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Background. Birth head trauma causing intracranial injury is one of the most common causes of neonatal mortality
and morbidity. In case of suspected cranial fractures and intracranial hematomas, diagnostic methods involving
radiation, such as x-ray radiography and computed tomography, are recommended. Recently, an increasing number
of studies have highlighted the risk of cancer complications associated with computed tomography in infants.
Therefore, diagnostic methods that reduce radiation exposure in neonates are important. One such method
is ultrasonography (US).

Aim. We evaluated US as a non-ionizing radiation method for diagnosis of cranial bone fractures and epidural
hematomas in newborns with cephalohematomas or other birth head traumas.

Material and methods. The study group included 449 newborns with the most common variant of birth head trauma:
cephalohematomas. All newborns underwent transcranial-transfontanelle US for detection of intracranial changes
and cranial US for visualization of bone structure in the cephalohematoma region. Children with ultrasonic signs of
cranial fractures and epidural hematomas were further examined at a children’s hospital by x-ray radiography and/or
computed tomography.

Results and discussion. We found that cranial US for diagnosis of cranial fractures and transcranial-transfontanelle US
for diagnosis of epidural hematomas in newborns were highly effective. In newborns with parietal cephalohematomas
(444 children), 17 (3.8%) had US signs of linear fracture of the parietal bone, and 5 (1.1%) had signs of ipsilateral
epidural hematoma. Epidural hematomas were visualized only when US was performed through the temporal bone
and not by using the transfontanelle approach. Sixteen cases of linear fractures and all epidural hematomas were
confirmed by computed tomography.

Conclusion. The use of US diagnostic methods reduced radiation exposure in newborns with birth head trauma. US
methods (transcranial-transfontanelle and cranial) can be used in screening for diagnosis and personalized monitoring
of changes in birth head trauma as well as to reduce radiation exposure.

Keywords: newborns; birth injury; radiation exposure; cephalohematoma; linear skull fracture; epidural hematoma;
transcranial-transfontanelle ultrasonography.
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JIOM CBOJA 4Yepela WM BHYTPUUYEPENHYI0 IeMaToOMy Y HOBOPOXX/IEHHBIX PEKOMEHAYETCS NPUMEHATD Ty4eBble METOAbI
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IOVMATHOCTUKU — peHTreHorpaduio deperna 1 koMubioTepHylo Tomorpaguio (KT). B mocnenHue ropnl mossyisgercs Bce
6orbiie pabOT O PUCKE OHKOJIOTMYECKUX OCTOXXHEHWIT, CBSI3aHHBIX C IPMMEHEHMEM KOMIIBIOTEPHOI ToMOoTrpadum
y minapeHnes. [TosaTomy 6onblioe 3HaYeHMe MMEIOT METOAbI AMATHOCTUKY, HO3BOJIAIONI/E YMEHBIIUTD Ty4eBYI0 Ha-
rpys3ky B HeoHaronormy. OIMH U3 TaKUX MeTOROB — ynbTpaconorpadus (YC).

ITenb — OLeHUTb BO3SMOXHOCTH Y/IbTPACOHOrpadMM B IUATHOCTUKE IIEPEIOMOB KOCTEl! CBOJA YeperIa I SIMIyPaIbHBIX Te-
MaTOM y HOBOPO>K/IEHHBIX C Ke(harioreMaToMaMI 1 06ecriednTb CHIDKEHe JTy4eBOl Harpy3Ku IIpU POfIOBOIT TPaBMe TOJIOBBL.
Marepuan u Metofbl. B o6cnefnyeMyo IpyImy BKIOYeHBI 449 HOBOPOX/ICHHBIX C CaMBIM PacIpOCTPaHEHHBIM Ba-
PUAHTOM pPOJOBOJI TPaBMBI OJIOBBI — KedasoreMaroMaMy. BceM HOBOPOXXIEHHBIM IIPOBOAVIIM TPaHCKPaHMATIbHO-
Ype3pOJHIYKOBYIO YIbTpacoHOrpaduIo IjI BBIABICHNSA BHYTPUYEPEITHBIX M3MEHEHUI U YIbTpacoHOrpaduio deperna
VIS BUSYa/IM3aLMy COCTOAHNUA KOCTY B 0OmacTyu KedpamoreMaToMsl. [leT ¢ yIbTpasByKOBBIMY IIPU3HAKAMU IIEPETIOMOB
KOCTell CBOfia Yeperra 1 SIUAYPAIbHBIMU TeMaTOMaMu ObUIM HOOOCIEHOBAHBL B JETCKOI OOJIBHIIIE C IIOMOIIBIO PEHT-
reHorpa¢uu deperna u/uiu KOMIIBIOTEPHOI TOMOTpaduL.

