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24827 sgich,
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EAd 4.8 Student t-tests} Chi-square test®

1 o of 4%

AA 6557 2] 3t FollA A7 T FL 310
A wAslel 4.7%9 HAES BAch AEA #
Zo] wAFAY o HFAYL 28.5/04Y, FUhdH
o 137093 AATH dFo] A7iA U T4
36.8704 H 20/9xc} olF o} BAEH oo+ @l

CRANF - AEE - AEF A =T

Ak, AW EEE ol & 3718 F 218 (5.7%), 4
ol= = 2843 = 108 (3.5%) o4t A8l o} (Table
1).
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2347 A gkgko}t 314 A7 v (diaphragmatic
palsy) & & 13834 2 Wl5& 2%,

2. NN ghdSof Wi IEE olxl= 22

AMAEF dehte A4 s wael 9=
B2l 29lg dobruzl, AlAEA IFo] wAd
3 G A wdwd # Abelo] FHAAA A& (par-
ameter) ol thatod FAISHA fo AL A Ryl

1) o8 % 44

AA Az 2 Aol Hatedw FARH ool s
2, AHE AF DHYE 71Fo R vrolA FEE v

Table 1. Age and Sex Distribution of Patients with Neurologic Complication and Without Neurologic Complication

With Neurologic Complication

Without Neurologic Complication Total patients

No, of cases 31 (4.7%) 624 655
Age (months)
mean 28.5 36.8 36.4
median 13 20 20
Sex
Male 21 (5.7%) 350 371
Female 10 (3.5%) 274 284
* Djaphragmatic palsy : 13 cases : 2% of Total Patients.

Table 2. Comparison between Patients with Neurologic Complication and Without Neurologic Complication

Parameter With Neurologic Complication Without Neurologic Complication P value
Age (month) 28.55 £ 41.73 36.82 + 41.35 NS
Age < 1 month 5 (16.1% of total) 18 (2.9% of total) <0,01
Sex M: 21 M: 350 NS
F:10 F:274
CPB time (min}) 142,71 + 61.88 94,59 + 53,081 < 0,01
ACC time (min) 61.07 + 29.63 45.64 + 24,93 < 0,01
TA time (min) 45.63 + 19.94 33.09 + 18.36 0.01
Hypothermia (°C)
Esophagus 17.37+ 6.35 22,50+ 5.64 < 0,01
Rectum 20.74 =+ 5.83 2544+ 511 < 0.01

* CPB time : cardio-pulmonary bypass time,
* NS : not significant.

ACC time : aorta cross clamp time,

TA time : total arrest time.
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AR v AT 17H%
FASA 2.2 felah Al
9k} (Table 2).

Table 3. Incidence of Neurologic Complication Accord-

ing to Pre-Op Diagnosis

Classification p:fi::&:llts Crc\)lrinuglci)l(;%iizn
(1) Cyanotic congenital
heart disease 258 20 ( 7.8%)
TOF 105 1( 1.0%)
DORV 24 3 (12.5%)
TGA 33 5 (15.2%)
Pulmonary Atresia 28 2( 7.1%)
Tricuspid Atresia 9 2 {(22.2%)
TAPVR 15 1( 6.7%)
Single Ventricle 12 0
Ebstein Anomaly 2 0
Others 30 6 (20.0%)
{2) Acyanotic congenital
heart disease 383 11( 2.9%)
VSD 68 1{ 1.5%)
VSD 226 7( 3.1%)
ECD 14 0
PS 7 0
AS 3 0
Others 65 3 ( 4.6%)
(3) Acquired heart disease
6 0
(4) Cardiac Tumor
2 0
(5) Miscellaneous
6 0

* TOF : tetralogy of Fallot, DORV : double outlet
right ventricle, TGA : transposition of great arter-
ies, TAPVR : total anomalous pulmonary venous
return, ASD : atrial septal defect, VSD : ventri-
cular septal defect, ECD : endocardial cushion de-
fect, PS : pulmonic stenosis, AS : aortic stenosis.

