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Patterns of neuroplasticity and cerebral maturation in preterm neonate can be assessed by MRI and cranial ultrasound.
The score system of brain maturation includes the account of germinal matrix (GM) regression by MRI. The GM regression
can be considered as pattern of neuroplasticity. There have been investigated the changes of neuroplasticity pattern or GM
regression in preterm neonates with extremely low birth weight (ELBW) without intragerminal/intraventricular hemorrhages
(n=21). It is believe that the main causes of impair of GM are the intragerminal hemorrhages and hypoxia. The methods
of study were cranial ultrasound (CU) and MRI. The measurement of GM was carried out by CU in anterior horn of the lat-
eral ventricles of neonates in the study group (25-29 weeks). It was detected the GM regression in preterm neonates with
increasing age, and complete GM regression to 30 week. MRI has been performed in 15 neonates from the study group
on 27-38 weeks age with using the common pulse sequences - T1 WI, T2 WI and Flair. GM was detected by MRI up to
34 weeks inclusive by using the additional pulse sequence — DWI. By using common pulse sequences the GM was visual-
ized up to 32 weeks age. Furthermore there has been pathological examination of GM in anterior horn of lateral ventricle
in dead neonates from the study group (n=3). We revealed the thickness reduction of GM in the lateral ventricles with
increasing age of the dead neonates. Also we identified the delay of the GM reduction in two dead neonates 36-38 weeks
age (post conceptual age) what may indicate the disorder of neuroplasticity in those preterm neonates. The performed
study showed the capability of CU and MRI in examination of neuroplasticity in preterm neonates.
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NYYEBAA OUATHOCTUKA B KOMNNEKCHOW OLEHKE
OCOBEHHOCTEW HEMPONNACTUYHOCTHU Y HEAOHOLWEHHbDIX
HOBOPOXAEHHbIX C 3KCTPEMAJIbHO HU3KOU MACCOM TENA
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AktyanbHoctb. OueHka uepebpanbHOM 3penocTu, NaTTEPHOB HEWPONNACTUYHOCTU HApPSAY C BbISIBIEHWEM CTPYKTYpPHOM
NaToNIOrMM FONOBHOFO MO3ra Yy HEAOHOLWEHHbIX HOBOPOXAEHHbIX MO3BONSET B TOM WMAM WMHOW CTEMeHW OnpenenuTb
NPOrHO3 pa3BUTUSA HEBPONOrMYECKMX HapylweHuin y 3Tux petei. C MCNONb30BaHMEM METOLOB HeMpOBM3yanusauuu
NosSBUNIAaCb BO3MOXHOCTb MPUXM3HEHHOW AMArHOCTUKM MATTEpPHOB LepebpanbHOW 3penocTU M HeMponnacTUYHOCTH
y HOBOPOXAeHHbIX. CMCTeMa oueHKU LepebpanbHOM 3penoCcTu Y HeJ0HOWEHHbIX HOBOPOXAEHHbIX NO pe3ynbTatam MPT
BKJ/IlOYAET onpeaesieHne CTeNeHn perpeccuu repMMHaNbHOro MaTpukca. Perpeccms HeNOBpeXAEHHOro repMMHaNbHOro
MaTpuKca npeanonaraeT NnatTepH HEMPONIACTUYHOCTU B YCIOBUAX 3aBEpPLUEHUS MUTpaLUKU HEMPOHOB.

