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Aim: to conduct a clinical and morphological analysis of a case of central nervous system (CNS) embryonic
tumor not otherwise specified (NOS) and to determine its key pathogenetic features.

Materials and methods. A retrospective analysis was conducted of an autopsy case involving a deceased prema-
ture female neonate diagnosed with a CNS embryonal tumor, NOS. The material was obtained from the Division
of Pathological Anatomy of the National Specialized Children’s Hospital “Ohmatdyt” of the Ministry of Health of
Ukraine. The morphological diagnosis was established based on macroscopic and microscopic examination.

Results. The findings indicate an intrauterine origin of the CNS embryonal tumor NOS and the presence of
characteristic morphological features that correlate with aggressive tumor behavior, including multiple necroses,
hemorrhages, and pseudorosettes formations composed of poorly differentiated cells. The study emphasizes the
importance of fetal magnetic resonance imaging in complex cases of prenatal hydrocephalus as a diagnostic
tool and for determining further pregnancy management strategies.

Conclusions. The presented case highlights the need for an interdisciplinary approach to the diagnosis and care
of newborns with CNS embryonal tumors and the creation of prognostic models for delivery outcomes in the
presence of this pathology.
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PiakicHa em6pioHaAbHa NyXAMHA LLEEHTPaAbHOI HepPBOBOi CUCTEMM
B HOBOHAPOAXXEHWX: BAACHWUM BUNAAOK i aHaAI3 KAIHIYHMX aHanoriB

A. C. NaHiHa, M. B. Kysuk, T. B. CaBuyk, B. A. XXoBHip, A. )X. CapukoBa

Merta po60T1 — ipoaHanisyBaTu kniHiko-MopchonorivyHiA BUnagok eMBpioHanbHOi MyXnuHY LeHTpanbHOT HEPBOBOI
cuctemun (LHC), wo He Bu3HaveHa ao iHwmx kateropiit (NOS), Ta HaBeCTw i KIO4YOBI NATOreHETNYHI 0COBMMBOCTI.

Martepianu i meToau. 3ailicHUNM PETPOCMEKTMBHWIA aHania BUNaaKy ayToncii NoMepnoi HeAOHOLLEHOT HOBOHA-
POIKEHOI ANTUHM XiHOYOI cTaTi 3 embpioHanbHot nyxnnHoto LIHC NOS. Matepian otpumaHo y BiggineHHi nato-
noriyHoi aHaTomii HaujoHanbHoi autayoi cnevianizoBaHoi nikapHi «Oxmataut» MO3 Ykpainu. MopdonoriyHni
AiarHo3 BCTAHOBMNEHO Ha MiACTaBi pe3ynbTaTiB Makpo- Ta MiKPOCKOMIYHOMO JOCHIMKEHHS.

Pe3syabtati. PeaynbstaTi ganu aMory 3p00uTui BUCHOBOK NP0 BHYTPILLHbOYTPOBOHE NOXOMKEHHSI eMOpPiOHaNbHOT
nyxnunm LIHC NOS i BusiBUTH xapakTepHi MopchonoriyHi 0cobnvBOCTi, LLO KOPEntooTb 3 arpecBHAM nepe-
6iromM NyXnWHHOTO NPOLECy (MHOXMHHI HEKPO3M, KPOBOBUIMBH, NCEBLOPO3ETKMA 3 HU3bKOANMDEPEHLNOBaHNX
kniTuH). MigTBEPOAXEHO OOUINBHICTL 3aCTOCYBaHHS MarHiTHO-pe30HaHCHOI ToMorpadii y cknagHux Bunagkax
npeHartanbHoi rigpovuedanii sk 3acoby YTOYHEHHS [iarHo3y Ta Ans BUSHAYEHHS HACTYMHOI TAaKTUKW BEAEHHS
BariTHOCTI.

BucHoBku. HaBeneHWI KNiHiYHWiA BUNaZoK aKLEHTYe Ha HeobXigHOCTI MixaucLumMnniHapHoro nigxoady Ao AiarHoc-
TUKI Ta NiKyBaHHs! HOBOHAPOMKEHNX 3 eMOpioHanbHUMK nyxmHamm LHC, a Takox CTBOPEHHS! NPOrHOCTAYHMX
mogenei nepebiry nonoris, KOMM AiarHOCTOBAHO LiK0 NaTosorito.
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Embryonal tumors of the central nervous system (CNS), not
elsewhere classified (NEC), are a rare, diagnostically challenging,
and clinically aggressive category of pediatric neoplasms. Accord-
ing to the 2021 World Health Organization (WHO) Classification
of Tumors of the Central Nervous System (5th edition), CNS em-
bryonal tumour NEC/NOS is a tumour arising in the CNS with em-
bryonal morphology and immunophenotype and either lacking an
alteration that would classify it as one of the molecularly defined
CNS embryonal tumours (not elsewhere classified; NEC) or not
susceptible to further analysis (not otherwise specified, NOS) [1].
These tumors are characterized by rapid growth, high cellularity,
pronounced mitotic activity, and multiple areas of necrosis [2,3].