PesynbraTel u 06cyxmennsa. Ha nprumepe HOBOPOXXIEHHBIX C KepasoreMaroMaMi IIOKa3aHa BbICOKas 3¢ eKTNBHOCTD
yIbTpacoHOrpamy deperia B [UATHOCTUKE IIEPETIOMOB KOCTeil CBOAA 4Yepella M TPAaHCKPaHMAIbHO-YPe3POSHNIKOBOI
yIbTpacoHorpadum B FUATHOCTUKe 000/MOUeYHbIX reMatoM. Y 17 (3,8 %) HOBOPOXKZIEHHBIX C TeMeHHBIMU Kedasore-
MaToMamu 13 444 BblaBieHbl YC-IIpU3HAKY JIMHEJHOTO IlepesioMa TeMeHHo! Kocty, y 5 (1,1 %) — ¢ smupypanbHOit
reMaTOMOJ Ha CTOpPOHE IlepefioMa. DNNAypanbHble TeMaTOMbl BU3Ya/lU3MPOBAINCh TOBKO IIPY CKAaHMPOBaHUM depe3
BUCOYHYI0 KOCTb, IPU YPEe3POFHMYKOBOM MCCIEOBAHUN OHY BUJHBI He ObUIM. 16 CIydyaeB JIMHEHBIX MepeOMOB
U BCe 3MMAypanbHble reMaToMbl 6bUmy noprBepkaennsl KT.

3akmoyeHue. B crarbe 060CHOBaHa HEOOXOMMOCTD U IPefCTaBIeHa BO3MOXXHOCTb CHIDKEHMS JIy4eBOJ HarpysKu
IpU POROBON TpaBMe T'OJIOBBI Y HOBOPOX/IeHHBIX. OIMCaHHble METOOMKY YIbTPasBYKOBOTO MCCIeNOBaHMUA (TpaHC-
KpaHMa/IbHO-4Pe3POHNYKOBAsA YIBTPACOHOTpadusa U yIbTpacoHOrpadus depela) MO3BOJAIOT, C OJHOI CTOPOHBI,
obecreuynTh CKpYHMHT-JVATHOCTYUKY ¥ IePCOHAMN3NPOBATh MOHUTOPVHT M3MEHEHUI IPU POJOBOIl TpaBMe T'OJIOBEL
a C Ipyroil — CyLIeCTBEHHO CHU3UTD JIy4eBYIO HArpysKy.

KnroueBbie crnoBa: HOBOPOXAEHHDbIE; pOAOBasA TpaBMa; /Ty4dYe€Basd Harpys3ka; acCouMMpoOBaHHaA Ke(baJ'IOI‘eMaTOMa;

JIMHEIHBII Mepe/loM Yeperia; SMuAypanbHas TeMaToMa; TPaHCKpaHMalIbHO-4Pe3POHIIKOBAs YIbTPacOHOrpadusl.

