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[Abstract] Objective: To evaluate the predictive value of placental intravoxel incoherent motion (IVIM) MRI parameters and fetal
brain volume in predicting VLBWI in FGR. Methods: A retrospective analysis was conducted on 23 pregnant women with FGR,
categorized into VLBWI group (n=8) and non - VLBWI group (n=15) based on birth weight. We compared brain structures as a
percentage of intracranial volume and placental IVIM parameters [true diffusion coefficient (D) , pseudo - diffusion coefficient (D",
perfusion fraction (f) , and placental area]between the two groups. Receiver operating characteristic (ROC) curve analysis was used to
assess the predictive efficacy of each parameter for VLBWI. Results: The placental D value in the VLBWI group was lower than that in
the non-VLBWI group[ (1.38+0.04)x10 mm® /s vs.(1.44+0.07)x10~ mm’ /s, 1=—2.109, P=0.047 ], and the placental area was smaller
in the VLBWI group[ (155.84 + 34.69) em® vs. (200.41 = 47.95) cm’, t=—2.315, P=0.031], while the percentage of lateral ventricle
volume relative to intracranial volume was greater in the VLBWI group [ (3.00 + 0.55)% vs.(2.53 = 0.33)%, 1=2.591, P=0.017]. The
areas under the ROC curve for placental D value, placental area, and lateral ventricle as a percentage of intracranial volume were

0.767,0.783, and 0.792, respectively. Combining the fetal lateral ventricle as a percentage of intracranial volume, placental D value,
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and placental area improved the ROC curve area to 0.892. Conclusion: Placental IVIM parameters and fetal brain volume may serve as

potentially effective imaging markers for distinguishing VLBWI in cases of FGR.

[Key words] fetal growth restriction; very low birth weight infant; fetal brain volume; intravoxel incoherent motion
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gistic [A1 V47> H1 45 & W2 IA) 22 57 i ik i X 2
Bk B AR . R 2K TAERFIE (receiver
operating characteristic, ROC) HI Z& Al Hh 28 T [ # (area
under the curve, AUC) V¥4t it )L A4 82 L JiG 4% TVIM
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[ (30.89+1.29) i vs.(32.27+1.86) &, P=0.078]. IIfi
RAIN FT Gt 225 WK 1.
22 FIA RS UG KARAR B 2 bb A B RS F TVIM A&
Ay AR
VLBWI A it 4% D {E /N T non-VLBWI ZH[ (1.38+
0.04)%107° mm?*/s v5.(1.44+0.07)x10” mm?*/s, t=—2.109,

%1 FGR #H VLBWI A1 non-VLBWI 48 Ryl R4FAE
Table 1 Clinical features of VLBWI and non-VLBWI group in FGR

Varibale VLBWI(n=8) Non-VLBWI(n=15) e P
Maternal age(years,x + s) 30.13 £3.76 30.13 £3.31 -0.005 0.996
Gestational age(years,x + s) 30.89 £ 1.29 32.27 £ 1.86 -1.855 0.078
Hypertension[ (%) ] 8.110 0.004
Yes 6(75.0) 2(14.3)
No 2(25.00 12(85.7)
Diabetes[n(%) ] 1.010 0.315
Yes 4(50.0) 4(28.6)
No 4(50.0) 10(71.4)
Neonatal gender[n(%) ] 0.321 0.571
Male 3(37.5) 7(50.0)
Female 5(62.5) 7(50.0)
Neonatal birth weight(g,x +5) 1290.00 + 87.51 2014.00 +296.91 -6.670 <0.001
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P=0.047], FE AT/ T non-VLBWI ZH[ (155.84+
34.69)cm’ 15.(200.41+47.95) em’, 1=—2.315, P=0.031],
EREGIT SR (E2) . P A D E A E
ZRARNG TS (P >0.05). VLBWIALAG )L
ki = o P AR AR A 2 B KT non-VLBWI 41 (3.00+
0.55)% vs.(2.53+0.33)%, 1=2.591, P=0.017], H: 43 Ji%i
SER T o AR AR o L 22 R R W TR L
(P>0.05),
2.3 IVIM A4 s RARAR B 5 b2 £ % VLBWI 5
JE VLBWI # &9 18

KH D=1.42x10"" mm*/s {FAEWHE T VLBWI,
AT FRAG R () TN 25 BE (AUC=0.767, 95%Cl1: 0.573~
0.960, RBUE 66.7%, R 7 5% 75.0%) . ARG AL A=
166.90 cm’ v A Wi {E 00 VLBWI, Ti0 I 2% e &%
(AUC=0.783, 95%CI: 0.573~0.994, & & ¥ 80.0% ,
R FE75%) o NI 25 o5 i 9 AR AR 29 B A 4
N 2.61% I, T VLBWI % B % 1§ (AUC=0.792,
95% Cl: 0.584~0.999, R i /% 73.3% , $F 7+ &

75.0%) -
2.4 BEAFMALA 4935 BT A

A adE DA a3 AR AN G ) L0 s = o5 i
PRFUHE 7 LK AUC 32 51 & 0.892(95%Cl: 0.760~
1.000, R B 80.0% , 7 5 87.5%, B’ 1)« ARFEM:
VLBWI A1 non-VLBWIJ 51| I, & 2.