The overall survival rate of newborns with this rare tumor is
generally low. Thus, the five-year overall survival rate recorded
in retrospective cohorts ranges from 25 % to 30 %, reflecting the
aggressive nature of these tumors and the difficulties in their treat-
ment [4]. Such mortality rates are particularly associated with the
frequent development of complications such as hydrocephalus
due to obstruction of the cerebrospinal fluid outflow pathways,
intracranial hemorrhages, neurological disorders due to mass
effect or infiltration, and early dissemination in the CNS [2,5].

There is a notable correlation between histological features
and clinical manifestations: tumors with higher mitotic indices
and extensive necrosis tend to cause more rapid development
of neurological symptoms [6]. However, the inability to assess
the latter in fetuses complicates the clinical diagnosis of tumors
which develop during the intrauterine period and are mainly found
during autopsy. The consistency of clinical and morphological
data is limited, so pathological observations play a critical role in
refining the diagnosis and management tactics.

Aim
To conduct a clinical and morphological analysis of a case of

central nervous system embryonic tumor not otherwise specified
and to determine its key pathogenetic features.

Materials and methods

We retrospectively analyzed an autopsy case of a deceased
premature female neonate diagnosed with a CNS embryonal tu-
mor, NOS. The material was obtained from the Division of Patho-
logical Anatomy of the National Specialized Children’s Hospital
“Ohmatdyt” of the Ministry of Health of Ukraine in accordance
with a cooperation agreement between the university and the
healthcare institution. No immunohistochemical or molecular stud-
ies were performed in this case. The diagnosis was established
within the limits of available methods, based on macroscopic and
microscopic findings using hematoxylin and eosin staining. The
morphological diagnosis was made to the extent possible in the
absence of immunohistochemical and molecular confirmation.

This retrospective study was approved by the Medical Eth-
ics Committee of the National Research Center for Radiation
Medicine, Hematology and Oncology, National Academy of
Medical Sciences of Ukraine (Protocol No. 9, July 15, 2025).
The study was conducted in accordance with national legislation,
institutional regulations, and the principles of the Declaration

of Helsinki. Human samples were obtained as by-products of
routine diagnostic autopsies. Due to the retrospective design
and complete anonymization of data, written informed consent
from the parents was not required under applicable national and
institutional guidelines.

Results

Child K. was born to a 35-year-old woman during her second
pregnancy. The first pregnancy ended with the birth of a healthy
child. The current pregnancy initially proceeded without compli-
cations, butin the first trimester, mild toxicosis and iron deficiency
anemia developed, for which oral iron therapy was prescribed.
Routine ultrasound screening at 20 weeks of gestation revealed
no structural anomalies or intrauterine growth restrictions.

At 26 weeks of gestation, the woman presented with clin-
ical signs of severe gestosis, including arterial hypertension
(BP 160/100 mmHg), generalized edema, and proteinuria. She
was hospitalized to the department of pregnancy pathology for
close monitoring. During her hospital stay, a repeat prenatal ultra-
sound revealed significant bilateral hydrocephalus with ventricular
dilatation up to 25 mm, polyhydramnios, and signs of fetal distress.
Fetal echocardiography and Doppler studies indicated a reduced
cerebroplacental ratio and abnormal umbilical artery flow (absent
end-diastolic flow). No extracranial anomalies were detected.

Laboratory tests ruled out maternal infections, including
TORCH-infections (Toxoplasma gondii, Rubella virus, Cytome-
galovirus, Herpes simplex virus types | and Il). Serological testing
for HIV, hepatitis B and C, and syphilis was also negative.

At 29 weeks of gestation, due to the worsening maternal con-
dition —including uncontrolled hypertension (BP 180/110 mmHg),
elevated liver enzymes, thrombocytopenia, and signs of hemoly-
sis — severe preeclampsia with impending HELLP syndrome was
diagnosed. An emergency cesarean section was performed to
save the mother’s life.