MeToabl U MaTepuan. BbinonHeHO UccnenoBaHWe naTTepHa HEMpOMNNaCTUYHOCTU — Perpeccuy repMMHaNbBHOr0 MaTpuKca
Yy HeAOHOLWEHHbIX HOBOPOXAEHHbIX C 3KCTPEeManbHO HM3KOW Maccoi Tena (SHMT) npu poxaeHuMn MeTogaMu KpaHuanb-
Hoi coHorpadmmn (KCI) u MarHMTHO-pe3oHaHcHoW Tomorpaduun (MPT). Bein ob6cnepoBaH 21 HepOHOLEHHbI HOBOPOX-
[eHHbI ¢ DHMT 6e3 HelMpoBM3yann3aLMOHHbIX NPU3HAKOB NOBPEXAEHWNS T€PMUHANBHOrO MaTpUKCa, B NepBYK oyepeab
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KPOBOMU3USHUS M3 FepMMHANbHOrO MaTtpukca. [poBefeHO M3MepeHWe repMMHaNbHOro MaTpuKca NepeaHUX OTAENOoB
6OKOBbIX XeNyao4YKoB rONOBHOrO Mo3ra y uccnenyembix neteit metogom KCI. BeinonHeHo MPT ronosHoro mosra 15 He-
[LOHOLUEHHbIM AeTAM Fpynnbl UCCNefoBaHMa B NOCTKOHUenTyanbHoM Bo3pacTe (MKB) 27-38 Hepenb ¢ Mcnonb3oBaHWeM
TPaAMLMOHHBIX UMMNYNbCHbIX NMOCAef0BaTeNbHOCTEN M gononHutensHo DWI — anddy3noHHO-B3BEWEHHbIX M306paXeHwui
B CTAHAAPTHbIX NPOeKLMsAX. Takxe BbINOJHEHO NaTOMOPdOOrMyeckoe UcciiefoBaHMe repMUHANIbHOrO MaTpuKca B obnacTtu
nepenHuUX OTAENOB GOKOBbLIX XENyLOYKOB Yy Tpex yMepuwux AeTei U3 rpynnbl UCCNefoBaHUs.

Pe3ynbTatbhl 1 BbiBOAbI. BbisSBneHa perpeccus repMMHanbHOrO MaTPMKCA Y HELOHOLEHHbIX HOBOPOXAEHHbLIX C MOSHOM
penykunern k 30 Hepenam KB no pesynstatam KCI. MpumeHeHne DWI B/ no3Bonnnio BbiSBUTb FrepMUHANbHbIA MaTPUKC
y HeLlOHOLWeHHbIX AeTel fo 34 Hepenb MNKB, Toraa Kak npu NOMOLWM APYrMX UMMYAbCHBIX NMOC/NeA0BaTeNbHOCTEN yaaeTca
BM3YyaNM3UPOBaTb repMUHaNbHbIN MaTpuKC Ao 32 Hepenb [MKB.

Pe3ynbTatbl natoMop}onoruyeckoro UccnesoBaHns repMUMHaNbLHOrO MaTPUKCA. YCTAHOBNEHO YMEHbLUEHWE TOLWMHbI rep-
MWHANbHOTrO MaTpMUKca GOKOBbLIX XeNyLOoYKOB C yBEMYEHUEM MOCTKOHLENTYaIbHOro BO3pacTa yMepLiMX AeTen.

Kniouesble cnosa: HEI‘/‘IPOI'IJ'IaCTVI‘-IHOCTb; FepMVIHaJ’IbeIVI MaTpUKC; HeAOHOLWEHHbIE HOBOPOXAEHHbIE; KpaHMaNbHaga COHOrpa-

$uR; MarHMTHO-pe3oHaHCHas ToMorpadus mMosra.

BACKGROUND

Neuroplasticity is understood as the continuous
(ongoing) adaptation of the brain to new functional
conditions in the event of natural or pathological dam-
age [1]. Neuroplasticity is most pronounced at the
early stages of ontogenesis, especially in premature
infants and it regulates repair and reorganization of
the brain in premature infants with high risk of brain
damage caused by influences of the so-called extra-
uterine and endogenous factors of cerebral immaturity.
Under pathological conditions, neuroplasticity confers
compensatory (regenerative) brain function. Dysregu-
lation of neuroplasticity in premature infants can lead
to impaired or delayed cerebral maturity, determining
follow up neuropsychiatric development [6].

Neuroimaging technologies provide diagnosis of
structural cerebral damage as well as patterns of ce-
rebral maturity and neuroplasticity in newborns [7].
Presently, cranial sonography (CUS) and magnetic
resonance imaging (MRI) are commonly used for the
diagnosis of brain pathologies in neonates [14].