* The difference of neurologic complications between
cyanotic group and acyanotic group is statistically
significant (P value < 0,01).
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Table 4. incidence of Neurologic Complication Accord-

ing to the Type of Operation

Neurologic

To ients A
tal patien Complication

Classification

(1) Corrective Surgery 641 30 ( 4.9%)
Jatene 21 7(33.3%)
Fontan 33 4(12.1%)
REV 23 2 ( 8.7%)
Rastelli 18 1( 5.6%)
Others 546 16 ( 2.9%)

(2) Palliative Surgery 14 1{ 7.1%)

Table 5. Types of Neurologic Complication

No. of cases (%)

Seizure 26 84
Partial 8
GC 7
GT 3
GTC 6
Myoclonic 2

Consciousness change 13 42

Hemiplegia 1 3

Decreased muscle tone 1 3

* GC : Generalized clonic, GT : Generalized tonic,
GTC : Generalized tonic clonic.
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Fig. 1. The incidence of neurologic complication according to CPB time.
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Fig. 2. The incidence of neurologic complication according to ACC time.

bl o] HEFAAL 22.50C (#15), 25.44C(HA)
ofl wlate] A gA o2 §2j31A ket (Table 2),

H £ FA 7hel] ubE A7deh e Fe] Al e,
A Q)& 3 7o) AAAFE AA A PHFe] UAE
o] Z7}akl o (Fig. 1), o5 AFkA] zhel] wh Al7
A o) Wl R M E A|7ke] Aol H 45 b
o] 71592 (Fig. 2), A3 AR A2kl
A P Fel B E A4 A7ke] AelA
a4 3h ol WAl et Fols|gle &9
A A 7ke] 60801 AU Aol 50%8] &
B9} (Fig. 3).
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2) M HHBe R

A E 1A SA el FHEE 13 (seizure) 0]
267 (84%) = 7 wska, 944 3} (consciousness
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Fig. 3. The incidence of neurologic complication according to TA time.
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Fig. 4. Onset of neurologic complication.

Zwujy] (hemiplegia) 12l (3%), =2t3x9 74} 18
(3%) 314t (Table 5),

3) ZAAH

Hale & 116X AldEYs, 2 £ 2e Hel
)3} (isoelectric) 48], A4kA =} (diffuse slowing)
58, 43 Al#}(focal slowing) 33, AdFH A
(diffuse suppression) 53], =473 < A (focal sup-
pression) 2#|, =3} (spike discharge) 22, ®]thA
(asymmetry) o] 32lloll 4 3lich(Table 6).

Table 6. EEG Findings (11 cases)

Findings No. of cases
Isoelectric 4
Diffuse slowing 5
Focal slowing 3
Diffuse suppression 5
Focal suppression 2
Spike discharge 2
Asymmetry 3
Normal 2
Table 7. Neuroimaging Findings
Lab Findings No. of cases
Brain CT 9
Multiple low density 1 (#1 day)
Diffuse swelling 3 (#3,5, 8 day)
Diffuse atrophy 1 (#40 day)
Normal 4
Brain MRI 3
Focal swelling 1 (# 7-day)

Diffuse atrophy 2 (#16, 23 day)

# : day on performing neuroimaging study after the
onset of neurologic complication.
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g, Aubd =92 (diffuse atrophy) o] 1=lel4 U
o},

¥ z}7)2 323 4 (brain MRI)& £ 3alloll 4 Al g=]%)
3, Axkd 392 (diffuse atrophy) o] 28], =4£HFel
=33} (focal swelling) o] 18l|oll 4] 21t} (Table 7).

autell AZFdF 38, DL 19, d2F 3
g, AbZ 12l 5-9 AAEA o] 3lsiv}(Table 8).