Introduction

Reduction of radiation load in children with birth
injuries of the head has recently become increasingly
practical [1-4]. This is mainly attributable to two
factors. First, modern medical care standards for
children with head traumas recommend extensive
use of skull radiography and computed tomography
[5-7]. Lesions of the skull bones or intracranial
hematomas are indications of repeated use of
radiation diagnostic methods. Second, in newborns
and young children, the use of these methods is
associated with a high risk of radiation-related
complications [8-12]. According to ]J.D. Mathews
et al., a delayed risk of developing cancer in
patients exposed to ionizing radiation during
childhood is 25% greater than that in the general
population [13]. Therefore, non-radial technologies
for visualizing skull bones and intracranial spaces
are particularly relevant [1, 4]. Most often, this need
arises with cephalhematomas (CHs), the frequency
of which varies between 0.1% and 10%, according
to literature. A majority of these spontaneously
resolve without consequences. However, in 3%-20%
cases, CHs are combined with linear cranial vault
bone fractures and in 2%-5% cases, they are
accompanied by epidural hematomas (EH) [14-17].

An early diagnosis of CH is crucial. The reliability
of neurological status interpretations is low in
newborns. Fractures of the cranial vault bones and
EH are often accompanied by satisfactory clinical
status of newborns [18]. The most effective methods
of neuroimaging are characterized by minimal
invasiveness, wide accessibility, and possibility
of conducting an examination without taking
a newborn from an incubator couveuse. One such
method is ultrasonography (US) [1, 4, 17, 19, 20].
Aim. This study aimed at assessing the possibility
of using US for diagnosing fractures of the skull
vault bones and epidural hematomas in newborns
with CH and ensuring a reduction in the radiation
load in children with birth injuries of the head.

Materials and methods

The study was performed in maternity hospi-
tal No 10 and the city children’s hospital No 1 of
Saint Petersburg from September 2014 to February
2017. Totally, 449 newborns with CH were examined
in the maternity hospital: 396 (88.2%) newborns
had unilateral parietal CHs, 42 (9.4%) had bilateral
parietal CHs, 6 (1.3%) had bilateral parietal CHs
combined with occipital ones, and 5 (1.1%) had
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Fig. 1. Scheme of orientation and designation of the scanning planes for transcranial and transfontanellar ultrasonography:
a — sagittal and horizontal planes; b — frontal planes

isolated occipital CHs. All patients with CHs
underwent transcranial and transfontanellar US
(TTUS) to detect intracranial changes and skull US
to assess the CH region bone condition (according
to the methods of A.S. Iov [1996]).

When examining newborns with a scalp birth
trauma (e.g., CH), evaluating the intracranial
condition directly in the zone of external damage
was particularly important. A widely used
transfontanellar US is incapable of solving this
problem; the main disadvantages of this method are
as follows: 1) inability to assess the intracranial state
in areas directly located under the cranial vault bones
(in zones where the meningeal hematomas are most
often localized); 2) insufficiency of visualization
of the midbrain (lack of reliable US-criteria of
dislocations and cerebral edema); 3) dependence

Fig. 2. Significance of transtemporal ultrasonography scanning in
cephalhematomas: a — a newborn with a right parietal bone cephalhematoma;
b — the study scheme; the probe is located on the opposite side of the
cephalhematoma; the intracranial space in the region of the cephalhematoma
is assessed; ¢ — an ultrasonographic image variant without any signs
of meningeal hematoma (the brain is attached to the inner bone plate);
d — an ultrasonographic image variant with signs of meningeal hematoma
(a biconvex hyperechoic object between the bone and the brain)

on the anterior fontanel size; and 4) inability to
perform differential diagnosis of pathological
conditions in the convective-parasagittal region
(subdural clusters/external hydrocephalus) when
scanning with only one probe (sector/microconvex).

Using standard TTUS, scanning is performed
through the fontanel and squamosa of the
temporal bones with the obligatory application of
two probes (sector/microconvex and linear). For
transfontanellar scanning, multifrequency probes
(7-12 MHz, microconvex and linear), and for
transtemporal scanning, multifrequency sector
probes (2-4 MHz) were used. Figure 1 shows the
schematic orientation of the scan planes at TTUS.
It is demonstrated that the blind zone visualization,
characteristic for transfontanellar US, is provided by
the transtemporal horizontal planes H, H,, and H,.
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When performing TTUS in children with
parietal CH, the intracranial space in the CH region
is the area of interest, as visualized during scanning
through the opposite temporal bone (Figure 2).