Cerebral maturity in premature neonates is as-
sessed by determining the degree of regression of
the sub-ependymal germinal matrix of brain lateral
ventricles with MRI images [3]. Regression of the
sub-ependymal germinal matrix is a unique charac-
teristic of progressive cerebral development in fetuses
and premature infants, characterized by cellular in-
volution of the brain with the most active cellular
organization of the cerebral cortex during ontogenesis.
Regression of the germinal matrix starts at week 25
of gestation. Histopathological findings in the studies
of the neonatal brain showed complete regression in
the physiological development of the brain by week
36 of gestation. Regression of the germinal matrix
indicates the end of neuronal migration, which in turn
implies a neuroplasticity pattern upon completion of
the main wave of neuronal migration. Sub-ependymal
germinal matrix regression disorder in premature in-

fants allows indicate the impairment of physiological
cerebral development [15].

The sub-ependymal germinal matrix can be identi-
fied as hyperechoic areas in the anterior lateral ventricle
(in the projection of the Monro foramen) using CUS
up to and including gestational week 29 [7, 8, 13].
The germinal matrix can be visualized on MRI up
to gestational week 30, as hypointense signals on T2
weighted images (WI) and hyperintensive signals on
T1 weighted images (WI), in the caudal groove region
along the lateral ventricle wall [10].

In the present study, we aimed to compare the
results of two neuroimaging methods widely used in
the in vivo for assessment of neuroplasticity patterns
(regression of the germinal matrix) in premature in-
fants with extremely low body weight (ELBW), and
post mortem histology study of the germinal matrix
in dead premature infants with ELBW.

STUDY MATERIAL

In the present study, 21 premature infants
with ELBW (average body weight at birth,
849 + 249 grams) and gestation ages of 25-29 weeks
(average gestational age at birth, 26.85 + 3.25 weeks)
were included.

A post mortem histology study of the brain was per-
formed in three dead premature infants without in live
and postmortem signs of intraventricular hemorrhage
from the germinal matrix (IVH). The postconceptual
age (PCA) of the dead children was 32-38 weeks at
the time histology material was obtained. In live MRI
of the brain was performed in two out of the three
dead children, and CUS was performed in all the three
children with the use of the study design described
under the Research Methods section.

Infants with neuroimaging signs of hemorrhage in
the germinal matrix, brain development abnormalities,
chromosomal diseases, and neuroinfections were ex-
cluded from the study.
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RESEARCH METHODS

The first CUS was performed by using the ante-
rior fontanel for all neonates (4 premature neonates
in gestational week 25, 5 premature neonates in ges-
tational week 26, and three premature neonates in
gestational weeks 27, 28, and 29). Every preterm
neonate underwent once daily ultrasound B brain
scanning using the standard method with microcon-
vex and linear transducers (5—7 Hz) [14]. Thickness
of the visualized germinal matrix was measured in
millimeters (mm) in the anterior horn of the lateral
ventricles using the CUS (the Monro foramen pro-
jection, Fig. 1).

Brain MRI (Philips Ingenia tomograph 1.5 T) was
performed in 15 premature infants with the standard
protocols for brain examination in neonates involving
3D programs for T1- and T2-weighted images, and
fluid-attenuated inversion recovery [FLAIR] images
as well as diffusion-weighted images (DWI) in the
coronary, axial, and sagittal sections, using a head
radio-frequency coil. Protocols were performed with-
out patient sedation while MRI study but monitoring
vital functions [12].

Study design (Fig. 2). CUS was performed in all
infants on days 1, 2, 3, 5, and 7 after birth. Re-
peated CUS were designed to rule out hemorrhages
from the germinal matrix. During primary CUS, the
thickness of the visualized germinal matrix was
measured in mm. Brain MRI was performed once
in 15 premature infants at PCA of 27-38 weeks; of
which, nine at PCAs of 27-32 weeks, two at PCAs
of 33-34 weeks, and four at PCA of 35-38 weeks.
Two infants underwent a repeated study at the PCA
of 38 weeks.

Histology study. The sampling of brain tissue frag-
ments was performed in the germinal matrix of the
lateral ventricles in the areas of anterior horn, poste-
rior horn, at the level of the Monro foramen and the
frontal lobe, and the caudothalamic groove. Paraffin
sections were stained with hematoxylin, eosin, and
thionin using the Nissl method. A microscopic study
was performed using a ZEISS AXIO microscope,
and a morphometric study was conducted using a
3DHISTECH Pannoramic scanning microscope with
the Pannoramic Viewer program installed.