4) M S| Hel

A7 g Fo) dhsiAl 1 Jhed HlezE,
wlukA) o) =) Ak4 3] &8 A = & (diffuse hypoxic ischemic
encephalopathy) o] 162l (51.6%)2 7}3 wska, =
427 T oty YA ¥ ZEF (focal or multiple
ischemic stroke) 2 A=t 4 9loied A7 =4
on) 25 28 HAAA AT £ 0] UMz, 18+
ghate] Abe7h vk HAAE dE Fv sl d
Zwle] 7} YA FFell F-E "aL’—}"]

A 270 glsict, kel %k/‘i oAk
£ Ak-917) F olAbe] 8l UL, YA L
Al A7) 48 il (Table 9).
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Table 8. Other Laboratory Findings

ANF - A F85 - AEA

5) ei4 Zat

AQaAE B, A kA 318" 7397 142
2A A7 A ghg o] A7) dhole] 45.2%, HUAZA]
ok2 289 3l 24= A7) 339 (9.7%) A,
4714 F%% (long-term sequela) °] &2 7= 221
(6.5%)7t 9seul, H=A4 A==} (spastic quadri-
plegia), #Z&X-zw}v] (hemiparesis) 7} 77t 114 g}
g}, Alkak e 25 1187} 3lof A A3k ¥y
Zo] A7l Folg) 35, 5%% 2= sl et (Table 10).

Apgl 118lel gloix e A Alle gy, a% 7H
Al HEAbo] 9 Aolslen, 4alldAe AFA,
%54, H¥F 59 ohE dalel 71]lskd e (Table
11).

W, AAGH FFo] Az selES AN
7F 99wl 3 4k} gigiel Fog el id,
QA Est QI FolAe Alge] 61.5%2 A
Eokow, tfRRo4 HAAlele] H&Abel ot 7"°l
oo, oAzl gl Foll A Al 38+
= b2 dqlel| 284 Aslsicl (Table 11914 case

Table 10, Outcomes

No. of cases No. of cases (%)

Hypocalcemia 3 Recovery at discharge 14 45.2

Hypoglycemia 1 Controlled at discharge 3 9.7

Alkalosis 3 Long term sequela 2 6.5
Acidosis 1 spastic quadriplegia 1
hemiparesis 1

Death 1 35.5

Table 9. Possible Etiology of Neurologic Complications Total 31 100

No. of cases (%)
Diffuse HIE# 16 516
Ischemic Stroke
Focal 2 6.5
Multiple 1 3.2
Hypocalcemia 3 9.7
Hypoglycemia 1 3,2
Alkalosis 3 9.7
Acidosis 1 3.2
Unknown 4 12.9
Total 31 100

# HIE : Hypoxic Ischemic Encephalopathy.

Table 11. Causes of Mortality Cases

No. of cases Direct Cause of Death
7 Brain damage
2 Heart failure, Sepsis, DIC [case 1,2} #
1 Heart failure, Respiratory Failure
1 Aspiration & Pneumonia [case 3]#

11

: 8/13 (61.5%)
3/18 (16.7%)
——>[case 1, 2, 3]

# Consciousness change (+)
Consciousness change (—) :
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g Bl 7%l EgHYE, AAewoz o o e
o WA Fojme] qALF o2V ALE BEoe
o ARY 4 Ya, ALY FEA
ok F7 @ 4 gt WAL Shss A
b, $47YE wRete] solel] gloiHe] AL

AP Hold, Aol 4go] b5t
A

A1 Al 718 = g0l 7hs3tAl =3

e Arole 1959955 Adge] Asa,
1978 2Ry el w9, 1983d%E] Az A

YL Zaslo) 1987401 BT 5.0%A 2ol oA
AR, & 14 vl Golrle] Afol, BAZo]
SEER

e 231Gl A A% A DGk} Aol
S v AF B0} SR Relne, A4S o A
HEE orlolAt oo QA Fekehy, £ el ol
£, Bobrh o REF ARAYAATL Sapetn AE
3 o) @go] E2 Aolehs Fold, AdL AF 1)
9 71302 ProlA wlmalugke o, A% 1Yol
Woll 48 e Aol FARHLE Fjalol A4
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W3 (seizures), A5F] W, AohulGe) T4
o AAAF, 2ANAE WS, ofHlEC]= $F (ath
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Z190. BB E (cortical blindness) & Y3lFo] A&
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TgEF ATFUEF 5F T (subclavian steal
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&
syndrome) o] A7|5L o] o] HFxxF 435 (verte-

