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Aim — to characterize cerebral hemodynamic disturbances in newborns with intracranial non-traumatic hemorrhages (INTH) depending on the seve-
rity of the condition, in order to optimize treatment strategies for perinatal pathologies.

Materials and methods. The study was conducted at the Azerbaijan Republician Perinatal Center. Neurosonography was performed on 800 full-term
newborns within the first 24 hours of life, and on 192 preterm newborns depending on their condition: 50 infants on day 1, 99 — on day 3, 27 — on day
5,and 20 — on day 7. Using this method, the maximal systolic velocity (Vmax), minimal diastolic velocity (Vmin), and resistance index (Rl) were measured.
Statistical analysis of the obtained results was performed in Excel: the mean values and standard errors were calculated.

Results. \entricular dilatation was recorded in 6 infants. In preterm infants (gestational age <36 weeks) with and without INTH, the Vmax in the ante-
rior cerebral artery was 0.27+0.005 and 0.30+0.006 m/s, the Vmin was 0.007+0.001 and 0.009+0.001 m/s, and the mean flow velocity was
018+£0.005 and 0.20+0.004 m/s, respectively, demonstrating statistically significant differences between the groups. Hemodynamics were compara-
tively slower in infants with INTH. The Vmin in the anterior cerebral artery differed significantly between preterm and full-term infants without INTH
(0.0940.01and 0.10+0.02 m/s), with lower values in preterm infants. A similar pattern was found when comparing preterm and full-term infants with INTH
(0.0740.001 and 0.08+0.002 m/s). The mean flow velocity in the anterior cerebral artery differed significantly between preterm infants with INTH
(018+£0.005 m/s) and without INTH (0.20+£0.004 m/s). Comparable statistically significant differences were also observed between full-term infants with
INTH (0.19+£0.005 m/s) and without INTH (0.20+0.004 m/s).

Conclusion. In newborns with INTH, cerebral hemodynamics slow down proportionally to the severity of hemorrhage. The more severe the hemor-
rhage, the greater the hemodynamic delay. Therefore, large-scale neurosonographic screening of newborns in perinatal centers is essential.

The study complied with the principles of the Declaration of Helsinki and was approved by the institutional Ethics Committee. The informed consent
was obtained from the patients prior to participation.

The author declares no conflict of interest.
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XapaKTepMCTVIKVI remoguHaMmiku B CcyauHax rosioBHOro MO3Ky npu HeTpaBMaTU4YHUX

BHyTpiI.quOl-lepenHVIX YPaXeHHAX
U.Q. Mursalova
A3epOanixaHCbKnin MenyHuiA yHisepcuteT, M. baky

Merta — oxapakrepunsyBaTy NopyLIeHHA LepebpabHOl reMOaNHaMIKY B HOBOHAPOAXKEHWX 13 BHYTPILLIHEOYEPENnHUMN HETPaBMaTUYHUMK
kposoBuvBamu (BYHTK) 3a1exXHO Bif TAXKOCTI CTaHy ANg ONTUMI3aLl CTpaTerii NikyBaHHA nepuHatanbHMX natoorii.

Martepianu Ta Mmetoaum. [10CnifxXeHHa NpoBeaero B [eprHaTtanbHOMy LeHTpi AsepbaliixaHcskol Pecny6nikin. HelipocoHorpadito NpoBeaeHo
800 AOHOLWEHMM HOBOHAPOMXKEHWUM NMPOTArOM NepLunx 24 roanH Xutrs, 192 HefOHOLWEHUM HOBOHAPOAXKEHNM 3aN1eXHO Bif IXHbOTO CTaHy:
50 HemoBNAT — Ha 1-i1, 99 — Ha 3-1, 27 — Ha 5- Ta 20 HeMOBNAT — Ha /-7 AeHb. 38 AONOMOro LbOro MeTody BUMIPDAHO MaKCUMasbHy CUCTONIYHY
LWBNAKICTE (VMax), MiHIManbHy AiaCTONIYHY WBMAKICTL (VMIN) Ta IHOeKC pe3ncTeHTHOCTI (RI). CTaTUCTUYHWI aHani3 OTPUMaHNX Pe3y/bTaTiB MPOBOAVBCS
B EXcel: po3paxoByBanvcs CepeHi 3HaueHH:A Ta CTaHAaPTHI MOMUMKN.