STUDY RESULTS

CUS showed an inverse relationship between the
thickness of the germinal matrix in the anterior horn
of the lateral ventricles and gestational age of the
premature infants. Table 1 presents the results of a
CUS in premature infants, demonstrating the regres-
sion changes in the thickness of the lateral ventricular
germinal matrix.

Fig. 1. CUS image of preterm newborn, gestational age 28 wks.,
frontal scan. Arrows indicate the area of visualization of
the germinal matrix

Puc. 1. KpaHuanbHas coHorpausi HeAOHOLIEHHOTO HOBOPOXAEH-
HOro, 28 Hepenb recrauuu, GpoHTanbHbIN cKaH. Crpen-
KaMM yKasaHbl 061acTM BMU3yanusauuu repMMUHaIbHOrO

MaTpMKca
1 3
o ( ®

2

Fig. 2. Study design: 1 - 21 preterm newborns with gestation
ages 25-29 weeks; 2 - the findings of cranial ultra-
sound of 21 preterm newborns with gestation ages
25-29 weeks; 3 - the findings of preterm’s MRI (n = 15)
with PCV ages 27-38 weeks

Puc. 2. lusaitH uccneposanmsa: 1 — 21 HOBOpPOXKAEHHbI B BO3-
pacte 25-29 Hepenb rectaumu; 2 — pesynbTaTbl KPaHu-
anbHol coHorpacum (n = 21) y HOBOPOXAEHHOFO B BO3-
pacte 25-29 Hepenb rectaumu; 3 — pesynbratel MPT
Y HeLOHOLUEHHbIX AeTell B MOCTKOHL,ENTya/lbHOM BO3pac-
Te 27-38 Hepenb (n=15)

At the PCA of 30 weeks, the thickness of the ger-
minal matrix could not be determined using CUS. An
ultrasonographic image of the brain in a premature
infant at the PCA above30 weeks showed lack of a
visible germinal matrix in the anterior horn of lateral
ventricles (Fig. 3).

Table 2 summarizes the results of MRI studies.

In MRI studies on premature infants at PCAs of
27-32 weeks, the germinal matrix was visualized in
eight premature infants as DWI-MRI signals along
the side walls of the brain lateral ventricles, as well
as along the anterior horns above the caudate nuclei
on both sides (Fig. 4). The germinal matrix was reli-
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ably detected in T2-weighted images from seven neo-
nates (Fig. 5) and in T1-weighted images from two
neonates (Fig. 6). The germinal matrix could not be
visualized using FLAIR sequences.

In neonates who underwent MRI at PCAs of 33
and 34 weeks, the germinal matrix was visualized
in two neonates as DWI-MRI signals along the side
walls of the brain lateral ventricles (Fig. 7). On the
remaining pulse sequences, the germinal matrix was
not detected.

During MRI of premature infants above 34 weeks
of PCA, the germinal matrix could be visualized
on DWI-MRI in only one neonate, as a linear
low-intensity MRI signal located along the later-
al walls of the brain lateral ventricles. In the re-
maining patients, the germinal matrix could not be
detected.

Two premature neonates underwent a double MRI
study. The germinal matrix was detected in the first
MRI study performed at the PCA of 27-32 weeks;
however, it could not be detected in the second MRI
study performed on the neonate after him reached full
term.

Fig. 3. CUS image of preterm newborn, gestational age
30 weeks, frontal scan. The germinal matrix is not
visualized

Puc. 3. KpaHManbHaa coHorpacua HeaoHOWweHHOro pe6eHka
30 Hepenb MKB. ®poHTanbHbIi cKaH. [epMUHaNbHbIN
MaTpUKC B NpocBeTax nepeaHuX OTAEeNoB GOKOBbIX Xe-
NYA0YKOB He BU3yanusupyeTcs

Results of histology study of brain tissue in the lat-
eral ventricular germinal matrix area. The thickness
of the germinal matrix was measured in the anterior
sections of the brain lateral ventricles. The variation
in the thickness of the germinal matrix was inversely

