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=Abstract=

Evaluation of Neurologic Abnormalities After Deep Hypothermic
Circulatory Arrest for Pediatric Cardiac Surgery

Kay-Hyun Park, M.D.*, Tae Gook Jun, M.D.*, Hyun Keun Chee, M.D.**, Jeong Ryul Lee, M.D.**,
Yong Jin Kim, M.D.**, Joon Ryang Rho, M.D.*™, Kyung Phiil Suh, M.D.*™*

Circulatory arrest under deep hypothermia is an important auxiliary means for cardiac surgery,
especially useful in pediatric patients. However, its clinical safety, particularly with regard to the
neurologic outcome after long duration of circulatory arrest, is still not established.

This study is a review of the eight years’ clinical experience of hypothermic circulatory arrest at the
Seoul National University Children’s Hospital. During an eight-year period from January 1986 through
December 1993, a total of 589 consecutive cardiac operations were done using circulatory arrest under
deep hypothermia. Among them, 434 consecutive patients, in whom the duration of arrest was 20 minutes
or more, are the subject of this study. The duration of arrest ranged from 20 minutes to 82 minutes (mean
= 38.7 minutes) under rectal temperature in the range from 12.5°C to 25.8C.

Early neurologic abnormalities occurred in 47 patients; seizure attacks in 28 patients, motor paralyses
with or without seizure in 12, blindness in 2, and no recovery of consciousness in 5 patients. The rate of
incidence of early neurologic abnormalities was calculated at 15.7%. 25 patients showed late
neuropsychologic sequelae, such as motor paralysis (9 patients), recurrent seizures (6), developmental
delay (8), and definitely low intelligence (2). The rate of incidence of late neurologic sequelae was 8.5%.

By statistical analysis, the following factors were identified as the risk factors for post-arrest neurologic
abnormalities; 1) long duration of circulatory arrest, 2) lower-than-ideal body weight, 3) preexisting
neurological abnormalities, 4) associated non-cardiovascular congenital anomalies, and 5) low blood
pressure during the early post-arrest period.

It is concluded that circulatory arrest under deep hypothermia is a relatively safe means for pediatric
cardiac surgery with acceptable risk. However, to warrant maximal safety, it is desirable to limit the
duration of arrest to less than 40 minutes. In addition, it is our contention that the early post-arrest
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period is a very critical period during which maintenance of adequate perfusion pressure is important for

the neurologic outcome.

(Korean J Thorac Cardiovasc Surg 1996;29:14-23)

Key words : 1. Circulatory arrest, induced
2. Hypothermia, induced
3. Postoperative complications
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Table 1. Age, body weight, and cardiopulmonary bypass data
(Jan. 1986~ Dec. 1993, number of patients =434)

mean = S.D.  range

Age (month) 16.8 +28.2 0~198
Body weight (kg) 76+ 60 1.7~46.0
Duration of circulatory arrest (min) 387+123  20~82
Duration of myocardial ischemia (min)  61.1 +27.5  20~187
Duration of cardiopulmonary bypass (min) ~ 152.1 £19.8 28~ 1479
Esophageal temperature (C)* 147+ 20 9.4~250

Rectal temperature (C) 184+ 2.0 12.5~25.8

*temperature at the beginning of circulatory arrest

z)&kgde}. AFL HA 1.7kg, ) 46kg, HF 7.6 + 6.0kg
olglc}. o] 9] Al WBE 43087} AHN Av)How o
Z 31387} AAFY Aol 11787} v A M S
Al718o)1gl e U] 43 AR F2F T vAHA
Al A gtolict A8 o 1y FEo] 38585 24x]8}
A3 AR FeL 499 o A A3 =) vk (Table 2).
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Table 2. Operative procedures
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Table 3. Risk factors analyzed

Type of operative procedures

Switch procedures - e e 104
Arterial switch (76), Atrial switch(26),
Double switch(1), Stansel(1)

VSD repair + RVOT reconstruction -~ e T8
(e.g., TOF, DORV, PA + VSD, etc.)

Repair of septal defects - 74
(e.g., VSD, ECD)

Procedures on pulmonary venous drainage v e 59
TAPVR (50), Cor triatriatum (3), Others(6)

Fontan type operation -~ AR 51

Procedures on the aortic arch - ST 49

Repair of coarctation of the aorta (30),
Norwood operation (10),
Repair of aortic arch interruption (9)
Others R 22
(e. g., palliative RVOT reconstruction,
pulmonary artery angioplasty, tumor resection, ete.)

VSD; ventricular septal defect, RVOT: right ventricular outflow tract
TOF ; tetralogy of Fallot, DORV; double outlet right ventricle

PA; pulmonary atresia, ECD; endocardial cushion defect

TAPVR ; total anomalous pulmonary venous return

g=lo] ot £33 A} A7 A 2048 4 o 8287
A2 Y 28.7 + 123701 & A LH X HS 2 4 203
ol A FHd 1878, HF 61.1 +27.58)4c}. s A A7}
AlAHR 27k A Al 22 2 A AN 1255004 I
8%, 4 18.4 + 2,05 tH(Table 1).
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. Age at operation

. Body weight

. Type of cardiac defect (cyanotic vs. acyanotic)
. Type of operation (corrective vs. palliative)

. Preoperative neurologic abnormalities

. Other associated illness

. Duration of circulatory arrest

. Body temperature at arrest

. Bypass flow rate during cooling and warming
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. Perfusion pressure during cooling and warming

