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Cranial ultrasound as a complementary method
to the general movements assessment in preterm infants
for predicting the neurological outcome — a single center experience

Kpanujamau ynrpa3Byk Kao KOMIUIEMEHTapHA METO/1a MPOTICHH OIIITHX

MOKpeTa KO/ MPEeBpEeMEHO polheHe nere 3a npeasuhame KOHAYHOT
HEYPOJIOIIKOT UCX0/1a — UCKYCTBO jeTHOT IIEHTpa

SUMMARY

Introduction/Objective Implementing cranial
ultrasound (CUS) into daily clinical practice represented
a major advance in the diagnosis and treatment of
newborns. Preterm birth is considered a risk factor for
abnormal neurological development. The study aimed to
evaluate the significance of CUS in preterms as a
complementary method to the general movements
assessment, for predicting neurological outcomes. Study
was focused on a cohort of infants without significant
neonatal morbidity.

Methods The study included 160 preterms, and was
designed as a prospective clinical study. Statistical
analysis included cranial ultrasound findings and the
assessment of spontaneous motor activity in the first 5
days after birth ("Writhing" period), perinatal data, and
pregnancy data.

Results The statistically significant association' was
between the group of infants in whom cerebral palsy was
recorded in the final neurological outcome and abnormal
CUS findings (p < 0.001). A _statistically. significantly
more frequent pathological CUS finding was found in
preterms born before 30 weeks of gestation (p < 0.001),
newborns born by cesarean section (p < 0.001), and those
who had.an Apgar score of less than 8 in the first and fifth
minutes after/ birth (p <.0:001). The specificity of the
normal CUS is 86% but increases to 100% when
combined with the normal finding of general motor
activity in preterms.

Conclusions This research confirms that CUS can be a
significant method for predicting neurological outcomes.
It can provide data for the critical use of different
methods of monitoring premature children, and can
rationalize their examinations.

Keywords: preterm infants; cranial ultrasound; general

movements; Prehtl's method; neurodevelopmental
outcome
INTRODUCTION

CAXKETAK

Yeoa/lub TlpuMeHa eHIOKpaHUjATHOT  YITpa3ByKa
(EY3) y cBakogHEBHO] KJIMHUYKO] MPAaKCH MPEJICTaBIba
BEJIMKM  HampeJak y  IHjarHO3W U JIeUeHhY
HoBopohenuagu. IIpeBpemeHu mopohaj cmarpa ce
(dakTopoM pH3HKa 3a opeMehaj HeypoJIOIIKOT pa3Boja.
Hwb crynuje 6uo je Aa ce npoueHu 3Hauaj EY3 kox
peBpeMeHo polheHe fere kKao KOMIUIEMEHTapHe METO/Ie
NPOLCHH ONIITHX IIOKpeTa, 3a IperBuljame KOHAYHOT
Heyposomkor uexona. Ctyauja je 6una gokycupana Ha
KOXOpPTYy HOBOpOleH4agu Oe3 3Ha4yajHOI HEOHATaJIHOT
MOpOUIHUTETA.

Meroae Crynuja je oOyxBatwna 160 mnpeBpeMeHO
poheHe, ele M OCMHUIILJbEHA j€ Kao MPOCIEKTHBHA
KIMHNYKa cTyauja. CTaTUCTHYKA aHAIM3a je 00yXBaTuia
Hamaze EY3 u 1poueHy CHOHTaHE MOTOPUYKE
AKTHBHOCTH y TIPBUX 5 JaHa HakoH pohewa (Writhing
TepUo.), IEpUHATAIIHE MTOJIATKE U TIOAATKE O TPy JHOhH.
Pesyatarm  CTaTHCTHYKH  3HAYajHa  [OBE3aHOCT
nocTojana je u3mely rpyne geue Koj Koje je uepedpainHa
mapanu3a 3a0ejexeHa Yy KOHAYHOM HEypOJIOIIKOM
ucxony u abHopManHux Hamaza EV3 (p < 0,001).
CratucTHuKM 3Ha4ajHO yemrhu matonomku EY3 Hanas
nponahen je kox mpeBpemeHo pohene xeue npe 30.
Henesbe recranmje (p < 0,001), HoBopoheHuamu polhene
napckuM pe3oM (p < 0,001) u oHuX Koju cy uManu Anrap
CKOp Mamy 0]] 8 y IPBOM U IIETOM MUHYTY HaKOH pohema
(p < 0,001). Cnetupuunoct HopmanHor EV3 je 86%,
amm ce mosehaBa Ha 100% kama ce KoMOuHyje ca
HOpMaJIHUM HaJIa30M OIIITEC MOTOPUYKE AKTUBHOCTH
KOJI IIPEBPEMEHO poljeHe nere.