Table 1 / Tabnuya 1

Evaluation of the germinal matrix in preterm newborns based on cranial ultrasound results
OueHka repMmHaNbHOro MaTpmKca H6OKOBbIX XKeNYA0UYKOB Y HEAOHOLIEHHbIX HOBOPOXAEHHbIX MO pe3ynbTaTaM KpaHuanb-

HOM coHorpadum

Gestational age The value of the germinal matrix (mm) in newborns of different gestational ages /
(weeks) / 3HaueHue BENMYNHBI T€PMHHAJIBHOTO MAaTPUKCa (MM) y HOBOPOXKAEHHBIX Pa3sHOro recta- | Mean (M + §) /
I'ecranmonHbIit HHOHHOI'0 BO3pacTa Cpennee 3Haue-
BO3pacT Itday of life / | 2"day of life/ | 3%dayoflife/ | S5"dayoflife/ | 7"day of life/ Hue (M + )
(nenenn) 1-i1 neHp )KU3HU | 2- I€Hb )KU3HU | 3-I I€Hb KU3HU | 5-U JEHb )KU3HUA | 7-U JEHb )KU3HA
25 2.2 2.4 2.6 22 - 2.36+0.3
26 2.2 2.3 2.2 2.2 2.2 2.2+0.1
27 1.9 1.8 2.0 - - 1.93+0.2
28 2.0 1.9 1.8 - - 1.93+£0.2
29 1.8 1.7 1.6 - - 1.7+0.2

Table 2 / Tabnuya 2

Evaluation of the germinal matrix in preterm newborns based on MR-images
OueHka repMMHanbHOroO MaTpMKCa Y HEAOHOLWEHHbIX AeTel nNo pe3ynbratam MP-uccneposaHums

Hunymene nooresonarens- | PV Tl 2w FLAIR
¥ A JIBU T1 BU T2 BU FLAIR
HOCTH
PCA 27-32 weeks (n=9) / Not determined /
+ + +
[IKB 27-32 wenenu (n =9) 8 20 7™ He onpenensnocs
PCA 33-34 weeks (n=2)/ 2 Not determined / Not determined / Not determined /
[IKB 33-34 nenenu (n =2) He ompenensnocs He ompenensinock He ompenensnoce
PCA 35-38 weeks (n=6) / 1@ Not determined / Not determined / Not determined /
[MKB 35-38 nenens (n = 6) He onpenensinocs He onpenensinocs He onpenensinocs

Note: + the sign is well expressed, + sign is not enough expressed, PCA — postconceptual age.
Ipumeyanue: + — MpU3HAK BBIPAXKEH XOPOIIO, + — MPU3HAK BBIpaXKeH HeqocTaTouHo. [IKB — MOCTKOHIENTyalbHBIN BO3PACT.
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Fig. 4. MRI of preterm newborn (PCA 28 wks.), DWI, axial plane.
Hyperintensive MR-signal from the germinal matrix in
the projection of the external parts of lateral ventricles
(marked by arrows)

Puc. 4. MPT ronosHoro mo3sra HepoHouweHHoro pe6enka (MKB
28 Hepenb), 1IBU, akcnanbHas npoekuus. Busyanusupy-
€TCcs rTMNepUHTEHCUBHbIM MP-curHan ot repMuHanbHOro
MaTpuUKCa B NPOEKLMU HAPYXKHbIX OTAEI0B GOKOBbIX XKe-
NYyA0YKOB (0mMeyeH cmpesnKamu)

Fig. 6. MRI of preterm newborn (PCA 30 weeks), T1-WI, axial
plane. The germinal matrix is visualized in the anterior
parts of the lateral ventricles (marked by arrow)

Puc. 6. MPT ronoBHoro Mo3ra HefoOHOLIEHHOro pe6eHka
(MKB 28 Hepenb). T1 BU, akcuanbHas npoeKkums, repmm-
HaNbHbIM MaTPUKC BU3yanMsMpyeTcs B NepeAHUX oTaenax
60KOBbIX YXENyA04KOoB (ommeyeH cmpenKoli)

proportional to PCA in the deceased infants (Table 3,
Figs. 8 and 9). It must be emphasized that microscopic
examination of the anterior lateral ventricles revealed
a preserved germinal matrix in both of the dead pre-
mature infants with PCAs of 36 weeks.