—

. Low blood pressure early after operation
. Low PaO: early after operation
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Fig. 1. Risk factor analysis: duration of arrest
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Table 4. Neurologic complications

Early complications
(n=47,157%)

Late sequelae
(n=25, 8.5%)

Paralysis

Seizure 28
Paralysis 12 Developmental delay

with seizure (4) Recurrent seizure

N O O\ 0o

without seizure (8) Low intelligence
Death in coma or brain death 5

Blindness

Table 5. Neurologic prognosis*

early complications

Seizure Paralysis Blindness - No abnormality
late sequelae

Grossly normal 22 2

Recurrent seizure 2 1 3
Paralysis 9

Developmental delay 2 1 2
Low intelligence 2 1

Table 6. Relationship between features of seizure attack and
late sequelae

Sequelae (+) Sequelae (—) Total Incidence

single seizure attack 0 6 6 0%
multiple seizure attack 6 16 22 27.3%*
focal seizure 5 11 16 31.3%*
generalized seizure 1 11 12 R3%

*p = 0.289 =p=0.196 (Fisher’s exact test)

129 % 39ute] JAF FFEoF FHEFQL B L v}
¥]7} A1 45 9o} (Table 5). 270l vreld 7} 2}be) §
e} &F FH3 RS of Rxbeo] AFg WA S EA % F )
t}s]o] whEzql AzF wakg Bl H$7} 13]e] A7k
2ubg AP AR FR502 A EEE vlEo] ¥
Sk A 7F Ak ofAbE vl & W A A7k
zto] WA 7R} {5 A|Ego] Eohot SAH
ol A2 gld v} (Table 6).
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Table 7. Risk factor analysis I*(age, body weight, low body
weight, duration of arrest)

Complication{+) Complication(—) p value™

190 £267 p=0.1
8.40 + 586 p=0.462

-1.74£ 317 p=0032
472+ 157 p<0.005

age (month) 18.7 + 37.9*
body weight (kg) 772+ 6.73
body weight-ideal body weight(kg) —2.98 + 5.94

duration of arrest (min) 36.0 £ 11.1

*data = mean + standard deviation ®™student t-test

A7do] vhehgA] ekgke}. “diffuse cerebral dysfunction”o]
vebd 9952 A0) A Follx A7]|7F A7 Wbt
vlnj 7} 2&= it &9 2572 Brain CT} MRI, & %
L9734} 58 A8 wgkenl 202 “diffuse brain atro-
phy"e] 27 & Hojom Zlel 23 (2%)olv o 7Y (2)
Y AAE AN vehdeh A 238 Bl A= A
7k ato] viebd® 1] #xpdolgic}. “diffuse brain
atrophy”®) A& Bl "7}zl 312} 1295 F9-Z0)
A &5 Fxp= 4o o] F{F A& o] e} AT
£ 2Ql H 7 Aol ohE oS B Foh

& QIR} BN
e o] AR FAET WA EA] o 3}
A7 9] zol= Flsdch(Table 7).
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Fig. 2. Risk factor analysis: rectal temperature
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Table 8. Risk factor analysis Il

R
MM S5t £8Hx| Fof A7 o]t

Total number Complication (+) Incidence p value*
Type of cardiac defect 0.664
Cyanotlic 187 36 18.3%
Acyanotic 03 16 15.5%
Type of operation 0.590
Corrective 274 46 16.8 %
Palliative 26 6 23.1%
Preoperative reurologic abnormality 0.019
Present 10 4 40.04 %
Absent 290 48 16.6%
Other associated illness 0.007
Present 34 12 353%
Absent 266 40 15.9%
Systolic BP<70mmHg <0.001*
> 30min 80 25 31.3%
<30min 220 27 12.3%
Systolic BP<50mmHg <0.001™
> 30mirn: 28 15 53.6%
<30min 272 37 13.6%
Pa0:<80mmHg 0.083
Present 78 19 24.4%
Absent 222 33 14.9%

* XZ-Iest of Fisher’s exdct test ** X2=13.45 *** X2=2558

Table 9. Risk factor analysis III*(variables during cardiop-
ulmonary bypass)

Variable Compllcatlon (+) Complication (—)
FCmax 2.25 £ 0.66 2.32 +£0.58
FCmin 1.41 +£0.38 1.50 +£0.47
FCdiff 0.30 + 0.31 0.33 +0.25
FWmax 2.59 £ 0.48 2.57 £0.46
FWmin 1.54 + 0.49 1.59 +0.50
Fwdiff 0.39 £0.29 0.39 £ 0.28
PCmax 479 £ 13.1 509 + 14.9
PCmin 299+ 8.6 31.3+ 89
PCdiff 179 £ 139 19.6 £ 159
PWmax 55.3+%£152 582+ 17.2
PWmin 336+ 83 339104
PWdlff 21.7+14.0 246 + 14.6

FCde, FCmin = maximal, and minimal flow rate (L/min/M2)during cool-
ing FCdiff=FCmax — FCmin{L/min/M?2)

FWmax, FWmin=muximal, and minimal flow rate(L/min/M?) during war-
ming  FWdiff=Fwamx —F Wmin (L/min/M?)

PCmax, PCmin=maximal, and minimal mean arterial pressure (mmHg) dur-

ing cooling PCdif=PCmax —PCmin (mmHg)
PWmax, PWmin=maximal, and minimal mean arterial pressure(mmHg)
during warming PWdiff=PWmax — PWmin (mmHg)
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