and
Gas Exchange in Fetal Lamb Model under Ketamine Anesthesia

Young Jin Ro, M.D,, Chong Sung Kim, M.D.*, Yong Jin Kim, M.D‘f, Won Gon Kim, M.D.’
Jeong Ryul Lee, M.D.?, and Jung Yun Choi, M.D."

Department of Anesthesiology, Seoul Municipal Boramae Hospital;
Departments of *Anesthesiology, T Cardiothoracic Surgery and T Pediatrics,
College of Medicine, Seoul National University, Seoul, Korea

Background: Intrauterine surgical intervention for certain cardiac anomalies may have a therapeutic

advantage over postnatal repair or palliation. However, it is essential to establish methods for intrauterine

extracorporeal circulation and myocardial preservations which can maintain the hemodynamics and gas

exchange in fetal lamb perioperatively. This study was aimed to observe the changes in hemodynamics

and gas exchange according to the methods of fetal cardiac bypass.

Methods: Twelve fetal lambs (4.5 —5.2 kg) at 120 to 150 days of gestation under ketamine anesthesia
were subjected to cardiac bypass for 30 minutes. Six served as a group in which placenta was excluded
from the extracorporeal circulation by clamping the umbilical cord during the bypass (the oxygenator

group) and in the remaining six, the placenta worked as an in vivo oxygenator (the placenta group).
The fetuses were observed every 10 minute during a 30-minute bypass and 30-minute post bypass period.

The hemodynamic variables and fetal blood gases were measured at specific intervals.

Results: In the oxygenator group, mean arterial pressure (MAP), PaO,, heart rate and bypass flow
rate were 62 to 74 mmHg, 220 to 282 mmHg, 169 to 182 /min and 134 to 164 ml/kg/min, respectively
during bypass. But rapid deterioration of fetal cardiac and placental gas exchange function was observed
following cessation of bypass. In the placenta group, MAP decreased from 61 to 34 mmHg and PaCO,
progressively increased from 56 to 74 mmHg during bypass. Flow rate was suboptimal (74 to 115

mi/kg/min) during bypass. All hearts of the placenta group was fibrillated immediately after discontinua-

tion of bypass.

Conclusion: The both methods of CPB, use of oxygenator and placenta as gas exchanger, under
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only ketamine anesthesia did not provide adequate hemodynamics and gas exchange without additional

treatment for protection placental reaction. The methods of fetal cardiac bypass using either neonatal

membrane oxygenator or placental as an in vivo oxygenator caused severe placental dysfunction and

blood gas abnormalities.

(Korean J Anesthesiol 1999; 37: 496 ~502)

Key Words: Anesthetics, intravenous: ketamine. Animal: lamb. Heart: cardiac bypass. Monitor-

ing: gas exchange; hemodynamics.
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Surgery: fetal heart.
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Table 1. Changes in Hematocrit & Hemodynamic Variables Before, During, After Fetal Cardiac Bypass

Control Bypass 10 Bypass 20 Bypass off  Bypass off 15 Bypass off 30
MAP  OG 62+ 17 72+ 19 74 + 25 70 + 19 60 + 23 42 + 29*
(mmHg) PG 61 £ 5 34 + 7* 26 + 11*7 14 + 16*7 NA NA
HR oG 176 + 33 180 + 25 192 + 21 186 + 21 123 + 24 125 + 14*
¢min) PG 181 + 19 75 + 7*T 65 + 23%T 64 + gt 00 0+0
LAP  0OG 41 + 14 53 + 21 62 + 08 43 + 1.1 48 + 1.0 57 + 238
(mmHg) PG 42 + 13 33 + 06 33 + 06 33 + 06 NA NA
Het 0G 370 + 43 197 + 67* 176 + 1.8% 190 + 20* 244 + 51* 310 £ 5.1
(%) PG 373 + 37 370 + 537 351 + 44T 339 + 547 NA NA
Temp OG 361 + 07 371 + 13 374 + 08 378 + 03 NA NA
€O PG 359 + 08 358 + 02 358 + 03 358 + 02 NA NA

Data are mean = SD. OG:

oxygenator group (n = 6), PG: placenta group (n = 6), MAP: mean arterial pressure, HR:

heart rate, LAP: left atrial pressure, Het: hematocrit, Temp: temperature, bypass n: n minutes after cardiac bypass, NA:
not available, *: P < 0.05 compared with control values, T. P < 0.05 compared between groups.
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Table 2. Arterial Blood Gas Values of Fetal Lamb

Control Bypass 10 Bypass 20 Bypass off Bypass off 15 Bypass off 30
g 0CG 727 £007 773 £ 0.09% 7.68 £ 0.11* 7.64 + 007* 7.19 + 008 698 + 0.17+
P PG 725 + 015 702 + 022" 697 + 025*" 694 + 025*T 687 + 0.13* 675 + 003+
Pa0: OG 31 + 6 287 + 72+ 231 + 98% 220 + 97 19 + 12 14 + 3
(mmHg) PG 49 + 70 41 + 441 56 + 59° 20 + gt 27 + 23 49 + 60
PaCO; 0OG 53 + 9 23 + 5* 22 + 3* 29 + 17 63 + 23 74 + 22
(mmHg) PG 56 + 12 73 + 23t 83 + 39%T 79 + 48 120 + 22 156 + 77
HCO; OG 244 + 28 252 + 5 254 + 44 251 + 29 22 + 52 171 + 2.1
(%) PG 248 =5 209 + 22 179 + 29 197 + 43 20 £ 1.6 189 + 08

Data are mean + SD. OG: oxygenator group (n = 6), PG: placenta group (n = 6), bypass n: n minutes after cardiac
bypass, NA: not available, *: P < 0.05 compared with control values, ': P < 0.05 compared between groups.

Table 3. Flow Rate (mi/kg/min) during Fetal Cardiac Bypass

Bypass 5 Bypass 10 Bypass 15 Bypass 20 Bypass 25 Bypass 30
Oxygenator 164 + 82 160 + 65 152 & 67 140 + 48 137 + 44 131 + 39
Group (n = 6)
Placenta 1S + 74 97 + 6l 76 +36  74+37 7797 8l + 16
Group (n = 6)

Data are mean + SD. Bypass n: n minutes after cardiac bypass, *: P < 0.05 compared between groups.
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A LA F7Fe HIe ATl = 164
ml/kg/minel] 4] 131 ml/kg/mine 2 7Zt4s}gow et
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