DISCUSSION AND CONCLUSIONS

In the present study, we showed that the sub-epen-
dymal germinal matrix of the lateral ventricles could be
detected using CUS in all premature neonates up to and
including 29 weeks of gestation. According to K. Buch,
the germinal matrix can be visualized as a hyperechoic
structure in only 13% of infants up to 29 weeks of ges-

Fig. 5. MRI of preterm newborn (PCA 28 weeks), T2-WI, axial
plane. Arrows mark the areas of the germinal matrix
located along the external walls of the lateral ventricles
(hypointense MR signal)

Puc. 5.MPT ronoBHoro Mmo3ra HeAoOHOWEHHOrO pe6eHka
(NKB 28 Hepenb). T2 BU, akcuanbHas npoekuus, cTpen-
KaMM BblAeneHbl y4acTKM repMUHaNbHOro MaTpMKca, pac-
NOJIOKEHHOTO BAO/Nb HaPYXXHbIX CTEHOK GOKOBBIX XKeny-
[OYKOB, TMMNOMHTEHCUBHDbIN MP-curHan

Fig. 7. MRI of preterm newborn (PCA 30 wks.), DWI, axial plane.

The germinal matrix is visualized along the external walls
of the lateral ventricles (marked by arrows)

Puc. 7. MPT ronoBHoro Mo3ra HeAOHOWEHHOro pe6eHka
(NMKB 34 Hepenu). ABWU, akcnanbHas npoekums, repmm-
HanbHbIM MaTPUKC BU3YanusUpyeTcs BAOAb HAPYXHbIX
CTEHOK 60KOBbIX YXeNyA04KOB (ommeyeH cmpenkamu)

tation [2]. We showed a regressive change in the sono-
graphic imaging of the germinal matrix with increasing
gestational age in all premature infants with ELBW.
CUS showed a significant reduction in the size of the
germinal matrix in premature neonates with ELBW up
to and including 29 weeks of gestation.

In contrast, in premature infants with ELBW, the
germinal matrix could be visualized using MRI up
to 32-34 weeks of PCA. The use of traditional pulse
sequences such as T1 and T2 enables the visualization
of the germinal matrix in preterm infants at a PCA
of up to 32 weeks (Table 2), which is consistent with
previously published data [11].
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Table 3 / Tabauya 3

Dynamics of changes in the size of the germinal matrix in deceased preterm newborns, depending on their postconceptual age
[OnHaMKUKa M3MEHEHUS BbIPAXKEHHOCTU FEPMUHANBHOIO MATPMKCa Y YMEpWMX HELOHOLWEHHbIX AeTel B 3aBUCMMOCTU OT

MX MOCTKOHUENTYa/lbHOro BO3pacTa

PCA at the time of collec- Birth weight (ar) / The thickness of the germinal The thickness of the germi-
Patient / | tion of material (weeks) / Bec nom % K egmm matrix of the right lateral ventricle| nal matrix of the left lateral
IManuent | I1IKB Ha MomeHT 3a60pa (f af/[MBS (mkm) / Tommmuua I'M npaBoro |ventricle (mkm) / Tonmmmuaa I'M
MaTepuaia (Heaenn) P OOKOBOTO KeNyI0ouKa (MKM) JIeBOr'0 OOKOBOTO JKEITyAOUKa
1 38 934 934.8 499.54
2 35-36 740 343.39 713.97
3 31-32 980 2377 820.7
Note. PCA — postconceptual age; GM — germinal matrix.
Ilpumeuanue. IIKB — nocTkoHuenTyaapHblil Bo3pacT; 'M — repMuHalbHbII MaTpPHUKC.
100 pm 100 pm M“: !!!!!
e **m"
<.
¢
= X J ‘%

¥
¥

Fig. 8. Athin layer of the germinal matrix in a child, PCA 37-38
weeks (hematoxylin-eosin stain, x100)

Puc. 8. ToHkuit cnoii repMMHanbHOro Martpukca y pe6eHka,
NKB 37-38 Hepenb (OKpacka reMaTOKCMIMHOM U 303U-
HoM, x100)