Pesynbrati. PO3LLIVPDEHHS LWNYHOUKIB OY/10 3apEECTPOBAHO Yy 6 HEMOB/IAT. Y HEAOHOLEHVX AiTel (recTauiiinii Bik <36 TvxHIB) 3 BYHTK Ta 6e3
Hel Vmax y nepeaHii Mo3KoBiit apTtepil ctanHosuna 0,27+0,005 ta 0,30+0,006 m/c, Vmin — 0,007+0,001 1a 0,009+0,001 M/C, a cepeaHs WBMAKICTb
kposoToky — 0,18+0,005 ta 0,20+0,004 m/c, BIANOBIAHO, LLIO AEMOHCTPYE CTATUCTUYHO 3HaYYLLI BIAMIHHOCTI MK rpynami. [emoanHamika 6yna aeLlo
NOoBINbHIWOO B Aitelt i3 BYHTK. Vmin y nepeaHii MO3KOBIN apTepil CyTTEBO BIAPISHANACA B HEAOHOLWEHWX Ta AOHOWeHWX aitelt 6e3 BYHTK
(0,094£0,01 ta 0,10+0,02 M/C), 3 HUXKYMMM 3HAYEHHAMN B HEAOHOLWEHMX AiTel. MoaiGHy 3aKOHOMIPHICTE 6y/10 BMSBAEHO Mif Yac NOPIBHAHHSA
HeAOHOLEeHVX Ta AoHoWeHwux aiteit i3 BYHTK (0,07+0,001 ta 0,08+0,002 wm/c). CepeaHs LWBMAKICTE KDOBOTOKY B NEpPeAHii MO3KOBI apTepil CyTTEBO
BiApi3HaNaca Mix HegoHowerumy aitemn 3 BHHTK (0,18+0,005 m/c) Ta 6e3 BHHTK (0,204+0,004 m/c). MOpPIBHAHI CTATUCTUYHO 3HAUYLL BIAMIHHOCTI
cnocTepiranncd Mixx AoHoweHnMr AitbMn 3 BYHTK (0,1940,005 m/c) Ta 6e3 BYHTK (0,200,004 w/c).

BucHoBoK. Y HOBOHapoxeHnx i3 BYHTK LepebpanbHa reMoanHamika CroBiIbHIOETECA MPOMOPLIAHO TAXKOCTI KPOBOBWUANBY. HY1M CUALHILLINIA
KPOBOBWNB, TMM OiflblUa reMoANHamiuHa 3aTprmMKa. ToMy MacluTabHe HelipoCcoHOorpadiuHe 0OCTEXEHHA HOBOHAPOMAXKEHNX Y NepuHaTanbHNX
LeHTpax € HaaA3BMNYaiHO BaX/IMBUM.

JocnioxeHHa Bianosigano npuHumMnaM [enbCiHCbKOT Aeknapadii Ta Oy/10 CXBaneHOo KOMITETOM 3 eTUKUW YCTaHOBW. IHPOPMOBaHY 3rofy naLieHTiB
OyNO OTPUMAHO Nepes yHacTio.

ABTOP 3a@9BNAE NPO BIACYTHICTb KOHM/IIKTY IHTEPEeCiB.

Knto4oBi cnoBa: HeTpasMaTtyHi KpOBOBWINBK, BHYTRILIHbOUYEPENHI, FeMOANHaMIKa, CYAVHM FOMOBHOMO MO3KY, HOBOHEPOXKEHWIA.