Apremature female neonate was delivered via lower-segment
cesarean section. The newborn weighed 2550 g, measured
46 cm in length, and had Apgar scores of 2 at 1 minute and 3 at
5 minutes. The newborn was pale, hypotonic, and bradycardic
at birth, with weak spontaneous respiratory effort. Immediate
neonatal resuscitation was initiated according to international
neonatal life support protocols. This included positive-pressure
ventilation with oxygen, endotracheal intubation, external cardiac
massage, and administration of epinephrine. Despite maximal
supportive measures, the newborn’s condition did not stabilize,
and spontaneous cardiac activity ceased at 30 minutes of life.

The infant was referred for autopsy with the clinical diagnosis:
congenital malformation (internal hydrocephalus, suspected holo-
prosencephaly), multiple organ failure syndrome, and prematurity.

Pathological examination. Skin is pale blue, with petechial
hemorrhages in the area of lower extremities. The subcutaneous
fat layer is satisfactorily developed and swollen. The umbilical
cord remnant is tied with a ligature. The head is round in shape,
enlarged in volume, with a circumference of 37 c¢cm, a large
fontanelle measuring 6 x 6 cm, and a sagittal suture that has
separated, causing the medial edges of the parietal bones of the
skull to be 3 cm apart. The brain tissue is significantly thinned to
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Fig. 1. Histopathological examination of an embryonal CNS tumor NOS; structural polymorphism observed in different fields of view (A-D).
A, B: cords of atypical cells with sinusoid-like dilated stromal vessels; C: formation of pseudorosettes (arrow); D: alveolar structures and
nests of atypical cells surrounded by delicate stromal septa, H & E. A: x 40; B, C, D: x 200.

1-2 mm, swollen, pale blue, without differentiation into gray and
white matter. The superior sagittal sinus has no lumen from the
crista galli to its middle part, and from the middle part to the con-
fluens sinuum, the sinus is sharply widened to 1.5 cm. Expanded:
confluens sinuum up to 3 cm, sinus transversus sinister and sinus
sigmoideus sinister up to 1 cm in diameter. At the site of expan-
sion of the superior sagittal sinus, fusion between it and the brain
tissue is noted along the upper edge of the large hemispheres.
In this place and on the medial surface of the hemispheres, the
brain tissue is bluish-pink in color, with hemorrhages, soft-elastic
consistency, and differed from normal tissue. The surface of the
hemispheres with smoothed convolutions and sulci. Ependyma
includes brownish deposits.

The structures of the corpus callosum, thalamus, and walls of
the third ventricle are not differentiated. The brain stem is flaccid
in consistency, with enlarged cavities of the fourth ventricle and
cerebral aqueduct. The vascular plexuses are full of blood. The
lateral ventricles are greatly enlarged and filled with liquid blood.
The internal organs are pale, without any peculiarities. There is
a large amount of transparent yellowish content in the pleural
cavities. There is a small amount of transparent yellowish fluid
in the abdominal cavity.

Microscopic examination. Thinning of the brain substance of
the large hemispheres with violation of histoarchitectonics due to
the predominance of glial elements, an increase in the number
of vessels in one field of view. Perivascular and pericellular
edema, necrotic and necrobiotic changes, perivascular-focal
lymphoid infiltration were observed. The tumor had a polymorphic
structure, consisting of poorly differentiated cells, which formed
alveolar structures in some places, focal clusters of atypical cells
surrounded by thin stromal bridges with a large number of dilated
vessels, while in other fields of view there were strands of atypical
cells, a large number of dilated vessels, multiple necroses, and
pseudorosettes (Fig. 1). Diagnosis: embryonic CNS tumor, NOS.

Thymus. Lobular structure and division into layers are pre-
served, inversion of layers, delymphatization and Hassall’s cor-
puscles located in the cortical and medullary layers are observed;
conclusion: accidental involution of the thymus, stage IIl.

Discussion

Embryonal CNS tumors, NOS, are usually localized in the
frontal or parietal lobes of the cerebral hemispheres, less com-
monly in the brain stem and spinal cord. In 25-30 % of cases,
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these neoplasms are associated with tumor implants (mainly in
the subarachnoid space) [7,8,9].

