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ABSTRACT

Cerebrum volumes by magnetic resonance imaging study in very low birth

weight infants at term-equivalent age

Yoshitaka Watanabe, Motohiro Taki, Kazuo Itabashi, Kozue Kobayashi

Department of Pediatrics, Showa University School of Medicine

Very low birth weight infants (VLBW) is associated with adverse

neurodevelopmental sequelae. Our aim was to measure cerebrum volumes

by volumetric MRI for VLBW infants at term-equivalent age, and to
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compare with those of term normal birth weight infants. Twenty VLBW
infants at term-equivalent age without perinatal brain damage and nine
term normal birth weight infants without abnormal neurological and MRI
findings were recruited. These infants were admitted at NICU in Showa
University Hospital. Brain volumes were measured by voxel-based
morphometry. Except for head circumference, body weight and body
length were significantly reduced in VLBW infants as compared to term
infants. No significant differences were observed in total cerebrum
volumes, white matter volumes, percentages of grey and white matter

volume to total cerebrum volume among two groups using paired t test.
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Total cerebrum volumes were equal among two groups, using analysis of

covariance adjusted for growth status at term-equivalent age. Grey matter

volumes were significantly reduced in VLBW infants compared to term

infants. White matter volumes were significantly larger in VLBW infants

compared to term infants, using analysis of covariance adjusted for body

weight and body length at term-equivalent age, respectively. The

percentages of grey matter volume to total cerebrum volume were

significantly lower, and percentages of white matter volume to total

cerebrum volume were significantly higher in VLBW infants compared to

term infants, using analysis of covariance adjusted for growth status at

22



term-equivalent age. In conclusion, our study suggested that postnatal
growth patterns .of grey and whiter matter volume in VLBW infants
without perinatal brain damages at term-equivalent age were significantly
different from term normal birth weight infants, even if total cerebrum

volume was equal among two groups.

KEY WORDs
Very low birth weight infants

Magnetic resonance imaging (MRI)
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Voxel-based morphometry

Grey matter

White matter
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Table 1 Characteristic of TNBW and VLBW group

TNBW vLBW Differences 95% ClI P
(n=9) (n=20)
Male 4 7 0.694"
At birth
Gestational age (wk) 395 + 14 293 + 17 10.2 88 - 115 <0.001
Birth weight (g) 3146 + 402 1190 £ 199 1956 1641 - 2272 <0.001
Body length (cm) 50.7 + 2.2 36.3 + 29 14.4 121 - 16.6 <0.001
Head circumference (cm) 338 + 1.7 26.7 + 1.7 7.1 57 - 84 <0.001
At MRI scan
Postconceptional age (wk) 409 % 1.5 396 + 1.6 1.3 00 - 26 0.053
Body weight (g) 3196 + 434 2831 + 397 364 28 - 701 0.035
Body length (cm) 512 + 2.0 472 + 3.1 4.1 18 - 6.4 0.001
OFC (cm) 344 t 1.4 344 t 15 0.0 -1.2 - 1.3 0.955

Paired t test, {| Fisher exact test

TNBW : Term normal body weight infant, VLBW : Very low birth weight infant, OFC: Occipitofrontal circumference, Cl:
Confidence interval



Table2 Comparison of brain volume between TNBW and VLBW group

TNBW vLBW Differences 95% ClI P
(n=9) (n=20)
GMV (ml) 2236 + 284 199.2 + 23.9 24.4 3.6 -453 0.023
WMV (ml) 148.4 + 33.7 '154.6 + 23.6 -6.2 -284 - 16.0 0.571
TBV (ml) 4144 + 438 396.5 + 404 17.9 -16.2 - 52.0 0.290
GMV/TBV (%) 542 + 6.6 50.4 + 4.5 3.9 0.4 - 8.1 0.075
WMV/TBYV (%) 35.7 +6.3 389 + 41 -3.2 -1.2 -0.8 0.109
Paired t test

TNBW :Term normal body weight infant, VLBW : Very low birth weight infant, GMV: Gray matter volume,

WMV: White matter volume, TBW: Total brain volume, Cl: Confidence interval



Table 3. Differences in gray matter volumes between TNBW and VLBW group using

ANCOVA adjusted for anthoropometrics

B SE t P 95% ClI
Body weight at MRI scan 0.009 0.012 0.764 0452 -0.016 - 0.034
Dif. (TNBW - VLBW) il 211 111 1.892 0.070 -1.8 - 440
Body length at MRI scan 1.204 1.756 0686 0499 -2.406 - 4.815
Dif. (TNBW - VLBW) r 19.5 125 1.562 0.130 -6.2 - 452
OFC at MRl scan -1.439 3.304 -0.436 0.667 -8.232 - 5.353
Dif. (TNBW - VLBW) i3 24.5 10.3 2.371 0.025 3.3 -457

TNBW : Term normal body weight infant, VLBW : Very low birth weight infant, CI:
Confidence interval, OFC: Occipitofrontal circumference, ANCOVA: analysis of covariance