3axsbyuak OBo uctpaxusame noTBphyje na EY3 moxe
OWTH 3HauajHa MeToJa 3a NpenBuhame HEyPOIOUIKHX
HCXO0Ja, MOXKeE MPY>KUTH NTOJATKE 32 KPUTHUKY YIOTPeOy
Pa3IMYUTHX MeTo/a npahiema mpeBpeMeHo poleHe nere
1 MOXKE PAI[OHAIN30BaTH BUXOBE MPerjeae.
Kipyuyne  peum: mpeBpemeHo  polena
CHIOKpaHWjaJlH  YJITpPasByK;  OIIITH
[IpexTiiOBa METOA; HEYPOPA3BOjHH HCXOJT

Tena;
HOKPETH;

Motor development in newborns, infants, and young children relies on the health of the central
nervous system (CNS), influenced by genetic patterns and external stimuli. Mental and motor

development are closely connected, with significant neurological changes occurring within the
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first days and months of life. To assess these changes accurately, repeated evaluations, or
developmental monitoring, are essential, as a single assessment may not detect certain

neurological issues due to the immature CNS's variable responses [1, 2, 3].

Special clinical attention is drawn to newborns who have some risk of developing disorders of
CNS. The most common perinatal factors are prematurity, low birth weight of the newborn,
low Apgar score, multiple pregnancies, birth trauma, inadequate presentation of the fetus, and
termination of delivery by cesarean section (C-section) [3—6]. Premature newborns (born before
the age of 37 weeks) have a higher risk of sudden death syndrome and complications.in general,

compared to full-term infants [7, 8, 9].

Apart from the neurological and neurokinesiological examination of newborns and infants,
additional diagnostic methods used in clinical practice to detect neurological abnormalities are
cranial ultrasound (CUS) examination and magnetic resonance imaging:-Implementing CUS
into daily clinical practice represented a major advance in the diagnosis-and treatment of

newborns [10-13].

The general motor assessment (GMA) in premature infants is defined as a high-certainty
method for predicting neurological outcomes. Still, this type of examination should only be
performed by a trained and certified physician, which is not available in every hospital [14, 15,
16]. For that reason, this study aimed-to evaluate the significance of the initial CUS in preterms
as a widely /available, complementary method of examination to GMA for predicting

neurological outcomes.

METHODS

This study was designed as a prospective clinical study and included preterm infants
(gestational age <37 weeks), born in the Gynecology and Obstetrics Clinic of the University
Clinical Center Ni§ between 2012 and 2014. It was performed in line with the principles of the
Declaration of Helsinki and approved by the Ethics Board of the University Clinical Center Ni§
(No. 5718/1).

During this study period, 7142 children were born at the University Clinical Center Ni§. Among
them, 629 (8.8%) were born prematurely. All children who had any serious perinatal
complications such as sepsis, necrotizing enterocolitis and lung disease were excluded from the
study. Besides, some of the preterm infants were excluded from the study due to: the presence

of deformities or congenital anomalies, as well as genetic syndromes of a newborn, invalid

DOI: https://doi.org/10.2298 /SARH250428046Z Copyright © Serbian Medical Society



Srp Arh Celok Lek 2025 | Online First: June 9, 2025 | DOI: https://doi.org/10.2298 /SARH2504280467Z 4

video of the newborn motions, parents' refusal to participate in the study, or non-attendance in
the follow-up in our institution. A two-year follow-up was completed for 160 preterm infants

and they were analyzed in this study.

For each infant included in the research, detailed perinatal data were taken: gender, gestational
age/gestational weeks (GW) (< 30 weeks; 30-37 weeks), body weight at birth, body length at
birth, head circumference, Apgar score value at the 1st and 5th minute, data on method of

delivery (C-section or not), data on multiple (twin) pregnancy and CUS findings.