Introduction researching this pathology more actively. The 10t

n recent years, the capabilities provided by and 11 Revisions of the International Classifica-
radiation diagnostics have facilitated the di- tion of Diseases list 7 types of NTICH (KA92.0.
agnosis of non-traumatic intracranial he- Non-traumatic intraventricular hemorrhage
morrhages (NTICH), leading scientists to begin  Grade I; KA92.0. Non-traumatic intraventricular
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hemorrhage Grade I; KA92.1. Non-traumatic intra-
ventricular hemorrhage Grade IT; KA92.2. Non-
traumatic intraventricular hemorrhage Grade I11;
KA92.3. Non-traumatic intraventricular hemor-
rhage Grade 1V; KA92.4. Non-traumatic cerebral
hemorrhage; KA92.5. Non-traumatic subarachnoid
hemorrhage; KA92.6. Non-traumatic cerebral
haemorrhage) were determined. Modern variants
of radiation diagnostics allow for the precise deter-
mination of NTICH size, location, and areas of
damage [2,6]. Hemodynamics of cerebral vessels in
specific intracranial hemorrhages have been exten-
sively presented in the literature [5,8,9]. Neuro-
sonography has particularly enabled the detection
of hemodynamic disturbances in prematurely born
infants [1,3,7]. It is considered appropriate to per-
form dopplerography on all newborns with a gesta-
tional age of less than 32 weeks [10].

The aim of the study to characterize hemodyna-
mic disturbances in cerebral vessels in the context of
non-traumatic intracranial hemorrhages, and de-
pending on their severity, for optimizing treatment
tactics of prenatal pathologies.

Materials and methods of the study

The Azerbaijan Republician Perinatal Center was
chosen as the observation site for the study. Our ob-
servation group included 996 live-born infants,
which fully ensures the statistical significance of the
expected epidemiological characteristics. The diag-
nosis of NTICH was confirmed in 156 newborns
based on monitoring, neurological clinical examina-
tion, and instrumental assessment (neurosonogra-
phy). Infants were divided into two groups: 750 in
term (gestational age more than 36 completed
weeks) — group Full-term and 246 premature
(<36 weeks gestational age) — group Preterm. Two
subgroups were distinguished in each group:
156 newborns with (subgroup NTIH+) and
800 without NTTH (subgroup NTTH-).

Neurosonography was performed on all interm
children (800) on the first day, and on the first (50),
third (99), fifth (27), and seventh (20) days, depend-
ing on the condition of the premature infants (192).
The maximum systolic velocity (Vmax), minimum
diastolic velocity (Vmin), and resistance index (RI)
were determined by this method. Resistance index
(RI): = (Vmax — Vmin) / Vmax.

A number of indices were obtained using this
method, among which the maximal systolic velocity
(Vmax), minimal diastolic velocity (Vmin), and RI

OPUTTHAABHI AOCAIAKEHHSI

are of particular importance. A high RI (>0.70) in-
dicates increased vascular resistance. A low RI
(<0.55) is an indicator of decreased resistance and
hyperemia. A normal RI (0.55-0.70) indicates nor-
mal perfusion and healthy vascular tone. These in-
dices were determined in the anterior cerebral artery
(ACA), internal carotid artery (ICA), and basilar
artery (BA).

The statistical processing of our obtained results
was performed in the Excel program [4]. Since the
majority of the indices we used were qualitative fea-
tures, their description was provided using criteria
intended for these features (the number of NTICH
cases per 100 children; the number of antenatal and
intranatal features; the standard error of these in-
dices; 95% confidence interval). p<0.05

Results of the study and discussion

Based on the following characteristics: one or two
distinct subependymal hemorrhages at the level of
the germinal matrix (>10 mm), the diagnosis of
NTICH Grade I was determined. This diagnosis was
detected in 61 infants, whose body weights were re-
spectively <1000 g, 1000-1500 g, 1500-2000 g,
2000-2500 g, and >2500 g in the groups of 1, 6, 23,
21 and 10 infants.