Macroscopically, these tumors usually appear as solid gray-
pink formations that are not clearly demarcated from normal
brain tissue. Large lesions with cystic or necrotic areas are
common [10,11,12]. Microscopically, they appear as hypercellular
lesions consisting of poorly differentiated cells with round or oval
nuclei with banded chromatin, high mitotic index, and frequent
apoptotic bodies [7,8]. Sometimes they can also form pseudo-
rosettes. Molecular drivers for this diverse group of tumors are
still not understood, either because the molecular profile does
not fit a defined CNS WHO diagnostic entity (NEC) or molecular
classification cannot be performed (NOS).

Due to this, according to the 2021 World Health Organization
(WHO) Classification of Tumors of the Central Nervous System
(5th edition), when molecular analysis of CNS embryonal tumors
fails to detect an alteration that allows specific classification
or is unsuccessful, the designations “not elsewhere classified
(NEC)” or “not otherwise specified (NOS)”, respectively, should
be applied [1].

Our clinical and pathological observation concerns a prema-
ture girl born at 29 weeks of gestation who died within the first
30 minutes of life due to severe respiratory failure. Pathologically,
the tumor was localized in the frontal lobes of the brain and had
grown into the superior sagittal sinus, leading to obliteration of its
lumen and the development of hydrocephalus; it was not possible
to determine the clear boundaries of the tumor. Most likely, the
tumor invaded the structures of the corpus callosum, thalamus,
and walls of the third ventricle, which explained the inability to
verify these structures at autopsy. Hemorrhages in the lateral
ventricles indicated invasion of the cerebral vessels and were the
cause of anemia detected at autopsy. Morphologically, the tumor
met the criteria for an embryonic CNS tumor NOS according to
the WHO classification — it consisted of undifferentiated cells with
a high mitotic index, pronounced polymorphism, pseudorosettes,
and multiple areas of necrosis. These morphological character-
istics allow us to verify a highly malignant neuroepithelial tumor.
In general, the morphological picture of the tumor we describe
is typical for an embryonic CNS tumor NOS.

The discrepancy between the clinical and pathological diag-
noses in this case could be due to the difficulty of diagnosing the
neoplasm based on insufficient clinical data (ultrasound, which
revealed hydrocephalus), as well as the difficulty of differentiat-
ing the diagnosis of an embryonic CNS tumor NOS from other
pathologies that can cause hydrocephalus (e. g., TORCH infec-
tions, meningitis, or congenital defects of the cerebrospinal fluid
pathways). In this case, due to the extreme degree of malignancy
of the neoplasm (grade V), the discrepancy between the clinical
and pathological diagnoses was not clinically significant, but it
further emphasized the importance of using alternative imaging
methods, such as magnetic resonance imaging (MRI), for a
more accurate differential diagnosis of fetal pathologies. Thus,
hydrocephalus together with macrocephaly or polyhydramnios
are often the first ultrasound markers that can be indications for
a more detailed MRI examination [13].

A comparative analysis of our observation with similar cases
from the literature allows us to identify key clinical and mor-

phological patterns and differences. In the case described by
E. Cambruzzi et al. [14], a premature newborn girl (gestational age
22 weeks) had a 0.9 cm tumor located in the right lateral ventricle.
Microscopically, it was a high-grade malignant neoplasm with
marked atypia, a solid pattern, and a high mitotic index (Ki-67 —
90 %). Despite high proliferative activity, this case, unlike ours and
the case reported by R. Kapoor et al. [15], was not accompanied
by significant hydrocephalus or massive mass effect, probably
due to the smaller size of the tumor and earlier gestational age
at the time of death. However, the presence of a thrombus in the
right lateral and third ventricles may indicate hemorrhage, which
is an indirect sign of potential tumor aggressiveness.

Another similar observation reported by R. Kapoor et al. [15]
concerns a newborn girl who was found to have a large echogenic
formation in the supratentorial region at 24—25 weeks of gestation,
and later, at 35 weeks, an enlarged fetal head and a heterogene-
ous mass in the left hemisphere of the brain with multiple cystic
areas were detected. In this case, right-sided hydrocephalus,
associated polyhydramnios, placentomegaly, pericardial and
pleural effusion were observed. Morphologically, the tumor con-
sisted of proliferating neoplastic cells located perivascularly with
the formation of focal pseudorosettes and focal necrosis. Mitotic
activity was minimal, but the tumor showed rapid growth. The
child died after spontaneous premature delivery.