GMA was carried out according to the basic principles of the Prechtl method within 5 days after
the birth ("Writhing" period) and was based on video analysis and performed by a licensed
person for GMA expertise [ 14, 15, 16]. To get good video recordings (lasting up to 25 minutes),
the baby needed to be awake, calm, not crying, with open eyes, without irregular breathing, and
in moving ("State 4"). For premature babies younger than 36 GW, recordings were made when

they started moving, even if they were asleep.
General movements (GMs) were classified into four types [14, 15, 16]:

1. Normal Writhing Movements (N): smooth, twisting movements with low to moderate

strength and slow to moderate speed, oval or twisting in shape.

2. Poor Repertoire (PR): limited variety and less complex than normal (baby starts a

movement but doesn’t finish it, making the sequence look incomplete or broken).

3. Cramped Synchronized Movements (CS): abnormal movements where the muscles of
the body and limbs tighten and relax at the same time; movements are stiff and lack the smooth

flow of normal writhing movements.

4. Chaotic Movements (CH): sudden, jerky movements with very large and random

motions of the arms and legs, uncoordinated with a lack of smoothness or pattern.

Definitive neurological outcome was assessed based on a detailed neurological examination at
the age of 24 months (corrected calendar age). The examination was performed by a certified
neurologist specializing in pediatric neurology. Neurological outcome was classified as normal
findings (completely normal neurological findings); minimal neurological dysfunction (MND),
according to TINE criteria (Touwen Infant Neurological Examination) or non-specific signs
without clear and definitive signs of cerebral palsy [17, 18]; cerebral palsy (CP) according to
Surveillance of Cerebral Palsy in Europe (SCPE) criteria [19].

DOI: https://doi.org/10.2298 /SARH250428046Z Copyright © Serbian Medical Society



Srp Arh Celok Lek 2025 | Online First: June 9, 2025 | DOI: https://doi.org/10.2298 /SARH2504280467Z 5

CUS examination was performed with LOGIQTM (GE Healthcare) machine with a high-
frequency linear probe (7-11 MHz) within five days after the birth. Repeat CUS examination
was performed two weeks after the birth, but statistical analysis included only the findings of
the first examination. All CUS examinations were performed by the same person and
categorized into five groups of interest (according to the guidelines from the ELGAN study
[13] and Prechtl's recommendations [14, 15, 16]):

. CUS 1 — normal finding;

. CUS 2 — hyperechogenicity of the brain parenchyma lasting up to 14 days;

. CUS 3 — hyperechogenicity of the brain parenchyma that lasts longer than 14 days;
. CUS 4 — intraventricular hemorrhage;

. CUS 5 — periventricular leukomalacia.

The medical doctor who analyzed spontaneous motor activity in-newborns-and the medical

doctor who analyzed CUS findings did not have access to.any results or data on the newborns.

Statistical analysis was conducted using SPSS ver. 20.0 (IBM, Chicago, USA). The normality
of continuous variables in defined groups was determined. Anthropometric mode values were
presented as percentiles-based on child growth standards. Continuous variable comparisons
between groups utilized the Mann-Whitney test, while qualitative variables were analyzed with
Pearson’s y2 test. For category variables with samples less than 5, Pearson y2 or Fisher's exact
tests were used. To evaluate the CUS method, sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic odds ratio (DOR) were calculated based
on normal CUS findings and final neurological outcomes. A two-tailed p-value of < 0.05 was

considered statistically significant.

RESULTS

A statistically significant difference in neurological outcome after 24 months existed between
infants born before and after 30 weeks (p <0.001). Lower body weight of newborns (p <0.001),
body length (p < 0.05), and Apgar score at the 1st and 5th minute (p < 0.001) were statistically
significantly associated with a worse neurological outcome. The prevalence of different types
of GMs in the observation period of up to 5 days differed statistically significantly between the
different outcomes (p < 0.001). The outcome after a follow-up of 24 months was normal in 124,

qualified as MND in 22, and diagnosed as CP in 14 preterm infants (Table 1).
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Pathological CUS findings were statistically significantly more common in preterms born
before 30 GW (p < 0.001), delivered via C-section (p < 0.001), and those with an Apgar score
< 8 at both the 1st and 5th minutes after birth (p < 0.001) (Table 2).