In the present study, the germinal matrix could be
visualized using the T1-pulse sequence in only two in-
fants at PCAs up to 32 weeks, as a hyperintensive sig-
nal from the lower wall of the anterior lateral ventricles.
Using the T2-pulse sequence, the germinal matrix was
detected in seven out of nine infants at PCAs of 27-32
weeks, as a hypointensive MRI signal from the ante-
rior sections and outer walls of the lateral ventricles.
S. Counsell recommends using a T2-pulse sequence
to measure cerebral maturity in premature infants [4].
S. Counsell reported a decrease in the intensity of the
T2 signal from the lateral walls and anterior sections
of the lateral ventricles in premature infants at PCAs
of up to 32 weeks. As suggested by S.J. Counsell,
the preservation of the hypointense T2 signal from
these structures in premature infants with PCAs above
32 weeks may indicate a glial migration disorder [5].

Using DWI-MRI, the sub-ependymal germinal ma-
trix was detected in an overwhelming number of pre-
mature infants at PCAs of 27-32 weeks, and in two
premature infants at PCAs of 33-34 weeks. The ger-
minal matrix could be visualized on the DWI-sequence
as a local hyperintense signal in the region of the an-
terior fields of lateral ventricles and a hyperintense lin-
ear signal in the external edge of the lateral ventricles
(partially following the contour of the external wall

SN

Fig. 9. A wide layer of the germinal matrix in a child, PCA
31-32 weeks (hematoxylin-eosin stain, x100)

Puc. 9. LLinpokuii cnoit repMMHaNnbHOrO MaTpukca y pebeHka,
NKB 31-32 Hepenu (OKpacka reMaTOKCUIMHOM M 303U-
HoM, x100)

of the ventricle). The DWI sensitivity in visualizing
the germinal matrix exceeds that of other MRI pulse
sequences and provides a more complete visualization
picture of sub-ependymal germinal matrix regression in
the ventricular areas of the brain in premature infants.

Histology findings showed a regression of the
germinal matrix in the lateral ventricles of the brain
with increasing PCA, which is consistent with find-
ings from previous studies [9, 10]. The sub-ependymal
germinal matrix was most pronounced in the anterior
sections of the lateral ventricles. There was a delay
in the complete reduction of the germinal matrix in
two deceased infants born with ELBW at a PCA of
36 weeks and above, which may indicate a neuro-
plasticity disorder and delayed cerebral development
in these neonates [10]. In the physiological develop-
ment of the brain in premature infants with a PCA
of 36 weeks, the germinal matrix cannot be identified
using histological examination [13].

A comparative analysis of findings from live MRI of
the brain and hystology studies showed that in all dead
infants, the germinal matrix could be identified in the
anterior horns of the lateral ventricles by microscopic
examination of brain preparations, as well as by MRI
of the same area. In one of the dead children (patient 1
in Table 3) for whom MRI was performed at a PCA
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of 30 weeks, the germinal matrix was visualized on
DWI-MRI and T2-pulse sequence in the area of the
Monro foramen projection. In patient 2 (Table 3), for
whom MRI was performed at a PCA of 27 weeks,
the germinal matrix was visualized in the area of the
Monro foramen and along the external walls of the
lateral ventricles in the form of an alteration of the
MRI signal on the DWI and T2-pulse sequence.

In conclusion, study of the sub-ependymal germi-
nal matrix using radiological diagnostic methods and
pathomorphological signs can help the assessment of
neuroplasticity in premature infants with ELBW.

We show that ultrasonic technology, such as CUS,
can be used to detect the neuroplasticity/regression pat-
terns of the germinal matrix in all premature neonates
up to and including 29 weeks of gestation. Regres-
sion of the germinal matrix with maximum decrease
in visualization is registered by week 29 of gestation.

DWI-MRI enhances the assessment of germinal
matrix regression in premature infants. The use of
this pulse sequence allows the detection of germinal
matrix in premature neonates at PCAs of up to and
including 32 weeks of PCA as well as the in vivo
assessment of neuroplasticity.

Post mortem histology analysis of the material of
lateral ventricles confirmed the regression of the ger-
minal matrix with increasing PCA. The absence of
regression in the germinal matrix of the brain lateral
ventricles, which was observed in two premature dead
infants at a PCA of 36 weeks, may indicate impaired
neuroplasticity.
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