AR BAEL 4+ AFolE ohaAl, 2Fo)
Al o Zrbwloll A Eke] Hrlshr] o AR Q)
2o, A A d7E R e FA47Y A4S
Gilman”2 34%, 19.2%,
Sotaniemi®<= 37%0ll A A7 eH4 g Fo] WSt vk
I skela, 1988~1989wdel mlFe] 67 AlE{olA] 4o}
ol Z=ARRE A 2%l 25%7HA] (i 8%) & X
Ry, zey Heate] AxE Hrlslr] 93k
A A& A R4 (psychometric analyses) 5 ®.t} o7l g}
- A4 A Poll Barule} Aol glx]ut WA
| 50%¢l 4oz FrtstA Ao, £ v A
%A A7 g Fo] WAt T Bt
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R, B dFolAEs 2% e dlsE wged], 3

Zall 4] Aholv} wold ARH
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o] dejuAlE= 89lg AV|H e
o] B, 5 old, ¢ 5, 4+ olF9 A7t
AE g g Yedl, FEoldy Hr Yo, FexF
o] AAt4Z (hypoxic insult), Z7)v & ofz|7}x]
29l =k 2 918k u] Al A 2 (micro-embolization), |
Rk Hoirbe] goll, aeja ggolFe] AAlHEF
e 5o A<lel a4 A ek,

A7 #9352 714 (mechanism) o2& dA7t
A AAH A (embolism) 31?2 ¥ &ite] A a-F (hypo-
perfusion)ol &3t AAbA£Ze] F7lx]7} F8.51159),
= 9ol 2A A & o1} 2HRAH ofelsbA] ket
3} 5ol slvka oA ek
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GA) 3olgolA dA7E AHas 478 =AY

Z gbA)=Ql $-2} ci2h(right-to-left shunt) 2 & #

£38F At zusln elEe UAAFH (cog-

nitive function)©] ®Ho]&-& ¥ 33 ALE glojA®

ol#|d A% 5 A7 e e Aol =¥

o] & 4 g}, g ¥ dFAHNME MAlEFl A
S

o

A A Aol A A7 e e Fe] BAEe]
| o] o37)ell & o2 7}x] alEo| o] Fodd}
AL Fl5AE A 5 & AR AT fEF
Feof| w}E AATH Py dgulz= 53] Jatene
7} Fontan $%oll4] 2 WA Ryedl 59 7
3 Fontan %30 3/, AYute] 57de] & A=
Hrgle] glo?® &gl FAgate] oAt 33
o}, g A ol & wlE, 4ol Afele
25%014 30%3 =M AAAge] e 7foln HAY
3 AR AHANNE ¥ AAF 1.5% HA 3.
8% Aol A HEFo] wAdrha =oigle] Al Fol
HEFe] 83 YUlFY shiz gl ek

Aol Adsgoldel APste HEF] Ue
7ol AlAGEo)|F HEFY AP} o Ade
oln] ojg] BmIelA A daA Uz, AMAE oA 34U
ool ¥HEFo] AW 7ol v] W=7} Frbe B
3% 9)zm2, 7% # 3} (carotid stenosis) ©] = B
Aol AAggFol AlHEE F1 H P WA
% FohE B35 YAk, dololde ol2d A&
A7 eE7) 55t dFE oA nin|dlmz, A}
A Gl=R e Aol