The Grade ITNTICH was diagnosed in 51 infants,
in which the hemorrhage filled the ventricular cavity
(>10 mm) without causing ventricular enlargement
was detected. The body mass of 5, 12, 12, 12, and
10 of these infants was <1000 g, 1000—1500 g, 1500—
2000 g, 20002500 g, and >2500 g.

The Grade ITT-1V NTICH was diagnosed in
27 children when the hemorrhage enlarged the ven-
tricular size, when thrombus visualization was re-
corded, and when other associated signs were pre-
sent. The body mass of 7, 9, 5, 3, and 3 of these
children was <1000 g, 1000—1500 g, 1500—2000 g,
2000-2500 g, and >2500 g.

Hemorrhage in other regions (cerebral parenchy-
ma, cerebellum, etc.) was recorded in 17 infants,
body mass of 8, 3, 4, 0, and 2 of them was <1000 g,
1000-1500 g, 1500-2000 g, 2000-2500 g, and
=>2500g.

Post-haemorrhagic hydrocephalus was recorded
in 12 infants (among those with Grade I1I-1V
NTICH). Hypoxic foci in the cerebral parenchyma
were detected in 103 children. Neurosonography
was performed in all full-term infants (800) on the
first day, and in immature infants (192), it was car-
ried out on the first (50 individuals), third (99), fifth
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Table 1
Dopplerographic Indices of Cerebral Hemodynamic in newborns with and without NTICH (ptm)
Vessels Indicators Preterm Full-term
NTICH+ NTICH- NTICH + NTICH -
Anterior Cerebral Artery, m/s Vmax 0.27+0.005* 0.30+0.006** 0.30+£0.01 0.33+0.02
Vmin 0.07+0.001* 0.09+0.001* 0.08+0.002* 0.10£0.002
V, average 0.18+0.005* 0.20£0.004 019+0.004* 0.21+0.005
RI 0.68+0.008* 0.71+£0.009* 0.70+0.007* 0.73+0.009
Internal Carotid Artery, m/s Vmax 0.42+0.007* 0.46+0.006™ 0.46+0.005* 0.50+0.007
Vmin 011£0.002* 012+0.003 011£0.002* 013+0.002
V, average 0.26+0.004* 0.29+0.005 0.28+0.005* 0.31+0.007
RI 0.71+0.009* 0.74+0.009* 0.73£0.011" 0.76£0.010.
Basilar Artery, m/s Vmax 0.40+0.005* 0.42+0.006* 0.42+0.006* 0.44+0.007
Vmin 0.10£0.001* 011£0.001 011£0.002* 0.13+0.002
V, average 0.26+0.006* 0.28+0.007 0.2740.007* 0.29+0.008
RI 0.7240.011* 0.75+0.009*" 0.74+0.010* 0.77£0.011

Notes: Rl — Resistance Index; V — Velocity; Vmax — Maximal Systolic Velocity; Vmin — Minimal Diastolic Velocity; * — p<0.05 for comparison between groups with and
without Non-traumatic Intracranial Hemorrhages (NTICH); ** — for comparison between the mature and immature groups.

(27), and seventh (20) days, depending on their con-
dition. The ventricular dilatation was detected in
6 children.

Characteristics of cerebral hemodynamics in neo-
nates with and without NTICH are presented in
Table 1.

The maximal systolic velocity in the anterior ce-
rebral artery was statistically significantly different
between the groups, constituting 0.27+0.005 and
0.30£0.006 (p<0.05). Similarly, the minimal
diastolic velocity was 0.007£0.001 and
0.009+0.001 (p<0.005), and the mean velocity was
0.18+0.005 and 0.20£0.004 m/s (p<<0.05), all differ-
ing statistically significantly from each other in pre-
term newborns (<36 weeks gestation age) with and
without NTICH. Hemodynamics are relatively
slower in children with NTICH.

