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Evaluation of Cerebral Metabolism for Children Undergoing Open Heart Surgery
for Atrial Septal Defect Using Proton Magnetic Resonance Spectroscopy

In Sook Park, MD', Gyeong Hee Yoo, MD', So Yeong Yoon, MD', Young Hwue Kim, MDI,
Jae Kon Ko, MDI, Tae Jin Yoon, MDZ, Dong Man Seo, MD’ and Jung Hee Lee, PhD*

! Division of Pediatric Cardiology, *Division of Pediatric Cardiac Surgery, °NMR Research Labarotory,
University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea

ABSTRACT

Background and Objectives[] The purpose of this study was to investigate whether a brief cardiopulmonary
by-pass, with mild hypothermia and normal flow, would have any deleterious effects on brain metabolism in
children. This is the first study using localized in vivo proton magnetic resonance spectroscopy (1H-MRS) in
brains of children with ASD undergoing open-heart surgery (OHS). Subjects and Methods[J Seven children
undergoing surgical closure of ASD, with mild hypothermia and normal flow cardiopulmonary by-pass, were
studied. Their ages ranged from 18 to 47 months, and body weights ranged from 11 to 17 kg. We performed
1H-MRS before OHS, and 1—3 months after, then compared the values of brain metabolite ratios before and
after surgery. The values from our patients were compared to those from 12, age-matched, normal children.
All MR imaging, and localized 1H-MRS, were performed using a GE 1.5T SIGNA system (General Electric
Medical System, Milwaukee, USA). Image guided STEAM-spectra were obtained from, the parietal white
matter (PWM), and occipital gray matter (OGM), with TE of 30 msec, and TR of 3 sec, using a PROton Brain
Exam (PROBE) (General Electric Medical System, Milwaukee, USA). Results[] All metabolite ratios, mea-
sured by 1H-MRS, from patients before surgery showed no significantly difference from postoperative values.
However, [choline/creatine] ratios, obtained from PWM, were higher in both pre- and postoperative ASD pa-
tients, as compared to those of normal children. Conclusion[] We concluded, that brain metabolism, measured
by 1H-MRS, does not change significantly after OHS, for children with ASD, with mild hypothermia and
normal flow. (Korean Circulation J 2002;32(2)*155-162)

KEY WORDS[] Cardiopulmonary bypass[] Brain[]J Metabolism[] Heart septal defects, atrial ] Magnetic res-
onance spectroscopy.
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Fig. 1. Location of voxels in parietal white matter (PWM)
and occipital gray matter (OGM) for localized proton
magnetic resonance spectroscopic examination.
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Fig. 2. Magnetic resonance spectrum acquired from a
normal child and an ASD patient before (Pre-OHS) and
after open heart surgery (Post-OHS) from the PWM and
OGM of the brain. Arrows indicate the higher choline
peak from an ASD patient before and after surgery as
compared to choline peak from a normal child. Abbr-
eviations are the same as shown in Table 1. PWMO par-
ietal white matter, OGMO occipital gray matter, ASDO
atrial septal defect, NAAO N-acetyl aspartate, CholO
choline, CrO creatine, miO myo-Inositol, OHSO open he-
art surgery.
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Table 1. Cerebral metabolite ratios measured by proton magnetic resonance spectroscopy from patients with atrial
septal defect before and after open heart surgery (n=7) in comparison to age matched normal children (n=12)

PWM OGM
NAA/Cr  Cho/Cr ml/Cr  NAA/Cho NAA/Cr  Cho/Cr ml/Cr  NAA/Cho
ASD Pre-OHS ~ 1.51+ 0.12 1.05+ 0.11* 0.57+ 0.07 1.45+ 0.16 1.36x 0.11 0.59+ 0.07 0.53+ 0.06 1.66+ 0.09
Post-OHS  1.49+ 0.11 1.01+ 0.10* 0.57+ 0.09 1.48+ 0.17 1.38+ 0.07 0.58+ 0.07 0.56+ 0.08 2.40+ 0.32
NI 2-5years 1.39+ 0.140.81+ 0.12 0.55+ 0.12 1.74+ 0.36 1.34+ 0.08 0.57+ 0.06 0.56= 0.08 2.36% 0.31

Values as meant SD. PWMO parietal white matter, OGMO occipital gray matter, ASDO atrial septal defect, NAAD
N-acetyl aspartate, Chol choline, Crl creatine, mi myo-Inositol, OHSO open heart surgery, NIO normal, *0 p<0.05
by paired Student’s t-test between pre- and postoperative values from ASD patients and the values form normal
age matched children

Table 2. Cerebral metabolite ratios from two patients with atrial septal defect who had 1H-magnetic resonance sp-

ectroscopy before, 5 days after, and 2 months after open heart surgery

PWM OGM
NAA/Cr  Cho/Cr ml/Cr  NAA/Cho NAA/Cr  Cho/Cr ml/Cr  NAA/Cho
Pre-OHS 1.49 0.88 0.54 1.69 1.30 0.71 0.61 1.83
Pt1 5 days PO 1.67 1.17 0.79 1.43 1.38 0.47 0.58 2.94
2mo PO 1.55 0.87 0.54 1.78 1.32 0.70 0.63 1.89
Pre-OHS 1.52 1.14 0.59 1.33 1.29 0.50 0.46 2.58
Pt 2 5 days PO 1.39 0.96 0.56 1.45 1.24 0.45 0.48 276
2 mo PO 1.62 0.99 0.57 1.64 1.32 0.53 0.62 2.49

POO postoperative, PtO patient, PWMO parietal white matter, OGMO occipital gray matter, NAAL N-acetyl aspar-
tate, CholO choline, CrQ creatine, miOd myo-Inositol, OHSO open heart surgery
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