e glozs AoEdy, AAH, 4A
&by So| WA WAE AR dot, A
EZoE o2rta] el AZEo N At 3
(shearing stress) ] A7 3, F7] &g, A{ar) =2
o] g, d4g Aol oA nlAMA] F4E F
Qlon], AFAEL o|4 7|4} 2te] ¥ =] (membrane
surface)oll =% =7 =}, Azl ojeid dAEo] A
YTE FAA R, 4% FAHN AAEE T
713, =84 HAd oz 9tk (lipoprotein) ©] 7}
3, @3 A57 718 "k ol &l HHdk Ak
$e, SadArt FAstE D, =gt 353,
A L8 F4ol Forsa, A3} FAYol T8z,
HA A A= Folo] mEe Yoz Aot
A e,

g Al
3

o X ofy

N

o

ANEASS BE

of

AEA - e B

Brennan 5292 o|n] 22\AHe FEAYE 53k
A9 g8 £l n|A o] LA o] 7 o] HEAS
4 £ domz A3yl Ay Y HAE Fole
2 BAAEE FaAZLS EE 2adgla, A4 Al
AZo] me AAsE AT HEFY F83 Ao
2 4 gleE & odefF Ao, AAlAer, ¥
B o A4S Ho] = 71ZF ALSE7] (bubble
oxygenator)oll 23 4187| (membrane oxygenator)
2wl Ho| 2-& 9 of 7} (arterial filter) & 330l
A FAfo] who] ZadHAl El ks AR, o]
v Z71 A0 gl Aol olEo] AlFEH dFel
el 93 H3edAz &+ Ude #A 74
F5¢ A Ette & 4 gtk £4dolAM = 80
o) Fidlo]F A LE 7dPoll 2y Abglr) e} F o 3t
Z Ag3te] AAEE A st gla, Sl ohE A
oA 5 ol#A st & ¥ do] HelAL glrka o
adtt,

g gddoz e AedH £ AFA]7 (perfusion
time)o] ZAY, & SFol AT Ao Al
glolA ¥ @77} 38 YA, AVlF AR L A4k
420 8 HEAo] e A= AAEH 35
o] g3 A3 & ke A E ofv &
oz 9r}, AlelAe d-Fo]x3} Branthwaite®&
kel vol 7t 50401 A, FF-A|Zke] 1203F-0] 4
W, gEo|Ael o|v] Al e Azt UAEH, AT
% o] Bgteha shgln, Sotaniemi® 5ol A
= 7 #5170 7H Fadl A3l sigdch &
AFol = AEEA| ko] HojA4F A T

L Eo) FrlbslolA o) Fe Rug3 FE AAE
4 9lglen, Aed AR A7 A 2| zke] oA
A7 e gy Fe G st FoE e 59
A 2] A 7bo] 60H-0] AU 7-Foll= 50%S) EL
AES B}, ol AAAQl vlae oA S
ol 4] W G9e] Al #xle FHF A HAEIHA
= A 7ko] 45%-0] 7 et 47 BFolA A o] Aol
viebdhe 2ol v ik A 3HE elFgich

22 A sloll M o] AE@AA ] FiF T AT
2, uh 24 =ulol] A &g AR 23 U
o Age] glrke B glxap®, A& 18CHA 20
o4 AFgAR| K| 7ko| 50EWA] 60012l Al7 st
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4 e 20 3 M ko] e v
3 az.o_zw A=A 4|72

Aol oA —a—wm oo,

@7 %24 (autoregulation) 7] 55 A 8}A
FHo] A& Fe u-l—-7]' dojuAls 3, AFIAR A

o] At xFEA =R = A#F (reperfusion) 7} ol
£ btk 27t el o] oR 2AA-&Y o
AR TRFo] vehvw 7HE 49T 45 s
Aolth E od-FoAx Al7EHA Fhuito] A7l |
A AA-eye] AEo BASH o2 f-of3HA whgket

g £3 o}ﬂl* A AEES A == SelEoll 9o
Ao A AAEA Alele] ik dTE A9 gl A
7o]7)el, ol i ool glolAl ofn] AL Y&
Al7detd &2 whhshE FAlof g Al =T
A A @k, zEv, ARA Al el 2
A& #93] #7144 (hypotonic) o]z, A%
utekzl o o) 9lch, Newburger 5222 A4 Fo| 9]
ofoll 4 x| 5-goll, EEZN A=t & v Aok
2 u3kgd et