Among six preterm infants with an Apgar score of 1 in the 1st minute, four scored 2 and two
scored 5 in the 5th minute. Four developed CP, with two having scores of 1 and 2, and two with
scores of 1 and 5. All CP cases showed hyperechogenicity of brain parenchyma detectable for
up to 14 days. Additionally, two preterms diagnosed with MND had scores of 1 in the 1st minute
and 2 in the 5th minute, with hyperechogenicity lasting longer than 14 days. Due to the small

sample size, more research is necessary to draw definitive conclusions aboutthis subgroup.

Previously determined statistically significant clinical characteristics of preterm infants for the

final outcome also showed a statistically significant relation with. CUS findings (Table 3).

Table 4 indicates that deviations from normal CUS findings are smallest in subjects with a
normal final neurological outcome. A significant association \was observed between CP in the
final outcome and abnormal CUS findings (p < 0.001). Pathological CUS findings varied
significantly among the groups based on final neurological outcomes (normal, MND, CP) (p <
0.05). Altered findings were most prevalent in subjects with CP and least frequent in those with

a normal outcome.

Table 5 indicates that a normal CUS finding has a high specificity of 72.2% for a normal final
neurologic outcome, though its sensitivity is lower at 67.8%. The specificity of normal CUS
finding improves when-assessing outcomes without CP or with CP. Combining CUS and GMA

achieved 100% specificity and PPV in ruling out deviations from normal neurologic outcomes.

DISCUSSION

Periventricular subependymal hemorrhage and intraventricular hemorrhage are complications
that usually occur in the first days after birth and are characteristics of premature babies.
Frequency of these hemorrhages in newborns who weigh < 1500 g and are < 32 GW of age, is
up to 25%. In newborns who weigh < 1000 g, this frequency is up to 40%. Extremely low birth
weight and extremely low gestational age, represent a good predisposition for long-term

complications, including CP/MND [9, 20].

Prechtl found that increased brain tissue echodensity is temporary and has limited prognostic
value when lasting less than two weeks [12]. Other studies recommend the first CUS on the

third day after birth and a follow-up before the end of two weeks [21]. In our study, 96 subjects
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(60%) had normal CUS findings at the first examination. Among them, 10 had MND, and 2
were diagnosed with CP. Both infants were born before 30 GW, suggesting that their early
preterm birth affected the maturation of their CNS.

Our study on CUS findings shows differences compared to existing literature, likely due to the
smaller sample sizes often used in those studies [21]. For instance, a large study of premature
infants born after 33 weeks of gestation noted pathological CUS findings in 13%. The‘authors
highlighted that even slight differences in gestational age can affect CUS specificity,
complication rates, and neurological outcomes [22]. While some studies report that C-section
is not significantly linked to poor neurological outcomes, factors like Apgar scores and head
circumference are associated with these outcomes [22, 23]. In contrast, our study found a
significant association between C-section delivery and unfavorable neurological outcomes,
likely influenced by the overlap of low Apgar scores and head circumferences in C-section

cases.

The availability of CUS as a diagnostic method and its application in daily clinical practice
represented a major diagnostic advance: In recent study, normal CUS finding has a PPV for the
final normal neurological outcome of 89.4% and PPV increases to 97.9% for a final neurologic
outcome that excludes CP. These results indicate that the subjects with a normal finding on the
CUS may have a pathological neurological outcome and it correlates with the already described
studies. Recent research supports the fact that the pathological CUS finding has a predictive
value for later neurological deviations. The sensitivity of these findings was not high, which
indicates the need to follow up on the development of children who, in the first 5 days after
birth, had abnormal findings, either during the examination by CUS or during the GMA.
Pathological CUS findings are statistically significantly more frequent in subjects who had CP
in the final outcome (p < 0.05).