Maximal systolic velocity in the anterior cerebral
artery (U_ )is 0.33+0.02 m/s (95% confidence in-
terval 0.29—-0.37m/s) in full-term healthy (without
NTICH) infants (gestation age >37 weeks). Corre-
sponding indices in preterm infants (gestation age
<36 weeks) of the same category (NTICH+;
NTICH-) were 0.30+0.006 m /s (95% confidence in-
terval 0.29-0.31 m/s) and 0.27+0.005 m /s (95%
confidence interval 0.26—0.28m/s). Paired compari-
son of these indicators showed that the maximal sys-
tolic blood flow velocity in the Anterior Cerebral
Artery is different between preterm and term infants
without Non-traumatic Intracranial Hemorrhages
(NTICH) (p<0.05), and blood flow velocity is rela-
tively lower in preterm infants. While comparing the

maximal velocity in the anterior cerebral artery of
preterm and full-term infants with and without
NTICH, we obtain the same result. It approves that
the maximal blood flow velocity in the anterior cere-
bral artery significantly differs (p<0.05) between
preterm infants, irrespective of the presence or ab-
sence of NTICH.

The minimal diastolic blood flow velocity in the
Anterior Cerebral Artery statistically significantly
differs (p<0.05) between preterm and term infants
without NTICH (0.09+0.01 m/s and 0.10£0.02 m/s,
respectively), with the level of the index being lower
in preterm infants. A similar result is observed in the
comparison of preterm and term infants with
NTICH (0.07£0.001 m/s and 0.08+0.002 m/s).

Comparing the minimal diastolic flow rate in the
anterior cerebral artery also gives us reason to reject
the null hypothesis in premature and full-term in-
fants with and without NTICH.

The mean blood flow velocity in the anterior cere-
bral artery significantly differs in groups of prema-
ture infants with (0.18%0.005 m/s, 95% confidence
interval 0.17-0.19 m/s) and without NTICH
(p<0.05). The similar results were observed in full-
term newborns with (0.19£0.004 m /s) and without
(0.210.005 m/s) NTICH.

The RI of the anterior cerebral artery was
0.73+0.009 (95% confidence interval 0.2—-0.75) in
full-term newborns without NTICH (in practically
healthy children). In the comparison with the other
three groups (premature newborns with and without
NTICH, full-term newborns with NTICH), the RI
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Table 2
Dopplerographic indicators of cerebral hemodynamics in newborn with and without NTCH (ptm)

Vessel Indicators | Grade IVNTICH | Grade llNTICH | Grade IINTICH | | STo¢e
Anterior cerebral artery, m/s Vmax 0.21+0.003* 0.26+0.004* 0.28+0.001* 0.30+0.002
Vmin 0.05+0.001* 0.08+0.001* 0.09+0.002* 0.10+0.002
Vaverage 013+0.004* 0.17+0.004* 0.19+0.004* 0.21+0.005
RI 0.58+0.008" 0.62+0.009* 0.68+0.007* 0.71£0.009
Internal carotid artery, m/s Vmax 0.38+0.005* 0.42+0.004* 0.46+0.005* 0.48+0.005
Vmin 010+0.002* 012+0.003* 0.13+0.002* 014+0.002
Vaverage 0.24+0.004* 0.28+0.005" 0.29+0.005* 0.31£0.007
RI 0.61+0.009* 0.64+0.009* 0.70+0.011 0.72+0.010.
Basilar artery, m/s Vmax 0.35+0.005* 0.38+0.006" 0.40+0.006 * 0.42+0.007
Vmin 0.09+0.001* 010+0.001 011+0.002* 012+0.002
Vaverage 0.22+0.006" 0.24+0.007* 0.26+0.007* 0.27+0.008

RI 0.62+0.011* 0.65+0.009* 0.68+0.010* 0.71£0.011

Notes: Rl —resistance index; V — velosity; Vmax —maximal systolic velocity; Vmin —minimal diastolic velocity; * — p<0.05.

of the anterior cerebral artery (respectively
0.68+0.008; 0.71£0.09 and 0.70+0.007) was statisti-
cally significantly lower (p<0.05). Thus, for patients
with NTICH, relatively low levels of maximal sys-
tolic velocity, minimal diastolic velocity, and vascu-
lar resistance in the anterior cerebral artery are cha-
racteristic.