Common clinical and morphological patterns identified in
our observation and described by other authors indicate several
important features of CNS embryonal tumors, NOS. All described
cases concern premature babies (from 22 to 29 weeks of gesta-
tion), which confirms the intrauterine origin of these tumors and
their early clinical onset in the perinatal period. Morphologically,
the tumors show signs of high malignancy: pronounced cell
undifferentiation, the presence of pseudorosettes, multiple are-
as of necrosis and hemorrhages in the brain parenchyma and
ventricular cavities. These characteristics were present in our
case and in studies conducted by other authors, which correlates
with the aggressive course of the disease [16,17,18]. At the same
time, in the case described by E. Cambruzzi et al., a high mitotic
index was observed, but the absence of massive necrosis and
hemorrhages, as well as the smaller size of the tumor, could have
led to the absence of hydrocephalus [14].

Among the main complications, hydrocephalus is the most
common that typically result from ventricular system compression
by a tumor or due to hemorrhage. This complication occurs in
approximately 17.3 % of newborns with CNS tumors and causes
increased intracranial pressure with subsequent damage to brain
tissue [19,20]. In our case and in the observation by R. Kapoor
etal. [15], hydrocephalus was one of the leading manifestations,
while in the case of E. Cambruzzi et al. [14], it was not recorded.

Additionally, such systemic manifestations of the tumor as
polyhydramnios and non-immune hydrops fetalis, which were
noted in our own observation and in the case reported by R. Ka-
poor et al., deserve particular attention. These conditions were
accompanied by pericardial and pleural effusion, ascites, and
were probably caused by both hypothalamic dysfunction and
high cardiac output [21,22]. Non-immune hydrops fetalis can
also cause “mirror syndrome” (Ballantyne syndrome), described
in the observation by R. Kapoor et al. [15], in which the mother’s
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condition “mirrors” the hydrops condition of the fetus, manifested
by edema, hypertension, and proteinuria, which must be differ-
entiated from preeclampsia [23]. This syndrome is an important
trigger for termination of pregnancy and/or delivery for medical
reasons [24].

Thus, the described case supports the inclusion of embryonal
CNS tumors in the differential diagnosis of prenatally detected
anomalies, particularly hydrocephalus, polyhydramnios, fetal hy-
drops, and cases of sudden neonatal death. Such cases highlight
the critical role of pathological examination in verifying prenatal
hypotheses and determining the causes of fatal outcomes. Multi-
disciplinary collaboration between perinatologists, neonatologists,
neuropathologists, pediatric oncologists, and prenatal diagnostics
specialists is essential to ensure accurate diagnosis and optimal
management of such pregnancies. A comprehensive approach to
monitoring high-risk pregnancies is a key for reducing neonatal
morbidity and mortality, especially in the context of limited access
to specialized perinatal monitoring programs [24].

Systematization of clinical and morphological data on CNS
embryonal tumors, NOS is necessary forimproving morphological
classification, refining diagnostic criteria, developing prognostic
approaches, and implementing effective clinical algorithms in neo-
natal neurooncology. Given the exceptional rarity and diagnostic
complexity of embryonal CNS tumors in neonates, there is a clear
need for multicenter collection and systematic analysis of such
cases. The accumulated data will contribute to future updates in
tumor classification, facilitate prenatal detection, and support the
development of standardized management protocols in neonatal
oncology and perinatal care.

Conclusions

1. CNS embryonal tumors, NOS, are the ones of intrauterine
origin, as confirmed by their detection predominantly in premature
infants. This indicates an early onset of the pathological process
and its significant impact on the course of pregnancy and neo-
natal prognosis.

2. These tumors are characterized by high-grade malignancy,
an undifferentiated cellular structure, the presence of pseudo-
rosettes, extensive necrosis, and hemorrhages — features that
reflect their aggressive behavior and poor prognosis.

3. The most common complications include hydrocepha-
lus, intracranial hemorrhage, and non-immune hydrops fetalis
(manifested by polyhydramnios, ascites, pericardial, and pleural
effusions), which largely determine the severity of the clinical
course and contribute to early neonatal mortality.

4. Given the limited specificity of standard prenatal ultrasonog-
raphy, fetal MRI should be considered in cases of hydrocephalus
of unknown etiology. Prenatal MRI may become the gold standard
for detecting intracranial tumors. Effective management of such
cases requires interdisciplinary collaboration among specialists
in prenatal diagnostics, perinatology, neuropathology, and pedi-
atric oncology.

5. Considering the rarity, aggressive clinical behavior, and di-
agnostic complexity of CNS embryonal tumors, NOS, multicenter
case collection is crucial for advancing tumor classification and im-
proving prenatal detection strategies in neonatal neuro-oncology.
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