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A Comparison of the Effects on Postoperative Course of Hypothermic Circulatory
Arrest Versus Continuous Cardiopulmonary Bypass
in Infants Arterial Switch Operation

Chong Sung Kim, M.D.>, Jong In Oh, M.D. and Yong Jin Kim, M.D."

Department of Anesthesiology and 'Department of Thoracic Surgery,
College of Medicine & ?Heart Research Institute, Medical Research Center,
Seoul National University, Seoul, Korea

Background: Hypothermic circulatory arrest is a widely used support technique during heart surgery
in neonate and infants, but the difference in the effects of perfusion methods, total arrest versus
continuous flow, on postoperative course has been controversial.

Methods: This study was retrospectively designed to examine the difference in effects of deep
hypothermic circulatory arrest or continuous flow perfusion on postoperative courses including mortality
and neurologic motbidity after arterial switch operation through chart review. We also examined the
relationship between intraoperative data and postoperative outcomes.

Results: Of 72 patients, 44 patients (Total Circulatory Arrest (TCA) group; 26 patients had intact
ventricular septum, 18 patients had ventricular septal defect) were treated with total arrest, and 28 patients
(Continuous Perfusion Flow (CPF) group; 13 patients had intact ventricular septum, and 15 patients had
ventricular septal defect) were treated with continuous flow. Hospital course, postoperative hemodynamic
profiles, incidence of complications excluding neurology and mortality were not different between two
groups. The incidence of neurologic abnormalities was higher two times in TCA group than in CPF
group but was not significantly different.

Conclusions: We could not confirm the differences in postoperative outcomes between both
techniques, total circulatory arrest and continuous flow perfusion during arterial switch operation in
neonates and infants, (Korean J Anesthesiol 1999; 36: 82~92)

Key Words: Anesthesia: postoperative evaluation. Heart: cardiopulmonary bypass. Surgery: arterial
switch operation. '
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Table 1. Demographic Data according to Ventricular

x] <3¥l(cerebral circulation)
FAY T glol ARYH Ao FHANAE #
23t XY Ro|AT o] W E MHFH T A
deod F g 717ke]
g 71Ee] ol ¥ A
orgrow] Al sH|sl(caval obstruction)E U.07]7)
A3 g Aol AQH7 ol HGHA g
FAFF2E AsdeS sy HHAYe] & 7154
o] 91+ A}7H(potential cerebral ischemia time)o] £.3}
o 27 4E gdol § el ool ol =

Ak 59z W8T A S(trans-
vessels, TGA)2 2 A 3} (Ar-
terial Switch Operation, ASO)-g A]3§3t Ao} g &
ot} HEXE 7 Eslel AAL £RHRAEH A&
A Aegbio] % Ao uX e dgE F

2gee W

TCA CPF

IVS(n=26) VSD(n=18) IVS(n=13) VSD(n=15)

Body weight(kg) 3.41%0.63 3.99-1.14 3.612£0.56 3.95+0.80

Age(days) 37456+ 49+56" 15+217 49+43"
<1wk (n=16) 7 3 5 1
1~2wk (n=10) 2 1 5 2
2~3wk (n=7) 3 2 1 1
3~4wk (n=9) 4 3 0 2
4~8wk (n=18) 8 4 1 5
8~ 12wk (n=3) 0 2 0 1
12~16wk (n=2) 0 1 1 0
>16wk (@=7) 2 2 0 3

Septal Status and Perfusion Method. TCA: total circulatory arrest group, CPF: continuous flow group, IVS: intact
: statistically different group: TCA-IVS group is statistically
different from TCA-VSD, CPF-IVS, and CPF-VSD groups; TCA-VSD and CPF-VSD groups are statistically different
from TCA-IVS and CPF-IVS groups; CPF-IVS group is statistically different from TCA-IVS, TCA-VSD, and CPF-VSD

ventricular septum, VSD: ventricular septal defect, w11

groups.
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g 9 ¢ PHe e Ak v
atropine 0.02 mg/kg, thiopental 4 mg/kg =+ mida-