The maximal systolic velocity of blood in the in-
ternal carotid artery was lower than the correspond-
ing indicator in the anterior cerebral artery. The in-
dicator varied in the range of 0.42£0.007 m/s to
0.50+0.007 m/s, showing a significant difference
between them. The relatively low-level indicator
was recorded in the premature group with NTICH,
while the relatively high-level indicator was record-
ed in the term-born group without NTICH. The
maximal systolic velocity of blood in the internal
carotid artery of children with and without NTICH
differs significantly from each other, both in the pre-
mature (0.42£0.007 and 0.46+0.006; p<0.05) and
full-term (0.46+0.005 m/s and 0.50£0.007 m/s) chil-
dren. This data proves the decrease in the maximal
systolic velocity of blood in the arteries against the
background of NTICH.

The minimal diastolic velocity of blood in the in-
ternal carotid artery didn’t differ in premature and
full-term infants with NTICH (0.11+0.002 m /s and
0.11£0.002 m/s), but in infants without NTICH
(0.12+0.003 m/s and 0.13+0.002 m/s) was statisti-
cally significantly lower. In the compared groups, the
statistically significant difference is greater than the
mean blood flow velocity in the internal carotid ar-
tery. Indicators were lower in newborns with

NTICH (0.26£0.004 and 0.28+0.005 m/s), and rela-
tively high in newborns without NTICH
(0.29+0.005 and 0.31+0.007 m/s). Thus, it was ap-
proved that the minimal, maximal, and moderate
diastolic velocity of blood in the internal carotid
artery is lower in newborns with NTICH.

All four groups in which we compared the RI of
the internal carotid artery differed significantly from
each other. The level of the indicator was
0.71+0.009 and 0.7£0.009 in premature children
with and without NTICH, 0.73+£0.011 and
0.76+0.010 in full-term infants. A decrease in resis-
tance was also observed in these vessels against the
background of NTICH.

A similar result due to hemodynamic velocity is
also observed in the internal carotid artery and the
basilar artery. In these vessels as well, both the ma-
ximal systolic and minimal diastolic velocities were
relatively low in children with NTICH. The diffe-
rence between the compared groups is more clearly
visible based on the RI in all vessels. The RI in pre-
mature children with and without NTICH was
0.68%0.08 and 0.71£0.09 in the anterior cerebral
artery, 0.71+0.09 and 0.74+0.04 in the internal ca-
rotid artery, and 0.72+0.11 and 0.75%0.09 in the
basilar artery (p<0.05).

Thus, in premature newborns with NTICH, cere-
bral hemodynamics are relatively weak. The hemo-
dynamic indicators in the cerebral vessels differ sig-
nificantly between premature and full-term
newborns with NTICH (p<0.05). Hemodynamics
are relatively faster in full-term newborns with
NTICH.
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Comparing the cerebral hemodynamic indicators
in full-term newborns with and without NTICH,
a statistically significant difference is revealed.
Against the background of NTICH, both the sys-
tolic and diastolic velocities, as well as the RI, are at
alower level in the cerebral vessels.

Thus, the hemodynamics of cerebral vessels
change depending on both NTICH and on whether
the child was term or preterm at birth.

The characteristics of hemodynamics in the cere-
bral vessels depending on clinical forms of NTICH
are given in Table 2.

As can be seen, the maximal systolic velocity in the
anterior cerebral artery varied in the range of
0.21 £0.003 — 0.30 £0.02 m /s, depending on the seve-
rity of NTICH. In the severe form of hemorrhage
(Grade IV), the level of the indicator is statistically
significantly lower, while in mild hemorrhages
(Grade 1), the indicator is considerably higher
(p<0.05). A proportional difference is observed among
the degrees of severity of the hemorrhage: the indica-
tor decreases as the hemorrhage becomes more severe.