The diagnostic odds ratio of CUS finding without pathology in all examined combinations is
>1, which implies the ability of the single method to determine the final outcome. DOR doubles
in the case of determination of non-CP/CP in the final outcome (DOR = 10.26) compared to
normal/abnormal determination (DOR =5.42). A DOR value >10 indicates excellent diagnostic
value. Results combining CUS and GMA are impressive. In the case of determining DOR about
non-CP/CP in the final outcome as well as normal/abnormal final outcome, DOR tends to
infinity because in no one case of both normal CUS findings and normal GMA findings did

MND or CP develop.
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In this study, 100% of preterm infants with periventricular leukomalacia developed CP, which
is in agreement with the research of other authors who indicate the high predictive value of this
finding for the later development of CP [24]. All subjects with a finding of intraventricular
hemorrhage had one of the pathological outcomes (MND/CP), in the final outcome.
Periventricular echodensity in the frontal white matter, which disappeared for up to 14 days,
did not affect spontaneous motor activity, but periventricular echodensity in the same zone
lasting longer than 14 days was associated with abnormal development of spontaneous motor

activity.

A recent study included a limited number of preterm infants due to various.exclusion criteria,
primarily focusing on those born at or above 30 GW, which comprised 90% of participants.
Most infants were not delivered via C-section or from twin pregnancies. After a 24-month
follow-up, most subjects showed normal neurological findings; however, the majority of those
who developed CP were born before 30 GW (14 out of 16). This suggests that insufficient
maturity of CNS may be a contributing factor. Given that preterm infants with serious
complications were excluded from this‘study, it should be emphasized that results show the
prognostic values of CUS and GMA for relatively "low-risk" preterm infants. This fact

represents a limiting factor for the generalizability of our results.

Future research should involve more infants (both "low-risk" and "high-risk"), especially those
under 30 GW,and a more detailed categorization of CUS and neurological outcomes could

enhance the findings' applicability.

Studies indicate that preterm infants can show abnormal GM in the first week after birth, often
due to factors like electrolyte imbalances or changes in cerebral blood flow, despite later having
normal neurological outcomes. To prevent misleading results, it's recommended that the first
GM evaluation be conducted after the first week [25]. In our study, we performed the first GMA
earlier due to some newborns leaving the maternity ward before this period, following Prechtl's
recommendations [14, 15] while excluding those with significant complications. All newborns
with normal GM findings at the initial evaluation had a normal neurological outcome at 24

months.

GMA has better predictive value in later periods of development, with the best predictive value
in "fidgety" period (50-54 GW) [14, 15, 16]. Recognizing the importance of initial
examinations and effectively incorporating them into practice is crucial for timely therapy
application. This study suggests that developing a prognostic model for predicting neurological

outcomes in a larger, multicentric study could be beneficial. This model should integrate GMA
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and CUS findings along with statistically significant perinatal clinical characteristics and

pregnancy data from preterm cases.

CONCLUSION

This study highlights the strong link between clinical characteristics, CUS findings, and
neurological outcomes in preterm infants. Pathological CUS findings were more prevalent in
those born before 30 weeks of gestation, delivered by C-section, and with lower Apgar scores.
Normal CUS results were highly specific for normal neurological outcomes, especially when
combined with GMA. Prolonged hyperechogenicity and conditions ‘like periventricular
leukomalacia were significant predictors of CP. These findings underscore the importance of
early multimodal diagnostics, particularly CUS and GMA, in predicting long-term neurological