h =4
rE

fEE
zolam 0.2 mg/kg, vecuronium 0.1 mg/kg, fentanyl 10
pekes AFsR ZIHN AMRE Ao A
213 AR = Aelo] ulegl 2fzhe] fentanyl§
7t A sldck. Y 7haE4E APste] PaCO;
7} 30~40mmHg7t =A 271E =" AT
3 Fole 109 FYAAEFEE AFEVEAC
A 23 Ao 30 ugkgs] fentanyl¥} vecuronium
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w7tA vl FAE Sk #E€F AR AA
=, BUshaE 9 & d= ), TARUY
@HEs B9 F2 7 A, WAL EE, Al
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o] 10 mmHg °]4 HA FHHYT, AAFALEA,
ARAY, a0 FHRE FolBles ¥ dopa-
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& 4YuE Mg DY AL Awet FL
A4, s AEGE AR sel ARRgon
BAAE A4 WAE ARLEE 15C, A5A
Aeeee AR S 20°CE ERE AT
stgler. XN FEHAHYF, 20% albumin, Hart-
mann’s solution, mannitolg AF£3}5, AL £3A

A& A83 739+ phentolamine 0.05 mg/kg, thi-
opental 10 mg/kg, methylprednisolone 30 mg/kgs =
AYol| F7lsigion AeEdh Folls 20% Hele
Y FEH E(Hematocrit) S F218kAch. 24487
(membrane oxygenator)& Ab£-3l03 oWl Z$E A
de8F tAudks Y3t Folsle AlA il
COoE #HrtslAle obusldrt. A A (cardiople-
gia)e A&H ALy ARl A5 dsd A
A% 80 mlkgE 30%vith Folslgich £ AME
gt AR, ARAY Fof, ey o =5 A, &
A5 wke, B4 FUs Ay ¥, AEEA
7<= (Atrial Septal Defect, ASD) % VSD &%, Aa|
g w4 S 99 24, A5 2 AEe A
A €Az Ausgen $4483 AEU A2
o] W AT eE PA ARuSh
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stk 271 €42 < 50 mmHg o] FA%H7]
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8] g3t 1 mikghr o] e 83%-& FAIBY
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o] Zolew 713 F 7}A|%E F-(synchronized intermit-
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go] foJstA F3 A gEE T F(pressure
support ventilation, PSV) % %2 SIMVE} PSVE
ol 488t

WEA HEE ¢ A7, F A8 DHotal
bypass time), tHE™ H2}LA|ZHaortic clamp time), £
G A A ZHarrest time), A FF4H HA JFF
g Ao HAAAFLE, FLEAZL, TFAE
3, Asgn, FEF AA2e AYE, AT
3 F8F 24A7HEqHe Autes, HFEsh 24
uheh, ZAg e, FHAA AFAZL dFEF A
Zy, FEAANA A% AA 9 o PEF W
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LF AAHH ol oiE WAt APHA
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(microcephaly), ®tAlupn](hemiparesis), 552 (hydroce-
phalus) F-5& 4o AAFelA Akt Ae dgde=
shlek. A7 g Fo] WA A AU 3
2 $Este] BAS s

T HEFLEFHAE BAGen SAE Stu-
dent t-test 3 ANOVAS} multiple comparison(Duncan)
test, Fisher's exact test, Kruskal-Wallis test -2 A]3}

sto] P<0.052 Gol3t oz #gr}.
| }

TEA 32 Al IVSTel 397 (54.2%)01

VSDo] 333 (45.8%)0]| o, IVSTE 393 = 2849
o] ¥4 AW} &7 F < (balloon atrial septostomy, Rash-
kind septostomy)& RS 3] AHEFH et
HE" I F<=(pulmonary artery banding)-3 wWHQkTl.
VSDi2 338 F 8%ollA F7Z F<E(septostomy) S
wotow] SHolA whebEhun)dt =HlFW aoke
(pulmonary artery banding)o] =& A}3§= Arelgdc).
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Table 2. Intraoperative Perfusion Variables According to Ventricular Septal Status and Method

TCA CPF
IVS VSD IVS VSD

Operation Time (min) 231 +51.3* 281 +57.71 240 +50.4* 278 +43.17
Total Bypass Time (min) 146 +66.87 182 +50.3* 150 +502% T 168 +30.67
Aortic Clamp Time (min) 66 1027 90 +24.9% 7347997 94 132+
Arrest Time (min) 44 +9.54 43 +14.7
Lowest Perfusion Pressure (mmHg) 38 +9.8 34 +6.0
Lowest Perfusion Rate (ml/kg/min) 97 £20.2 91 +50.0
Lowest Rectal Temperature 15 £247 16 +1.71 21 £3.1* 19 £3.3%
Decreasing Rate of Temperature(min/°C) 1.07+0.49 0.85+0.30 1.18+0.71 1.14+0.99

TCA: Total Circulatory Arrest Group, CPF: Continuous Perfusion Flow Group, IVS: Intact Ventricular Septum, VSD:

Ventricular Septal Defect, w1 Statically Different Group.