AAEZe} Ar|F o7 = A AT Z Lo
2 Zf-Foll A7t A7 PHEF A SR A
£ 7HA R gleh & E4 (sample) 9] TA 2%, 22 &
B4, ggo|Ad oln] &AL AT *PEPMW ZM
v 25 (1Q) & Abol T2 Al7gstH A
Jr

o}ﬁ
ru‘l _|,\°L

1

o
)

rie

dl

Blolg-) o] 44 (heterogeneity) 5] 3\& 4 A3
, e TARE, 754 A7, F
+3 (bypass) 7149 FF, 4459 }—:—* 5ol 8l
+ Ao, 2R FEF 717P°ﬂ/<1-4
%9 Aol7} 9l& o Ui, Fhot Zz*-‘r}alﬂ TAEE,
of gl golollA] HAG HAZ
test) 7} slvhke A3 A #E Adse A,
Folgoht 798 52 odojHeizby, 3rAF =l
& LS §17) ofdvhs A Eo| 7] widell, ©l
Fofe] 9] of#dgo] e7lel glvkx & 4 YA,
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Neurologic Complications after Open-Heart Surgery in Children

Tae Sung Ko, M.D., Ki Joong Kim, M.D.
Dong Wook Kim, M.D,, and Yong Seung Hwang, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Yong Jin Kim, M.D,, and Joon Ryang Rho, M.D.

Department of Thoracic Surgery

Neurologic complications after open-heart surgery are not only relatively common but also often

fatal. In order to know the clinical characteristics and causative risk factors, we carried out the

retrospective study on 655 patients who had been admitted and undergone OHS at Seoul National
University Children’s Hospital during 2-year period from July 1990 to June 1992. The results were as

follows;

1) The incidence of neurologic complications after OHS was 4.7% (31 cases) of the total 655 cases.
2) In the viewpoint of the pre-op diagnosis, neurologic complications developed in 20 cases (7.8%)

among cyanotic congenital heart disease and in 11 cases (2.9%J among acyanotic CHD.

3) In the viewpoint of the type of operation, the incidence of neurologic complications was 33.3%

in Jatene procedure and 12.1% in Fontan procedure.

4) Compared with the group who didn’t develp neurologic complications (624 cases), cardiopul-
monary bypass time, aorta cross clamp time, and total arrest time were longer and the degree of

hypothermia was lower in the group who had neurologic complications (31 cases), which are statisti-

cally significant each other (p<0.01).
5) In 25 cases (80.6%), neurologic complications occurred within 72 hours after OHS.

6) Clinical manifestations of neurologic complications were seizures (26 cases, 84%), consciousness

change (13 cases, 42%), hemiplegia (1 case), and decreased muscle tone (1 case).

7) Of the 31 cases, 16 cases showed more than one abnormal finding among EEG, Brain CT, or

Brain MRI.

8) The possible etiologies of neurologic complications were diffuse hypoxic ischemic ence-
phalopathy (16 cases, 51.6%), focal or multiple ischemic stoke that was thought to be due to
microembolisms (3 cases, 9.7%), electrolyte or acid-base imbalance (8 cases, 25.8%), and the remain-

ders were unknown (4 cases, 12.9%)

9) In the course of neurologic complications, 11 cases (35.5%) expired, 14 cases (45.2%) recovered
at discharge, 3 cases (9.7%) were controlled at discharge, and 2 cases (6.5%) had long-term sequela

(one spastic quadriplegia and one hemiparesis).

10) The cause of death among mortality cases were mainly due to brain damage (7 cases), while 4

cases had other direct causes such as heart failure, respiratory failure, or sepsis.

Key Words:
Neurologic complications, Open-Heart surgery, Children.
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