outcomes and guiding interventions.
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Table 1. Clinical characteristics of subjects according to outcome after 24 months
Outcome after 24 months Summarized
Clinical characteristics Normal MND CP (n = 160) p
(n = 124) (n=22) (n=14)
**Gestational age 35(29-36) GW | 35 (33-35) GW | 29 (27-29) GW | 35 (27-36)GW | 0.014
mode (min—max)
>30 weeks 122 (98.39%) 22 (100%) 0 (0%) 144 (90%) 0,001
<30 weeks 2 (1.61%) 0 (0%) 14 (100%) 16 (10%) )
Sex Female | 60 (48.39%) 10 (45.45%) 8 (57.14%) 78 (48.75%) 078
Male 64 (51.61%) 12 (54.55%) 6 (42.86%) 82 (51.25%) '
“Twins No 92 (74.19%) 18 (81.82%) 14 (100%) 124 (77.5%) 0.079
Yes 32 (25.81%) 4 (18.18%) 0 (0%) 36 (22.5%)
“Caesarean No 80 (64.52%) 12 (54.55%) 6 (42.86%) 98 (61.25%) 020
section Yes 44 (35.48%) 10 (45.45%) 8 (57.14%) 62(38.75%) :
®Birth weight (g) 2150 (2000— | 1750 (1350— | 1320 (1250— 2125 (1250—
mode (min-max) 2350) 2400) 1350) 2400) <0.001
mode in percentiles 18.9% 3.4% 57.1% 18.9%
oo
n?;g: (bn?iy_ﬁzfﬁh (cm) 45 (42-47) 44 (43-45) 39/(35-40) 44 (42-47) 0.021
) : 24.5% 14.9% 55.2% 14.9% ’
mode in percentiles
5 .
Ifoe:{f (‘;:fi‘;l‘lnéﬁfgnce (em) 1 30 (29-32) 30 (28-32) 28 (26-29) 30-(26-32) 0114
) ; 7.5% 7:5% 75.2% 7.5% ’
mode in percentiles
bApgar score
(1- minute) 8 (8-9) 8 (8-8) 6 (1-7) 8 (1-9) <0.001
mode (min—max)
bApgar score
(5- minute) 9.(8-9) 8 (3-8) 7(5-8) 9 (5-9) <0.001
mode (min—max)
*GMs within 5 days
N 94 (75.81%) 0 (0%) 0 (0%) 94 (58.75%)
PR 30 (24.19%) 22 (100%) 2 (14.29%) 54 (33.75%) < 0.001
CS 0 (0%) 0 (0%) 12 (85.71%) 12 (7.5%) '
CcM 0 (0%) 0 (0%) 0 (0%) 0 (0%)

MND — minimal neurological dysfunction; CP — cerebral palsy; GW — gestational weeks; min

— minimum; max — maximum; GM — general movements; N — normal writhing movements; PR

— poor repertoire; CS — cramped synchronized movements; CM — chaotic movements;

Pearson’s y2 test;

® Mann—Whitney test
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Table 2. Distribution of normal and abnormal cranial ultrasound findings in relation to clinical

characteristics of preterms

Cranial ultrasound finding
Clinical characteristics Normal Abnormal p
(n=96) (n=64)
Female 1) 66.79%) | 26 (33.3%)
(n=178)
Sex Male 0.108
o o
(n = 82) 44 (53.7%) | 38 (46.3%)
z30weeks | o4 6530%) | 50 (34.7%)
. (n=144)
Gestational age 230 woeks <0.001
0, o
(n = 16) 2 (12.5%) 14 (87.5%)
(n 5;)24) 76 (61.3%) | 48 (38.7%)
Twins Yes 0.566
o o
(n = 36) 20 (55.6%) 16 (44.4%)
(nf"gg) 70 (71.4%) | 28 (28.6%)
Cesarean section Ves <0.001
0 o
(n = 62) 26 (41.9%) | 36(58.1%)
9 () ()
(n =52 38 (73.1%) 14 (29.6%)
Apgar score 8 o 5
(1-minute) (n = 82) 52 (63.4%) | 30(36.6%) | <0.001
< 8 0, 0
(n = 26) 6 (23.1%) 20.(76.9%)
9 o 0
(n = 90) 64 (71.7%) | 26 (28.9%)
Apgar score 8 o o
(5-minute) (n=52) 30 (57.7%) | 22(42.3%) | <0.001
< 8 0, 0
(n = 18) 2 (11.1%) 16 (88.9%)

Pearson’s y° test
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Table 3. Distribution of different cranial ultrasound findings in relation to previously