The minimal diastolic velocity of blood in the an-
terior cerebral artery was 0.05+0.01 m/s in infants
with Grade IV NTICH, in infants with Grade III
NTICH was significantly higher (0.08+0.001 m/s),
and the proportional increasing trend continues as
the severity of the pathology decreases: in Grade 11
NTICH, 0.09+0.002 m/s, 0.10+0.002 m/s in Grade I
NTICH.

The mean blood flow velocity in the anterior cere-
bral artery also changed depending on the severity
of NTICH; the relationship between the mean velo-
city and the severity of the hemorrhage is inversely
proportional.

The vascular RI in the anterior cerebral artery was
0.71£0.009 in Grade I NTICH, 0.68+0.007 in
Grade IINTICH, 0.62+0.009 in Grade IIINTICH,
and 0.58%0.008 in Grade IV NTICH. The difference
in the indicators is statistically significant (p<0.05).
The severity of the hemorrhage is inversely propor-
tional to the vascular resistance.

The maximal systolic blood velocity in the inter-
nal carotid artery in Grade I-1V NTICH changes
within a large interval; the lower velocity is observed
in grade IV (0.38+0.005 m/s), and the higher velo-
city is observed in Grade I (0.48+0.005 m/s). In this
vessel as well, the maximal systolic velocity changed
inversely with the severity of the intracranial hemor-
rhage; the blood flow velocity tends to decrease as
the pathology becomes more severe.

44

The minimal diastolic velocity in the internal ca-
rotid artery in the groups we observed (Grade -1V
NTICH) was 0.14£0.002 m /s, 0.13+0.003 m/s, and
0.10+0.002 m/s, respectively. These values differed
significantly from each other (p<0.05), and the se-
verity of the disease was inversely proportional to
the blood flow velocity. A similar result was also ob-
served for the mean blood flow velocity in the inter-
nal carotid artery: 0.27+0.008 m/s, 0.26=0.007 m /s,
0.24+0.007 m/s, and 0.22+0.006 m/s in Grade [-1V
NTICH. In this vessel as well, the RI changed in-
versely with the severity of the hemorrhage:
0.61£0.009; 0.64+0.009, 0.70+0.011, and
0.72%0.010 in Grade IV-INTICH, respectively.

The minimal diastolic velocity of blood in the
basilar artery was 0.12£0.002 m/s in Grade I
NTICH, 0.11+0.002 m/s in Grade II NTICH,
0.10£0.001 m/s in Grade III NTICH, and
0.09+0.001 m/s in Grade IV NTICH. These values
differed significantly from each other (p<0.05).

The blood velocity in the basilar artery was re-
spectively 0.27£0.008 m/s, 0.26£0.007 m/s,
0.24+0.007 m/s and 0.22+0.006 m /s in Grade -1V
NTICH. The RI of vessels in the basilar artery in this
group of patients was inversely proportional to the
severity of the disease: in Grade I-IV NTICH —
0.71£0.011, 0.68+0.010. 0.65+0.009 and 0.62+0.011.

Thus, blood flow velocity and vascular resistance
in the cerebral arteries can be used as predictors of
the severity degree of NTICH.

The general conclusion observed in the literature
regarding the hemodynamics of children with cen-
tral nervous system damage is that, in most cases,
blood circulation in the cerebral vessels is weakened
[5,8,9]. This fact is confirmed in our study: a decrease
in both the maximal and minimal diastolic velocities
in the anterior cerebral, internal carotid, and basilar
arteries was proven in newborns with the diagnosis
of intracranial non-traumatic hemorrhage compared
to the control group (newborns without intracra-
nial non-traumatic hemorrhage). Furthermore, we
have shown that the blood flow velocity in the cere-
bral vessels changes inversely proportionally to the
severity of the NTICH. Based on the obtained re-
sults, it can be noted that neurosonography allows
to plan the prognosis of NTICH.

Conclusion

In infants born with diagnosed NTICH, the he-
modynamics of the cerebral vessels slow down de-
pending on the severity of the hemorrhage: hemody-
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namics are inversely proportional to severity degree:
the impairment of hemodynamics increases as the
degree of severity increases. That is why the mass

REFERENCES/JIITEPATYPA

neurosonographic examination of newborns in a pre-
natal center is important.

