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Abstract: [Objective] To explore the correlation between perinatal risk factors and blood cell parameters of white

matter damage (WMD) in premature infants and to provide scientific basis for early detection and avoidance of WMD in
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premature infants. [ Methods] This is a retrospective study performed at the Neonatal Department, Affiliated Shenzhen Ma-
ternity & Child Healthcare Hospital, from January 1st 2018 to December 31st 2020. The case group included 85 prema-
ture infants diagnosed as WMD by MRI, and 115 premature infants without WMD matched by gestational age and admis-
sion date constituted the control group. SPSS 22.0 statistical software was used to conduct univariate analysis of perinatal re-
lated factors and blood cell parameters, and to construct a multivariate Logistic regression model to analyze WMD related
factors. Meaningful continuous variables were analyzed by the receiver operating characteristic curve to obtain the cut—off
value of WMD risk factors. Then ordinal Logistic regression was used to analyze the influencing factors of WMD severity.
[Results] @ There were no significant differences in sex ratio, twins rate, gestational age, birth weight, cesarean section
rate, assisted reproductive technology pregnancy rate, Apgar score at 1 and 5 minutes after birth, and age at diagnosis be-
tween the two groups (P>0.05). @ Univariate analysis of perinatal factors showed that there were significant differences
between the two groups in the rate of anemia during pregnancy, antenatal glucocorticoid treatment, the incidence of early—
onset sepsis, neonatal hypotension, PIVH (grade Il -1V ) and hsPDA, the proportion of mechanical ventilation (=7 d) (P<
0.05). @ Univariate analysis of blood cell parameters in the first week after birth showed that there were significant differ-
ences in WBC, Neut, Mono, MCV, MCH, PLT, PCT, MPV and PDW between the two groups (P<0.05). @ Logistic regres-
sion model showed that mechanical ventilation (=7 d) was an independent risk factor for WMD, while higher MCH and
PLT within one week after birth and antenatal glucocorticoid treatment were protective factors for WMD. & The AUC of
MCH in the diagnosis of WMD was 0.708,95% CI was (0.595-0.820) , and the cut—off value was 37.10 pg. The AUC of
WMD diagnosed by PLT was 0.669, 95% CI was (0.551-0.787) and the cut—off value was 227.50x10°/L. ® Ordered Lo-
gistic regression showed that early—onset sepsis was a risk factor for the severity of WMD, while gestational age and plate-
let distribution width were its protective factors and hematology indicators.[ Conclusions ] Mechanical ventilation (=7 d) de-
creased MCH and PLT counts may be independent risk factors for WMD in preterm infants, and antenatal glucocorticoids
treatment is a protective factor. Early—onset sepsis, smaller gestational age and PDW may be risk factors for the severity of
WMD.
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Table 1 Quantitative MRI scoring system for WMD in premature infants
1 2 3
Cystic lesion Non Focal, <2 mm Multifocal, =2 mm
Ventricular enlargement Non Moderate Significantly expanded (all)
Corpus callosum Normal Local thinning Overall thinning
White matter(lesion, signal) Normal Focal, <2 lesions/hemisphere ~ Multifocal, >2 lesions/hemisphere
White matter volume Normal Mild-moderate reduction Significantly reduced, usually with enlarged