significant clinical characteristics of preterms

Cranial ultrasound finding

Clinical characteristics CUS1 CUS 2 CUS3 CUS 4 CUS S p
n=9%) | n=36) | m=20) | m=6) | (n=2)
z(s(lvﬁzl;s 94 (65.3%) | 30 (20.8%) | 18 (12.5%) | 2 (1.4%) | 0 (0%)
Gestational age =30 " </0.001
@ :ng) S| 23125%) | 6(37.5%) | 2(12.5%) | 4(25%) | 2 (12.5%)
I:IO 70 (71.4%) | 16 (16.3%) | 8 (8.2%) 2 (2%) 2 (2%)
Cesarean section (0 =98) 0.002
Yes '
(n=62) 26 (41.9%) | 20 (32.3%) | 12 (19.4%) | 4 (6.5%) 0.(0%)
_9 38 (73.1%) | 12(23.1%) | 2 (3.8%) 0 (0%) 0 (0%)
(n=152)
Apgar score 8 o o o o 0
(1-minute) (n=82) 52 (63.4%) | 16 (19.5%) | 12 (14.6%) | 212.4%) 0 (0%) | <0.001
(nii 6 | 6(231%) | 8(308%) | 6(23.1%) |4 (154%) -2 (7.7%)
@ 2990) 64 (71.1%) | 18 (20%) | 8(8.9%), | 0(0%) | 01(0%)
Apgar score 8 o o o o o
(5.minuto) (=52 |30(77%) | 10(192%) | 8(154%) | 8(8.9%) | 2(3.8%) | <0.001
(n<=818) 2 (11.4%) | 8 (44.4%) |4 (22.2%) | 4(22.2%) | 0 (0%)

CUS 1 —normal finding; CUS 2 — hyperechogenicity of the brain parenchyma lasting up to 14

days; CUS 3 — hyperechogenicity of the brain parenchyma that lasts longer than 14 days; CUS

4 — intraventricular hemorrhage; CUS 5 — periventricular leukomalacia;

Pearson’s  test
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Table 4. Distribution of different cranial ultrasound findings in relation to different

neurological outcomes

Cranial ultrasound finding
Neurologic outcome Normal Abnormal p
(n = 96) (n = 64)
2";“11314) 84 (67.74%) 40 (32.26%)
?figz) 10 (45.45%) 12 (54.55%) <0.001
CP ) \
(a= 14 2 (14.29%) 12 (85.71%)
CUS 1 CUS 2 CUS 3 CUS 4 CUS 5
(n = 96) (n = 36) (n = 20) (n=6) (nh=2)
203?314) 84 (67.74%) | 28 (22.58%) | 12 (9.68%) | 0 (0%) 0.(0%)
?ﬁNzgz) 10 (45.45%) | 4 (18.18%) | 6(27.27%) | 2(9.09%) | 0©0%) [70.003
(CHPZ 14) 2(14.29%) | 4(28.57%) | 2 (14.29%) | 4 (28.57%) | 2 (14.29%)

MND — minimal neurological dysfunction; CP < cerebral palsy; CUS 1 — normal finding; CUS

2 — hyperechogenicity of the brain parenchyma lasting up to 14 days; CUS 3 —

hyperechogenicity of the brain parenchyma that lasts longer than 14 days; CUS 4 —

intraventricular hemorrhage; CUS 5 — periventricular leukomalacia

Pearson’s %2 test
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Table 5. Distribution of different cranial ultrasound findings in relation to final neurological

outcomes and evaluation of the method significance

DOR = infinity

CUS finding Sensitivity = 67.8%
Normal Abnormal | Specificity = 72.2%
Neurological outcome Normal 84 (67.7%) | 40 (32.3%) | PPV =89.4% p =0.005
Abnormal | 10 (27.8%) | 26 (72.2%) | NPV =39.4%
DOR = 5.42
CUS finding Sensitivity = 63%
Normal Abnormal | Specificity = 85.7%
Neurological outcome Non-CP 92 (63%) 54 (37%) PPV =97.9% p=20.018
CP 2 (14.3%) | 12(85.7%) | NPV =18.2%
DOR = 10.26
CUS and GMA finding Sensitivity = 51.6%
Normal Abnormal | Specificity = 100%
Neurological outcome Normal 64 (48.4%) | 60 (51.6%) | PPV =100% p <0.001
Abnormal | 0 (0%) 36 (100%) | NPV =37.5%
DOR = infinity
CUS and GMA finding Sensitivity = 43.9%
Normal Abnormal /| Specificity = 100%
Neurological outcome Non CP 64 (43.8%) | 82 (56.2%) | PPV = 100% p=0.038
CP 0 (0%) 14 (100%) | NPV = 14.6%

CUS - cranial ultrasound; CP — cerebral palsy; GMA — general movements assessment; PPV —

positive predictive value; NPV — negative predictive value; DOR — diagnostic odds ratio

Pearson’s i’ test and determination of the sensitivity, specificity, PPV, NPV, and DOR
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