111 Based on the evaluation values of body weight at 2944.4g at MRI scan

112 Based on the evaluation the value of body length 48.4cm at MRI scan

113 Based on the evaluation the value of occipitofrontal circumference 34.4cm at MRI scat



Table 4. Differences in white matter volumes between TNBW and VLBW group using

ANCOVA adjusted for anthoropometrics

B SE t P 95% ClI
Body weight at MRI scan 0.040 0.010 3.900 0.001 0.019  0.061
Dif. (TNBW - VLBW) W -20.8 9.5 -2.184 0.038 -404 - -1.2
Body length at MRI scan 6.087 1464 4.157 <0.001 3.077 - 9.097
Dif. (TNBW - VLBW) 12 -30.9 104 -2969 0.006 -52.3 - -95
OFC at MRI scan 13.435 2357 5.700 <0.001 8.590 - 18.280
Dif. (TNBW - VLBW) i3 -6.7 74 -0905 0.374 -21.8 -85

TNBW : Term normal body weight infant, VLBW : Very low birth weight infant, Cl: Confidence
interval, OFC: Occipitofrontal circumference, ANCOVA: analysis of covariance

111 Based on the evaluation values of body weight at 2944.4g at MRI scan

{12 Based on the evaluation the value of body length 48.4cm at MRI scan

{13 Based on the evaluation the value of occipitofrontal circumference 34.4cm at MRI scan



Table 5. Differences in total brain volumes between TNBW and VLBW group using

ANCOVA adjusted for anthoropometrics

B SE t P 95% Cl
Body weight at MRI scan 0.063 0.016 4.083 <0001 0031 0.095
Dif. (TNBW - VLBW) " 52 144 -0359 0723 -34.722 - 24.407
Body length at MRI scan 8595 2.350 3.643 0.001  3.745 - 13.445
Dif. (TNBW - VLBW) 12 170  16.8 -1.012 0.321 515 - 17.5
OFC at MRI scan 14.964 4564 3278 0.003 5582 - 24.346
Dif. (TNBW - VLBW) ™ 174 143 1222 0.233 1.9 - 46.7

TNBW :Term normal body weight infant, VLBW : Very low birth weight infant, Ci
interval, OFC: Occipitofrontal circumference, ANCOVA: analysis of covariance

111 Based on the evaluation values of body weight at 2944.4g at MRI scan

112 Based on the evaluation the value of body length 48.4cm at MRI scan

: Confidence

113 Based on the evaluation the value of occipitofrontal circumference 34.4cm at MRI scan



Table 6. Differences in GM/TBV (%) between TNBW and VLBW group using ANCOVA
adjusted for anthoropometrics

B SE t P 95% Cl
Body weight at MRI scan -0.006 0.002 -2.652 0.013 -0.010 - -0.001
Dif. (TNBW - VLBW) n 6.0 21 2924 0.007 1.8 -10.2
Body length at MRI scan -0.797 0.329 -2.424 0.023 -1.472 - -0.121
Dif. (TNBW - VLBW) 12 71 23 3.034 0.005 23 -11.9
OFC at MRI scan -2.268 0.515 -4.400 <0.001 -3.327 - -1.209
Dif. (TNBW - VLBW) 13 3.9 1.6 2445 0.022 06 -72

TNBW :Term normal body weight infant, VLBW : Very low birth weight infant, Cl: Confidence
interval, OFC: Occipitofrontal circumference, ANCOVA: analysis of covariance

111 Based on the evaluation values of body weight at 2944.4g at MRI scan
12 Based on the evaluation the value of body length 48.4cm at MRI scan

113 Based on the evaluation the value of occipitofrontal circumference 34.4cm at MRI scan



Table 7. Differences in WM/TBV (%) between TNBW and VLBW group using ANCOVA
adjusted for anthoropometrics

B SE t P 95% ClI
Body weight at MRI scan 0.004 0.002 1.888 0.070 0.000 - 0.009
Dif. (TNBW - vLBW) " 4.7 20 -2.336 0.027 -89 --0.6
Body length at MRI scan 0.713  0.311 2296 0.030 0.075 - 1.352
Dif. (TNBW - VLBW) 2 -6.1 22 -2775 0.010 -10.7 - -1.6
OFC at MRl scan 1.940 0.512 3.793  0.001 0.889 - 2.992
Dif. (TNBW - VLBW) ™ -3.3 1.6 -2.067 0.049 6.6 - 0.0

TNBW :Term normal body weight infant, VLBW : Very low birth weight infant, Cl: Confidence
interval, OFC: Occipitofrontal circumference, ANCOVA: analysis of covariance

11 Based on the evaluation values of body weight at 2944.4g at MRI scan
712 Based on the evaluation the value of body length 48.4cm at MRI scan

{13 Based on the evaluation the value of occipitofrontal circumference 34.4cm at MRI scan



VLBW 58 cases
— Death: 3 cases, early hospital
discharge: 3 cases, intraventricular

hemorrhage (> grade 2):3 cases,

VLBW 49 cases chromosomal abnormality: 1 case

@— Unenforceable MRI study: 9 cases

VLBW 40 cases
— Unappropriated MRI imaging: 13 cases
v Intrauterine growth retardation: 7 cases

VLBW 20 cases

Figurel Extraction of VLBW group

VLBW: :very low birth weight infant