3 4t it

IVIM £ ARTE NG IR )12 F T P Af 4 23U &5
AR GSAE R 0, ek 96 8 3 FD 9 BURe 1 S i B
WS, R, AR E B TR
BEHEVE , M TE BV IR BEAROG IR AR 505 i
B TVIM S HORIE LI AR B A R Sk EAT 25 6V
i, FHR I FGR G LA i & e 20 (VLBWD , 4 B
I R 5, AT 538 A LI T

7E G AL IVIM 2 807, VLBWI 21 5 4% D 18 AR
AR/ T non-VLBWI 4. SERTIGAEIIAE 5 A
RUFURSE R KX R ER I, DE S AR EA

#R2 FORAMEMEBIIFRILIAELE M RATRI RS H
Table 2 Brain volume and placental parameters of VLBWI group and non-VLBWI group in FGR

VLBWI Non-VLBWI t/z P
Percentage volume of intracranial structures in fetal MRI
Hippocampus[ %, M(Pss, Pss) | 0.40(0.38,0.45) 0.39(0.35,0.42) -0.904  0.366
Temporal lobe GM(%,x £ s) 4.30 +0.20 4.22 +0.51 0.396  0.696
Temporal lobe WM (%, + 5) 6.57 +0.81 6.48 +0.43 0319  0.753
Insula GM[ %, M(Pss, Ps5) ] 0.53(0.44,0.56) 0.55(0.44,0.63> -0.839  0.428
Insula WM(%,x +s) 1.32+0.16 1.32 £0.17 -0.103  0.919
Frontal lobe GM(%,x + s) 6.23 £ 0.65 6.50 = 0.97 -0.708  0.487
Frontal lobe WM (%, % +s) 12.43 + 0.67 12.56 + 0.91 -0.355  0.726
Parietal lobe GM(%,x + 5) 433+034 422+0.52 0.528  0.603
Parietal lobe WM (%, % + s) 7.91 = 0.60 7.87+0.75 0.122 0.904
Occipital lobe GM(%, % + s) 2.73+£0.19 2.93 +0.36 -1.409  0.173
Occipital lobe WM (%, % = s) 3.12 +£0.40 3.21+0.36 -0.560  0.582
Cingulate gyrus(%,x + s) 1.71 £0.37 1.94 +0.43 -1.240  0.229
Basal Ganglia(%,x + s) 4.68+0.24 4.69+0.24 -0.046  0.963
Cerebellum(%,x + s) 391+0.23 430+0.74 -1.705  0.105
Lateral ventricle(%,x +s) 3.00 +0.55 2.53+0.33 2591  0.017
Brainstem(%,x £ s) 1.64 +0.07 1.59 +£0.16 0.877  0.390
Corpus callosum (%, x + s) 0.72 £ 0.15 0.65+ 0.09 1.295  0.209
Cerebrospinal fluid[ %, M(Pas, Py ] 33.99(32.28,36.25) 34.39(31.67,35.95) -0.323  0.776
IVIM parameters
D107 mm¥s,x +s) 1.38 £ 0.04 1.44 +0.07 -2.109  0.047
DL107° mm*s, M(Pss, Prs) ] 154.64(91.45,190.71)  149.58(107.29,158.900  -0.710  0.478
f(%,x +5) 27.87 + 8.08 3346 £5.91 -1.903  0.071
Placenta area(em?®, x + 5) 155.84 + 34.69 200.41 £ 47.95 -2.315  0.031

GM=Gray matter; WM=White matter; D=true diffusion coefficient; D'=pseudo-diffusion coefficient; f=perfusion fraction.
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Figure 1

ROC curves for diagnostic performance of the single MR model and the combined model

* Clinical data

Maternal age (years): 33

Corrected gestational age (weeks):32.14
Birth weight(g): 1 300

Apgar score at 5 min: 67

* Brain volume
Total brain volume(mL.):288.8
Percentage volume of lateral vantricle (%) :2.66

* IVIM parameters
D(x10” mm*/s): 1.45
D'(x10” mm*/s): 187.5
(%) :25.64

Placental area(cm®) : 166.6

* Clinical data

Maternal age(years): 28
Corrected gestational age: 32.86
Birth weight(g):2 250 ¢

Apgar score at 5 min: 10

* Brain volume
Total brain volume(mL):339.4
Percentage volume of lateral ventricle (%):2.58

* [VIM parameters
D(x10” mm*s):1.63
D'(x10” mm*/s): 131.712
f(%):28.88

Placental area(em®):217.3

El2 VLBWIHRE/L(A)Fnon-VLBWIAERG)L(BORIAE kAT (a~e) R AR R EFR E 5 (d~D
Figure 2 Images of fetal brain volume(a—c) and placental area(d—f) of the VLBWI fetuses( A )and non-VLBWI fetuses(B)
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