The author declares no conflict of interest.

1

Argollo N, Lessa [, Suely RS. (20086). Cranial Doppler resistance
index measurement in preterm newborns with cerebral white mat-
ter lesion. Jornal Pediatr. 82(3): 221-226. doi: 10.2223/JPED.1488.
Domingues R, Rossi C, Cordonnier C. (2015, May). Diagnostic
evaluation for nontraumatic intracerebral hemorrhage. Neurol
Clin. 33(2): 315-28. doi: 10.1016/j.ncl.2014.12.001. PMID: 25907908.
Farag MM, Thabet MAEH, El Beheiry AAH, Hammad BSD,
Khalifa MA, Elsebaee AAH. (2025, May 16). Hemodynamically
significant anemia as an indication of transfusion in preterm
infants. Ital J Pediatr. 51(1): 140. doi: 10.1186/513052-025-
01978-w. PMID: 40380201; PMCID: PMC12084977.

Glantz SA. (2012). Primer of Biostatistics. 7th ed. New York: Mc-
Graw Hill. URL: https://www.accessscience.com/content/
book/9780071781503.

Han HJ, JiH, Choi JE, Chung YG, Kim H, Choi CW et al. (2024,
Oct 10). Development of a machine learning model to identify
intraventricular hemorrhage using time-series analysis in pre-
term infants. Sci Rep. 14(1): 23740. doi: 10.1038/s41598-024-
74298-4. PMID: 39390062; PMCID: PMC11467187.

Harmony T. (2021, Jul 15). Early diagnosis and treatment of in-
fants with prenatal and perinatal risk factors for brain damage

10.

at the neurodevelopmental research unit in Mexico. Neuroim-
age. 235: 117984. Epub 2021 Mar 26. doi: 10.1016/j.neuroim-
age.2021117984. PMID: 33775809.

Hibner A, Tong K, Liu L, Morales A, Sanjay S et al. (2025, Aug).
Multimodal Approach to Intraventricular Hemorrhage Using
Echocardiography, Near-Infrared Spectroscopy, and Electrical
Cardiometry in Preterm Infants. Res Sq [Preprint]. 27:
rs.3.rs-7376716. doi: 10.21203/rs.3.rs-7376716/v1. PMID:
40909800; PMCID: PMC12408022.

Pal A, Stewart D, Ojha K, Kriss V, Ziegler C, Fischer H. (2025).
Cerebral resistive indices and prospective cohort study. BMC
Pediatr. 25(1): 766. doi: 10.1186/s12887-025-06119-0. PMID:
41044658; PMCID: PMC12495792.

Saeedi E, Mashhadinejad M, Tavallaii A. (2024, Dec 16). Devel-
opment of a machine learning model for prediction of intra-
ventricular hemorrhage in premature neonates. Childs Nerv
Syst. 41(1): 51. doi: 10.1007/s00381-024-06714-z. PMID:
39680160.

Wu TW, Azhibekov T, Seri I. (2016). Transitional hemodynamics
in preterm neonates: clinical relevance. Pediatr Neonatol. 57(1):
7-18. doi: 10.1016/j.pedne0.2015.07.002.

Bigomocri npo aBTopKy:
Mursalova Ulker Qafar — c1. na6opaHT kac. HeBponoriil A3ep6aiifaHCbKOro MeAuyYHoro yHisepcutety, Hesponor Pecny6nikaHCbKOro neaiaTpuyHoOro LEeHTpy.
Appeca: M. baky, bacTi Bariposa, 17. https://orcid.org/.0000-0002-7305-3723.

CraTTa Haaiiwna Ao peaakuii 27.06.2025 p., npuitHsata Ao Apyky 16.09.2025 p.

ISSN 2663-7553 Cyuacua nexgiatpis. Ykpaina 6(150)/2025

45