ventricle and widened extracerebral space
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Case 1, MRI of normal premature infant:picture O-5 GA 322 week, 31 d, PMA 36"5week MRI examination, Every sequence of MRI examination
shows normal. MRI scores: 1 for white matter (no lesions and normal signals) +1 for white matter volume (normal) +1 for cystic lesions (none) +1 for dilat-
ed ventricle (none) +1 for corpus callosum (no thinning) =5. Case2, MRI of mild WMD: picture ©-10 GA 32*3 week, 49 d, PMA 39** week MRI examina-
tion, bilateral pariventricular multiple cystic lesions. MRI scores: 1 for white matter (no lesions and normal signals) +1 for white matter volume (normal)
+3 for cystic lesions (multifocal lesions) +1 for dilated ventricle (none) +2 for corpus callosum (genu of corpus callosum thinning) =8. Case 3, MRI of
moderate WMD: picture (D—05 GA 28* week, 85 d, PMA 40*°week MRI examination, Widening of extracerebral space(*) , TIWI high signal near the
posterior horn of bilateral ventricle (arrow) and corpus callosum (all thinning)(V) . MRI scores: 3 for white matter (multifocal signal anomalies) +3 for
white matter volume (significantly reduced) + 1 for cystic lesions (none) +1 for dilated ventricle (none) +3 for corpus callosum (overall thinning) =11.
Case 4, MRI of severe WMD: picture 10-20 GA 28" week, 73 d, PMA 38" week MRI examination, white matter showed homogeneous edema, bleeding
lesions at the junction of bilateral basal ganglia and the left temporal occipital lobe (arrows) , softening lesions seen at the bilateral frontal lobe (*), bilat-
eral ventricles significantly dilated, hemorrhage seen inside the subventricular and ventricular system, global thinning of the corpus callosum. MRI
score: 3 for white matter (multifocal signal anomalies) +3 for white matter volume (significantly reduced) +3 for cystic lesions (multifocal lesions) +3 for
dilated ventricle (significantly dilated) +3 for corpus callosum (overall thinning) =15. Abbreviations: GA : gestational age; PMA : postmenstrual age.

El1 #FEH WMD R KM MRIEHHBE
Fig.1 Representative MRI scans of WMD in the study
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Table 2 Comparison of basic clinical situation between case group and control group

[(M(P,,~P,.)]

Items Case group Control group X1z P

Male/Female 45/40 61/54 0 0.989
Twins 38.829%(33/85) 37.39%(43/115) 0.043 0.837
GA/weeks 30.05(26.18 ~ 35.39) 29.31(26.62 ~ 34.35) -0.343 0.731
BW/g 1 430(815 ~2275) 1165(910 ~ 1 893) -0.325 0.745
Cesarean section delivery 45.88%(39/85) 51.30%(59/115) 0.575 0.448
Conception by IVF-ET 23.53%(20/85) 21.74%(25/115) 0.090 0.764
Apgar score at 1 min 7(5~10) 9(5~10) -1.416 0.157
Apgar score at 5 min 10(9 ~ 10) 10(9 ~ 10) -0.067 0.947
Age at diagnosis 37(12.5~70.5) 30.0(13.0 ~ 61.0) -0.729 0.466

GA : gestational age; BW : birth weight; IVF=ET: in vitro fertilization—embryo transfer.
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Table 3 Univariate analysis of related factors in perinatal period between case group and control group [%,(n/N) ]

Case group Control group ¥ P
Pregnancy anaemia 11.76%(10/85) 3.48%(4/115) 5.155 0.023
Pregnancy IDA/MA 9.41%(8/85) 3.48%(4/115) 3.051 0.081
Gestational hypertension 7.06%(6/85) 6.96%(8/115) 0.001 0.978
Antenatal glucocorticoid treatment 65.88%(56/85) 81.74%(94/115) 6.554 0.010
Intrauterine growth retardation 11.8%(10/85) 7.8%(9/115) 0.882 0.348
Early-onset sepsis 31.76%(27/85) 19.13%(22/115) 4218 0.040
Mechanical ventilation(>7 d) 43.53%(37/85) 20%(23/115) 12.885 0.000
PICC 38.829%(33/85) 32.17%(37/115) 0.950 0.330
Neonatal hypotension 23.53%(20/85) 6.96%(8/115) 11.150 0.001
PIVH( -1V ) 15.29%(13/85) 3.48%(4/115) 10.686 0.001
HsPDA 32.94%(28/85) 14.78%(17/115) 9.242 0.002

IDA: iron deficiency anemia; MA: mediterranean anemia; PICC: peripherally inserted central catheter; PIVH: periventricular—intraventricu-

ar hemorrhage ; HsPDA : hemodynamically significant patent ductus arteriosus.
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Table 4 Univariate analysis of blood cell parameters between the two groups