Table 3. Ventilatory Support Time, ICU Stay and Admission Time

TCA CPF
IVS VSD A VSD
Admission (Days) 18 £12.6 23 £20.1 20 £11.9 20 +14.1
ICU Stay (Days) 11 +6.7 10 +84 7.8+59 85+73
Duration of SIMV (Days) 1.7£0.59 1.7+0.87 23+19 23+1.32
Sarting of CPAP (Post Operative Days) 2.7%£23 33+£25 3+19 3+14
Extubation (Post Operative Days) 3.7x25 6.6+11.2 3.7£3.0 5.1%£73

TCA: Total Circulatory Arrest Group, CPF: Continuous Perfusion Flow Group, IVS: Intact Ventricular Septum, VSD:

Ventricular Septal Defect, ICU: Intensive Care Unit, SIMV:
Continuous Positive Airway Pressure

Synchronized Intermittent Mandatory Ventilation, CPAP:
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Table 4. Postoperative Events During ICU Stay

TCA CPF
IVS(n=21) VSD(n=13) Total(n=34) IVS(n=11) VSD(n=14) Total(n=25)
Cardiac arrest 0 0 0 0 2 2(8%)
Mechanical pacing 2 4 6(18%) 1 2 3(12%)
Diaphragmatic palsy 2 3 5(15%) 2 1 3(12%)
Delayed sternal closure 0 1 13%) 0 0 0
Chylothorax 0 2 2(6%) 0 1 1(4%)
Reintubation 4 2 6(18%) 2 3 '5(20%)
Pneumonia 1 0 1(3%) 0 0 0
Pleural effusion 1 0 1(3%) 0 0 0
Arrhythmia 4 0 4(12%) 0 4 4(16%)
Wound problem 1 0 13%) 1 0 1(4%)

TCA: Total Circulatory Arrest Group, CPF: Continuous Perfusion Flow Group, IVS: Intact Ventricular Septum, VSD:

Ventricular Septal Defect

Table 5. Demographic Data of Survivor and the Dead

TGA CPF
Total VS VSD Total VS VSD  Total
(n=26) (n=18) (n=44) (n=13) (@=15) (n=28)
No of case(%)
Survivor 54(75%) 20 10 30 11 13 24
Death overall 18(25%) 6 8 14 2 2 4
Death on discharge 13(18%) 5 5 10 2 1 3
Age (days)
Survivor 44.51+55.3
Death 21.8+18.1* 152499 30.8+243 9+14  36+0.1

TCA: Total Circulatory Arrest Group, CPF: Continuous Perfusion Flow Group, IVS: Intact Ventricular Septum, VSD:
Ventricular Septal Defect, *: p<0.05 Comparing Survivors vs the Dead
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Table 6. Age and Intraoperative Variables of the Patients
with Neurologic Complication

Normal Abnormal
Age (days) 47 +62.7 28 +24.1
Operation Time (min) 249 +49.2 220 +28.6
CPB Time (min) 153 £37.5 137 £274
ACC Time (min) 84 +21.0 73 +172
Arrest Time (min) 44 +12.6 44 +104
Cooling Rate (min/°C) 1.14+0.77  0.77+0.30

CPB: Cardiopulmonary Bypass, ACC: Aortic Cross Clamp
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Table 7. Neurologic Outcome during ICU Stay and Admission and Discharge

TCA CPF

vs VSD Total VS VSD Total

n=20 n=13 n=33 n=10 n=13 n=23
Neurology Total 7 5 12(36%) 2 2 4(17%)
Clinical Seizure 6 4 10(30%) 2 1 3(13%)
ICH or IVH in U/S 4 1 5(15%) 0 1 14%)
Microcephaly in MRI 1 0 1(3%) 0 1 1(4%)
Quadriplegia 0 0 0 0 1 1(4%)
Hemiparesis 1 0 1(3%) 0 0 0(0%)
Hydrocephalus 1 0 13%) 1 0 1(4%)
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