When conducting skull US, a linear multi-
frequency probe (5-10 MHz) was mounted on
the CH region and longitudinal and transverse
scanning was performed over the entire CH area.
As shown in Figure 3, the hyperechoic line nearest
to the probe represents the image of the skin,
the line following it represents the image of the
bone, and the hypoechoic soft tissue lies between
the two (subcutaneous fatty tissue, aponeurosis)
(Figure 3).

In cases of linear skull fractures, interruption
of the hyperechoic bone pattern was noted; the
“hyperechoic mark” was located under the fracture
region (Figure 4). It is noteworthy that with US,
a linear fracture looks identical to a normal skull
suture. In case of suspected fractures, one should
ensure that the probe is not located above the
cranial suture.

Children who showed signs of cranial vault
bone fractures and EH on US in the maternity
hospital were transferred to the Children’s
hospital No 1 (17 patients), where they underwent
skull X-ray examination and/or CT of the head. All
patient representatives agreed for the examination,
participation, and processing of personal data for
this study.

Results and discussion

In the parietal region CT of the patients
(n =444), 17 (3.8%) had US signs of parietal bone
linear fracture on the CH side. Five (1.1%) patients
had EH on the fracture side. EHs were visible only
through the transtemporal access, reconfirming
the low efficiency of the transfontanellar US in
diagnosing meningeal convexital hematomas. The
presence of a fracture and EH did not depend on
the CH size. In cases of occipital CHs (11 patients),
occipital fractures and intracranial hematomas were
not detected. EHs were confirmed using CT in all
cases; linear fractures were confirmed in 16 (94%)
cases (Figures 5 and 6).

The present results showed a high efficiency
of skull US in diagnosing cranial vault bone
fractures and that of TTUS in diagnosing meningeal
hematomas in newborns with CHs.

Fig. 3. Scalp and skull ultrasonography under normal
conditions: 1 — skin, 2 — subcutaneous tissue, 3 — bone,
and 4 — reverberation artifacts

Fig. 4. Ultrasonographic craniography in the cephalhe-

matoma region: a — the norm, no fracture signs (bone

continuity is not violated); b — signs of parietal bone linear

fracture (bone continuity is violated, the “hyperechoic

mark” phenomenon is immediately revealed under the
fracture)

Fig. 5. Spiral computed tomogram of the skull. Linear
fracture with lacunar craniopathy. a — top view; b — side
view
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Fig. 6. Cephalhematoma associated with epidural hematoma and linear parietal bone fracture, 5-day-old newborn,

a — transcranial and transfontanellar ultrasonography, transtemporal scanning, and visualized subperiosteal and epidural

hematomas; b — skull ultrasonography (right parietal bone linear fracture); ¢ — computed tomogram of the head,
confirming ultrasonography data

In 69% patients (11 newborns), the fractures
were combined with US and/or CT parietal bone
lacunar craniopathy (LC) signs. LC is a single or
multiple rounded defect of the cranial vault bones
(often parietal) that is ossified during the first
few months of life. Isolated LC does not require
special treatment. Clinical signs of LC are softness
and thinning of the parietal bones (symptom of
a “felt hat”); less commonly, they are palpable
rounded bone defects. US signs of LC include
local bone thinning areas without interruption to
its hyperechoic pattern. The data obtained suggest
that parietal bone LC increases the risk of linear
fractures even during physiological labor.

Conclusion

Skull, transcranial, and transfontanellar ultra-
sonography enabled the accomplishment of
a crucial practical task for modern medicine, that
is, the significant increase in the availability of
visualization of fractures of the skull bones and
meningeal hematomas in newborns, while reducing
the use of methods involving radiation.
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