[M(PZSNPH):I

Blood cell parameters  Case group Control group Z P

WBC/(X10°/L) 12.86(9.66 ~ 21.09) 10.32(6.70 ~ 14.48) -2.597 0.009
RBC/(x10"/L) 4.29(3.86 ~ 4.84) 4.33(4.09 ~ 4.77) -0.742 0.458
NEUT/(x10/L) 6.94(5.31 ~ 12.45) 5.39(2.84 ~ 8.34) -3.042 0.002
LYMPH/(x10°/L) 3.80(2.77 ~ 6.32) 4.19(2.59 ~ 5.87) -0.116 0.908
EO/(X10°/L) 0.18(0.06 ~ 0.40) 0.09(0.07 ~ 0.25) -0.942 0.346
BASO/(x10°/L) 0.04(0.01 ~ 0.09) 0.03(0.02 ~ 0.06) -0.331 0.740
MONO/(x10°/L) 1.16(0.87 ~ 1.50) 0.86(0.51 ~ 1.32) -2.435 0.015
HGB/(g/L) 157.00( 142.00 ~ 171.00) 170.00(153.50 ~ 179.00) -1.856 0.064
HCT/% 53.05(42.00 ~ 53.30) 53.05(47.33 ~ 56.23) -1.762 0.078
MCV/A 111.60(103.60 ~ 116.90) 115.70(108.95 ~ 122.55) -2.731 0.006
MCH/pg 35.70(33.95 ~ 37.90) 38.00(37.05 ~ 39.58) -3.237 0.001
MCHC/(g/L) 324.00(317.50 ~ 332.50) 323.50(316.50 ~ 335.25) -0.831 0.406
RDW/% 15.70(15.25 ~ 16.85) 16.20(15.35 ~ 16.85) -0.534 0.593
PLT/(X10°/L) 192.00(161.00 ~ 251.50) 252.00(161.00 ~ 293.50) -2.639 0.008
PCT/% 18.40(15.55 ~ 23.85) 21.95(16.93 ~ 27.10) -2.207 0.027
MPV/fl 9.80(9.05 ~ 10.30) 9.40(8.85 ~ 10.00) -1.964 0.049
PDW/% 16.80(16.30 ~ 17.20) 16.60(16.00 ~ 16.80) -2.374 0.018

WBC: white blood cell; RBC: red blood cell; NEUT: neutrophils; LYMPH: lymphocytes; EO: eosinophils; BASO: basophils; MONO:

monocyte; HGB: hemoglobin; HCT': hematocrit; MCV : mean corpuscular volume; MCH : mean corpuscular hemoglobin; MCHC: mean corpuscu-

lar hemoglobin concentration; RDW :red cell distribution width; PLT: platelet; PCT: plateletcrit; MPV: mean platelet volume; PDW: platelet dis-

tribution width.
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Table 5 Multivariate Logistic regression analysis of selected variables associated with WMD

Factors b S8 Wald x° P OR 95% Confidence interval
Constant 16.758 5.810 8.319 0.004 = =
Mechanical ventilation(>7 d) 2.196 0.746 8.667 0.003 8.987 (2.083,38.770)
Antenatal glucocorticoid treatment —1.495 0.696 4.618 0.032 0.224 (0.507,0.877)
MCH -0.386 0.149 6.722 0.010 0.679 (0.507,0.910)
PLT -0.011 0.004 6.133 0.013 0.989 (0.981,0.998)
MCH : mean corpuscular hemoglobin ; PLT: platelet
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Table 6 Logistic regression analysis after stratification of MCH and PLT

Factors b S}, Wald x* 2 OR 95% Confidence interval
Constant 1.124 0.481 5.461 0.019 = =
H-MCH -1.494 0.538 7.724 0.005 0.224 (0.078,0.644)
H-PLT -1.309 0.539 5.897 0.015 0.270 (0.094,0.777)
PIVH(II-IV) 20.725 12868.472 0.000 0.999 1.001x10° (0.000,-)
H-MCH: high mean corpuscular hemoglobin(>37.10 pg) ; H-PLT: high platelet (227.50x10%L) ; PIVH; periventricular—intraventricuar hem-
ST,
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Table 7 Ordinal Logistic Regression Analysis on the Influencing Factors of WMD Severity
Factors b Wald x* P 95% Confidence interval
Early—onset sepsis 14.435 7.251 3.963 0.047 (0.224,28.646)
GA -5.216 2.654 3.861 0.049 (0.013,10.418)
PDW -7.820 3.940 3.939 0.047 (0.097,15.542)
Antenatal glucocorticoid treatment -10.918 6.264 3.037 0.081 (-23.196,1.360)

GA': Gestational age; PDW : Platelet distribution width.
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